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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
s peed 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 CHM OS benefits for their systems. 

USING THIS HANDBOOK: 

Primarily, this book contains a compilation oflntel 's 
CHMOS data sheets organized by product type. 

v 

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 
CHM OS product line has been inserted at the ou~et. 
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 oflntel 's initial CHM OS 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, tntel Corp., Santa Clara, CaM 

D In 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. I 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 I 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 JO. 

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 C-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 
5-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 Jess 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-µm 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-

~ 
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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 

Technology Gate~oxida Channel Threshold 

n-MOS C-MOS thickness (.8.) length (µm) voltage (V) 

H-MOS I - 700 3.0 0.7 

H-MOS II C·H·MOS 400 2.0 0.7 

H-MOS II C·H·MOS Ill 250 1.0 0.7 

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 de 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 

l 
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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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substrate's heavily doped bulk effec
tively eliminates the vertically trig
gered latchup mode, it is possible to 
develop a set of computer-aided-de
sign tools that can flag latchup-sensi
tive layouts on the largest VLSI chips. 

Since grasping the phenomenon of 
upsets induced by alpha particles, in 
1977, memory designers have taken 
care to ensure that enough charge is 
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-µm 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 event, 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 
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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 maxim;ze 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-µm design rules. 
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. T 

31µm 

L 
I· 

(a) 

400 

"'n·TYPE EPITAXIAL SUBSTRATE "' 
300 ,,,.-

§. 
I-z ON n+WAFER 
w 
a: a: 200 ::> 
(.) 

a: p-TYPE EPITAXIAL SUBSTRATE 
w ONp+WAFER~ " " ;;: 
I- 100 

10 

n-TO-p SPACING {µm) 

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-µm 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 

T 
26µm 

l 
~22m--l 

3o.sµm---~ .. MI 
(b) 

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
lic contaminants from the wafer, re
ducing junction leakage; and the 
high-temperature diffusion rounded 
the profile of the contact sidewall, 
easing the step coverage of the metal 
subsequently deposited. Further, the 
plug had self-aligning features. If the 

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-µm 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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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-

-.+ 
-JUNCTION 

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 and improved step coverage by the metal 
layer. To gain the same advantages in C
MOS requires greater process control (b). 

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-
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 
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 1s 
simpler for many applica~ 

tions. Domino logic, 
which performs best in an 
n-well technology, is fast
er and simpler for more 

complex circuits. 

OUT 

(•) 

A o----1 

B o----1 
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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-µm C-H-MOS III 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 graduaHy 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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FULL C·MOS 
STATIC RAMs, 
MICROPROCESSORS. 
~ffr,~8ARDCELL 

AOVANCED 
MICROCONTROLLERS 

E·PROM, 
TELECOM 
CHIPS 

ADVANCED LITHOGRAPHY 
SCALED H·MOS II AND Ill DEVICES 

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 I 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. 0 
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51C64H 
HIGH PERFORMANCE RIPPLEMODE™ 64K X 1 

CHMOS DYNAMIC RAM 

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 

Ripplemode Operation • Fast "Usable Speed" 
- Continuous data rate over 18 MHz - tRc = 140 ns 
- Random access within a row - tcAc = 20 ns 
- Flow through column latch for pipelining - tRco = 30 ns min./60 max. 

Low Operating Current - 45 mA • Fully TTL Compatible 

Low Input/Output Capacitance • High Reliability Plastic - 16 Pin DIP 

The Intel® 51 C64H is a high speed 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel's CH MOS 111-D 
technology, the 51 C64H 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 
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 PIN NAMES 

Ao DIN RAS ROW ADDRESS STROBE 
A, N/C Vss CAS COLUMN ADDRESS STROBE 
A2 D1N CAS 
A3 WE DouT 

WE WRITE ENABLE 

A4 DouT RAS As Ao-A1 ADDRESS INPUTS 
As Ao A3 
As A2 A4 
A1 
RAS A, As 

CAS Voo A1 

D1N DATA IN 

Dour DATA OUT 

VDD POWER (+5V) 

WE 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 
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inter 51C64H 

ABSOLUTE MAXIMUM RATINGSt 
Ambient Temperature Under 

Bias ..................... - 10°0 to + 80°C 
Storage Temperature .... P.lastic - 55 to + 125°0 
Voltage on Any Pin except Voo and Dour 

Relative to Vss ............... - 2.0V to 7.5V 
Voltage on Voo Relative to Vss ... - 1.0V to 7.5V 
Voltage on Dour 

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

D.C. CHARACTERISTICS1 

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. 

TA=0°C to 70°0, V00 =5V ± 10%, Vss•OV, unless otherwise noted. 

51C84H 
Symbol Parameter Unit Teet Conditions Notea 

Min. Typ.2 Max. 

33 45 mA tRc = tRc(min), for - 8 specification 
Voo Supply Current, 

1001 Operating 27 37 mA tRc = tRc(min), for - 10 specification 3,4 

23 35 mA tRc = tRc(min), for - 12 specification 

1002 
Voo Supply Current, TIL 4 mA RAS and~ at V1H. all other 
Standby inputs and output'" Vss 

28 45 mA tRc = tRc(min), for - 8 specification 
Voo Supply Current, TIL 

1003 RAS-Only Refresh 24 37 mA tRc = tRc(min), for -10 specification 4 

20 35 mA IRc = tRc(min), for - 12 specification 

20 45 mA tpc = tpc(min), for - 8 specification 
Voo Supply Current, 

1004 RipplemodeTM 18 37 mA tpe = tpc(min), for -10 specification 3,4 

17 35 mA !pc= tpc(min), for -12 specification 

loos 
Voo Supply Current, 3 6 mA RAS at V1H. CAS at V1L. all other 3 
Standby, Output Enabled inputs and output'" Vss 

I 1Ltl 
Input Load Current 10 µA V1N=Vss to Voo 
(any pin) 

llLOI 
Output Leakage Current for · 10 µA RAS and CAS at V1H, 
High Impedance State Dour=Vss to Voo 

V1L 
Input Low Voltage -1.0 0.8 v 5 
(all inputs) 

V1H Input High Voltage 2.4 Voo+1 v 5 
(all Inputs) 

VoL Output Low Voltage 0.4 v loL=4.2 mA 8 

~H Ou.!E_ut H_!g_h Volt1!9_e 2.4 v loH= -5 mA 6 

NOTES: 
1. All voltages referenced to Vss. 
2. Typical values are at TA•25°C and Voo• +5V. 
3. loo is dependent on output loading when the device output is selected. Specified loo (max) Is measured with the output open. 
4. loo Is dependent upon the number of address transitions while CAS is at VtH· Specified loo (max) is measured with a max

imum of two transitions per address Input per random cycle, one transition per access cycle In Rlpplemode. 
5. Specified V1L (min) Is steady state operation. All A.C. parameters are measured with V1L (min)O!:Vss and V1H (max)~Voo. 
6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TIL loads 

and 50 pF. 
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51C64H 

CAPACITANCEt tNOTE: 
TA•25°C, V00 ·5V±100/o, Vss•OV, unless other· 
wise noted. 

Capacitance Is measured at worst case voltage lev
els with a programmable capacitance meter. 

Symbol Parameter Typ. Max Unit 

C1N1 Address, D1N 3 4 pF 

C1N2 RAS, CAS, WE 4 5 pF 

Cour Dour 4 6 pF 

A.C. CHARACTERISTICS 1,2,3 

TA =0°C to 70°C, V00 = 5V ± 100/o, Vss=OV, unless otherwise noted. 

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

JEDEC 51C64H·8 51C64H·10 51C84H·12 
# 

Symbol 
Symbol Parameter 

Min. Max. Min. Max. Min. Max. 
Unit Notes 

1 IAL1AH1 IRAS RAS Pulse Width 80 75000 100 75000 120 75000 ns 

2 IAL2AL2 I Ac Random Read or Write Cycle Time 140 160 190 ns 

3 IAH2RL2 IRP RAS Precharge Time 50 50 60 ns 

4 IAL1CH1 lcsH CAS Hold Time 80 100 120 ns 

5 IAVRL2 IASR Row Address Set-up Time 0 0 0 ns 

6 IAL1AX IRAH Row Address Hold Time 15 15 15 ns 

7 lcH2CL2 tcp CAS Precharge Time 10 10 15 ns 

8 lcH2RL2 tcRP CAS to RAS Precharge Time -20 -20 -20 ns 

9 IRL1CL2 IRCD RAS to CAS Delay 30 60 30 80 35 95 ns 4 

10 IAVCL2 tASC Column Address Set-up Time 0 0 0 ns 

11 lcuAx le AH Column Address Hold Time 10 10 15 ns 

12 IRL1AX IAR Column Address Hold Time From RAS 40 40 50 ns 

IRVRV IREF Time Between Refresh 4 4 4 ms 

tr tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 5 

13 tcuox toN Output Buffer Turn On Delay 0 20 0 20 0 25 ns 

14 tcH20Z lo FF Output Buffer Turn Off Delay 0 20 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 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, 
V1L (min)C!:Vss and V1H (max)sVoo. 

4. tRco (max) Is specified for reference only. 
5. tr is measured between V1H (min) and V1L (max). 
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51C64H 

A.C. CHARACTERISTICS (Con't.) 
Read Cycle 

JEDEC 
# Symbol Parameter 

Symbol 

15 tRL10V tRAC Access Time From RAS 

16 tcl1QV tcAC Access Time From CAS 

17 tAVQV tcAA Access Time From Column Address 

18 tcL1CH1(R) tcAS(R) CAS Pulse Width (Read Cycle) 

19 tcL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 

20 twH2CL2 tRcS Read Command Set-up Time 

21 tAVRH1 tcAR Column Address to RAS Set-up Time 

22 tcH2WX IRCH Read Com. Hold Time Ref. to CAS 

23 tRH2WX tRRH Read Com. Hold Time Ref. to RAS 

Write Cycle 

JEDEC 
# Symbol Parameter 

Symbol 

24 tcL1RH1(W) tRSH(W) RAS Hold Time (Write Cycle) 

25 lcL1CH1(W) lcAS(W) CAS Pulse Width (Write Cycle) 

26 twL1RH1 tRWL Write Command to RAS Lead Time 

27 twL1CH1 lcWL Write Command to CAS Lead Time 

28 twl1WH1 twp Write Command Pulse Width 

29 lwL1CL2 twcs Write Command Set-up Time 

30 lcl1WH1 lwcH Write Command Hold Time 

31 tovcL2 tos Data-In Set-up Time 

32 lcuox toH Data-In Hold Time 

NOTES: 

51C64H-8 

Min. Max. 

80 

20 

45 

15 75000 

10 

0 

45 

0 

10 

51C64H-8 

Min. Max. 

35 

25 75000 

25 

25 

20 

0 

25 

0 

20 

51C64H-10 51C64H-12 

Min. Max. Min. Max. 
Unit Notes 

100 120 ns 6 

20 25 ns 7,8 

55 65 ns 8,9 

20 75000 25 75000 ns 

10 10 ns 

0 0 ns 

55 65 ns 

0 0 ns 10 

10 10 ns 10 

51C64H-10 51C64H-12 

Min. Max. Min. Max. 
Unit Notes 

35 40 ns 

30 75000 35 75000 ns 

30 35 ns 

30 35 ns 

20 25 ns 

0 0 ns 11 

30 35 ns 

0 0 ns 

20 25 ns 

6. Assumes that tRco s tRco (max). If tRco > tRco (max). then tRAc will increase by the amount that IRco exceeds tRco (max). 
7. Assumes tRco "'t RCD (max). 
8. If tAsc < (lcAA (max) - tcAc (max) - h), 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 IRcH or tRRH must be satisfied. 
11. twcs. tRwo. tcwo and IAwo 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 tcwo"=tcwo (min) 
and tRwo2:tRwo (min) and tAwo"=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. 

2-4 



inter 51C64H 

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

JEDEC # 
Symbol 

Symbol Parameter 

33 IAL.2A~MW) IAwc Read-Modify-Write (RMW) Cycle Time 

34 IAL 1RH1(RMW) IRRW RMW Cycle RAS Pulse Width 

35 lcL1CH1(RMW) le Aw RMW Cycle CAS Pulse Width 

36 IRL1Wl2 IRWD RAS to WE Delay 

37 ICL1Wl2 tcwo CAS to WE Delay 

38 IAVWL2 IAWD Column Address to WE Delay 

Ripplemode Cycle 14 

JEDEC # Symbol Parameter 
Symbol 

39 ICH2QV ICAP Access Time From Column Precharge 

40 ICL2Cl2(R) !pc Ripplemode Read or Write Cycle 

41 lcl2Cl2(RRMW) IPCM Ripplemode RMW Cycle Time 

NOTES: 

51C64H-8 51C64H-10 51C64H-12 

Min. Max. Min. Max. Min. Max. 
Unit Notes 

170 195 230 ns 

110 75000 135 75000 160 75000 ns 

50 75000 55 75000 65 75000 ns 

80 100 120 ns 13 

20 20 25 ns 13 

45 55 65 ns 13 

51C64H-8 51C64H-10 51C64H-12 

Min. Max. Min. Max. Min. Max. 
Unit Notes 

50 60 70 ns 15,16 

55 65 75 ns 15,16 

80 95 110 ns 

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified. 
13. twcs. IRwo. tcwo and IAwo 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 tcwo<!:tcwo (min) and 
tRwo<!:IRwo (min) and IAwo"'=IAwo (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 lcAA or tcAc or lcAP· 
16. When a Rippl.emode read cycle immediately follows a Ripplemode write cycle, the specification must be increased by 10 ns. 
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WAVEFORMS 
Read Cycle 

Yo~ 1 

RAS 
VIL b 

IRC(2J ·~IRP(3)d 7:::=------------------tRAS(1) Ir---

t--------------tRSH{R)(19)-------------+J 
t----------------l----tcSH(4) 1~ 
I tRco (91 tcAs (RJ 11a)--------------< ... •c••==:t 

CAS =t= VIH I 

VIL b ~ 'f\\\\\\\ 

V1H1 11••cs120t 
WE 

VIL b 

lAR {12) 

'"""'"'·t=:J IRCH (22)e 1 • 

'------~IASC(10) 

--------------+----<-------1cAR(21J----------------+-+< 
~ICAH{11) 

Ao·A7 COLUMN 

VIL b K 
--lcAA(17) 

..t::==l 'cAC (16) 

tRAC ~15) 
YoH e HIGH IMPEDANCE 

DouT 
YoL d tE.,,,, 

NOTES: 
a .• b. v," (min) and VIL (max) are reference levels for measuring timing of input signals. 
c .. d. VoH (min) and VoL (max) are reference levels for measuring timing of Dour-

e. Either tRcH or t""" must be satisfied. 
f. to .. is measured to lours I ILO I -

1-.-- loFF (14lf ~ 

DATA OUT 
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WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 

VlH I 

RAS 

'•c,,,-----========~i==::~~ '---------==========.::;.,= j-4----------------------tRAS(1) J 

VIL b 

--------------tRSHfW)(24)------------__,~ 

I 1csH (4)--l-------------+i 
I tRco (9) tcAS{WI 12s1 ____ _, 

VlH • 
CAS 

v,L b 
I 1cwL 1271----------+j 
f4--l-----------f----------IRWL(26)-------------------

1wcs f29) ,~twcHfJO) 

V1H a ---++----, I.. I 'wP (28) 

WE 

VIL b 

VIH a 
Ao·A7 COLUMN 

VIL b 

t0s 1a11 

v,H a 

DIN DATA IN 

VIL b 

0 our 
YoH c 

Vold 

HIGH IMPEDANCE 

NOTES: 
a., b. v," (min) and V" (max) are reference levels for measuring timing of input signals. 
c., d. VoH (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 

I tRC(2)-------------------------...i 
!+---------------------- tRAS(l) I 

VIH a 

RAS 

VIL b 

'-:--------------- tcsH (4) tRSH(W) (241-------------

~-----tRCD (9) tCAS(W) (25)------J k------tcp 111--+-----i 

VIH a' 

CAS 

VIL b 

r-------tcwL 121)------, 
f4-------------+-- 1RWL (26)--------------+j 

I 1wcH /30) 

1wP (26) ______..; 

VIH a 

WE 

VIL b 

---------<-----tAR(12)----t----++---i 

VIH a 

Ao-A1 
V1L b 

COLUMN 

VIH a 

o,. 
VIL b 

YoH e 
DouT 

VOL d 

NOTES: 
a., b. V1" (min) and V" (max) are reference levels for measuring timing of input signals. 
c., d. V0 " (min) and V0 , (max) are reference levels for measuring timing of Dour-

e. loFF is measured to l0tJT"' I ILOI · 
I. 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 

I tAWC (33)----------------------------+1 

1 tRRW {34) j 
VIH a 

RAS 

VIL b 

----+1-+----------------------lrpw (Jsi----------------1---' 1cP (71 

VIH a 

CAS 

Vil b 

1cwo 137) ~I 1RWL (26) 

i--------+----1RWO (36) ~ lcwL (27) ---1 

v,H a 
WE 

tRCS (20) -t-o----i 
....- twp (2B)~ -------------------t------

V1L b 

f-+------tAA (12)----+---t 

i..-+---+- IAWO (38)---------;~ 

VIH a 
A0-A7 

VIL b 

VIH a 
D,_ 

VIL b 

VoH c 
Dour 

Val d 

NOTES: 
a., b. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. 
c,, d. VoH (min) and V0, (max) are reference levels for measuring timing of Dour· 

e. toFF is measured to louT.s !lwl-
f. t05 and toH are referenced to CAS or WE, whichever occurs last. 
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WAVEFORMS (Cont.) 
RAS-Only Refresh Cycle 

I 1RC(2)--------------------------i ;:=======-=---------------IRAS {1) 
V1H a 

RAS 

VIL b 

VIH a 

CAS 
VIL b 

VIH a 

WE 
v 

VIH a 

Ao·A7 

VIL b 

VIH a 

o,. 
V1L b 
~XXXXXXXXIXXXXXXXXX~XXXX 

VoH c 
Dour 

Val d 

NOTES: 
a., b. v,H (min) and VIL (max) are reference levels for measuring timing of input signals. 
c., d. VoH (min) and VoL (max) are reference levels for measuring timing of Dour· 

HIGH IMPEDANCE 
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WAVEFORMS (Cont.) 
Ripplemode Read Cycle 

NOTES: 
a., b. V1H (min) and Vil (max) are reference levels for measuring timing of input signals. 
c., d. VOH (min) and V0, (max) are reference levels for measuring timing of Dour· 

e. Either tRcH or tRRH must be satisfied. 

f. toFF is measured to louT s 1ILO1-

..........._tRSH(R) (19) 

1 
j l==:f=tRRH (23)e 

.. tRCH (22)e 

t----+--t- 1CAH (11) 

HIGH IMPEDANCE 
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WAVEFORMS (Cont.) 
Ripplemode Write Cycle (CAS Controlled)e 

V1H1 

RAS 
VIL b 

1CRP181~1 1csH (4) 

VIH 1 -

CAS 

VIL b 

11 

tRCD (9) 

Y1H a 
WE 

VIL b 

A,,-A7 
VIL b 

Y1H a 
o,. 

VIL b 

DouT YoH c 
VOLd 

NOTES: 
a., b. V1H (min) and V" (max) are reference levels for measuring timing of input signals. 
c., d. VoH (min) and V0 , (max) are reference levels for measuring timing of DouT· 

HIGH IMPEDANCE , , 

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)' 

VIH• tRAS(1)~--------------------..J 

RAS 

v,L b 

i.-----tRCO (9)-----0>j 

i.---- tpc 1401-----, 

!+------ •csH '41--tr----:] 
----o.+-tcAS(W) (25) 

CAS 

VIL b 

Y1H • 

We 
v,L b 

A,,-A, 

VIL b 

VIH• o,. 
Y1L b 

YoH c 

DouT 
VOL d 

NOTES: 
a., b. V1" (min) and V1L (max) are reference levels for measuring timing of input signals. 
c., d. VoH (min) and VoL (max) are reference levels for measuring timing of DouT· 

e. loFF is measured to lou1 :s ] ILo j. 

,.._ _____ tRSH(W) (24) ____ _, 

tcp 11i tcp 111 

f4-----<""t"- tcAS(W) (25) ,_ __ __,,..,_tCAS(W) (25) 

f. CAS is low prior to or simultaneously with WE low transition. CAS latches the column addresses while WE latches the data-in. 
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WAVEFORMS 
Ripplemode Read/Modify/Write Cyclef 

1.------------------------tRAS (1)---------------/~--------
VIH a 

RAS 
v,L b 

tCRP (8) f<C-----------tPCM(41)-----------

tRCD (9) • 1 : lcRw (35) I 1 • I tcp (?) 

i.. -o----- 1cwo (37)-----+I 

Y1H a 

CAS 
VIL b 

1-------r----IRWO (36).---------~ 
,_ __ ___,.,.... tRCS (20) 

VIH a 
we 

VIL b 

,_--i----+--IAWD (38)--------+l 

VIH a 

Ao·A7 ROW 

VIL b 

tos (31J 

VIH a 

o,. 
V1L b 

VoH c 

DouT 
Yott d 

NOTES: 
a., b. V1" (min) and V" (max) are reference levels for measuring timing of input signals. 
c., d. V0 " (min) and VoL (max) are reference levels for measuring timing of Dour· 

e. toFF is measured to lours f ILO 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/Write/Read. Cycle (CAS Controlled)f 

RAS 

v,H, 1RASI') ~ 'FtRe(3)===1 
V1Lb "'\____ 

oO------tPC(40) ____ _ o0------tpc (40J ____ _, 

VIH a 
CAS 

VIL b 

tcsH {4) 

1RCS (20) I tRCH{22)~ ~tWP(28)~ 
VIH a 

WE 

V;L b 

VIH a 

Ao·A7 COLUMN 0 

V1Lb 

1cAC {16) 

a,. V1H a 

VIL b 

YoH e 
DouT 

Val d 

NOTES: 
a., b. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. 

c., d. VoH (min) and V0 , (max) are reference levels for measuring timing of DouT· 
e. toFF is measured to louTs j ILOI · 
f. WE is low prior to CAS low transition. CAS latches column addresses and data-in. 

I ~tRCS(20) 
1wcH (JOJ 

I 

tcAS(R) (1B) 

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)' 

V1Ha 

RAS 
VIL b 

.... ,,, : F'RP(3)==-1 
I 1tcAS(R}(11) 

,-----i-----:--tPC(40)------i 
lcAS{W) (251--+-----+f 

14---~-lc:P (7) 

ICAS(R) (18)-+oO----+f 

I. • I lcP{7) '----tRC0{9) __ _ 

V1Ha 

CAS 

Y1L b 

v'", 
WE 

VIL b 

Y1Ha 
A,,-A, 

v,Lb 

VIHa 

o,. 
VIL b 

YOH, 
DouT 

VOLd 

NOTES: 
a., b. v," (min) and V,dmax) are reference levels for measuring timing onnput signals. 
c., d. VOH (min) and VO< (max) are reference levels for measuring timing of OoUT· 

e. loFF is measured to IOlJT:sllt.01· 
I. 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 wrtte operation followed by a RAS high transition. See page 11or13 for timings. 
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GRAPH 1 
TYPICAL ACCESS TIME 
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TA= ~5°C 

rs: 
I~ 

0.8 
4.0 4.5 5.0 5.5 

40 

30 

20 

10 

V00 -SUPPLY VOLTAGE(V) 

GRAPH 4 
TYPICAL OPERATING CURRENT 

1001 vs. Voo 

tRAS = 100 ns 
tRc = 

TA=25°C 
160 ns 

190 ns 

260 ns 

330 ns 

500 ns 

4.0 4.5 5.0 5.5 

V00 -SUPPLY VOLTAGE (V) 

GRAPH 7 
TYPICAL REFRESH CURRENT 

1003 vs. V00 

6.0 

6.0 

40 ....----..---....---....---~ 

< 
_§_ 

IRAs= 100 rls 

TA= 25"C 

t- 30 1---+----+----+-----i 
z 
UJ 
a: 
a: 

" 

160 ns 

190 ns 

~ 20 t-----f----:::__..f--+2-6_0_n_s--i 
UJ 
a: 330 ns 
"-
UJ j 10 t-----1""=--+-=="4-soo ns 

4.0 4.5 5.0 5.5 6.0 
V00-SUPPL Y VOLT AGE (V) 

51C64H 

GRAPH 2 
TYPICAL ACCESS TIME 

tRAc(NOAMALIZEO) vs. TA 

1.2 ....----..-
1
---.----.---.., 

V00 = 5.0V 

g 1.1 f----+---+---,...,k::::.~-----i 

~ y 
:: 1.0 1----L--~--+----+-----i 
" I .......-1 ;' V- I 

Ci 0.9 f----+---+---+----l 

< 
_§_ 
t-z 
UJ 
a: 
a: 

" CJ 
> 
--' 
"-
"-
" ~ 
j 

< 
_§_ 

0.8 ,__ __ _.._ __ _.._ __ ...._ ___ _, 

40 

30 

20 

10 

0 20 40 60 

TA-AMBIENT TEMPERATURE (°C) 

GRAPH 5 
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inter 51C64H 

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 UJ>On a valid colum!1 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 IRAS timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, !RP and 
lcP• has elapsed. 

Read Cycle 
A read c~e is performed by maintainin9..!!!_e Write 
Enable (WE) signal high during the RAS/CAS opera
tion. The column address must be held for a minimum 
time specified by tAR· Data out becomes valid only 
when tRAC• tcAA• and tcAc are all satisfied. Conse
quently, the access time is dependent upon the timing 
relationship among tRAC• lcAA and lcAc· For example, 
the access time is limited by lcAA when !RAC and tcAc 
are both satisfied. 

Write Cycle 
A write cycle is performed by taking WE and CAS low 
during a RAi o§eration. The column address is 
latched in~ A . The write cycle can be WE con
trolled or CAS controlled depending upon the later of 
WE or CAS low transition. Consequently, the ill£!!! 
data must be valid at or before the fall!!!9_!ldge of WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the leading edge ofVilE occurs prior to or 

VALID COLUMN ADDRESS 

~1~_v_A_L-ID _ __,) 

coincident with the CAS low transition) the output 
(DouT) 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 (A0 through 
A7) 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 h.!9!!_ 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 tAsc and tT 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 lcAP 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 lcAA· For both cases, 
the falling edge of OAS 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 

~u1 .. __ v_A_L-ID--~ 
Figure 1. Rlpplemode™ Access Time Determination 
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intef 51C64H 

nal processing. The following equation can be used 
to calculate the data rate: 

Data Rate= 
256 

!Re+ 255 !pc 

Data Out Operation 
The 51C64H data Output (Dou.:rh.. which has three
state capability, is controlled by CAS. During CAS high 
state (CAS at V1H}, the output is in the high im
pedance state. Table 1 summarizes the Dour state 
for various types of cycles. 

Power On 
An initial pause of 100 µsis required after the appli
cation of the V00 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 V00 current (1 00} requirement of the 51C64H dur
l!!g_power on is dependent upon the input levels of 
RAS and CAS. If RAS= Vss during power on, the 

device would go into an active cycle and 100 would 
exhibit large current transients. It is recommended 
that RAS and CAS track with V 00 or be held at a valid 
V1H 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 "O" may change to a logic "1 ". The average 
soft error rate (SER} of the 51 C64H is less than 1 O 
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 
V00 =4.75V, and tcycre=1µs. A thorium source of 
1.6 x 1 os odcm2/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 

Low Power Data Retention • Fully TTL Compatible Inputs and Outputs 
- Standby current, CHMOS - 50µA (max.) 
- Refresh period, RAS-Only - 64 ms (max.) • Low Input/Output Capacitance 
- Data retention current - SOµA (max.) 

Low Operating Current - 35mA (max.) • 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 111-D technology,Jlle 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 µA when RAS <!: V00-0.5V. 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 µA (max). The 51C64L combines low power with high density for portable and battery backup 
applications. 

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 

Ao D1N N/C Vss RAS ROW ADDRESS STROBE 
A1 D1N CAS CAS COLUMN ADDRESS STROBE 
A2 WE Dour 

AJ RAS A& WE WRITE ENABLE 

A4 Dour Ao AJ Ao·A1 ADDRESS INPUTS 
As A2 A4 
A& A1 As 
A1 Voo A1 

D1N DATA IN 

DouT DATA OUT 
RAS 

CAS 
Yoo POWER(+SV) 

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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51C64L 

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 V00 and Dour 

Relative to Vss· ............... . -2.0V to 7.SV 
Voltage on V00 Relative to Vss· ... . -1.0V to 7.5V 
Voltage on Dour 

Relative to Vss· ........... . -2.0V to V00 +1V 
Data Out Current ...................... 50 mA 
Power Dissipation ...................... 1.0W 

D.C. CHARACTERISTICS1 

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, V00 =5V± 10%, Vss=OV, unless otherwise noted. 

51C64L 
Symbol Parameter Unit Test Conditions Notes 

Min. Typ.2 Max. 

Voe Supply Current, 27 37 mA tRc=tRC (min), for -10 specification 
1001 

Operating 
3,4 

23 35 mA tRC=tRc (min), for -12 specification 

1002 
Voe Supply Current, ITL 

0.7 2 mA 
RAS and CAS at V1H. all other 

Standby inputs and output ;o: Vss 

looo Voe Supply Current, 24 37 mA tRc=tRC (min), for -10 specification 
4 

RAS-Only Refresh 20 35 mA tRc = IRC (min), for - 12 specification 

loos 
Voe Supply Current, 

3 4 mA RAS at V1H. CAS at V1L. all other 
3 

Standby, Output Enabled inputs and output<!::Vss 

loos 
Voe Supply Current, 

0.008 0.05 mA 
RAS ;o: Voe - 0.5V and CAS at V1H. 

CHMOS Standby all other inputs and output<!::Vss 

llul 
Input Load Current 

1 µA V1N = Vss to Voe 
(any pin) 

ilLol 
Output Leakage Current for 

1 µA RAS and CAS at V1H. 
High Impedance State Dou1=Vss to Voe 

V1L 
Input Low Voltage 

-1.0 0.8 v 5 
(all inputs) 

V1H 
Input High Voltage 

2.4 Voo+1 v 5 
(all inputs) 

Vol Output Low Voltage 0.4 v loL=4.2 mA 6 

VoH Output High Voltage 2.4 v loH= -5mA 6 

NOTES: 
1. All voltages referenced to Vss. 
2. Typical values are at TA=25°C and Voe= +5V. 
3. loo is dependent on output loading when the device output is selected. Specified loo (max) is measured with the output open . 

. 4. loo is dependent upon the number of address transitions while CAS is at V1H· Specified loo (max) is measured with a max
imum of two transitions per address input per random cycle. 

5. Specified V1L (min) is steady state operation. All A.C. parameters are measured with V1L (min);o:Vss and V1H (max)sV00. 

6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two ITL loads 
and 50 pf. 
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CAPACIT ANcet tNOTE: 

TA=25°C, V00 =5V± 10%, Vss=OV, unless other
wise noted. 

Capacitance is measured at worst case voltage lev
els with a programmable capacitance meter. 

Symbol Parameter Typ. Max Unit 

C1N1 Address, D1N 3 4 pF 

C1N2 RAS, CAS, WE 4 5 pF 

CouT DouT 4 6 pF 

A.C. CHARACTERISTICS1• 2• 3 
TA =0°C to 70°C, V00 = 5V ± 10%, Vss=OV, unless otherwise noted. 

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

JEDEC 
51C64L-10 51C64L-12 

# 
Symbol 

Symbol Parameter 
Min. Max. Min. Max. 

Unit Notes 

1 IRL1RH1 .IRAS RAS Pulse Width 100 75000 120 75000 ns 

2 IRL2RL2 I Re Random Read or Write Cycle Time 160 190 ns 

3 IRH2RL2 IRP RAfi Precharge Time 50 60 ns 

4 IRL1CH1 lcSH CAS Hold Time 100 120 ns 

5 IAVRL2 IASR Row Address Set-up Time 0 0 ns 

6 IRL1AX IRAH Row Address Hold Time 15 15 ns 

7 ICH2CL2 tcp CAS Precharge Time 10 15 ns 

8 ICH2AL2 ICAP CAS to RAS Precharge Time -20 -20 ns 

9 IRL1CL2 IRCD RAS to CAS Delay 30 80 35 95 ns 4 

10 IAVCL2 IASC Column Address Set-up Time 0 0 ns 

11 ICL1AX lcAH Column Address Hold Time 10 15 ns 

12 IRL1AX IAR Column Address Hold Time From RAS 40 50 ns 

IRVRV IREF1 Time Between Refresh 4 4 ms 5 

IRVRV IREF2 Time Between Refresh (RAS-Only) 64 64 ms 5 

tr tr Transition Time (Rise and Fall) 3 50 3 50 ns 6 

13 ICL10X ION Output Buffer Turn On Delay 0 20 0 25 ns 

14 lcH2az lo FF 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 initialitation 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 TIL loads and 50 pF, 
V1L (min)~Vss and V1H (max)sVoo. 

4. IRco (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 V1H (min) and V1L (max). 
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A.C. CHARACTERISTICS (Con't.) 
Read Cycle 

JEDEC 
51C64L-10 51C64L-12 

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

15 tRUOV tRAC Access Time From RAS 100 120 ns 7 

16 lcuov tcAC Access Time From CAS 20 25 ns 8,9 

17 tAvov tcM Access Time From Column Address 55 65 ns 9 

18 lcL1CH1(R) tcAS(R) CAS Pulse Width (Read Cycle) 20 75000 25 75000 ns 

19 tcL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 10 10 ns 

20 twH2CL2 tRCS Read Command Set-up Time 0 0 ns 

21 tAVRH1 tcAR Column Address to RAS Set-up Time 55 65 ns 

22 tcH2WX tRCH Read Com. Hold Time Ref. to CAS 0 0 ns 10 

23 tRH2WX tRRH Read Com. Hold Time Ref. to RAS 10 10 ns 10 

Write Cycle 

JEDEC 
51C64L-10 51C64L-12 

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

24 tcL1RH1(W) tRSH(W) RAS Hold Time (Write Cycle) 35 40 ns 

25 lcL1CH1(W) lcAS(W) CAS Pulse Width (Write Cycle) 30 75000 35 75000 ns 

26 tWL1RH1 IRwL Write Command to RAS Lead Time 30 35 ns 

27 twL1CH1 lcwL Write Command to CAS Lead Time 30 35 ns 

28 tWL1WH1 twp Write Command Pulse Width 20 25 ns 

29 twL1CL2 twcs Write Command Se1-up Time 0 0 ns 11 

30 lcL1WH1 twcH Write Command Hold Time 30 35 ns 

31 tovcL2 tos Data-In Set-up Time 0 0 ns 

32 lcuox toH Data-In Hold Time 20 25 ns 

NOTES: 
7. Assumes that tRcostRco (max). If tRco>tRco (max) then tRAC will increase by the amount that tRco exceeds tRco (max). 
8. Assumes IRco"=tRco (max). 
9. If tAsc < (tcM (max) - tcAc (max) - tr), then access time is defined by tcM rather than by tcAC· 

10. Either tRcH or tRRH must be satisfied. 
11. lwcs, tRwo, tcwo and tAwo 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 tcwo ;;,:tcwo (min) and 
tRwo~tRwo (min) and tAwo "= 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. 
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A.C. CHARACTERISTICS (Con't.) 

Read-Modify-Write Cycle 12 

JEDEC 
# Symbol Parameter 

Symbol 

33 tAl2AL2(AMW) tAWC Read-Modify-Write (RMW) Cycle Time 

34 tAL1AH1(AMW) IAAW RMW Cycle RAS Pulse Width 

35 lcL 1CH1(AMW) lcAW RMW Cycle GAS Pulse Width 

36 tAL1Wl2 IAwo RAS to WE Delay 

37 lcL1Wl2 lcwo GAS to WE Delay 

38 tAVWl2 tAwo Column Address to WE Delay 

NOTES: 

51C64L-10 51C64L-12 

Min. Max. Min. Max. 
Unit Notes 

195 230 ns 

135 75000 160 75000 ns 

55 75000 65 75000 ns 

100 120 ns 13 

20 25 ns 13 

55 65 ns 13 

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are previously specified. 
13. twcs, tAwo, tcwo and tAwo are specified as reference points only. If twcs2:twcs (min), the cycle is a GAS controlled write 

cycle (early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwo 2: tcwo (min) 
and tAwo 2:tAwo (min) and tAwo 2: 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 data out is indeterminate. 
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WAVEFORMS 
Read Cycle 

V1Ha 

RAS 
VIL b 

'AAS (1) 

tCSH (4) 

tRCD (9) 

VIH• 

CAS 
V1Lb 

ICRP{8~ 

~ r-... :s::s: :s: :s: :s: :s:~ 
v,., 

we 
VIL b 

tRCS(201_1_ 

7 
__I:=:: IASc (10) 

L tAR(12) 

VIHa 
A0·A7 

Y1Lb 

tASA(5~~ b~RAH(~~ i--~tCAH(11) 

RO:t m COLUMN ( 
~tCAC(ll) ~ 

lcu117) 

r '1tAC (15) 

YoHc: 
DouT 

v0<.• 

HIGH IMPEDANCE -0 
~toN(13) 

NOTES: 
a., b. v,H (min) and v,L (max) are reference levels for measuring timing of input signals. 
c., d. VoH (min) and VOL (max) are reference levels for measuring timing of DoUT· 

e. Either tRcH or lnRH must be satisfied. 

f. loFF is measured to louTsllLol· 

tRC{2) 

tRSH {A) (19) 

tcAS(R)(18) 

lcAR {21) 

DATA OUT 

!----'"""~ 

I- lcP(7==1 

' -
t::J tRRH (23)8 

tRCH(22)8 
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WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 

a., b. V1" (min) and V,L (max) are reference levels for measuring timing of input signals. 
c., d. VoH (min) and V0 , (max) are reference levels for measuring timing of Dour· 

e. WE is low prior to or simuttaneously with GAS low transition. CAS latches column address and data-in. 
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WAVEFORMS (Cont.) 
Write Cycle (WE Controlled)f 

I 1Rcc21---------------------------;========---------------lRAS(t)==.:~=======---------------
V1H a 

RAS 
VIL b 

11

------'----------- tcsH (4) 1RSH(W) (24) ___________ _;_ __ _: 

1) lcAS(W) (25) _____ _ '4------tcp (1i--+----; 

VIH a 
CAS 

VIL b 

J+-----tcwL (27}----~-
'4--------------t-tAWL (261--------------+ 

VIH e. 
WE 

VIL b 

1AR(12) 

VIH a 

Ao·A7 
VIL b 

COLUMN 

VIH a 

o,. 
VIL b 

VoH c 

Dour 
VOL d 

NOTES: 
a., b. v,H (min) and VIL (max) are reference levels for measuring timing of input signals. 
c., d. V0 " {min) and VoL {max) are reference levels for measuring timing of Dour· 

e. t0 ,, is measured to lour,; I I Lo j. 
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 

I 1AWC(33)---------------------------~ 

-----.i I tARW (34) 
VIH 1 

RAS 
v 

I tAco (9) tcAw (Jsi----------------1---<~ tcp (7l 

VIH a 
CAS 

V1L b 

lcwo (37) : 11 tRWL (26J 

i-------+----11RWO (36) .. tcwL (27)--------------+l 

VIH a I l'RCSl2DI l" 'I I J 1-'w•l"l-J .r------------i----
WE 

VIL b 

i...-----tAR (12)----+--...i 

i--+----r-- 1AWO {38)--------<., 

VIH a 
Ac·A7 

VIL b 

v,H a o,. 
VIL b 

VOH c 

DouT 

VoL d 

NOTES: 
a., b. v,H (min} and V" (max} are reference levels for measuring timing of input signals. 
c., d. VOH (min} and V0 , (max} are reference levels for measuring timing of DouT· 

e. toFF is measured to louT,; I ILO I· 
f. t08 and toH are referenced to CA'S or WE, whichever occurs last. 

C1583 

~ 

(II ..... 
0 
O> 
~ 
i-

°\§) 

~ 
m 
F 

~ 
~ 
~ 
~ 
~ 



WAVEFORMS (Cont.) 
RAS-Only Refresh Cycle 

VIH a 

AAS 

VIL b 

VIH a 

CAS 
VIL b 

v,H a 

l 
tRC (2) 

tRAS (1) 

~ '". §§:§' v v v vv v v ""v vv v v v v v v vv vv .. v .. v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v"' ~ 
tASR (5) 1RAH (6) ...I. 

N ~. 0 W Ao-A7 ROW ~ 
0 V1Lb ~ 

o,. 
VIL b 

D YoH c HIGH IMPEDANCE 

OUT Vold 

NOTES: 
a., b. V1" (min) and V" (max) are reference levels for measuring timing of input signals. 
c., d. VOH (min) and VaL (max) are reference levels for measuring timing of DauT· 

xxxx 
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51C64L 

FUNCTIONAL DESCRIPTIONS 
The 51C64L is a CHMOS dynamic RAM optimized for 
low power applications. The functionality is similar to 
a traditional dynamic RAM. The 51CS4L 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 Ul>Qn 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 tRAS timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tRP and 
tcP• has elapsed. 

Read Cycle 
A read cycle is performed by maintainin.9..!!:!_e Write 
Enable (WE) signal high during the RAS/CAS" opera
tion. The column address must be held for a minimum 
time specified by tAR· Data out becomes valid only 
when tRAC• tcAA• and tcAc are all satisfied. Conse
quently, the access time is dependent upon the tim
ing relationship among tRAC• tcAA and tcAc· For 
example, the access time is limited by tcAA when tRAC 
and tcAC are both satisfied. 

Write Cycle 
A write cycle is performed by taking WE and CAS low 
during a RAS_¥ration. The column address is 
latched in..!!Y._ 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 fall~ edge of WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the leadin~ge of WE occurs prior to or 
coincident with the CAS low transition) the output 
(DouT) 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 perfo1 .. 1ed by 
clocking each of the 256 row addresses (Ao through 
A7) 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 51 C64L 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 
51 C64L-12). The low standby current can significantly 
extend battery life in battery back-up applications. 
Current consumption is calculated from the following 
equation: 

I = (tRc IACTIVE) + (tRr - tRc) (ISTANDBY) 
tRr 

where tRc =refresh cycle time, 
and tRr =refresh interval time or tREF/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 (DQUI!_ which has three
state capability, is controlled by CAS. During OAS high 
state (~ at VrH), the Output is in the high im
pedance state. Table 1 summarizes the DouT state 
for various types of cycles. 

Power On 
An initial pause of 100 µsis required after the appli
cation of the V00 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 V00 current (100) requirement of the 51 C64L dur
irlg_power on is dependent upon the input levels of 
"RAS and CA'S'. If m = V58 during power on, the 
device would go into an active cycle and 100 would 
exhibit large current transients. It is recommended 
that RAS and OAS track with V00 or be held at a valid 
V1H 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 ''O'' 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 
V00 =4.75V, and tcycie=1µs. A thorium source of 
1.6x105 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. 
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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 

Ripplemode Operation • Low Power Data Retention 
- Continuous data rate over 15 MHz - Standby current, CHMOS - 50 µA (max.) 
- Random access within row - Refresh period, RAS-Only - 64 ms (max.) 
- Flow through column latch for pipelining - Data Retention Current - 80 µA (max.) 

- tcAc - 20, 25 ns 

Low Input/Output Capacitance • Low Operating Current - 37 mA (max.) 

Fully TTL Compatible • High Reliability Plastic - 16 Pin DIP 

The Intel® 51C64HL is a high speed 65,536 x 1 dynamic Random Access Memory. Fabricated on Intel's 
CHMOS 111-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 51 C64HL offers a maximum standby current of 50 µA when RAS~ V00-0.5V. 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 µA (max). The 51C64HL combines low power with high density for portable and battery backup 
applications. 

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 

Ao D1N RAS ROW ADDRESS STROBE 
A, 

N/C Vss 
A2 

D1N CAS 
AJ 

A4 Dour 
WE Dour 

As RAS As 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

Ao-A1 ADDRESS INPUTS 

As Ao AJ D1N DATA IN 
A1 A2 A4 

RAS A, As DouT DATA OUT 

CAS Voo A1 VDD POWER (+5V) 
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 
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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 V00 and Dour 

Relative to Vss· ................ -2.0V to 7.SV 
Voltage on V00 Relative to Vss· .... -1.0V to 7.SV 
Voltage on Dour 

Relative to Vss· ............ -2.0 to V00 + 1V 
Data Out Current ...................... 50 mA 
Power Dissipation ................... , .. 1.0 W 

D.C. CHARACTERISTICS1 

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, V00 =5V ± 10%, Vss=OV, unless otherwise noted. 

51C64HL 
Symbol Parameter Unit Test Conditions Notes 

Min. Typ.2 Max. 

Voo Supply Current, 27 37 mA tRc~tRc (min). for -10 A.C. spec 
1001 

Operating 
3,4 

23 35 mA tRc • tRc (min), for -12 A.C. spec. 

1002 
Voo Supply Current, TTL 

0.7 2 mA RAS and CAS at V1H, all other 
Standby inputs and output2:Vss 

looo Voo Supply Current, 24 37 mA tRc = tRc (min), for - 10 A.C. spec 4 
RAS-Only Cycle 20 35 mA tRc=tRc (min), for -12 A.C. spec 

1004 Voe Supply Current, 18 37 mA tPC • tPC (min), for - 10 A.C. spec 3,4 
Ripplemode™ 17 35 mA tPC• tPC(min), for -12 A.C. cpec 

1005 
Voo Supply Current, 

3 4 mA RAS at V1H. CAS at V1L. all other 
3 

Standby, Output Enabled inputs and outputi!::Vss 

looe 
Voo Supply Current, 0.008 0.05 mA RAS 2: Voe - 0.5V and CAS at V1H. 
CHMOS Standby all other inputs and output;;,Vss 

llLll 
Input Load Current 1 µA V1N = Vss to Voe 
(any pin) 

ilLol 
Output Leakage Current for 

1 µA 
RAS and CAS at V1H, 

High Impedance State Dour=Vss to Voe 

V1L 
Input Low Voltage -1.0 0.8 v 5 
(all inputs) 

V1H 
Input High Voltage 2.4 
(all inputs) 

Voo+1 v 5 

VoL Output Low Voltage 0.4 v loL=4.2 mA 6 

VoH Output High Voltage 2.4 v loH= -5mA 6 

NOTES: 
1. All voltages referenced to Vss-
2. Typical values are at TA=25°C and Voe= +5V. 
3. loo is dependent on output loading when the device output is selected. Specified loo (max) is measured with the output open. 
4. loo is dependent upon the number of address transitions while CAS is at ViH· Specified loo (max) is measured with a max

imum of two transitions per address input per random cycle, orie transition per access cycle in Ripplemode. 
5. Specified V1L (min) is steady state operation. All A.C. parameters are measured with V1L (min)2:Vss and V1H (max)sV00. 

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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CAPACITANCEt tNOTE: 

TA=25°C, Voo=5V±10%, Vss=OV, unless other
wise noted. 

Capacitance is measured at worst case voltage lev
els with a programmable capacitance meter. 

Symbol Parameter Typ. Max Unit 

C1N1 Address, D1N 3 4 pF 

C1N2 RAS, CAS, WE 4 5 pF 

Cour Dour 4 6 pF 

A.C. CHARACTERISTICS 1• 2· 3 

TA=0°C to 70°C, V00 =5V± 10%, Vss=OV, unless otherwise noted. 

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

JEDEC 
51C64HL-10 51C64HL-12 

# 
Symbol 

Symbol Parameter 
Min. Max. Min. Max. 

Unit Notes 

1 lAL1AH1 IRAS RAS Pulse Width 100 75000 120 75000 ns 

2 IAL2AL2 !Ac Random Read or Write Cycle Time 160 190 ns 

3 tAH2AL2 tRP RAS Precharge Time 50 60 ns 

4 IRL1CH1 tcsH CAS Hold Time 100 120 ns 

5 IAVRL2 tASR Row Address Set-up Time 0 0 ns 

6 IRL1AX tRAH Row Address Hold Time 15 15 ns 

7 ICH2CL2 tcp CAS Precharge Time 10 15 ns 

8 lcH2RL2 tcRP CAS to RAS Precharge Time -20 -20 ns 

9 IRL1CL2 IRCD RAS to CAS Delay 30 80 35 95 ns 4 

10 IAVCL2 tASC Column Address Set-up Time 0 0 ns 

11 !cUAX !cAH Column Address Hold Time 10 15 ns 

12 IRL1AX IAR Column Address Hold Time From RAS 40 50 ns 

IRVRV IREF 1 Time Between Refresh 4 4 ms 5 

IRVRV tREF 2 Time Between Refresh (RAS-Only) 64 64 ms 5 

h h Transition Time (Rise and Fall) 3 50 3 50 ns 6 

13 tcuax ION Output Buffer Turn On Delay 0 20 0 25 ns 

14 lcH2QZ IOFF 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 h = 5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF, 
V1L (min);e:Vss and V1H (max),;;Voo-

4. IRco (max) is specified for reference only. 
5. The 51C64HL extends the refresh period to 64 ms during RAS-Only refresh operation. 
6. tr is measured between V1H (min) and V1L (max). 
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A.C. CHARACTERISTICS (Con't.) 

Read Cycle 

JEDEC 51C64HL·10 51C64HL-12 
# 

Symbol 
Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

15 tRL10V tRAC Access Time From RAS 100 120 ns 7 

16 tcl10V lcAC Access Time From CAS 20 25 ns 8,9 

17 tAVQV lcAA Access Time From Column Address 55 65 ns 9,10 

18 tCL1CH1(R) tcAS(R) CAS Pulse Width (Read Cycle) 20 75000 25 75000 ns 

19 tCL1RH1(R) tRSH(R) RAS Hold Time (Read Cycle) 10 10 ns 

20 twH2CL2 tRCS Read Command Set-up Time 0 0 ns 

21 tAVRH1 tcAR Column Address to RAS Set-up Time 55 65 ns 

22 tcH2WX IRCH Read Com. Hold Time Ref. to CAS 0 0 ns 11 

23 tRH2WX tRAH Read Com. Hold Time Ref. to RAS 10 10 ns 11 

Write Cycle 

JEDEC 
51C64HL-10 51C64HL-12 

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

24 tcl1RH1(W) IRSH(W) RAS Hold Time (Write Cycle) 35 40 ns 

25 lcl1CH1(W) lcAs(W) CA'S Pulse Width (Wr~e Cycle) 30 75000 35 75000 ns 

26 tWL1RH1 IRWL Write Command to RAS Lead Time 30 35 ns 

27 tWL1CH1 lcwL Write Command to CAS Lead Time 30 35 ns 

28 twl1WH1 tWP Write Command Pulse Width 20 25 ns 

29 lwL1CL2 twcs Wr~e Command Set-up Time 0 0 ns 12 

30 lcl1WH1 twcH Write Command Hold Time 30 35 ns 

31 tovcl2 tos Data-In Set-up Time 0 0 ns 

32 lcuox toH Data-In Hold Time 20 25 ns 

NOTES: 
7. Assumes that tRcostRco (max). If tRco>tRco (max) then tRAC will increase by the amount that 1Rco (max). 
8. Assumes tRco2:tRco (max). 
9. If tAsc < (tcAA (max) - tcAc (max) - tr), 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 tRcH or tRRH must be satisfied. 
12. twcs. tRwo. tcwo and tAwo are specified as reference points only. If twcs2: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 tcwo 2:tcwo (min) 
and tRwo 2:tRwo (min) and tAwo 2: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. 
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A.C. CHARACTERISTICS (Con't.) 

Read-Modify-Write Cycle 13 

JEDEC 51C64HL-10 51C64HL·12 
# 

Symbol 
Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

33 IRL2AL2(RMW) IRwc Read-Modify-Write (RMW) Cycle Time 195 230 ns 

34 IRL1RH1(RMW) IRRW RMW Cycle RAS Pulse Width 135 75000 160 75000 ns 

35 lcL 1CH1(RMW) lcRW RMW Cycle CAS Pulse Width 55 75000 65 75000 ns 

36 IRL1Wl2 IRwo RAS to WE Delay 100 120 ns 14 

37 lcL1Wl2 lcwo CAS to WE Delay 20 25 ns 14 

38 IAVWL2 tAWD Column Address to WE Delay 55 65 ns 14 

Ripplemode Cycle 1s 

JEDEC 51C64HL-10 51C64HL-12 
# Symbol Parameter Unit Notes 

Symbol Min. Max. Min. Max. 

39 lcH20V lcAP Access Time From Column Precharge 60 70 ns 16,17 

40 lcl2CL2(R) IPC Ripplemode Read or Write Cycle 65 75 ns 16,17 

41 lcl2CL2(RRMW) IPCM 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. twcs, tRwo. tcwo and tAwo are specified as reference points only. If twcs2olwcs (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 tcwo "° tcwo (min) 
and tRwo 2olRwo (min) and tAwo 2olAwD (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. 

15. All previously specified A.C. Characteristics are applicable. 
16. Access time is determined by the longer of tcAA or tcAc or tcAP· 
17. 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 

1------------------========;::-==·RC('I ~.'RP(3)3 !-;:==---------------------tRAS (1) lr---
VIH, -----, 

RAS 
VIL b 

14--------------tASH(R)(19)-------------~ 

i-------'-------------1-----tcsH (4) tcp c11 

---------+i-------------tcAs (A) (1a1-------------<~ 

VIH a lr---++-----+-----
CAS 

Vll b 

lfiRH (23)e 

1RCH {22)e -+--;--o~ 

VIHa -----++---+----+------------f-----------------------------f---+---f--------
WE 

VIL b -----4.+---J 
1ASC (10) 

>4----+---- 1AR (12)-------1----.J 

v,H. '=tj cr•AH(6) t1 •cAR(2') I 
RO~m COLUMN 

VIL O 

~tCAH\11) 

Ao~A7 

DouT 

..t=:t-1cAC {16) 

14-------lcAA-(17) 

14----------tRAC (15)------+----0>! 

VoH' HIGH IMPEDANCE LE 
Vold 

1oN (13) 

NOTES: 
a., b. V1" (min) and V" (max) are reference levels for measuring timing of input signals. 
c., d. V0 " (min) and V0 , (max) are reference levels for measuring timing of Dour· 

e. Either tRcH or tRRH must be satisfied. 
f. toFF is measured to lour,;; I lw I . 

~ loFF (14Jf ==::1 
_f 

"lo. DATA OUT 
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WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 

VIH a 

f..----------==============;::,,- tRC(2)-------------========:i-1==:::;;~:-== i-------------------tRAS(1) 11.-----~ 
---""II 

RAS 

VIL b 

f..------------~IRSH(W)(24)-------------~ 
I tcsH (4)-+-------------, 

--------------tcAS(W) (25) ____ __, 

VIH a 
CAS 

VIL b 

l tcwL (27)----------"1 

tRWL (26)-------------------

tWCS(29) ...--tWCH {30) 

VIH a i--t-----twP(28)--+---------i ~-------------------------------
WE 

v,L b 

VIH a 

Ao·A7 COLUMN 
VIL b 

los (31) 

VIH a 

DIN DATA IN 
VIL b 

D VoHc 
OUT VOL d 

NOTES: 
a., b. V," (min) and VIL (max) are reference levels for measuring timing of input signals. 
c., d. VoH (min) and VoL (max) are reference levels for measuring timing of Daur-

HIGH IMPEDANCE 

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 

I tRC(2)-------------------------<~ 

i-----------------------1RAS(1) I 
VIH a 

RAS 
v,L b 

1---------------tcsH (4) 1RSH(W)(24),-------------== 

------.J-4------tcAS(W) (25) _____ _,,>i 14------tcp {?),--+----

VIH a 
CAS 

VIL b 
f4------lcwL {27)------1~ 
1---------------+- 1RWL (26)--------------+j 

I 1wctt (30) 

1wP (28) ---+-. 

VIH a 
WE 

VIL b 

O------j-----tAR(\2),----+---++---i 

v,H a 

Ao·A1 COLUMN 

VIL b 

Vote 

o,. 
V1L b 

Yott e 
Dour 

Vold 

NOTES: 
a., b. v," (min) and V" (max) are reference levels for measuring timing of input signals. 
c., d. VoH (min) and V0 , (max) are reference levels for measuring timing of Dour· 

e. toFF is measured to lour,; I lw I · 
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 

I tRWC (33)---------------------------~ 
I tRRW (34) ________________________ lr-----~---.i 

VIH 11 

RAS 
v 

I tRco (9' lcRw 13si----------------1---<~ 1cP (7) 

V1H a 
CAS 

V1Lb 

lcwo {JT) : 11 tRwL (26) 
i-------+----ltRWD (36) •cwL (27) ____________ __ 

VIH a 
WE 

!RCS 120) -+o----+i ~ tWP(28)~ ,------------------r------
VlLb 

VIH a 

Ao·A7 

VIL b 

VIH a o,. 
v,L b 

VoH c 

Dour 
Vold 

NOTES: 

a., b. v,H (min) and VIL (max) are reference levels for measuring timing of input signals. 
c., d. V00 (min) and VoL (max) are reference levels for measuring timing of Dour-

e. to.. is measured to lour"' I 1Lo I· 
f. los and toH are referenced to CAS or WE, whichever occurs last. 
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WAVEFORMS (Cont.) 
RAS-Only Refresh Cycle 

l+------------------------•~121--------------------------+j 
l-----------------------• .. s111 

VIH• 

RAS 
v 

VIH• 
CAS 

VIL b 

VIHa 
W. 

v 

Y1Ha .... ,.,, 
VILb 

Y1Ha 

o,. 
Y1Lb 

YoHc 
DouT 

Vet.• 

NOTES: 
a., b. V1" (min) and V" (max) are reference levels for measuring timing of input signals. 
c., d. VOH (min) and Vot. (max) are reference levels for measuring timing of Dour-

HIGH IMPEDANCE 
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WAVEFORMS (Cont.) 
Ripplemode Read Cycle 

NOTES: 
a., b. V., (min) and V,L (max} are reference levels for measuring timing of input signals. 
c., d. VG< (min) and VOL (max) are Jeference levels for .measuring timing of DoUT· 

e. Either tRCH or IRAH must be satisfied. 
f. !off is measured to lours JlLO I· 
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WAVEFORMS (Cont.) 
Ripplemode Write Cycle (CAS Controlled)e 

<.ii' 

Y1He 

RAS 
VIL b 

' ' 1Pc 1•01 
1csH (4) 

tCRPl81~1 
VIH a 

CAS 

VIL b 

IRC0(9) 

lcwL (27) 

twcs1211 

V1Ha 

WE 

•IL• 

.... A, 
yllb 

Y1Ha 
o,. 

VIL b 

DouT YoH c 
YoLd 

NOTES: 
a.; b. V1" (min) and v,L (max) are reference levels for measuring timing of input signals. 
c., d. VOH (min) and VoL (max) are reference levels for measuring timing of Dour· 
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--tRSHlWl1241--i:f 

lcP111 
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HtGH IMPEDANCE .. , .... 

e. WE is low prior to or simultaneously with GAS low transition. CAS latches column address and data-in. 
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WAVEFORMS (Cont.) 
Ripplemode Write Cycle (WE Controlled)' 

VIHe tRAS(1)_,~-------------------<.J 

RAS 

VIL b 

14-----tRCD 19)-----l"j 

1"9------ tPC(40)----:-- -1 

lcsH (4)-ll --.I 

CAS 

Y1L b 

Y1He 

We 
VIL b 

...... , 
V:tLb 

·v'"• 
D1N 

VIL b 

YOH, 

Dour 
Vold 

NOTES: 
a., b. v,H (min) and V1L (max) are reference levels for measuring timing of input signals. 
c., d. VOH (min) and Vot (max) are reference levels for measuring timing of DouT· 

e. loFF is measured to IOUT:s]ILOI· 

tcp (7) 

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 Cycle• 

Y1Ha 

1----------------------tRAS(1)--------------./~---,-----i 

RAS 
Y1Lb 

tcRP (I) 'PCM (41) : I 
tRCD 191 • 1 : lcRw 1351 I • lcP en 

... -----tcwo (311------t 

Y1H • 

CAS 
Y1Lb 

1.-----+----•.woc .. ,,-----------, 
i----+-tRCS (20) 

twp 1211 

Y1H1 

\YE 
YtLb 

'4-t----1--IAwo ,,.,--------1 

VIH, 

.... A, 
v .. , 

Y1H1 

o,. 
VIL b 

YoHc 

Dour 
YOH d 

NOTES: 
a.,b. V1H (min) and V 1L (max) are reference levels for measuring timing of input signals. 
c.,d. VOH (min) and VOL (max) are.reference levels for measuring timing of DoUT· 

e. !off is measured to louTs I 1Lol · 
f. CAS is low prior to WE low transition. CAS latches the column addresses whUe WE latches data-in. 

~CS{20) 

tRWL(21) 

C1800 

~ 

en .... 
~ 
""' ::c 
r-

"@ 
:Jg) 
ffi 
F 
i 
~ 
)j;;> 
:Jg) 
~ 



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

(: tr=='"''"==\_ 
l~-------;-------1 

a., b. V1" (min) and V1L (max) are reference levels for measuring timing of input signals. 
c., d. VoH (min) and Vol (max) are reference levels for measuring timing of DouT· 

e. lo•• is measured to louT s I ILO I· 
f. WE is low prior to CAS low transition. CAS latches column addresses and data-in. 

14"-~.,- tcA.S/R) (18) 

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 

IRAS (1) 
Y1H a 

RAS 
v,L b 

!"----------------.?~: F'RP(3)=1 
1

.. lpc 140) 

tCRP (81_ ~ tRCD (9) 

VIH I 

CAS 
V1Lb 

VIH a 

we 
VIL b 

Y1Ha 
Ao·A7 

yllb 

.... 
o,. 

VIL b 

YOH, 
DOIJT 

YOLd 

NOTES: 
a., b. V1tt (min) and v,L (max) are reference levels for measuring timing of input signals. 
c., d. VDH (min) and VOL (max) are reference levels for measuring timing of DouT· 

e. loFF is measured ID iOUTsllLOI· 
f. CAS is low prior to WE low transition. ei\S 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 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 CA'S 
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 tRAS timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tRP and 
tcp. has elapsed. 

Read Cycle 
A read cE_e is performed by maintainin.9...!!!.e Write 
Enable (WE) signal high during the RAS/CAS opera
tion. The column address must be held for a minimum 
time specified by tAR· Data out becomes valid only 
when tRAC• tcAA• and tcAc are all satisfied. Conse
quently, the access time is dependent upon the tim
ing relationship among tRAC• tcAA and tcAc· For 
example, the access time is limited by tcAA when tRAC 
and tcAc are both satisfied. 

Write Cycle 
A write cycle is performed by taking WE and CAS low 
during a RA~eration. The column address is 
latched in.J?t_ CAS. The write cycle c;an 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 falll!!.9_ edge of WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the leadi'& gige of WE occurs prior to or 
coincident with the A low transition) the output 
(DouT) 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 (Ao through 
A7) with RAS at least every 4 milliseconds. Any Read, 
Write, Read-Modify-Write, or RAS-Only cycle will per
form refresh. · 
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Extended Refresh Cycle 
The 51 C64HL 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 
51 C64HL-12). The low standby current can significant
ly extend battery life in battery back-up applications. 
Current consumption is calculated from the following 
equation: 

(tRc I ACTIVE)+ (tRI - tRd(lsTANDBY) 
I = ------------

tR1 

where tRc = refresh cycle time, 
and tR1 =refresh interval time or tREF/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 tAsc and tT 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. l!J.!:!.e 
column address is valid after the rising edge of CAS, 
then the access time is determined by the valid 
column address s~fied 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 = tRc + 255tpc 

Data Out Operation 
The 51C64HL Data Output (DouT), which has three
state capability, is controlled by~- During GAS high 
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state (CAS at V1H), the output is in the high im
pedance state. Table 1 summarizes the Dour state 
for various types of cycles. 

Power On 
An initial pause of 100 ,,sis required after the appli
cation of the V00 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 V00 current (1 00) requirement of the 51 C64HL 
during power on is dependent upon the input levels 
of RAS and CAS. If RAS = V88 during power on, the 
device would go into an active cycle and 100 would 
exhibit large current transients. It is recommended 
that RAS and CAS track with V00 or be held at a valid 
V1H 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 "O" may change to a logic "1." The average 
soft error rate (SER) of the 51C64HL is les.s 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 
V00 =4.75V, and tcycie=1,,s. A thorium source of 
1.6 x 10s c:dcm2/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 51 C64HL 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 

ADDRESSES 

HIGHZ 
Dour --------------<.I 

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

CHMOS DYNAMIC RAM 

51 C256H-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 

• Ripplemode Operation • Fast "Usable Speed" 
- Continuous data rate over 15 MHz - tRc=200 ns 
- Random access within a row - tcAc=25 ns 
- Flow through column latch for pipelining - tRco=30 ns min./95 ns max. 

• Low Operating Power - 70 mA • Fully TTL Compatible 

• Low Input/Output Capacitance • 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 
CH MOS 111-D technology, the 51 C256H 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. 

Ripµlemode 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 51 C256H ideally suited for cache based mainframe and mini computers, 
graphics, digital signal processing, and high performance microprocessor systems. 

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 

Ao 
A1 D1N RAS ROW ADDRESS STROBE 
A2 As Vss 
A3 D1N CAS 
A4 WE DouT 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

As DouT RAS As Ao·Aa ADDRESS INPUTS 
As Ao A3 
A1 

A2 A4 
As 
RAS 

A, As 

CAS Yoo A1 

WE 

D1N DATA INPUT 

Dour DATA OUTPUT 

Voo POWER (+5V) 

Vss GROUND 

· tAvailable 10 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. 
©Intel Corporation, 1984 
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ABSOLUTE MAXIMUM RATINGSt 
Ambient Temperature Under 

Bias ..................... - 10°C to + S0°C 
Storage Temperature .. Plastic - 55°C to +.125°C 
Voltage on Any Pin except Voo and DouT 

Relative to Vss ............... -2.0V to 7.5V 
Voltage on Voo Relative to Vss .... -1.0V to 7.5V 
Voltage on DouT 

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

D.C. CHARACTERISTICS1 

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, Voo=5V± 10%, Vss=OV, unless otherwise noted. 

51C256H 
Symbol Parameter Unit Test Conditions Notes 

Min. Typ.> Max. 

53 70 mA IRc = IRc (min), for - 12 specification 

1001 
V00 Supply Current, 

48 65 mA IRc = IRc (min), for - 15 specification 3,4 Operating 
35 50 mA IRc = IRc (min), for - 20 specification 

1002 
V00 Supply Current, 

1 4 mA 
RAS and CAS at V1H, all other inputs 

TIL Standby and output<:: V ss 

53 70 mA !Re= tRc (min), for - 12 specification 

1003 
Voo Supply Current, 

45 65 mA !Re= IRc (min), for - 15 specification 4 RAS-Only Refresh 

35 50 mA IRc =!Re (min), for -20 specification 

26 70 mA lpc = lpc (min), for - 12 specification 

loo• 
V00 Supply Current, 

22 
Ripplemode 

65 mA !pc= lpc (min), for - 15 specification 3,4 

18 50 mA lpc = lpc (min), for - 20 specification 

loos 
V00 Supply Current. 3 6 mA RAS at V1H, CAS at V1L, all other 

3 
Standby. Output Enabled inputs and output<:: V ss 

lu 
Input Load Current 

10 µ.A V1N=Vss to Voo (any pin) 

lw 
Output Leakage Current for 

10 µ.A 
RAS and CAS at V1H, 

High Impedance State Dour= Vss to Voo 

VIL 
Input Low Voltage 

-1.0 0.8 v 5 (all inputs) 

VIH 
Input High Voltage 

2.4 Voo+ 1 v 5 
(all inputs) 

VOL Output Low Voltage 0.4 v IOL =4.2mA 6 

VoH Output High Voltage 2.4 v loH= -5mA 6 

NOTES: 
1. All voltages referenced to Vss-
2. Typical values are at TA=25°C and Voo= + 5V. 
3. loo is dependent on output loading when the device output is sel~. Specified loo (max) is measured with the output open. 
4. loo is dependent upon the number of address transitions while CAS is at VtH· Specified loo (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 V1L (min) is steady state operation. All A.C. parameters are measured with VtL (min)<::Vss and V1H (max)sV00• 

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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CAPACITANCEt tNOTE: 

TA= 25°C, VDD = 5V ± 10%, Vss = OV, unless other
wise noted. 

Capacitance is measured at worst case voltage lev
els with a programmable capacitance meter. 

Symbol Parameter Typ. Max. Unit 

C1N1 Address, D1N 3 5 pF 

C1N2 RAS, CAS, WE 4 5 pF 

CouT DouT 4 6 pF 

A.C. CHARACTERISTICS1·2,3 

TA =0°C to 70°C, VDD = 5V ± 10%, Vss =OV, unless otherwise noted. 

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

# 
JEDEC 

Symbol Parameter 
51C256H-12 51C256H·15 51C256H·20 

Unit Notes 
Symbol 

Min. Max. Min. Max. Min. Max. 

1 tRL1RH1 tRAS RAS Pulse Width 120 75000 150 75000 200 75000 ns 

2 tRL2Al2 tRC Random Read or Write Cycle Time 200 245 315 ns 

3 tRH2RL2 tRP RAS Precharge Time 70 85 105 ns 

4 tAL1CH1 tcsH CAS Hold Time 120 150 200 ns 

5 tcL1CH1 le As CAS Pulse Width 25 75000 30 75000 35 75000 ns 

6 twH2AL2 lwAP Write to RAS Precharge Time 10 10 10 ns 

7 tRL1WL2 tAWM RAS to Write Hold Time 15 20 25 ns 

8 tAVAL2 lASR Row Address Set-up Time 0 0 0 ns 

9 tRL1AX tRAH Row Address Hold Time 15 20 25 ns 

10 tcH2CL2 t(.;p CAS Precharge Time 10 10 10 ns 

11 tcH2RL2 tcAP CAS to RAS Precharge Time -20 -20 -20 ns 

12 tRL1Cl1 1RCD RAS to CAS Delay 30 95 35 120 40 165 ns 4 

13 tAVCL2 I.A.SC Column Address Set-up Time 5 5 5 ns 

14 lcl1AX tcAH Column Address Hold Time 15 20 25 ns 

15 tRL1AX tAR Col. Address Hold Time From RAS 60 70 80 ns 

tRVRV tREF1 Time Between Refresh 4 4 4 ms 

t, h Transition Time (Rise and Fall) 3 25 3 25 3 25 ns 5 

16 tCL1QX \oN Output Buffer Turn On Delay 0 25 0 30 0 35 ns 

17 tcH2QZ to FF Output Buffer Turn Off Delay 0 20 0 25 0 30 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 combi

nation of cycles containing a RAS clock such as Ri\S-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, 
V1L (min)2:Vss and V1H (max) ,,;;Voo. 

4. tAco (max) is specified for reference only. 
5. tr is measured between V1H (min) and V1L (max). 
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A.C. CHARACTERISTICS (Con't.) 

Read Cycle 

# 
JEDEC 

Symbol Parameter 
51C256H-12 51C256H-15 51C256H-20 

Unit Notes 
Symbol 

Min. Max. Min. Max. Min. Max. 

18 tRL1QV tRAC Access Time From RAS 120 150 200 ns 6 

19 tcuav tcAc Access Time From CAS 25 30 35 ns 7,8 

20 tAvav tcAA Access Time From Column Address 55 70 90 ns 8 

21 tcuRH1(R) tRSH(A) RAS Hold Time (Read Cycle) 10 10 10 ns 

22 lwH2Cl2 tRcS Read Command Set-up Time 0 0 0 ns 

23 tAVRH1 tcAR Column Address to RAS Set-up Time 55 70 90 ns 

24 lcH2WX tACH Read Com. Hold Time Referenced to CAS 0 0 0 ns 9 

25 tRH2WX tRAH Read Com. Hold Time Referenced to RAS 10 10 10 ns 9 

Write Cycle 

# 
JEDEC 

Symbol Parameter 
51C256H-12 51C256H-15 51C256H-20 

Unit Notes 
Symbol 

Min. Max. Min. Max. Min. Max. 

26 tcuRH1(W) tRSH(W) RAS Hold Time (Write Cycle) 25 30 35 ns 

27 twltAH1 tAWL Write Command to RAS Lead Time 25 30 35 ns 

28 tWL1CH1 tcwL Write Command to CAS Lead Time 25 30 35 ns 

29 tWL1WH1 twp Write Command Pulse Width 20 25 30 ns 

30 twL1CL2 twcs Write Command Set-up Time 0 0 0 ns 10 

31 lcLtWH1 lwcH Write Command Hold Time 25 30 35 ns 

32 tovCL2 tos Data-In Set-up Time 0 0 0 ns 

33 tcL1DX toH Data-In Hold Time 20 25 30 ns 

NOTES: 
6. Assumes that IRcoSIRco (max). If IRco>IRco (max), then IRAC will increase by the amount that IRco exceeds IRco (max). 
7. Assumes IRco<otRco (max). 
8. If IAsc < (lcAA (max)-lcAc (max)- tr), then access time is defined by tcAA rather than by lcAC· 
9. Either IRcH or IRRH must be satisfied. 

10. twcs. IRwo. tcwo and IAwo are specified as reference points only. If twcs <olwcs (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 lcwo<olcwo (min) and 
IRwo <olRwo (min) and IAwo <olAwD (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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inter 51C256H 

A.C. CHARACTERISTICS (Con't.) 

Read-Modify-Write Cyc1e11 

# 
JEDEC 

Symbol Parameter 
51C256H-12 51C256H-15 51C256H-20 

Symbol 
Unit Notes 

Min. Mu. Min. Mu. Min. Mu. 

34 tRL2RL2 (RMW) tRWC Read-Modify-Write (RMW) Cycle Time 230 280 355 ns 

35 tRL1RH1 (RMW) IRRW RMW Cycle RAS Pulse Width 150 185 240 ns 

36 tel 1CH1 (RMW) lcRW RMW Cycle CAS Pulse Width 55 65 75 ns 

37 tRL1Wl.2 IRWO RAS to WE Delay 120 150 200 ns 12 

38 tcL1WL2 lcwo CAS to WE Delay 25 30 35 ns 12 

39 tAVWl.2 tAWO Column Address to WE Delay 55 70 90 ns 12 

Ripplemode Cycle13 

# 
JED EC 

Symbol Parameter 
51C256H-12 51C256H·15 51C256H-20 

Unit Notes 
Symbol 

Min. Mu. Min. Mu. Min. Mu. 

40 lcH20V lcAP Access Time From Column Precharge 60 75 95 ns 14 

41 lcl2Cl.2(R) IPC Ripplemode Read or Write Cycle 65 80 100 ns 14 

42 lcl2CL2(RRMW) tPCM 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. twcs. tRwo. lcwo and IAwo 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 tcwo ~tcwo (min) and 
IRwo ~ IRWo (min) and tAwo ~IAwo (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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51C256H 

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 51 C256H 
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 GAS 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 tRAS timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tRP and 
tcp. has elapsed. 

Read Cycle 
A read CEe is performed by maintainin.9J.!:!.e Write 
Enable (WE) signal high during the RAS/CAS opera
tion. The column address must be held for a minimum 
time specified by tAR· Data out becomes valid only 
when tRAC• tcAA• and tcAc are all satisfied. Conse
quently, the access time is dependent upon the tim
ing relationship among tRAC• tcAA and tcAc· For 
example, the access time is limited by tcAA when tRAC 
and tcAc are both satisfied. 

Write Cycle 
A write cycle is performed by taking WE and CAS low 
during a RAS o~eration. The column address is 
latched in by CA . 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 WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the leading Sdge of WE occurs prior to or 
coincident with the CA low transition) the output 
(DouT) 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 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. 
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Refresh Cycle 
To retain data, a refresh operation is performed by 
clocking each of the 256 row addresses (A0 through 
A7) 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 
at a hbgh8data rate. Maintaining RAS low while succes
sive A 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 tAsc and IT 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 sge~fied by tcAA· For both cases, 
the falling edge of A 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: 

Data Rate= ----'5'-'"1-=-2-
tRc + 511 !pc 

Data Out Operation 
The 51C256H Data Output (D~ which has three
state capability, is controlled by CAS. During CAS high 
state (CAS at V1H), the output is in the high im 
pedance state. Table 1 summarizes the DouT state 
for various types of cycles. 

Power On 
An initial pause of 100 µSis required after the appli
cation of the V00 supply, followed by a minimum of 
eight initialization cycles (any combination of cycles 
containing a RAS clock such as RAS-Only refresh). 



51C256H 

Eight initialization cycles are required after extended 
periods of bias without clocks (greater than 4 ms). 

that RAS and CAS track with V00 or be held at a valid 
V1H during power on. 

References The V00 current (1 00) requirement of the 51C256H 
du~g_power on is dep§ndent upon the input levels 
of RAS and GAS. If RA = Vss during power on, the 
device would go into an active cycle and 100 would 
exhibit large current transients. It is recommended 

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 

GAS-Only Cycle High Impedance 

VALID COLUMN ADDRESS VALID COLUMN ADDRESS 

'~1 __ v_AL_i_D _ _,) 

lcAA={_ 
- 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 

t 
Maximum Access Time (ns) 150 200 

Maximum CHMOS Standby Current (mA) 0.1 0.1 

• Low Power Data Retention • TTL and HCT Compatible 
- Standby current, CHMOS - 100 µ.A (max.) 
- Refresh period, RAS-Only - 32 ms (max) • Low Input/Output Capacitance 
- Data Retention Current - 230 µ.A (max.) 

• Low Operating Current - 65 mA {max.) • High Reliability Plastic - 16 Pin DIP 

Intel® 51 C256L is a low power 262, 144 X 1 dynamic Random Access Memory. Fabricated on Intel's 
CHMOS 111-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 µA when RAS> V00 - 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 µA (max). The 51 C256L combines this low power with high density for portable and battery backup 
applications. 

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 

Ao As Vss RAS ROW ADDRESS STROBE 
A, D1N D1N CAS CAS COLUMN ADDRESS STROBE 
A, WE DouT 

A3 RAS As WE WRITE ENABLE 

A4 Ao A3 Ao-As ADDRESS INPUTS 
As DouT A, A4 
As A, As 
A7 Voo A7 
As 
RAS 

D1N DATA INPUT 

Dour DATA OUTPUT 

Voo POWER (+SV) 

CAS Vss GROUND 
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 
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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 V00 and DouT 

Relative to Vss ............... - 2.0V to 7.SV 
Voltage on V00 Relative to v ss .... - 1.ov to 7.SV 
Voltage on DouT 

Relative to Vss ........... - 2.0V to V00 + 1V 
Data Out Current ...................... 50 mA 
Power Dissipation ...................... 1.0W 

D.C. CHARACTERISTICS1 

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, V00 = SV ± 10%, Vss = OV, unless otherwise noted. 

51C256L 
Symbol Parameter Unit Test Conditions Notes 

Min. Typ.2 Max. 

V00 Supply Current, 48 65 mA tRc = tRc (min), for - 15 specification 
1001 3.4 

Operating 35 50 mA !Re= !Re (min), for - 20 specification 

1002 
V00 Supply Current, 

1 2 mA 
RAS and CAS at V1H, all other inputs 

TTL Standby and output ~ V ss 

V 00 Supply Current, 45 65 mA !Re= !Re (min), for - 15 specification 
IDD3 4 

RAS-only Refresh 35 50 mA !Re= !Re (min), for - 20 specification 

IDDS Voo Supply Current. 3 4 mA RAS at V1H, CAS at V1,, all other 3 
Standby, Output Enabled inputs and output ~ V ss 

IDD6 
V00 Supply Current, 

0.01 0.1 mA 
RAS~V00 -0.5V and CAS at V1H, 

CHMOS Standby all other inputs and output~ V ss 

llul 
Input Load Current 

1 µ.A v,N=Vss to VDD (any pin) 

! ILOI 
Output Leakage Current for 

10 µA 
RAS and CAS at V1H, 

High Impedance State Dour= Vss to Voo 

VIL 
Input Low Voltage 

-1.0 0.8 v 5 (all inputs) 

VIH 
Input High Voltage 

Voo+ 1 (all inputs) 2.4 v 5 

0.4 v Im =4.2 mA 
VOL Output Low Voltage 6 

0.1 v 10 , = 1 OOµA tt 

2.4 v 10 H= -5 mA 
VoH Output High Voltage 6 

Voo- .1 v loH = -100 µAtt 

NOTES: tt Available 10 1985 
1. All voltages referenced to V ss. 
2. Typical values are at TA= 25°C and Voe= + 5V. 
3. loo is dependent on output loading when the device output is selected. Specified loo (max) is measured with the output open. 
4. loo is dependent upon the number of address transitions while CAS is at ViH- Specified loo (max) is measured with a max

imum of two transitions per address input per random cycle. 
5. Specified V1L (min) is steady state operation. All A.C. parameters are measured with V1L (min)~Vss and V1H (max)sV00. 

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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CAPACIT ANCEt tNOTE: 

TA=25°C, V00 =5V±10%, Vss=OV, unless other
wise noted. 

Capacitance is measured at worst case voltage lev
el~, with a programmable capacitance meter. 

Symbol Parameter Typ. Max. Unit 

C1N1 Address, DrN 3 5 pF 

C1N2 RAS, CAS, WE 4 5 pF 

Cour Dour 4 6 pF 

A.C. CHARACTERISTICS1·2,3 

TA=0°c to 70°C, V00 =5V± 10%, Vss=OV, unless otherwise noted. 

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

# 
JEDEC 

Symbol Parameter 
51C256L-15 51C256L-20 

Unit 
Symhol 

Notes 
Min. Max. Min. Max. 

1 tRL1RH1 IRAS RAS Pulse Width 150 75000 200 75000 ns 

2 tRL2RL2 tRc Random Read or Write Cycle Time 245 315 ns 

3 tRH2AL2 tRP RAS Precharge Time 85 105 ns 

4 tRL1CH1 tcsH CAS Hold Time 150 200 ns 

5 tcucH1 tcAS CAS Pulse Width 30 75000 35 75000 ns 

6 twH2AL2 twAP Write to RAS Precharge Time 10 10 ns 

7 tRL1WL2 tRwH RAS to Write Hold Time 20 25 ns 

8 tAVAL tAsR Row Address Set-up Time 0 0 ns 

9 tRL1AX tRAH Row Address Hold Time 20 25 ns 

10 tcH2CL2 tcp CAS Precharge Time 10 10 ns 

11 tcH2RL2 tcRP CAS to RAS Precharge Time -20 -20 ns 

12 tRL1CL1 tRCD RAS to GAS Delay 35 120 40 165 ns 4 

13 tAVCL2 IASC Column Address Set-up Time 5 5 ns 

14 tcL1AX tcAH Column Address Hold Time 20 25 ns 

15 tRL1AX tAR Column Address Hold Time From 11A-S 70 80 ns 

tRvRv tREF1 Time Between Refresh 4 4 ms 5 

tRVRV tREF2 Time Between Refresh (RAS-Only) 32 32 ms 5 

tr tr Transition Time (Rise and Fall) 3 25 3 25 ns 6 

16 tcuax toN Output Buffer Turn On Delay 0 30 0 35 ns 

17 tcH20Z toFF Output Buffer Turn Off Delay 0 25 0 30 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 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 
V1L (min) "2Vss and V1H (max)sV00. 

4. tRco (max) is specified for reference only. _ 
5. The 51C256L extends the refresh period to 32 ms during RAS-Only refresh operation. 
6. tr is measured between V1H (min) and V1L (max). 
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A.C. CHARACTERISTICS (Con't.) 

Read Cycle 

# 
JEDEC 

Symbol Parameter 
51C256L-15 51C256L-20 

Unit Notes 
Symbol Min. Max. Min. Max. 

18 tAL10V tRAC Access Time From RAS 150 200 ns 7 

19 tcuav tcAC Access Time From CAS 30 35 ns 8,9 

20 tAvav ICM Access Time From Column Address 70 90 ns 9 

21 lcl1RH1(A) tRSH(R) RAS Hold Time (Read Cycle) 10 10 ns 

22 twH2CL2 IRCS Read Command Set-up Time 0 0 ns 

23 IAVAH1 lcAR Column Address RAS Set-up Time 70 90 ns 

24 ICH2WX IRCH Read Com. Hold Time Referenced to CAS 0 0 ns 10 

25 IRH2WX IAAH Read Com. Hold Time Referenced to RAS 10 10 ns 10 

Write Cycle 

# 
JEDEC 

Symbol Parameter 
51C256L·15 51C256L·20 

Unit Notes 
Symbol 

Min. Max. Min. Max. 

26 lcl1AH1(W) IRSH(W) RAS Hold Time (Write Cycle) 30 35 ns 

27 twuAH1 tRWL Write Command to RAS Lead Time 30 35 ns 

28 twL1CH1 tcwL Write Command to CAS Lead Time 30 35 ns 

29 twL1WH1 twp Write Command Pulse Width 25 30 ns 

30 twucL2 twcs Write Command Set-up Time 0 0 ns 11 

31 tcL1WH1 lwcH Write Command Hold Time 30 35 ns 

32 tovcL2 tos Data-In Set-up Time 0 0 ns 

33 lcuox toH Data-In Hold Time 25 30 ns 

NOTES: 
7. Assumes that IRcostRco (max). If IRco"=tRco (max), then tRAC will increase by the amount that IRco exceeds tRco (max). 
8. Assumes tRco"=tRco (max). 
9. If tAsc < (lcAA (max)-tcAc (max)- tr), then access time is defined by tcAA rather than by tcAC· 

10. Either lRcH or tAAH must be satisfied. 
11. twcs. tRwo. tcwo and tAwo 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 tcwo"=tcwo (min) and 
IRwo"=tRwo (min) and IAwo"=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. 
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A.C. CHARACTERISTICS (Con't.) 

Read-Modify-Write- Cycle12 

# 
JED EC 

Symbol Parameter 
51C256L-15 51C256L-20 

Unit Notes 
Symbol 

Min. Max. Min. Max. 

34 IRL2RL2(RMW) tRWC Read-Modify-Write (RMW) Cycle Time 280 355 ns 

35 tRL1RH1(RMW) tRRW RMW Cycle RAS Pulse Width 185 240 ns 

36 tcL 1CH1(RMW) tcRW RMW Cycle CAS Pulse Width 65 75 ns 

37 tRL1WL2 tRwo RAS to WE Delay 150 200 ns 13 

38 !cL1WL2 tcwo GAS to wt Delay 30 35 ns 13 

39 tAVWL2 tAWD Column Address to wt 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. tRwo. tcwo and tAwo are specified as reference points only. If twcs2:twcs (min), the cycle is a GAS controlled write cycle 

(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwo 2:1cwo (min) and 
tRwo2:tRwo (min) and tAwo2: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 data out is indeterminate. 
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WAVEFORMS (Cont.) 
Write Cycle (WE Controlled)f 
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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 51 C256L 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 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 eAS 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 IRAS timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tRP and 
tcp. has elapsed. 

Read Cycle 
A read cycle is performed by maintaining_t_he Write 
Enable (WE) signal high during the RAS/CAS opera
tion. The column address must be held for a minimum 
time specified by tAR· Data out becomes valid only 
when tRAc• lcAA• and lcAc are all satisfied. Conse
quently, the access time is dependent upon the tim
ing relationship among tRAC• tcAA and tcAc· For 
example, the access time is limited by lcAA when tRAc 
and lcAc 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__Qy_ CAS. The write cycle can be WE con
trolled or CAS controlled depending upon the later of 
WE or CA'S low transition. Consequently, the input 
data must be valid at or before the fall.!!!g_edge of WE 
or CA'S, whichever occurs last. In a CAS controlled 
write cycle (the leadin~ge 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. Termi11ating the write 
action with CAS will maintain the ~ut in the high im
pedance state; terminating with WE allows the output 
to go active. 

The 51 C256L 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. 
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Refresh Cycle 
To retain data, a refresh operation is performed by 
clocking each of the 256 row addresses (Ao through 
A7) 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 51 C256L 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 51 C256L-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: 

(tRc) )(I Active)+ (!Re - tRd (I standby) 
tRI 

where !Re= refresh cycle time, 
and tR1 = refresh interval time of tReF/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 (DcnJ.Ih which has three
state capability, is controlled by CAS. During CAS high 
state (CAS at V1H), the output is in the high im
pedance state. Table 1 summarizes the Dour state 
for various types of cycles. 

Power On 
An initial pause of 100 µsis required after the appli
cation of the V00 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 V00 current (1 00) requirement of the 51C256L 
during power on is dependent upon the input levels 
of RAS and CAS. If RAS= Vss during power on, the 
device would go into an active cycle and 100 would 
exhibit large current transients. It is recommended 
that RAS and CAS track with V00 or be held at a valid 
V1H 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 St~'1dby Current (mA) 0.1 0.1 

Ripplemode Operation • Low Power Data Retention 
- Continuous data rate over 12 MHz - Standby current, CHMOS - 100 µA (max.) 
- Random access within row - Refresh period, RAS-Only - 32 ms (max.) 

- Flow through column latch for pipelining - Data Retention Current - 230 µA (max.) 

Low Input/Output Capacitance • Low Operating Current - 65 mA (max.) 

TTL and HCT Compatible • 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 
CH MOS 111-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 elock 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 51 C256HL offers a maximum standby current of 100 µA when RAS ~ V00-0.5V. 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 µ.A (max). The 51 C256HL combines low power with high density for portable and battery back
up applications. 

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 

Ao 

A, D1N As Vss 
A2 

D1N CAS 
AJ 

A4 WE Dour 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 

As Dour RAS As Ao-As ADDRESS INPUTS 

As Ao AJ 

A1 A2 A4 

As A, As 

D1N DATA INPUT 

DouT DATA OUTPUT 

RAS Yoo A1 Yoo POWER (+SV) 
CAS 

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 
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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 V00 and Dour 

Relative to Vss ................. -2.0V to 7.5V 
Voltage on V00 Relative to V88 ..... -1.0V to 7.5V 
Voltage on Dour 

Relative to V88 ............. -2.0V to V00 +1V 
Data Out Current ...................... 50 mA 
Power Dissipation ...................... 1.0W 

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. 

D.C. CHARACTERISTICS1 TA=0°C to 70°C, V00 =5V ± 10%, Vss=OV, unless otherwise noted. 

51C256HL 
Symbol Parameter Unit Test Conditions Note 

Min. Typ2 Max. 

V00 Supply Current, 48 65 mA !Re= !Re (min), for - 15 specification 
1001 3,4 

Operating 35 50 mA !Re= !Re (min), for - 20 specification 

1002 
V00 Supply Current, 
TILStandby 

1 2 mA 
RAS and CAS at V1H, all other inputs 
and output ?! V ss 

V00 Supply Current, 45 65 mA !Re= !Re (min), for - 15 specification 
1003 RAS-only Refresh 

4 
35 50 mA !Re= !Re (min), for - 20 specification 

V00 Supply Current, 22 65 mA tpc = tpc (min), for - 15 specification 
1004 Ripplemode 3,4 

18 50 mA tPC = tPC (min), for - 20 specification 

loos 
Voo Supply Current, 3 4 mA 

RAS at V1H, CAS at V1L, all other 
3 

Standby, Output Enabled inputs and output ?! V ss 

looe 
V00 Supply Current, 

0.01 1 mA 
RAS?! V00 - 0.5V and CAS at VIH• 

CHMOS Standby all other inputs and output?! V ss 

lu 
Input Load Current 

1 µ.A V1N = Vss to Voo (any pin) 

ILO 
Output Leakage Current for 

10 µ.A 
RAS and GAS at V1H, 

High Impedance State DouT= Vss to Voo 

VIL Input Low Voltage 
-1.0 0.8 v 5 (all inputs) 

VIH 
Input High Voltage 
(all inputs) 

2.4 Voo+ 1 v 5 

0.4 v 10 L =4.2 mA 
Vol Output Low Voltage 6 

0.1 v loL = 100µ.Att 

VoH 
2.4 v loH= -5 mA 

Output High Voltage 6 
Voo-.1 v loH= -100µAtt 

NOTES: tt Available 1 Q 1985 
1. All voltages referenced to Vss· 
2. Typical values are at TA= 25°C and V00 = + 5V. 
3. 100 is dependent on output loading when the device output is selected. Specified 100 (max) is measured with the output open. 
4. 100 is dependent upon the number of address transitions while CAS is at V1H. Specified 100 (max) is measured with a max

imum of two transitions per address i(lput per random cycle, one transition per access cycle in Ripplemode. 
5. Specified V1L (min) is steady state operation. All A.C. parameters are measu~ed with V1L (min)?!Vss and V1H (max)sV00. 

6. Test conditions apply only for D.C. Characteristics. All A.C. parameters are measured with a load equivalent to two TIL loads 
and 50 pF. 
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CAPACIT ANcet tNOTE: 
TA=25°C, Voo=5V±10%, Vss=OV, unless other
wise noted. 

Capacitance is measured at worst case voltage lev
els with a programmable capacitance meter. 

Symbol Parameter Typ. Max. Unit 

C1N1 Address, D1N 3 5 pF 

C1N2 RAS, CAS, WE 4 5 pF 

Gour Dour 4 6 pf 

A.C. CHARACTERISTICS1 ,2,3 
TA= 0°C to 70°C, Voo= 5V ± 10%, Vss= OV, unless otherwise noted. 

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

# 
JEDEC 

Symbol Parameter 
51 C256HL-15 51 C256HL-20 

Unit Notes 
Symbol 

Min. Max. Min. Max. 

1 lRL 1AH1 IRAS RAS Pulse Width 150 75000 200 75000 ns 

2 lAL2AL2 !Ac Random Read or Write Cycle Time 245 315 ns 

3 lAH2RL2 lRP RAS Precharge Time 85 105 ns 

4 lAL1CH1 tcsH CAS Hold Time 150 200 ns 

5 lCL1CH1 le AS CAS Pulse Width 30 75000 35 75000 ns 

6 lwH2AL2 lwRP Write to RAS Precharge Time 10 10 ns 

7 lAL1WL2 lAWH RAS to Write Hold Time 20 25 ns 

8 lAVAL2 lASA Row Address Set-up Time 0 0 ns 

9 lAL1AX lRAH Row Address Hold Time 20 25 ns 

10 lCH2CL2 tcp CAS Precharge Time 10 10 ns 

11 leH2RL2 teAP CAS to RAS Precharge Time -20 -20 ns 

12 lAL1eL 1 lAeD RAS to CAS Delay 35 120 40 165 ns 4 

13 lAveL2 !Ase Column Address Set-up Time 5 5 ns 

14 tel 1AX le AH Column Address Hold Time 20 25 ns 

15 lAL1AX IAR Column Address Hold Time From RAS 70 80 ns 

tRVRV IAEF1 Time Between Refresh 4 4 ms 5 

tRVRV IAEF2 Time Between Refresh (RAS-Only) 32 32 ms 5 

IT h Transition Time (Rise and Fall) 3 25 3 25 ns 6 

16 teuax ION Output Buffer Turn On Delay 0 30 0 35 ns 

17 leH2QX lo FF Output Buffer Turn Off Delay 0 25 0 30 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 32 ms). 

3. A.C. Characteristics assume h = 5 ns. All A.C. parameters are measured with a load equivalent to two TTL loads and 50 pF, 
V1L(min)2:Vss and V1H (max),.;;Voo. 

4. lReD (max) is specified for reference only. __ 
5. The 51 C256HL extends the refresh period to 32 ms during RAS-Only refresh operation. 
6. IT is measured between V1H (min) and V1L (max). 
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A.C. CHARACTERISTICS (Con't.) 

Read Cycle 

# 
JEDEC 

Symbol Parameter 
Symbol 

18 tRL1QV tRAC Access Time From RAS 

19 tcuav tcAC · Access Time From CAS 

20 tAvav tcAA Access Time From Column Address 

21 tcuRH1 IRSH(R) RAS Hold Time (Read Cycle) 

22 twH2CL2 tRcS Read Command Set-up Time 

23 tAVRH1 le AR Column Address to RAS Set-up Time 

24 tcH2WX tRcH Read Com. Hold Time f!eferenced to CAS 

25 tRH2WX tRRH Read Com. Hold Time Referenced to RAS 

Write Cycle 

JEDEC 
Symbol Parameter # 

Symbol 

26 tcuRH1(WJ tRSH(W) RAS Hold Time (Write Cycle) 

27 twL1RH1 tRWL Write Command to RAS Leiid Time 

28 twL1CH1 tcwL Write Command to CAS Lead Time 

29 twL1WH1 twp Write Command Pulse Width 

30 twucL2 twcs Write Command Set-up Time 

31 tcL1WH1 twcH Write Command Hold Time 

32 tovcL2 tos Data-In Set-up Time 

33 tcL1DX toH Data-In Hold Time 

NOTES: 

· 51C2S6HL·15 51C256HL-20 
Unit Notes 

Min. Max. Min. Max. 

150 200 ns 7 

30 35 ns 8,9 

70 90 ns 9 

10 10 ns 

0 .. · 0 ns 

70 90 ns 

0 0 ns 10 

10 10 ns 10 

51C256HL-15 51C256HL-20 
Unit Notes 

Min. Max. Min. Max. 

30 35 ns 

30 35 ns 

30 35 ns 

25 30 ns 

0 0 ns 11 

30 35 ns 

0 0 ns 

25 30 ns 

7. Assumes that tRco :5 IRcD (max). If tRcD > tRcD (max), then tRAC will increase by the amount that tRco exceeds tRcD (max). 
8. Assumes tRCD~tRCD (max). 
9. If tAsc < (tcAA (max) • lcAc (max) - tr), then access time is defined by tcAA rather than by tcAc· 

10. Either tRcH or tRRH must be satisfied. __ 
11. lwcs• tRwo· tcwo and tAwo 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 tcwo ~ lcwo (min) and 
tRwo~tRwo (min) and tAwo~tAwD (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 

# 
JEDEC 

Symbol Parameter 
Symbol 

34 tP• 2RL2(RMW) tRWC Read-Modify-Write (RMW) Cycle Time 

35 tRL 1RH1(RMW) tRRW RMW Cycle~ Pulse Width 

36 tcL 1CH1(RMW) tcRW RMW Cycle CAS Pulse Width 

37 tRL1WL2 tRWD RAS to WE Delay 

38 tcL1WL2 tcwo CAS to WE Delay 

39 tAVWL2 tAWD Column Address to WE Delay 

Ripplemode Cycle14 

# 
JEDEC 

Symbol Parameter 
Symbol 

40 lcH2QV lcAP Access Time From Column Precharge 

41 lcL2CL2(R) tpc Ripplemode Read or Write Cycle 

42 lcL2CL2 (RRMW) tPCM Ripplemode RMW Cycle Time 

NOTES: 

51C256HL·15 51C256HL·20 
Unit Notes 

Min. Max. Min. Max. 

280 355 ns 

185 240 ns 

65 75 ns 

150 200 ns 13 

30 35 ns 13 

70 90 ns 13 

51C256HL-15 51C256HL-20 
Unit Notes 

Min. Max. Min. Max. 

75 95 ns 15 

80 100 ns 15 

110 135 ns 

12. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the tabl~ previously specified. 
13. lwcs• tRwo• lcwo and tAwo are specified as reference points only. If lwcs"'lwcs (min), the cycle is aCAS controlled write cycle 

(early write cycle) and the data out pin will remain in high impedance throughout the entire cycle. If tcwo <!:tcwo (min) and 
~wo<!:tRWD (min) and tAwo"'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 data out is indeterminate. 

14. All previously specified A.C. Characteristics are applicable. 
15. Access time is determined by the longer of tcM or lcAc or lcAP· 
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WAVEFORMS 
Read Cycle 

14--------------------------tRC(2),--------------------------~ 
...._--------------------tRAS(1) ~tRP(3)~ 

VIH • 

llAS 
VIL b \ ~ 

14-------------tRSH(R)(21),-------------i 

VIH a 

CAS 
v,Lb 

VIH • 

WE 
VIL b 

1CSH(4) 1--1 ~lcP110)-! 
lcRP(11)r tRC0(12,--------------------tcAs1s1-------------i I 
~ ~~~~~~~\ J~~-~~-
~ twRP (6) !:::t- tRRH (25)e 

I tRCH (24Je 1 J ,....____ 
L ~- ~ 

VIH• 
A0-Aa 

VIL b 

~ tAR(15) 

r----t-tASC (13) 

IASR (:t btRAH (9) ~tCAH (14) ==x ROW XX) COLUMN x 
-..I 

J------+ lcAC (19) 

YOH' 
DouT 

YOLd 

~- _( r 1RAc (111 1 toFF 111,1 

HIGH IMPEDANCE .::£', DATA OUT tt------
"L_f £ 

__..... ~ION (16) 
C1590 

NOTES: a,b. V,H (min) and V" (max) are reference levels for measuring timing of input signals. 
c,d. VoH (min) and VoL (max) are reference levels for measuring timing of Dour· 

e. Either tAcH or tRRH must be satisfied. 
f. loFF is measured to loursllLol-
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WAVEFORMS (Cont.) 
Write Cycle (CAS Controlled)e 

tRC{2) 

IRAS (1) 

VIH a 

RAS 
VIL b 

tcstt (4) 

tRCD (12) tcAS (5) 

VIH a 

CAS 
v,Lb 

1CWL{28) 

1RWL(27) 

1WCS(30) 

---
VIH a 

WE 

VIL b ---
1AA (15) 

VIH a -
Ao-Ae COLUMN 

VIL b 

1CAH (14) 

v,H a o,. DATA IN 

VIL b "'-l 

DouT VoH c HIGH IMPEDANCE 

Vold 

NOTES: a,b. V1" (min) and V" (max) are reference levels for measuring timing of input signals. 
c,d. VoH (min) and V0 , (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 

VIH• 

l----===========:.,,J-'•c12J--======~~=: 1.---------------------tRA.5{1)---------------------

RAS 
v,L b 

YIH a 

CAS 
VIL b 

VIHa 

we 
VIL b 

VIH a 
Ao-Aa 

VIL b 

Y1Ha 

o,. 
Y11 .. b 

v°"' Dour 
YoLd 

NOTES: a,b. 
c,d. 

e. 
f. 

1
CSH {4) tRSH(W) (26)---------------=~ 

------~--------tcAS(S) ______ _, 

IAsc 11:1) I• 11 • I tcAH f14J 

t4-----r------tAR {15)----1--11'"---! 

COLUMN 

V1" (min) and VIL (max) are reference levels for measuring timing of input signals. 
VoH (min) and Vol (max) are reference levels for measuring timing of Dour· 
toFF is measured to lour~ I Ito 1-
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 

v.,. 

1-+----------------------------·RWC(~)----------------------------.i ~-----------------------tARW(35) _____ _:_:_ _________________ _.1 

RAS 
v, 

v.,. 
==::;===------------'cRW(36)==-----------r--1 

CAS 
VLb 

~ I.. I 1~(37) tcwo(38) : II: IRWL(~:{28)------t 
l+---- 1WP(29)~ 

v.,. 
WE 

v._. 
114-----tAA (15)---t--~"1 

1-.--+----r-- tAwo (39J,--------, 

v.,. 
.... A,, 

v._. 

v.,, 
D., 

v._. 

Yott, 
DOOT 

Ycx.d 

NOTES: a,b. V1" (min) and VIL (max) are reference levels for measuring timing of input signals. 
c,d. VOH {min) and VoL (max) are reference levels for measuring timing of DouT-

e. loFF is measured to louT :s i ILD j. 
f. los and toH are referenced to CAS or WE, whichever occurs last. 
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WAVEFORMS (Cont.) 
RAS-Only Refresh Cycle 

V1H • 

RAS 
v._ • 

1 

VIH • 

""'"' tRAS(1) 

cf 

tWRP (8) • tRWH- (7) lwRP (6) • a 

~ ~ ::: lxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx) ~ m ••• ~~ I 
C0 tASR (8) ~AH (9) U1 
• ~. m 

ArrA7 V1Lb Row - - - F 

DOUT YOH c HIGH IMPEDANCE 

Vocd 

NOTES: a,b. V1" (min) and Vil (max) are reference levels tor measuring timing of input signals. 
c,d. VoH (min) and V0 , (max) are reference levels for measuring timing of Dour-
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WAVEFORMS (Cont.) 
Ripplemode Read Cycle 

v ... 
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VILb r1t= ~.,., 
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NOTES: a,b. V1" (min) arid V" (max) are reference levels for measuring timing of input signals. 
c,d. VoH (min) and V0t. (max) are reference levels for measuring timing of DouT-

e. Either tRcH or tRRH must be satisfied. 
f. loFF is measured to lours I I Lo I · 
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WAVEFORMS (Cont.) 
Ripplemode Write Cycle (CAS Controlled)e 

IRAS (1) 

VIH • 

RAS 
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icAH (14) tCAH (14} 

VIH • 
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VOL d 

NOTES: a,b. V1" (min) and v .. (max) are reference levels for measuring timing of input signals. 
c,d. V0 " (min) and V0 , (max) are reference levels for measuring timing of DouT· 
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e. WE is low prior to or simultaneously with GAS low transition. CAS latches column addresses and data-in. 
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WAVEFORMS (Cont.) 
Ripplemode Write Cycle (WE Controlled)f 

NOTES: a,b. v," (min) and V1L (max) are reference levels for measuring timing of input signals. 
c,d. VOH (min) and VoL (max) are reference levels for measuring ti"1ing of DouT· 

e. loFF is measured to louT,,; I ILO 1-
1. 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 

VIHo 
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NOTES: a,b. V1" (min) and V1L (max) are reference levels for measuring timing of input signals. 
c,d. VOH (min) and VoL (max) are referenca levels for measuring timing of Dour· 

e. loFF is measured to lours I 1Lo I· 
f. CAS is low prior to the WE low transijion. CAs latches the column address while WE latches the data-in. 
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WAVEFORMS (Cont.) 
Ripplemode Read/Write/Read/. Cycle (CAS Controlled)' 

VIH • 

RAS 

v,L b 

.... ,,, : F'RP(3)=1 
tc.a.s 1s1 

V1H • 
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tRCS (22) 

Y1H • 

we 
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Y1H • g ...... COLUMN 0 
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tAAC {18) 
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VIL b 
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DOUT 

VOL d r 1 C1508 

NOTES: a,b. V1H {min) and V1L (max) are reference levels for measuring timing of input signals. 
c,d. VoH (min) and V0, (max) are reference levels for measuring timing of DouT-

e. toFF is measured to louTs ilLol. 
f. WE is low prior to or simultaneously with GAS 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.) 
Ripplemode Read/Write/Read/. Cycle (WE Controlled)f 

RAS 

Ymo c tRAS(1} : "F'RP(3J==\__ 
~b 2 
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WE 
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NOTES: a,b. V1" (min) and VIL (max) are reference levels for measuring timing of input signals. 
c,d. V0" (min) and V0, (max) are reference levels for measuring timing of DouT· 

e. toFF is measured to lour .:S I 1Lo [. 
f. GAS is low prior to WE low transition. GAS 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 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 51 C256HL 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 
~a valid column address, the delay time between 
roIB 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 !RAS timing 
specification. This ensures proper device operation 
and data integrity. Additionally, a new cycle cannot be 
initiated until the minimum precharge time, tRP and 
tcp. has elapsed. 

Read Cycle 
A read ~ is performed by maintainin.9...!!!_e Write 
Enable (WE) signal high during the RAS/CAS opera
tion. The column address must be held for a minimum 
time specified by tAR· Data out becomes valid only 
when !RAC• tcAA• and tcAc are all satisfied. Conse
quently, the access time is dependent upon the tim
ing relationship among !RAC• tcAA and tcAc· For 
example, the access time is limited by tcAA when tRAC 
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~ 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 fall~dge of WE 
or CAS, whichever occurs last. In a CAS controlled 
write cycle (the leadi~dge 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. 
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Refresh Cycle 
To retain data, a refresh operation is performed by 
clocking each of the 256 row addresses (Ao through 
A7) 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 51 C256H L 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 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: 

I= (!Re IACTIVE) + (IRI - !Re) (lsrANDBY) 
IRI 

where !Re= refresh cycle time, 
and tR1 = refresh interval time or tRi:#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. 

RipplemodeTM 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 tAsC and tr 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 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= tRc + 511 lpc 

Data Out Operation 
The 51C256HL Data Output (Do.u:rl, which has three
state capability, is controlled by CAS. During CAS high 
state (CJ\°S at v1H). the output is in the high im
pedance state. Table 1 summarizes the Dour state 
for various types of cycles. 

Power On 
An initial pause of 100 µsis required after the appli
cation of the V00 supply, followed by a minimum of 

eight initialization cycles (any combinatioh of cycles 
containing a 1iAS clock such as RAS-Only refresh). 
Eight initialization cycles are required after extended 
periods of bias without clocks (greater than 32 ms). 

The V00 current (1 00) requirement of the 51C256HL 
du~ power on is depSndent upon the input levels 
of RAS and CAS. If RA = V88 during power on, the 
device would go into an active .cycle and 100 would 
exhibit large current transients. It is recommended 
that RAS and CAS track with V00 or be held at a valid 
V1H 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 

VALID COLUMN ADDRESS VALID COLUMN ADDRESS 

'"'1 ... __ v_A_L_iD _ __,) <AA1 ... __ v_A_L_1D _ __,)-

Figure 1. Ripplemode™ Access Time Determination 
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HIGH PERFORMANCE STATIC COLUMN 64K x 4 

CHMOS DYNAMIC RAM 

~ 
Maximum Access Time (ns) 

Maximum Column Address Access Time (ns) 

• Static Column Mode Operation 
- Continuous data rate over 12 MHz 
- Random access from address 

within row 

• Low Input/Output Capacitance 

• Low Operating Current - 65mA (max.) 

51C259H-15 

150 

70 

• Fast "Usable Speed" 
- tcAc = 30, 35 ns 
- toAc = 25, 30 ns 

• Fully TTL Compatible 

51 C259H-20 

200 

90 

• High Reliability Plastic - 18 Pin DIP 

The Intel"' 51 C259H is a high speed 65,536 x 4 dynamic Random Access Memory. Fabricated on 
Intel's CH MOS 111-D technology, the 51 C259H offers features not provided by an NMOS dynamic RAM: 
Static Column Mode for high data bandwidth and fast usable speed. All il']puts 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 51 C259H offers high per
formance while relaxing many critical system timing requirements for fast usable speed. These fea
tures make the 51 C259H ideally suited for graphics, digital signal processing. and high performance 
systems. 

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 

Ao OE Vss 
,A, 110, 
A, 1/0, 1/04 
A3 110, 110, CAS 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

WE WRITE ENABLE 
A• WE 1/03 
As 1/03 RAS Ao A, 
A, 110. Ao A3 
RAS A, A• 

Ci"E OUTPUT ENABLE 

Ao·A1 ADDRESS INPUTS 

110,-110. DATA IN/DATA OUT 

CAS A, As 
WE 

Voe A, 
OE 

Voe POWER (+5V) 

v,, 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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intef 51C259H 

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 V 00 and Dour 
Relative to V ss ............... -2.0V to 7.5V 

Voltage on Voe 
Relative to V ss ............... -1.0V to 7.5V 

Voltage on Dour 
Relative to V ss . . . . . . . . . . - 2.0V to V 00 + 1 V 

D.C. CHARACTERISTICS1 

Data Out Current ...................... 50 ma 
Power Dissipation ...................... 1.0W 

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. 

TA=0°C to 70°C, V 00 = 5V ± 10%, Vss = OV, unless otherwise noted. 

Symbol Parameter 
51C259H 

Unit Test Conditions ~otes 
Min. Typ.2 Max. 

Voe Supply Current, 65 mA tRc=tRc(min), for-15 specification 
1001 Operating 50 mA tRc=tRC(min), for -20 specification 

3,4 

1002 
Voe Supply Current, 

4 mA RAS and CAS at VIH• all other inputs 
TTL Standby and outputs~ Vss 

Voe Supply Current, 65 mA tRc = tRc(min); for-15 specification 
1003 RAS-Only Refresh mA tRc = tRC(min), for -20 specification 

4 
50 

Voe Supply Current, 65 mA Minimum cycle for-15 specification 
1004 

Static Column Mode 50 mA Minimum cycle for-20 specification 
3,4 

Ices 
Voe Supply Current, 

6 mA RAS at VIH• GAS and OE at VIL• all 
3 Standby, Output Enabled other inputs and outputs~ Vss 

I ILi I Input Load Current 
10 µ.A v1N = Vss to v 00 (any pin) 

I ILOI Output Leakage Current, 
10 µ.A RAS and CASat VIH· 

High Impedance State DouT = Vss to Voo 

V1L 
Input Low Voltage 

-0.3 0.8 v 5 (all Inputs) 

V1H 
Input High Voltage 

2.4 Voe+ 1 v 5 
(all inputs) 

Vol 
Output Low Voltage 

0.4 v loL = 4.2mA 6 
(all outputs) 

VoH 
Output High Volt!!ge 

2.4 v IOH = -5mA 6 
(all outputs) 

NOTES: 1. All voltages referenced to Vss· 
2. TypicalvaluesareatTA = 25°CandVoo = +5V. 
3. loo is dependent upon output loading when the device is selected. Specified loo(max) is measured with 

the output open. 
4. loo is dependent upon the number of address transitions. Specified loo(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 V1L(min) is steady state operation. During transitions, V1L may undershoot to -1.0 V for periods 
not to exceed 20 ns. All A.C. parameters are measured with V1L(min) ~ Vss and V1H(max) ~ Voo· 

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 

TA=25°C, Voo=5V ± 10%, Vss=OV, unless 
otherwise noted. 

Symbol Parameter Typ. Max. 

C1N1 Address, D1N 3 5 

C1N2 RAS,CAS, WE 4 5 

C110 Data In/Out 4 6 

A.C. CHARACTERISTICS 1 • 2• 3 

51C259H 

tNOTE: 

Unit 

pF 

pF 

pf 

Capacitance is measured at worst 
case voltage levels with a pro
grammable Hewlett Packard capaci
tance meter. 

TA=0°C to 70°C, Voo=5V ± 10%, Vss=OV, unless otherwise noted. 

Read, Write and Refresh Cycles 

JED EC 
51 C259H-15 51C259H-20 

No. 
Symbol 

Symbol Parameter Unit Notes 
Min. Max. Min. Max. 

1 IRL 1RH1 IRAS RAS Pulse Width 150 75000 200 75000 ns 

2 IRL2RL2 !RC Random Read or Write Cycle Time 245 315 ns 

3 IRH2RL2 IRP RAS Precharge Time 85 105 ns 

4 IRL1CH1 !CSH* GAS Hold Time 150 200 ns 

5 ICL 1CH1 ICAS* GAS Pulse Width 30 35 ns 

6 IWH2RL2 IWRP Write to RAS Precharge Time 10 10 ns 

7 IRL 1WL2 IRWH RAS to Write Hold Time 20 25 ns 

8 IAVRL2 IASR Row Address Set-up Time 0 0 ns 

9 IRL1AX IRAH Row Address Hold Time 20 25 ns 

10 ICH2QZ tHZ OE or GAS to Output High Impedance 25 30 ns 4,5 

11 ICL2QX ILZ OE or CAS to Output Low Impedance 0 0 ns 4,5 

IRVRV IREF1 Time Between Refresh 4 4 ms 

IT IT Transition Time (Rise and Fall) 3 25 3 25 ns 6 

NOTES: * This parameter not applicable if operated with GAS grounded. 
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 extended periods of bias without clocks (greater than 4 ms). 

3. A.C. Characteristics assume IT=5 ns. All A.G. parameters are measured with VoL =0.8Val IOL-2.2 mA, 
VoH= 2.4V at loH= - 2.0 mA with a 50 pF load, V1L(min) ~ Vss and V1H(max) ""'Voo. 

4. Assumes three state test load (5 pF and a 380 Ohm Thevenin equivalent). 
5. At any given temperature and voltage combination, IHz(max) ""'ILz(min) from device to device. 
6. IT is measured between V1H(min) and V1L(max). 

2-105 



inter 51C259H 

A.C. CHARACTERISTICS (continued) 

Read Cycle 

JED EC 
51C259H-15 51C259H-20 

No. 
Symbol 

Symbol Parameter Unit Notes 
Min. Max. Min. Max. 

12 tRL1QV tRAC Access Time From RAS 150 200 ns 7 

13 tcuav tCAC Access Time From OAS 30 35 ns 

14 tGL1QV to AC Access Time From~ 25 30 ns 

15 tAVQV tCAA Access Time From Column Address 70 90 ns 

16 tCL1RH1 tRSH(R)* RAS Hold Time (Read Cycle) 10 10 ns 

17 twH2CL2 tRCS*' 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 tCH2WX tRCH*I Read Command Hold Time Referenced to CAS 5 5 ns 

21 tRH2WX tRRH Read Command Hold Time Referenced to RAS 10 10 ns 

22 tRH2AX tARH Column Address Hold Time to RAS 0 0 ns 

23 tRL 1AV 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 tGH1QX tOH Output Hold Time From OE or CAS 0 0 ns 

Write Cycle 

26 tcL 1RH1 tRSH(W) RAS Hold Time (Write Cycle) 35 40 ns 

27 tRL1WL2 twDR RAS to Write Command Lead Time 30 115 35 160 ns 

28 tWL1RH1 tRWL Write Command to RAS Lead Time 30 35 ns 

29 tWL1CH1 tCWL* Write Command to CAS Lead Time 30 35 ns 

30 tWL1WH1 twp Write Command Pulse Width 10 15 ns 

31 tWH2WL2 twcP Write Command Precharge Time 10 15 ns 

32 tWL1CL2 twcs• Write Command Set-up Time 0 0 ns 9 

33 tcL1WH1 tWCH* 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: * This parameter not applicable If operated with CAS grounded. 
7. Assumes that !RAD,.; IRAD(max) If !RAD> IRAD(max), then !RAC will increase by the amount that IRAD 

exceeds IRAD(max). 
8. tRAD Is specified for reference only. 
9. twcs, tRWD, tcwD, tAWD and towD 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 tcwD;;,, tcwD(min) and tRWD;;,, !RwD(min) and towD;;,, towD(min) and IAWD;;,, tAWD(min), then the 
cycle ls 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 notsatisfied, the condition of data out Is indeterminate. 
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51C259H 

A.C. CHARACTERISTICS {continued) 

Write Cycle (Continued) 

JED EC 
51C259H-15 51C259H-20 

No. 
Symbol 

Symbol Parameter Unit Notes 
Min. Max. Min. Max. 

37 IRL1AX IARW Column Address Hold Time From RAS (Write) 60 70 ns 

38 tovwL2 tos Data-In Set-up Time 5 5 ns 

39 IWL1DX !DH Data-In Hold Time 25 30 ns 

40 IGH2WH1 tows OE Set-up Time From End of Write 15 20 ns 

41 ICH2GL2 tCOH OE Hold Time From CAS- 20 25 ns 

Read-Modify-Write Cycle 10 

42 IR.2RL2 IRWC Read-Modify-Write (RMW) Cycle Time 310 390 ns 

43 IRL 1RH1 !RAW RAS Pulse Width (RMW) 215 75000 275 75000 ns 

44 tCL1CH1 !CAW CAS Pulse Width (RMW) 95 110 ns 

45 IRL1AX IAR Column Address Hold Time From RAS (RMW) 205 265 ns 

46 IRL1WL2 tRWD RA~ to WE Delay 180 235 ns 11 

47 tAVWL2 tAWD Column Address to WE Delay 100 115 ns 11 

48 !CL 1WL2 ICWD• CAS to WE Delay 60 70 ns 11 

49 IGH2WL2 towo OEto WE Delay 30 35 ns 11 

Static Column Mode 12 

50 IWL2Wl2 tswc Static Column Write Cycle Time 50 55 ns 

51 IWH2QV tWPA Write Precharge Access Time 30 35 ns 13 

52 IWL1QV IWRA Write-Read Access Time 120 135 ns 13 

53 IWL 1GL2 twoH Write to OE Hold Time 30 35 ns 

54 tRL1WL1 tswH RAS to Write Command Hold Time 150 200 ns 

NOTES: * 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. tcwo. IAWD and towo 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 tcwo;;,,, tcwo(min) and tRwD;;,,, tRwo(min) and towo;;,,, towo(min) and tAWD;;,,, 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 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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WAVEFORMS 
READ CYCLE 

t-+--------------------tRC(2)1-----------------_.. 

1 ~ tRAS(1) 

t-+--------------------tRSH(R) (16)---------1~ 
.. -----+------------tcsH<4>-------------------<~ 

1..---------:--------tcAS(S}-----------°i 

I 

H7LYZZ7ZZ 
lh 

tRRH (21} -H-1 

tRCH (20) 
hj 

l-4o-l--------------------~tcAR(18}-----------~ 1':J1'" 
-+--!------

tARR (19} tARH (22) i =l::l lwRP (6} +_, 

NOTE: a, b V1H(min) and V1L (max) are reference levels for measuring timing of input signals 
c., d VoH(min) and Vol (max) are referen_ce levels tor measuring timing of DouT 

e tLz is referenced to the later of RAS. CAS, and OE low transition 

COLUMN 

DATA OUT 

K 

~t0HA(24} 

1-- toH (25) I -

I' tHz (10} lg --

WTZZZZZZZZZ 

f tHz and toH are referenced to the earlier of CAS or OE 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 tRcH or tRRH f!!ust be satisfied __ --~ _ 
i If tARH ~ tARH{minl. then data from the last address will be latched on Dour by a RAS high transition, until either a CAS or OE high transition releases the data C1608 
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WAVEFORMS (Cont'd.) 
WRITE CYCLE (CAS Controlled) e 

NOTE: a .. b. V1H(min) and V1L (max) are reference levels for measuring timing of input signals. 
c. twoR is reference to the later of the GAS or WE low transition. 
d. If the low transition of WE occurs before or simultaneously with the low transition of CAS and the high transition of GAS 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). 
e. WE is low prior to or simultaneously with CAS low transition. CASis high prior to RASlow transition. 
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WAVEFORMS (Cont'd.) 
WRITE CYCLE (WE Controlled) t 

V1H 
a 

i.---------------:~--tRC(2)1--------------~-~ 
tRAS (1)-~~---------------.__ ____ _ 

RAS 
VIL 

b 

i.------------tRSH (W) (26)-----------

i..----tcAs <s>,-----i 
V1H 

a 

CAS 
VIL 

b 

twoR <2 7) c I: tcwL (29) 

twp C3o) 

V1H • 
WE 

VIL 
b 

I: twcR (34) 11 •I 
,..-.--------tARW(37) · - •f 

V1H 
a 

A0-A1 
VIL 

b 

tAWH (36) 

V1H 
a 

1/0 
VIL 

b 

V1H 
a 

OE 
VIL 

b 

NOTE: a. b v1H(minl and VIL (max) are reference levels for measuring timing of input signals 
c. twoR is reference to the later of the CAS or WE low transition. 
d. tHz is referenced to the earlier of the CAS or OE high transition or WE low transition. 

Transition is measured + 500 mV from steady state voltage with specified three state toad (5 pF and a 380 Ohm Thevenin equivalent) 
CAS is low prior to the WE low transition 
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RAS 

CAS 

WE 

A0-A1 

1/0 

OE 

WAVEFORMS (Cont'd.) 
READ/MODIFY /WRITE CYCLE 

~------------------------tRWC(42}~------------------~ 

V1H 
a J.-----------------tRRW(43)~-----------------~ 

V1L 
b 

~----------------tcRW(44)~-------------+--~ 

V1H 
a 

V1L 
b 

-------tRWL (28)---------+l 

t+------+--tRWD (46)---- t+----------tcwL (291------__,~ 

V1H 
a k----------twRP (6)-------~ 

V1L 
b 

tRAD (23} 

1-o-----;:---,tAR (45),-------11-- -1 
4-k--i4'o>---+----tAWD (47)-----+-i 

VIH 
a 

COLUMN 
V1L 

b 

I• •I tcAC(13) 

tcAA (15) 

y 1H"VoH 
c tRAC (12) 

v,L b Vol 
d 

tlZ(11) 09 

V1H 
a 

toAC (14) I I.. • I toH (25) I 

V1L 
b 

NOTE: a, b V1H{min) and V1L (max) are reference levels for measuring timing of input signals 
, d VoH(minl and v 0 L(maxl are reference levels for measuring timing of Dour 

tLz is referenced to the later of RAS. CAS. and OE low transition 
tHz and toH are referenced to the earlier of the CAS or OE high transition 
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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RAS 

CAS 

WE 

Ao-A1 

1/0 

OE 

WAVEFORMS (Cont'd.) 
RAS-ONLY REFRESH CYCLE 

V1H 
a 

k---------------------:-:----lRC(2)~-----------------i 
k------------------tRAS(1)---------------~ 

VIL b 

VIH 
a 

VIL b 

V1H 
a 

V1L 
b 

V1H 
a 

V1L 
b 

V1H 
a 

VIL 
b 

V1H 
a 

VIL 
b 

NOTE: a .. b. V1H(min) and Vil (max) are reference levels for measuring timing of input signals 
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RAS 

CAS 

WE 

Ao-A1 

1/0 

OE 

WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE READ CYCLE 

V1H 
a 

1.------------------tRAS(1)~-----.,-------.....Ji~------i 

V1L 
b 

V1H 
a 

VIL 
b 

V1H • 

VIL 
b 

V1H • 

VIL 
b 

VoH 
c 

VoL 
d 

V1H 
a 

V1L 
b 

t+-----~tARR (19) 

-----tRAD (23) 

CO.LUMNO 

tcAc (131 I• •I 

l--tcAA (15) 

tRAC (12) 

tLZ(11)eg 

toAC (14) 

COLUMN 1 

tcAA (15) 

tcAR (181 I• •I 

COLUMN2 COLUMNN 

tcAA (15) 14------o-tcAA (15) 

toH (25)1 

tHz (10) lg -+------..i 

NOTE: a b V1H(min) and VIL (max) are reference levels for measuring timing of input signals 
c d VoH(minl and Vol (max) are reference levels for measuring timing of Dou T 

e tLz is-referenced to the later of RAS, GAS. and OE low transition 
f tHz and toH are referenced to the earlier of the CAS or OE.high transition. 

g. Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
h Either tRCH or tRRH must be satisfied. 
i. If tARH > tARH (min.Jo the.n data from the last address will be latched on Dour by a RAS high transition. until either a GAS or OE high transition releases the data. 
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WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE WRITE CYCLE (CAS Controlled) g 

a 
1-----------------~tRAS(1)'~-----~'l-------------.i 

RAS 

CAS 

WE 

Ao-A1 

110 

OE 

V1H 

VIL 
b 

VIH 
a 

VIL 
b 

V1H 
a 

VIL 
b 

V1H 
a 

VIL 
b 

V1H 
a 

VIL 
b 

V1Ha 

VIL b 

twoR (27) c -J~tswc (SOJ 

i.----tcstt (4J-+-,----~ 

l-tRSH (W) (26) 

twcP (31J 1 

NOTE: a , b v1H(min) and v1L(max) are reference levels for measuring timing of input signals 
c twoR is reference to the later of the CAS or WE low transition 
d tHz is 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. !_wcp is measured from the earlier of CAS or W~ high transitio~~he later of CAS or WE low transition 

g WE i-s low prior to or simultaneously with a CAS low transition. CAS is high prior to a RAS !ow transition. 

twRP (6) 
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WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE WRITE CYCLE (WE Controlled) 9 

V1H • ' tRAS(1)~' 

RAS 
V1L 

b 

V1H • 
CAS 

VIL 
b 

V1H • 
WE 

V1L 
b 

V1H 
a 

Ao-A 7 

VIL 
b 

V1H 
a 

1/0 
V1L 

b 

V1H 
a 

OE 
VIL 

b 

NOTE: a., b. V1H(min) and v 1L (max} are reference levels for measuring timing of input signals. 
c. twoR is relerence to the later of the CAS or WE low lransition. 
d. tHz is referenced to the earlier of the RAS or CASor OE high 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 !wc.P is measured from the earlier of CAS or WE high transition to the later of CAS or WE low transition. 
g _ CAS is low prior to a WE low transition. 
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RAS 

CAS 

WE 

A0 -A1 

1/0 

OE 

WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE READ/WRITE/READ ... CYCLE (CAS Controlled) h 

V1H 
a 

VIL 
b 

V1H 
a 

VIL 
b 

V1H 
a 

VIL 
b 

V1H 
a 

VIL b 

v,H· VoH 

v,L b VoL 

V1H 8 

VIL b 

tRAS (1) . ' ~~ 
~~~~~~~~~~~--

s i 

s i 

s i 

c 

d 
« D1N » 11 m D~uT ~s i 

tLz (11) 
eg 

NOTE: a. b v1H(minl and VIL (max) are reference levels for measuring timing of input signals 
. d VoH{min) and Vol {max) are referenc~els for meijsuring timing of DouT 

e. tLz is referenced to the later of RAS. CAS, and OE l~ransition 
f tHz and toH are referenced to the earlier of GAS or OE high transition. 

Transition is measured ± 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
WE is 1ow prior to or simultaneously with a CAS low transition 

i. 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. 
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WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE READ/WRITE/READ ... CYCLE (WE Controlled) h 

V1H 
a , tRAS (1) 

~ RAS 

VIL 
b I 

V1H 
a 

CAS ! i 
VIL 

b 

a twp (30) 

V1H I I ! i 

WE 
tARR (19) I VIL b I 

I tRAD (23) 

tAWH (36) toHA (24) 

VIH 
a ! i 

Ao-Ar COLUMN 0 COLUMN 2 
VIL 

b I ; 

v,H· VoH 
c 

1/0 £X DnllT XRX D1N Y} I:X: DouT X~! i 

v,L b Vol 
d 

V1H 
a 

* al.I IJo: :zl < :··-.:· ·.:,. I l.J.e !! ; * c a c * * * OE 
VIL 

b 

NOTE: a. b. v1H(min) and VIL (max) are reference levels for measuring timing of input signals. 
c .. d. VoH(min) and Vol (max) are reference levels for measuring timing~UT__ _ 

e. tLz is referenced to the later of RAS, GAS, and OE low transition if RAS and GAS and OE are low. 
f tHz and toH are referenced to the earlier of CAS or OE-high transition. 
g Transition is measured ± 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
h CAS is low prior to a WE low transition 
t The cycle can be terminated by either a read or a write operation followed by a RAS high transition. See pages 11or13 for timings 
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51C259H 

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 51 C259H 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 tRAS timing specification. This ensures 
proper device operation and data integrity. 
Additionally, a new cycle cannot be initiated 
until the minimum precharge time, tRP• has 
elapsed. 

Read Cycle 

A read cycle i~rformed by maintaining~ 
Write Enable (WE) signal high during the RAS 
operation. The column address must be held for 
a minimum time specified by tARR· 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 
!liscussed in the Data Out Operation. 

For applications where CAS is held low, the data 
out becomes valid when !RAC• 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 tRAC• tcAA• toAC· and 
tcAc are all satisfied. Consequently, the access 
time is dependent upon the timing relationship 
among tRAC• tcAA• toAC• and tcAc· For example, 
the access time is limited by tcAA when tRAC• 
toAC· and lcAc are all satisfied. 

Write Cycle 

A write cycle is performed by taking WElow 
during a RAS operation. The column address is 

latched in by the later of WE or CAS. As in the 
read cycle, CAS may either be held low or be 
pulsed similar to the traditional CAS operation. 
For applications where CAS is held low, the 
input data must be valid at or before the falling 
edge of WE. 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. The input data must be valid at or 
before the falliny edge of WE or CAS, whichever 
occurs last. Consequently, the write cycle can 
be WE controlled or CAS controlled depending 
upon the later of WE or CAS low transition. In a 
CAS controlled write cycle (the leading edge of 
WE occurs prior to or coincident with the CAS 
low transition) the input/output {1/0) pin will be 
in the high impedance state at the beginning of 
the write function. Terminating the write action 
with CAS will maintain the 1/0 in the high 
impedance state; terminating with WE allows the 
output to go active, and the OE must be brought 
high to allow for inputs on the 1/0. 

The 51 C259H incorporates a self-timed write 
feature which simplifies the system interface 
and optimizes data bandwidth. After the write 
function has been initiated, the 51 C259H inter
nally completes the write action and unlatches 
the address and data latches. Thus, the latches 
are ready. for the next input/output cycle. This 
eliminates the need for long address and data 
hold times during the write operation and allows 
a subsequent column address to be applied 
earlier. This minimizes a write pulse width, write 
precharge time, and hold time which provides 
maximum flexibility in system design. 

Refresh Cycle 

To retain data, a refresh operation is performed 
by clocking each of the 256 row addresses (A 0 
through A 7) with RAS at least every 4 mil
liseconds. Any Read, Write, Read-Modify-Write, 
or RAS-Only cycle will perform refresh. 

Static Column Mode Operation 

Static column mode operation permits all 256 
columns within a selected row of the device to 
be randomly accessed at a high data rate. Read, 
write, and read-write-read cycles can be 
performed during static column mode operation. 
The row address is internally retained by 
maintaining RAS active. Following the entry 
cycle into static column mode operation, the 
data is accessed simply by changing the column 
address. Because the column address buffer 
acts as a transparent or flow-through latch, 
access begins from a valid column address. 
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Thus, the 51 C259H operates like a static RAM 
for multiple accesses within the same row. CAS 
acts as a chip select. Intel's Application Note 
172, CHMOS DRAMS in Graphics Applications, 
provides more details on static column mode 
operation. 

Data Out Operation 

The 51 C259H Input/Output (1/0) is controlled by 
OE, CAS, WE and RAS. A RAS low transition en
ables data to transfer into and from a selected 
row address. A RAS high transition disables 
data transfer and will latch the output data if the 
output is enabled. After a memory cycle is initiat
ed by a RAS low transition, a CAS low transition 
or a CAS low level enables the internal 1/0 data 
path. A CAS high transition or a CAS high level 
disables the 1/0 data path and disables the 
output driver if the driver was enabled. A CAS 
low transition while RAS is high has n0 effect on 
the 1/0 data path, nor on the output; driver. An 
OE low transition or an OElow level enables the 
output driver when the 1/0 data path is enabled. 
An OE high transition or an OE high level dis
ables the output driver, but does not disable the 
data latch when it has been enabled. A WE low 
level disables the output driver when a CAS low 
level occurs. If the WE low transition occurs 
after the CAS low transition such that the output 
driver is enabled prior to the WE low transition, it 

is necessary to use OE to disable the output 
driver prior to the WE low transition to allow data 
in set-up time (tos). A WE high transition passes 
control of the output drive to OE. 

Power On 

An initial pause of 100 µ.S is required after the 
application of .the V00 supply, followed by a 
minimum of eight initialization cycles (~iny 
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 V00 current (1 00) requirement of the 
51 C259H during power on is dependent upon 
he input levels of RAS and CAS. If RAS = V ss 

during power on, the device would go into an 
active cycle and 100 would exhibit large current 
transients. It is recommended that RAS and CAS 
track with V00 or be held at a valid V1H during 
power on. 

References 
For further details see Application Note (A.P.) 
#171, Low Power with CHMOS DRAMS. and A.P. 
# 172, CH MOS DRAMS in Graphics Applications. 
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51C259L 
LOWPOWERi64~ x 4 
CHMOS DYNAMIC RAM 

l Maximum Access Time (ns) 

l Maximum CHMOS Standby Current (mA) 

• Low Power Data Retention 
- Standby current, CHMOS -

100µ.A (max.) 
- Refresh period, RAS~Only - 32 ms (max.) 
- Data retention current - 230µ.A (max.) 

• Low Operating Current - 65 mA (max.) 

51C259L-15 51C259L-20 

150 200 

0.1 0.1. 

• TTL And HCT Compatible 

• Low Input/Output Capacitance 

ii High Reliability Plastic - 18 Pin DIP 

• Column Address Not Latched During 
Read Cycle 

The Intel® 51 C259L is a iow power 65,536 x 4 dynamic Random Access Memory. Fabricated on Intel's 
CHMOS 111-D technology, the 51C259L offers features not provided by an NMOS dynamic RAM: 
CHMOS standby current and extended RAS-Only refresh for low standby power. All inputs and outputs 
are compatible to both TTL and HCT logic families while the input and output capacitances are signifi
cantly lowered to allow increased system pe~formance. 

The 51C259L offers a maximum standby current of 100 µ.A when RAS;;;., V00 - 0.5V. During standby 
(i.e. refresh only cycles), the refresh period can be extended to 32 ms to reduce the total current re
quired to retain data to less than 230 µ.A (max.). The 51 C259L combines this low power with high densi
ty for portable and battery backup applications. 

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 

Ao OE v •• A, 110, 
A, 110, 1/04 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

A3 110, 110, CAS 
A• WE 1/03 
As 1/03 RAS Ae Ae 
Ar 110. Ao A3 
RAS A, A, 
CAS A, As WE 
OE Voo Ar 

WE WRITE ENABLE 

OE OUTPUTENABL,E 

Ao· Ar ADDRESS INPUTS 
110,-110, DATA IN/DATA OUT 

Voo POWER (+SV) 

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. · 

Copyright, Intel 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 V 00 and Dour 
Relative to V ss . . . . . . . . . . . . . . - 2.0V to 7 .5V 

Voltage on V DD 
RelativetoVss .............. -1.0Vto7.5V 

Voltage on Dour 
Relative to V ss . . . . . . . . . - 2.0V to V DD + 1 V 

D.C. CHARACTERISTICS1 

Data Out Current . . . . . . . . . . . . . . . . . . . . . 50 ma 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . 1.0W 

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. 

TA=0°C to 70°C, VDo = 5V ± 10%, Vss = OV, unless otherwise noted. 

Symbol Parameter 
51C259L 

Unit Test Conditions Notes 
Min. Typ.2 Max. 

VDD Supply Current, 65 mA tRc-tRC.lmin.l,_ for -15 specification 
IDD1 Operating 50 mA tRc=tRC(min), for-20 specification 

3,4 

IDD2 
VDo Supply Current, 

4 mA 
RAS and CAS at VIH• all other inputs 

TTL Standby and outputs;;;.. Vss 

VDD Supply Current, 65 mA tRc = tRC(min)• for-15 specification 
IDD3 RAS-Only Refresh 

4 
50 mA tRc = tRc(min)• for-20 specification 

IDD5 
VoD Supply Current 

6 mA RAS at VIH• CAS and OE at VIL• all 3 
Standby, Output Enabled other inputs and outputs;;;.. Vss 

IDD6 
VDD Supply Current, 

0.01 0.1 mA 
RAS and CAS;;;.. Voo- 0.5V, 

CHMOS Standby all other in puts and output ;;;.. V SS 

I IL 1 I Input Load Current 
1 µA V1N = Vss to Voo (any pin) 

I ILol Output Leakage Current, 
5 µA 

RAS and CAS at VIH· 
High Impedance State Dour = Vss to Voo 

V1L 
Input Low Voltage 

-0.3 0.8 v 5 (all inputs) 

V1H 
Input High Voltage 

2.4 VDD+ 1 v 5 (all inputs) 

Output Low Voltage 0.4 v loL = 4.2mA 
Vol 

(all outputs) 
6 

0.1 v IOL = 100µ.A 

Output High Voltage 2.4 v loH =-5mA 
VoH 

(all outputs) 
6 

VDD-0.1 v IOH = -100µ.A 

NOTES: 1. All voltages referenced to Vss-
2. Typical values are at TA = 25°C and Voo - + 5V. 
3. loo is depen,dent upon output loading when the device is selected. Specified loo(max) is measured with 

the output open. 
4. loo Is dependent upon the number of address transitions. Specified loo(max) is measured with a 

maximum of two transitions per address input per random cycle. 
5. Specified V1L(min) is steady state operation. During transitions, V1L may undershoot to-1.0 V for periods 

not to exceed 20 ns. All A.C. parameters are measured with V1L(min);;;.. Vss and V1H(max).;; Voo· 
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: 

TA=25°C, Voo=5V ± 10%, Vss=OV, unless 
otherwise noted. 

Capacitance is measured at worst 
case voltage levels with a pro
grammable Hewlett Packard capaci
tance meter. 

Symbol Parameter Typ. Max. Unit 

C1N1 Address, D1N 3 5 pF 

C1N2 RAS,CAS, WE 4 5 pF 

C110 Data In/Out 4 6 pF 

A.C. CHARACTERISTICS 1 · 2· 3 

TA=0°C to 70°C, Voo=5V ± 10%, Vss=OV, unless otherwise noted. 

Read, Write and Refresh Cycles 

51 C259L-15 51C259L-20 
No. 

JED EC 
Symbol Parameter Unit Notes 

Symbol 
Min. Max. Min. Max. 

1 IRL 1RH1 IRAS 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 IRL1CH1 tCSH* CAS Hold Time 150 200 ns 

5 tCL1CH1 tCAS* CAS Pulse Width 30 35 ns 

6 tWH2RL2 IWRP Write to RAS Precharge Time 10 10 ns 

7 tRL 1WL2 tRWH RAS to Write Hold Time 20 25 ns 

8 IAVRL2 tASR Row Address Set-up Time 0 0 ns 

9 IRL1AX tRAH Row Address Hold Time 20 25 ns 

10 tCH2QZ tHZ OE or CAS to Output High Impedance 25 30 ns 4,5 

11 tCL2QX tLZ OE or CAS to Output Low Impedance 0 0 ns 4,5 

tRVRV tREFl Time Between Refresh 4 4 ms 6 

tRVRV tREF2 Time Between Refresh (RAS-Only) 32 32 ms 6 

tr tr Transition Time (Rise and Fall) 3 25 3 25 ns 7 

NOTES: • This parameter not applicable if operated with CAS grounded. 
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 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 VoL =0.8V at IOL-2.2 mA, 
VoH= 2.4V at loH= -2.0 mA with a 50 pF load, V1L(min);;. Vss and V1H(max) ,,;;; Voo. 

4. Assumes three state test load (5 pf and a 380 Ohm Thevenin equivalent). 
5. At any given temperature and voltage combination, tHz(max),,;;; tLz(min) from device to device. 
6. The 51 C259L extends the refresh period to 32 ms during RAS-Only refresh periods. 
7. tr is measured between V1H(min and V1L(max). 
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A.C. CHARACTERISTICS (continued) 

Read Cycle 

JED EC 
51 C259L-15 51C259L-20 

No. 
Symbol 

Symbol Parameter Unit Notes 
Min. Max. Min. Max. 

12 IRL1QV !RAC Access Time From RAS 150 200 ns 8 

13 ICL1QV ICAC Access Time From CAS 30 35 ns 

14 IGL1QV IOAC Access Time From OE 25 30 ns 

15 tAVQV !CAA Access Time From Column Address 70 90 ns 

16 tCL1RH1 IRSH(R)* RAS Hold Time (Read Cycle) 10 10 ns 

17 IWH2CL2 tRCS* Read Command Set-up Time 0 0 ns 

18 tAVRH1 !CAR Column Address to RAS Set-up Time 70 90 ns 

19 tRL1AX tARR Column Address Hold Time From RAS (Read) 140 190 ns 

20 ICH2WX IRCH* Read Command Hold Time Referenced to CAS 5 5 ns 

21 IRH2WX tRRH Read Command Hold Time Referenced to RAS 10 10 ns 

22 IRH2AX tARH Column Address Hold Time to RAS 0 0 ns 

23 tRL1AV tRAD RAS to Column Address Delay Time 25 80 30 110 ns 9 

24 IAXQX IOHA Output Hold Time From Address Change 10 10 ns 

25 IGH1QX toH Output Hold Time From OE or CAS 0 0 ns 

Write Cycle 

26 tCL1RH1 tRSH(W) RAS Hold Time (Write Cycle) 35 40 ns 

27 tRL 1WL2 two A RAS to Write Command Lead Time 30 115 35 160 ns 

28 tWL1RH1 tRWL Write Command to RAS Lead Time 30 35 ns 

29 IWL1CH1 ICWL* Write Command to CAS Lead Time 30 35 ns 

30 tWL1WH1 twp Write Command Pulse Width 10 15 ns 

31 IWH2WL2 twcP Write Command Precharge Time 10 15 ns 

32 IWL1CL2 twcs• Write Command Set-up Time 0 0 ns 10 

33 tcL 1WH1 IWCH* Write Command Hold Time 30 35 ns 

34 IRL1WH1 twcR Write Command Hold Time From RAS 100 110 ns 

35 IAVWL2 tAWS Column Address to Write Command Set-up Time 5 5 ns 

36 IWL1AX tAWH Column Address to Write Command Hold Time 25 30 ns 

NOTES: * This parameter not applicable if operated with GAS grounded. 
8. Assumes that tRAD..;; tRAo(max) if tRAD > IRAo(max), then tRAC will increase by the amount that !RAD 

exceeds IRAo(max). 
9. tRAD is specified for reference only. 

10. twcs. tRwo. tcwo. tAWo and towo 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 tcwo "'°' tcwo(min) and IRWD ;a., tRwo(min) and towo ;a., towo(min) and tAWD ;a., 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 data out is indeterminate. 
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A.C. CHARACTERISTICS (continued) 

Write Cycle (Continued) 

JEDEC 
'51 C259L-15I 51C259L-20 

No. 
Symbol 

Symbol Parameter Unit Notes 
Min. Max. Min. Max. 

37 tRL1AX tARW Column Address Hold Time From RAS (Write) 60 70 ns 

38 tovwL2 tos Data-In Set-up Time 5 5 ns 

39 tWL1DX toH Data-In Hold Time 25 30 ns 

40 tGH2WH1 tows OE Set-up Time From End of Write 15 20 ns 

41 tCH2GL2 tcoH OE Hold Time From CAS 20 25 ns 

Read-Modify-Write Cycle 11 

42 tRL2RL2 tRWC Read-Modify-Write (RMW) Cycle Time 310 390 ns 

43 tRL1RH1 tRRW RAS Pulse Width (RMW) 215 75000 275 75000 ns 

44 ICL1CH1 tCRW CAS Pulse Width (RMW) 95 110 ns 

45 tRL1AX tAR Column Address Hold Time From RAS (RMW) 205 265 ns 

46 tRL1WL2 tRWD RAS to WE Delay 180 235 ns 12 

47 tAVWL2 tAWD Column Address to WE Delay 100 115 ns 12 

48 ICL1WL2 tCWD• CAS to WE Delay 60 70 ns 12 

49 tGH2WL2 towo OE to WE Delay 30 35 ns 12 

NOTES: * This parameter not applicable if operated with CAS grounded. 
11. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are 

previously specified. 
12. twcs. tRwo, tcwo, tAWD and towo are specified as reierence 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 tcwo;;. tcwo(min) and tRwo;;. tRwo(min) and towo;;. towo(min) and tAwo;;. 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 is of data out indeterminate. 
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WAVEFORMS 
READ CYCLE 

1+-~---------~--------tRC(2)-~-----------------i 

I iRAS (1) I-tRP (3)-

RAS 
VIH 2 

VIL b 

is. ~ 1'-

CAS 

WE 

Ao-A1 

1/0 

OE 

V,Ha 

VIL b 

i---------------------tRSH(R) (16)---------1~ 
i------+------------tcsH(4)-----------------__,.., 

1---------------tcAS (5)-----------i 

~ lUIZLZZZX 
lh 

tRRH (21)," -ti4 
twRP(6)-t

V1Ha _L_ 
tRCH(20)h~ 

1':J 
VIL b 

V,Ha 

VIL b 

VoHc 

YoL d 

V1H 0 

VIL b 

!.....+--------------------~tcAR(18)-----------.....i 

l--+-+------------tARR (19) tARH (22) i ~ twRP (
6
)-J-

T~RAD(23) 

tASR (8)-i-11-r tR~H (~) 
~ 

-1 I I 
.., ____ t- tcAC (13) 

1-tcAA (15)-+ 

1-tRAC (12)----i; 

tLz (11) 09 -i--1 
__ ...,..."T""'ll"""'lr""""'r""',J_!- •I toAc (14) 

ss:ss:ss:~x 

COLUMN K 

DATA OUT 

4tOHA(24) 

!+--- toH (25) I --1 

1 • tHz (10) lg -I 

UTTJLZZZZZ 

NOTE: a, b. V1H(min) and VIL (max) are reference levels for measuring timing of input signals 
c., d. VoH(min) and Vol (max) are reference levels for measuring timing of Dour 

e. tLz is referenced to the later of RAS. CAS, and OE low transition 
f. tHz and toH are referenced to the earlier of CAS or OE high transition 
g. Transition is measured -±-500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent). 
h. EitherJRCH or tRRH must be satisfied 
i If tARH ~ tARH(min), then data from the last address wilt be latched on DouT by a RAS high transition. until either a CAS or OE high transition releases the data 
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WAVEFORMS (Cont'd.) 
WRITE CYCLE (CAS Controlled) e 

Vitt" 

tRC(2)-----------===~;-:~;::~~ i----==-=;:::= k--------------tRAS (1)---------------, 

RAS 
V1L 

b 

i-----------tcstt (4) tRsH (WJ (26)--------.J 

-----twoR <21J c I• tcAs (SJ ___ _ 

Vitt" 
CAS 

V1L b 

V1tta 

WE 
V1L 

b 

M--------tARW (37)---1"-r---, 

Ao·A1 
Vitt" 

V1L b 

COLUMN 

i----tAws (35) 

Vitt" 
1/0 

VIL 
b 

Vitt" 

OE 
VIL 

b 

NOTE: a., b. V1H(min) and VIL (max) are reference levels for measuring timing of input signals 
c. twoR is reference to the later of the CAS or WE low transition. 
d. If the low transition of WE occurs before or simultaneously with the low transition of CAS and the high transition of GAS 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). 
e. WE is low prior to or simultaneously with CAS low transition. CASis high prior to RAS low transition. 

C1609 

cf 

(JI .... 
0 
~ 
(JI 
co 
r-

"@} 
2iiJ 
iMl 
F' 

~ 
= 
~ 
~ 
2iiJ 
c:'S 



OE 

NOTE: a 

V1H 8 

V1L b 

v 1H(min) and v 1L (max) are reference levels for measuring timing of input signals. 
twoR is reference to the later of the CAS or WE low transition. 
tHz is referenced to the earlier of the CAS or OEhigh trans-ition or WE low transition 
Transition is measured .:t:.500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent) 
CAS-is low prior lo the WE low transition 
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RAS 

CAS 

WE 

WAVEFORMS (Cont'd.) 
READ/MODIFY/WRITE CYCLE 

J+~~~~~~~~~~~~~~~~~~~~~tRWC(42)1-~~~~~~~~~~~~~~~~~ 

V1H • 
k-~~~~~~~~~~~~~---tRRW(43)--------~~-------~ 

VIL b 

'4----~-----------tcRW(44)•-------------r--~ 

V1H • 

VIL 
b 

i.----tcwo (48l tRwL (2e>----------

----------tRwo (46) tcwL (29)1--------• 

V1H • 
k----------twRP(6)--------

VIL 
b 

tRAD (23. 
11 I tAR (45) 11 • 1 

, : • I • tAwD (47)•~---i 

V1H 
a 

Ao·A1 
b 

COLUMN 
VIL 

I• •I tcAC (13) 

tcAA (15) 

ViH"VoH 
c 

1/0 
V1L b Vol 

d 

tLZ(11)eg 

V1H 
a 

toAC(14) I I• •I toH (25)f 

OE 
VIL b 

NOTE: a . b V1H{minl and VIL (max) are reference levels for measuring timing of input signals 
c, d VoH(min) and VOL (maxl are reference levels for measuring timing of Dour 

e tLz is referenced to the later of RAS. CAS. and OE fow transition 
f tHz and toH are referenced to the earlier of the CAS or OE high transition. 

g Transition is measu-red ~ 500 mV from steady state. voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent) 
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WE 

Ao-A1 

1/0 

OE 

WAVEFORMS (Cont'd.) 
RAS-ONLY REFRESH CYCLE 

V1H" 

tRC (2)--------------;-;~~::-::"-~ !+-------==;:::_ 
f---------------tRAS (1)--------------1 

V1L 
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V1H" 
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b xxxxxxx 
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b 

NOTE: a., b. VrH(min) and VIL (max) are reference levels for measuring timing of input signals 
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FUNCTIONAL DESCRIPTION 

The 51C259L is a CHMOS dynamic RAM opti
mized for low power applications. The function
ality is similar to a traditional dynamic RAM. The 
51 C259L 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 ad
dress is latched in by the Row Address 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 primari
ly 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 tRAS timing specification. This ensures 
proper device operation and data integrity. 
Additionally, a new cycle cannot be initiated 
until the minimum precharge time, tRP• 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 tARR· 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 tRAC• 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 tRAC• tcAA• toAC• and 
tcAc are all satisfied. Consequently, the access 
time is dependent upon the timing relationship 
among tRAC• tcAA• toAC· and tcAc· For example, 
the access time is limited by tcAA when tRAC• 
toAC• and tcAc are all satisfied. 

Write Cycle 

A write cycle is performed by taking WE low 

during a RAS operation. To simplify the system 
design, the column address is latched in by the 
later of WE or CAS. As in the read cycle, CAS 
may either be held low or be pulsed similar to the 
traditional CAS operation. For applications 
where CAS is held low, the input data must be 
valid at or before the falling edge of WE. 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. The input data 
must be valid at or before the falling edge of WE 
or CAS, whichever occurs last. Consequently, 
the write cycle can be WE controlled or CAS 
controlled depending upon the later of WE or 
CAS low transition. In a CAS controlled write 
cycle (the leading edge of WE occurs prior to or 
coincident with the CAS low transition) the 
input/output (1/0) pin will be in the high 
impedance state at the beginning of the write 
function. Terminating the write action with CAS 
will maintain the 1/0 in the high impedance 
state; terminating with WE allows the output to 
go active, and the OE must be brought high to 
allow for inputs on the 1/0. 

The 51 C259L incorporates a self-timed write 
feature which simplifies the system interface 
and optimizes data bandwidth. After the write 
function has been initiated, the 51 C259L inter
nally completes the write action and unlatches 
the address and data latches. Thus, the latches 
are ready for the next input/output cycle. This 
eliminates the need for long address and data 
hold times during the write operation and allows 
a subsequent column address to be applied 
earlier. This minimizes a write pulse width, write 
precharge time, and hold time which provides 
maximum flexibility in system design. 

Refresh Cycle 

To retain data, a refresh operation is performed 
by clocking each of the 256 row addresses (A0 
through A 7) with RAS at I.east every 4 milli
seconds. Any Read, Write, Read-ModifyWrite, or 
RAS-Only cycle will perform refresh. 

Extended Refresh Cycle 

The 51 C259L 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 Amperes, for 
data retention. The low standby current can 
significantly extend battery life in battery 
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back-up applications. Current consumption is 
calculated from the following equation: 

((tRc) !I Active>+ (tR1- tRcl Ostandby)) 
I = ......:.:..::...._.;.;.:.::..:.;:__•tR-1------'-

Where tRc = refresh cycle time, 
and tR1 = refresh interval time or tREF/256 

Data Out Operation 

The 51 C259L Input/Output {l/O) is controlled by 
OE, CAS, WE and RAS. A RAS low transition en
ables data to transfer into and from a selected 
row address. A RAS high transition disables 
data transfer and will latch the output data if the 
output is enabled. After a memory cycle is initiat
ed by a RAS low transition, a CAS low transition 
or a CAS low level enables the internal 1/0 data 
path. A CAS high transition or a CAS high level 
disables the 1/0 data path and disables~ 
output driver if the driver was enabled. A CAS 
low transition while RAS is high has no effect on 
the 1/0 data path, nor on the output driver. An 
OE low transition or an OE low level enables the 
output driver when the 1/0 data path is enabled. 
An OE high transition or an OE high level dis
ables the output driver, but does not disable the 
data latch when it has been enabled. A WE low 
level disables the output driver when a CAS low 
level occurs. If the WE low transition occurs 
after the CAS low transition such that the output 

driver is enabled prior to the WE low transition, it 
is necessary to use OE to disable the output 
driver prior to the WE low transition to allow data 
in set-up time (tos). A WE high transition passes 
control of the output drive to OE. 

Power On 

An initial pause of 100 µ.S is required after the 
application of the V 00 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 V 00 cu.rrent (I 00) requirement of the 
51 C259L during power on is dependent upon the 
input levels of RAS and CAS. If RAS = Vss 
during power on, the device would go into an 
active cycle and 100 would exhibit large current 
transients. It is recommended that RAS and CAS 
track with V00 or be held at a valid V1H during 
power on. 

R~ferences 

For further details see Application Note (A.P.) 
# 171, Low Power with CH MOS DRAMS. 
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51C259HL 
HIGH PERFORMANCE LOW POWER 

STATIC COLUMN 64K x 4 
CHMOS DYNAMIC RAM 

51 C259HL-15 51 C259HL-20 

Maximum Access Time (ns) 150 200 

Maximum Column Address Access Time (ns) 70 90 

Maximum CHMOS Standby Current (mA) 0.1 0.1 

• Static Column Mode Operation • Low Power Data Retention 
- Continuous data rate over 12 MHz - Standby current, CH MOS - 100 µA (max.) 
- Random access from address - Refresh period, RAS-Only - 32 ms (max.) 

within row - Data Retention Current - 230 µA (max.) 
- tcAc = 30, 35 ns 
- toAc = 25, 30 ns • TTL And HCT Compatible 

• Low Input/Output Capacitance • High Reliability Plastic - 18 Pin DIP 

The Intel® 51 C259HL is a high speed 65,536 x 4 dynamic Random Access Memory. Fabricated on 
Intel's CHMOS 111-D technology, the 51C259HL offers features not provided by an NMOS dynamic 
RAM: Static Column Mode for high data bandwidth, fast usable speed, and CHMOS standby current 
and extended RAS-Only refresh for low standby power. All inputs and outputs are compatible to both 
TTL and HGT logic families while 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 51 C259HL offers high 
performance while relaxing many critical system timing requirements for fast usable speed. These fea
tures make the 51 C259HL ideally suited for graphics, digital signal processing. and high performance 
systems. 

The 51C259HL offers a maximum standby current of 100 µ,A when RAS~ V00 - 0.5V. During standby 
(i.e. refresh only cycles), the refresh period can be extended to 32 ms to reduce the total current re
quired to retain data to less than 230 µ,A (max.). The 51 C259HL combines this low power with high 
density for portable and battery backup applications. 

LOGIC SYMBOL PIN CONFIGURATION PIN NAMES 

Ao OE Vss A, 1/0, 
A, 1/0, 1/04 

RAS ROW ADDRESS STROBE 

CAS COLUMN ADDRESS STROBE 

A3 110, 110, CAS WE WRITE ENABLE 
A• WE 1/03 
As 1/03 RAS Ao Ao 
A, 110. Ao A3 
RAS A, A. 

OE OUTPUT ENABLE 

A0 ·A1 ADDRESS INPUTS 

110,-110. DATA IN/DATA OUT 
CAS A, As 
WE 

Voo A, OE 

Voo POWER(+SV) 

Yss 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 
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ABSOLUTE MAXIMUM RATINGSt 

Ambient Temperature 
Under Bias . . . . . . . . . . . . . -10°c to + so0 c 

Storage 
Temperature . . . Plastic -55°C to + 125°C 

Voltage on Any Pin except VDD and Dour 
Relative to V ss . . . . . . . . . . . . . . -2.0V to 7.5V 

Voltage on V DD 
Relative to V ss . . . . . . . . . . . . . . -1.0V to 7.5V 

Voltage on Dour 
RelativetoVss ......... -2.0VtoVDD + 1V 

D.C. CHARACTERISTICS1 

Data Out Current 
Power Dissipation 

tCOMMENT 

50ma 
1.0W 

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. 

TA =0°C to 70°C, V DD= 5V ± 10%, V ss = OV, unless otherwise noted. 

Symbol Parameter 
51C259HL 

Unit Test Conditions Notes Min. Typ.2 Max. 
VDD Supply Current, 65 mA IRC =IRC(min), for -15 specification 

IDD1 3,4 
Operating 50 mA 'Re =tRc(min), for-20 specification 

IDD2 
VoD Supply Current, 

4 mA 
RAS and CAS at VIH· all other inputs 

TTL Standby and outputs"' Vss 

Voo Supply Current, 65 mA IRC = IRC(min)· for -15 specification 
IDD3 4 

RAS-Only Refresh 50 mA tRc - IRC(min), for-20 specification 

Voo Supply Current, 65 mA Minimum cycle for -15 specification 
IDD4 

Minimum cycle for -20 specification 
3,4 

Static Column Mode 50 mA 

loDs 
Voo Supply Current, 

6 mA RAS at VIH· CAS and OE at VIL• all 
3 Standby, Output Enabled other inputs and outputs"' Vss 

I Doe 
Voo Supply Current, 

0.01 0.1 mA 
RAS and CAS "'Voo - 0.5V, 

CHMOS Standby all other inputs and output"' Vss 

I IL 1 I 
Input Load Current 

1 µ.A v1N = Vss to v00 (any pin) 

I ILOI 
Output Leakage Current, 

5 µ.A 
RAS and CAS at VIH· 

High Impedance State DouT = Vss to Voo 

VrL 
Input Low Voltage 

-0.3 0.8 v 5 
(all inputs) 

V1H 
Input High Voltage 

2.4 VoD+ 1 v 5 
(all inputs) 

Output Low Voltage 0.4 v loL = 4.2 mA 
6 Vol 

(all outputs) 0.1 v loL = 100 µ.A 

Output High Voltage 2.4 v loH=-5mA 
6 VoH 

(all outputs) Voo-0.1 v IOH = -100µ.A 

NOTES: 1. All voltages referenced to Vss· 

2. Typical values are at TA = 25°C and Voo = + 5V. 

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

4. loo is dependent upon the number of address transitions. Specified loo(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 V1L(min) is steady state operation. During transitions, V1L may undershoot to -1.0 V for periods 
not to exceed 20 ns. All A.C. parameters are measured with V1L(min) "'Vss and V1H(max) ,s;; Voo· 

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: 

TA=25°C, Voo=5V ± 10%, Vss=OV, unless 
otherwise noted. 

Capacitance is measured at worst 
case voltage levels with a 
programmable Hewlett Packard 
capacitance meter. 

Symbol Parameter Typ. Max. Unit 

C1N1 Address, D1N 3 5 pF 

C1N2 RAS,CAS, WE 4 5 pF 

C110 Data In/Out 4 6 pF 

A.C. CHARACTERISTICS 1• 2• 3 

TA=0°C to 70°C, Voo=5V ± 10%, Vss=OV, unless otherwise noted. 

Read, Write and Refresh Cycles 

JEDEC 51 C259HL-15 51 C259HL-20 
No. 

Symbol 
Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

1 IRL1RH1 IRAS RAS Pulse Width 150 75000 200 75000 ns 

2 IRL2RL2 IRC Random Read or Write Cycle Time 245 315 ns 

3 tRH2RL2 IRP RAS Precharge Time 85 105 ns 

4 IRL1CH1 tcsH• CAS Hold Time 150 200 ns 

5 ICL1CH1 ICAS* CAS Pulse Width 30 35 ns 

6 IWH2RL2 IWRP Write to RAS Precharge Time 10 10 ns 

7 IRL 1WL2 IRWH RAS to Write Hold Time 20 25 ns 

8 IAVRL2 IASR Row Address Set-up Time 0 0 ns 

9 IRL1AX IRAH Row Address Hold Time 20 25 ns 

10 ICH2QZ IHZ OE or CAS to Output High Impedance 25 30 ns 4,5 

11 ICL2QX ILZ OE or CAS to Output Low Impedance 0 0 ns 4,5 

IRVRV IREF1 Time Between Refresh 4 4 ms 6 

IRVRV IREF2 Time Between Refresh (RAS-Only) 32 32 ms 6 

tr tr Transition Time (Rise and Fall) 3 25 3 25 ns 7 

NOTES: • This parameter not applicable if operated with CAS grounded. 
1. All voltages referenced to V ss. 
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 32 ms). 

3. A.C. Characteristics assume tr= 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, V1L(min);. Vss and V1H(max) ,,,; Voo. 

4. Assumes three state test load (5 pF and a 380 Ohm Thevenin equivalent). 
5. At any given temperature and voltage combination, lHz(max),,,; tLz(min) from device to device. 
6. The 51 C259HL extends the refresh period to 32 ms during RAS-Only refresh periods. 
7. tr is measurec' between V1H(min) and V1L(max). 

2-134 



51C259HL 

A.C. Characteristics (Continued) 
Read Cycle 

JEDEC js1 C259HL-15 51 C259HL·20 
No. Symbol Parameter Unit Notes 

Symbol 
Min. Max. Min. Max. 

12 tRL1QV tRAC Access Time From RAS 150 200 ns 8 

13 tCL10V tcAC Access Time From CAS 30 35 ns 

14 tGL1QV to AC Access Time From OE 25 30 ns 

15 tAVQV tCAA Access Time From Column Address 70 90 ns 

16 tcL 1RH1 tRSH(R)* RAS Hold Time (Read Cycle) 10 10 ns 

17 tWH2CL2 tRCS* 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 tCH2WX tRCH* Read Command Hold Time Referenced to GAS 5 5 ns 

21 tRH2WX tRRH Read Command Hold Time Referenced to RAS 1C 10 ns 

22 tRH2AX tARH Column Address Hold Time to RAS 0 0 ns 

23 tRL 1AV tRAD RAS to Column Address Delay Time 25 80 30 110 ns 9 

24 tAXQX toHA Output Hold Time From Address Change 10 10 ns 

25 tGH1QX toH Output Hold Time From OE or CAS 0 0 ns 

Write Cycle 

26 tcL 1RH1 tRSH(W) RASHold Time (Write Cycle) 35 40 ns 

27 tRL 1WL2 twoR RAS to Write Command Lead Time 30 115 35 160 ns 

28 tWL1RH1 tRWL Write Command to RAS Lead Time 30 35 ns 

29 tWL1CH1 tCWL* Write Command to GAS Lead Time 30 35 ns 

30 tWL1WH1 twp Write Command Pulse Width 10 15 ns 

31 twH2WL2 twcP Write Command Precharge Time 10 15 ns 

32 IWL 1CL2 twcs• Write Command Set-up Time 0 0 ns 10 

33 tCL1WH1 IWCH* Write Command Hold Time 30 35 ns 

34 IRL1WH1 twcR Write Command Hold Time From RAS 100 110 ns 

35 IAVWL2 IAWS 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: • This parameter not applicable if operated with GAS grounded. 
8. Assumes that tRAD ~ lRAo(max) if !RAD > lRAo(maxl, then !RAC will increase by the amount that tRAD 

exceeds tRAo(max). 
9. tRAD is specified for reference only. 

10. twcs. tRwo, tcwo, tAwo and towo are specified as reference points only. If twcs ~ twcs(min), the cycle 
is a GAS controlled write cycle and the data out pin will remain in high impedance for the duration of WE 
low. If tcwo ~ tcwo(minl and tRwo ~ tRwo(min) and towo ~ towo(min) and tAwo ~ 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 data out is indeterminate. 
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A.C. Characteristics (Continued) 
Write Cycle (Continued) 

JED EC 
js1C259HL-15 51C259HL·2~ 

No. 
Symbol 

Symbol Parameter Unit Notes 
Min. Max. Min. Max. 

37 IRL1AX IARW Column Address Hold Time From RAS (Write) 60 70 ns 

38 IOVWL2 tos Data-In Set-up Time 5 5 ns 

39 twuox !OH Data-In Hold Time 25 30 ns 

40 IGH2WH1 tows OE Set-up Time From End of Write 15 20 ns 

41 ICH2GL2 tcoH OE Hold Time From CAS 20 25 ns 

Read-Modify-Write Cycle 11 

42 IRL2RL2 IRWC Read-Modify-Write (RMW) Cycle Time 310 390 ns 

43 IRL 1RH1 IRRW RAS Pulse Width (RMW) 215 75000 275 75000 ns 

44 ICL 1CH1 ICRW CAS Pulse Width (RMW) 95 110 ns 

45 IRL 1AX tAR Column Address Hold Time From RAS (RMW) 205 265 ns 

46 IRL 1WL2 IRWD RAS to WE Delay 180 235 ns 12 

47 IAVWL2 IAWD Column Address to WE Delay 100 115 ns 12 

" 48 ICL 1WL2 tcwo. CAS to WE Delay 60 70 ns 12 

49 IGH2WL2 towo OE to WE Delay 30 35 ns 12 

Static Column Mode 13 

50 IWL2WL2 tswc Static Column Write Cycle Time 50 55 ns 

51 tWH2QV IWPA Write Precharge Access Time 30 35 ns 14 

52 IWL10V IWRA Write-Read Access Time 120 135 ns 14 

53 IWL 1GL2 twoH Write to OE Hold Time 30 35 ns 

54 IRL1WL 1 tSWH RAS to Write Command Hold Time 150 200 ns 

NOTES: * This parameter not applicable if operated with CAS grounded. 
11. The parameters shown in the Read-Modify-Write timing diagrams which are not listed in the table are 

previously specified. 
12. twcs. tRwo. tcwo, IAWD and towo 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 tcwo "'tcwo(min) and IRWD "'tRwo(min) and towo "'towo(min) and IAWD "'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 is of data out indeterminate. 

13. All previously specified A.C. characteristics are applicable. 
14. Access time from a write command to a read command is determined by the longer of !CAA or IWPA or 

IWRA. 
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OE 
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tcAR (18) re:; 

tARR (19) 
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COLUMN K 
tcAc (13) 

I-t-toHA (241 

DATA OUT """"I 

f- toH (25) I -

t=. lg tHZ(10) -
toAC (14) 

"lf"L.LZZZZZZZZ 

NOTE: a., b. V1H(min) and VIL (max) are reference levels for measuring timing of input signals. 
c., d, VoH(min) and Vol (max) are reference levels for measuring timing of DouT 

e. tLz is referenced to the laler of RAS. CAS. and OE l~ransition 
f. tHz and toH are referenced to the earlier of CAS or OE high transition 
g. Transition is measured + 500 mV from s.teady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent) 
h. Either tRCH or !RAH must be satisfied __ __ _ 
i. If tARH ~ tARH(min). then data from the last address will be latched on Dour by a RAS high transition, until either a GAS or OE high transition releases the data. 
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OE 

WAVEFORMS (Cont'd.) 
WRITE CYCLE (CAS Controlled) e 

V1H 8 

V1L b 

NOTE: a., b. v1H(min) and VIL (max) are reference levels for measuring timing of input signals. 
c. twoR is reference to the later of the GAS or WE low transition. 
d. If the low transition of WE occurs before or simultaneously with the low transition of GAS and the high transition of GAS or RAS occurs before the high transition of WE, 

then the outputs remain in a high impedance state (i.e., OE is a don't care). 
e. WE is low prior to or simultaneously with CAS low transition. CAS is high prior to RAS low transition. 
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WAVEFORMS (Cont'd.) 
WRITE CYCLE (WE Controlled) 

k--------------------lRc(2)1--------------------i 

V1H 
a 14------------------tRAS(1)-----------------~ 

RAS 
VIL 

b 

t-+-----------tRSH(W)(26)------------.. 

t-+----tcAs 1s1----

V1H 
a 

CAS 
VIL 

b 

twoR 1271 c I : tcwL (29) 

twp (30) 

V1H 
a 

WE 
VIL 

b 

1: twcR (34) 11 • I 
tARW (37) •I 

V1H 
a 

Ao-A1 
VIL 

b 

tAWH (36) i+---tAws (35) 

VIH 
a 

1/0 
V1L b 

V1H 
a 

OE 
V1L 

b 

NOTE: a b V1H(min) and V1L (max) are reference levels for measuring timing of input signals. 
c twoR is reference to the later of the CAS or WE low transition 
d tHz i& referenced to the earlier of the CAS or OE high transition or WE!ow transition 
e Trans''ition is measured + 500 mV from steady state voltage with spec-if led three state load (5 pf and a 380 Oh-m Thevenin equivalent) 
f CAS is !ow prior to the WElow transition 
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""" 0 

RAS 

CAS 

WE 

WAVEFORMS (Cont'd.) 
READ/MODIFY /WRITE CYCLE 

l..---------~-----------tRWC(42)-----------------~ 

V1H 
a 

14-----------------tRRW(43)•-------------------o-

VIL 
b 

14-----------------tcRW(44)--------------t--""1 

V1H 
a 

VIL 
b 

1+----tcwo (4Bl tRwL <2ai·---------_, 

1-+------+--tRwo (46) tcwL (29)--------~ 

V1H 
a 

i.----------twRP (6)--------~ 

VIL 
b 

tRAD (23; 
11 I tAR (45) 11 • 1 : .I< tAwo(47l • 

V1H 
a 

A0 -A, 
b 

COLUMN 
VIL 

y 1H"VoH 

1/0 
v,L b Vol 

V1H 
a 

OE 
V1L 

b 

c 

d 

'" •I tcAc (13) 

tcAA (15) 

tRAC (12) 

eg 
tLz (11) 

toAC (14) I I• •I 

I • I I . •I towo (49l 

tHz (10) lg 

toH (25;' 

NOTE: a. b V1H(min) and V1L (max) are reference levels for measuring timing of input signals 
c, d VOH(min) and VoL(max) are reference levels for measuring timing of DouT 

e tLz is referenced to the later of RAS. CAS, and O~w transition. 
f tHz and toH are referenced to the earlier of the CAS or OE high transition 

g 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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RAS 

CAS 

WE 

Ao"A1 

1/0 

OE 

WAVEFORMS (Cont'd.) 
RAS-ONLY REFRESH CYCLE' 

V1H• 

f4-----------------:----lRC(2)--------------____,., 
l+---------------tRAS (1) k :J_ 

·ylL b 

V1Ha 

VIL b 

V1Ha 

V1L 
b 

V1Ha 

V1L b 

V1H 
a 

V1L b 

V1Ha 

VIL b 

NOTE: a., b. v1H(min) and v1L (max) are reference levels for measuring timing of input signals. 
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CAS 

WE 

~ 
-!>-
I\) 

Ao-A1 

1/0 

OE 

NOTE: 

WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE READ CYCLE 

V1H 
a 

1------------------tRAS (1) 

VIL 
b 

V1H 
a 

VIL 
b 

V1H 
a 

VIL 
b 1-.------ttARR (19) 

I • • I tRAD (23) 
tcAR t1aJ I• •I 

l+---+-t- tARH (22) i 
a 

V1H 
COLUMN N COLUMN 0 COLUMN 1 COLUMN 2 

V1L 
b 

tcAc (13) I• •I 

l-tcAA (15) 

tcAA (15) tcAA (15) 

Yott 
c .. tRAC (12) 

VoL 
d 

toH (25)1 tLZ(11)eg 

toAC (14) tHz (10) lg-+-++----~ 
V1Ha 

VIL b 

. b VtH(min) and VIL (max) are reference levels for measuring timing of input signals 

. d VoH{min) and Vol (max) are referenc~els for measuring timing of Dour 
e tlz is referenced to the later of RAS. CAS. and O~w transition 
f tHz and toH are referenced to the earlier of the CAS or OE h 1gh transition. 

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

h. Either tRcH or tRRH must be satisfied 
1 If tARH ~ tARH (min)· then data from the last address will be latched on Dour by a RAS high transition.until either a CAS or O'Ehigh transition releases the data 
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WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE WRITE CYCLE (CAS Controlled) g 

V1H 
a 1..---------------tRAS (11------"ll-----------i 

RAS 

CAS 

WE 

Ao·A1 

1/0 

OE 

VIL 
b 

V1H 
a 

V1L 
b 

V1H 
a 

VIL 
b 

V1H 
a 

VIL 
b 

V1H 
a 

VIL 
b 

VIH 3 

Vtl b 

twoR (27) c --J--tswc (501 

i-----tcsH (41-r.--~~ 

1----tRSH (W) (26) 

twcP (311 1 

tcAS (51 

NOTE: a. b V1H(min) and V1L (max) are reference levels for measuring timing of input signals 
c twoR is reference to the later of the GAS or WElow transition 
d tHz is 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 !wcP is measured from the earlier of CAS ~WE high transitio~he later of CAS or WE low transition 

g WE is low prior to or simultaneously with a CAS low transition CAS is high prior to a RAS low transition 

tWRP (6) 
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WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE WRITE CYCLE (WE Controlled) g 

a tRAS(1)~ 
V1H 

RAS 
V1L 

b 

11. tswH (54) 

V1H 
a 

CAS 
V1L 

b JC: £ 1
SWC(50)H lwcP(31),n ~tRWL(28) lwcR (34) 1 

twcp (31) tcwL 

lwRP (6) ~ lwoR (27) c t\Aln 1->n\ L.......-L t\&lo l':l.n\ t\&ln Mn\ 

V1H 
a 

WE 
VIL 

b 

V1H 
a 

Ao-A1 
b 

VIL 

V1H 
a 

1/0 
b 

VIL 

V1H 
a 

OE 
VIL 

b 

NOTE: a. b v1H(minl and v1L(max) are reference levels for measurmg timing of input signals 
twoR is reference to the later of the CAS or WE low transition 
tHz 1s referenced to the earlier of the RAS or CAS or OE high transition 
Transition is measured ± 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent) 
!wcP is measured from the earlier of CAS or WE high transition to the later of CAS or WE low transition 
CAS is low prior to a WE tow transition 
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RAS 

CAS 

WE 

A0 -A1 

1/0 

OE 

WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE READ/WRITE/READ ... CYCLE (CAS Controlled) h 

V1H 
a 

V1L 
b 

V1H 
a 

VIL 
b 

V1H 
a 

V1L 
b 

V1H 
a 

VIL 
b 

v,H· VoH 

v,L b Vol 

V1Ha 

V1L b 

--N: tRAS(1) I~ 

c 

d 

Joe II i 

I » i: 11 I I SI i 

-.-........-.-----~""""'""""------.............. ....-.......~ ............ --..,...,.....""+-~:: : 
tcAC (13) 11 • • 1 

1..--tcAA (1 S) 
I 

tRAC (12) 

tLZ(11)eg 1• - .. I I ~t.oH(25)f 

I; 

J toAC(14l------j ~tHz(101 19 tcAc(1J)~ I• •I tHz(101 19 

~ ... .ii..~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~11 

NOTE: a .. b V1H(min) and VIL (max) are reference levels for measuring timing of input signals 
c, d VoH(min) and Vol (max) are reference levels for measuring timing of Dour 

e. tLz is referenced to the later of RAS, CAS, and OE l~ransition 
f. tHz and toH are referenced to the earlier of CAS or OE high transition 

g Transition is measured ± 500 mV from steady state voltage with specified three stale load (5 pF and a 380 Ohm Thevenin equivalent) 
h WE is low prior to or s_imu1taneous!y with a CAS low transiti.on 
i. 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 
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WAVEFORMS (Cont'd.) 
STATIC COLUMN MODE READ/WRITE/READ ... CYCLE (WE Controlled) h 

VIH 
a 

RAS 
b v,l 

tRAS(1) ~ 

V1H 
a 

CAS 
v,L b 

V1H 
a s i 

WE 
b ..../' 1 f.---tARR (19) 

v,l 

'i'> 
~ 

-i>-
V1H 

a O> 

Ao-A1 
v,l b 

tAWH (36) *to~~<~4> 
COLUMN 2 

v,H• VoH c 

1/0 
V1L b Vol d 

s i 

V1H 
a l.Ja SS ; 

OE b v,l 

NOTE: a., b. v 1H(min} and VIL (max) are reference·levels for measuring timing of input signals. 
c., d. VoH(min) and Vol (max) are reference levels for measuring timing~UT-__ _ 

e. tLz is referenced to the later of RAS. CAS. and OE low transition ff RAS and GAS and OE are low. 
f. tHz and toH are referenced to the earlier of CAS or OE high transition 

g. Transition. is measured ± 500 m_V from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin equivalent) 
h. C"AS"is low prior to a WE low transition 
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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FUNCTIONAL DESCRIPTION 

The 51C259HL is a CHMOS dynamic RAM opti
mized for the high data bandwidth and low power 
applications. The functionality is similar to a 
traditional dynamic RAM. The 51 C259HL 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 Address 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 depen
dent 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 IRAS timing specification. This ensures 
proper device operation and data integrity. 
Additionally, a new cycle cannot be initiated 
until the minimum precharge time, !RP• 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 !ARR· 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 !RAC• lcAA and loAc are 
all satisfied. 

For applications where CAS is pulsed similar to 
the tra<'.litional CAS operation, the additional 
timing specifications noted by the asterisks in 
the A.C. Characteristics are applicable. Data out 
becomes valid only when !RAC• lcAA• loAC• and 
lcAc are all satisfied. Consequently, the access 
time is dependent upon the timing relationship 
among !RAC• lcAA• loAC• and lcAC· For example, 
the access time is limited by lcAA when !RAC• 
loAC• and lcAc are all satisfied. 
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Write Cycle 

A write c;ycle is performed by taking WE low 
during a RAS operation. To simplify the system 
design, the column address is latched in by the 
later of WE or CAS. As in the read cycle, CAS 
may either be held low or be pulsed similar to the 
traditional CAS operation. For applications 
where CAS is held low, the input data must be 
valid at or before the falling edge of WE. For ap
plications where CAS is pulsed similar to the 
traditional GAS operation, the additional timing 
specifications noted by the asterisks in the A.G. 
Characteristics are applicable. The input data 
must be valid at or before the falling edge of WE 
or CAS, whichever occurs last. Consequently, 
the write cycle can be WE controlled or GAS con
trolled depending upon the later of WE or GAS 
low transition. In a GAS controlled write cycle 
(the leading edge of WE occurs prior to or coinci
dent with the GAS low transition) the 
input/output (l/O) pin will be in the high impe
dance state at the beginning of the write 
function. Terminating the write action with GAS 
will maintain the 1/0 in the high impedance 
state; terminating with WE allows the output to 
go active, and the OE must be brought high to 
allow for inputs on the 1/0. 

The 51 C259HL incorporates a self-timed write 
feature which simplifies the system interface 
and optimizes data bandwidth. After the write 
function has been initiated, the 51 C259HL inter
nally completes the write action and unlatches 
the address and data latches. Thus, the latches 
are ready for the next input/output cycle. This 
eliminates the need for long address and data 
hold times during the write operation and allows 
a subsequent column address to be applied 
earlier. This minimizes a write pulse width, write 
precharge time, and hold time which provides 
maximum flexibility in system design. 

Refresh Cycle 

To retain data, a refresh operation is performed 
by clocking each of the 256 row addresses (A 0 
throu_gh A 7) with RAS at least every 4 milli
seconds. Any Read, Write, Read-ModifyWrite, or 
RAS-Only cycle will perform refresh. 

Extended Refresh Cycle 

The 51 C259HL extends the refresh cycle period 
to 32 milliseconds for RAS-Only refresh cycles. 
This feature reduces the total current 
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consumption to a maximum of 230 micro 
Amperes, and typically 90 micro Amperes, for 
data retention. The low standby current can 
significantly extend battery life in battery 
back-up applications. Current consumption is 
calculated from the following equation: 

1 _ HtRc) OActivJ + (tR1- tRcl II standby)) 
tRI . 

where tRc = refresh cycle time, 
and tR1 = refresh interval time or tReF/256 

Static Column Mode Operation 

Static column mode operation permits all 256 
columns within a selected row of the device to 
be randomly accessed at a high data rate. Read, 
write, and read-write-read cycles can be 
performed during static column mode operation. 
The row address is internally retained by 
maintaining RAS active. Following the entry 
cycle into static column mode operation, the 
data is accessed simply by changing the column 
address. Because the column address buffer 
acts as a transparent or flow-through latch, 
access begins from a valid column address. 
Thus, the 51C259HL operates like a static RAM 
for multiple accesses within the same row. CAS 
acts as a chip select. Intel's Application Note 
172, CHMOS DRAMS in Graphics Applications, 
provides more details on static column mode 
operation. 

Data Out Operation 

The 51 C259HL Input/Output (l/O) is controlled 
by OE, CAS, WE and RAS. A RAS low transition 
enables data to transfer into and from a selected 
row address. A RAS high transition disables 
data transfer and will latch the output data if the 
output is enabled. After a memory cycle is initiat
ed by a RAS low transition, a CAS low transition 
or a CAS low level enables the internal 1/0 data 
path. A CAS high transition or a CAS high level 

disables the 1/0 data path and disables the 
output driver if the driver was enabled. A CAS 
low transition while RAS is high has no effect on 
the 1/0 data path, nor on the output driver. An 
OE low transition or an OE low level enables the 
output driver when the 1/0 data path is enabled. 
An OE high transition or an OE high level dis
ables the output driver, but does not disable the 
data latch when it has been enabled. A WE low 
level disables the output driver when a CAS low 
level occurs. If the WE low transition occurs 
after the CAS low transition such that the output 
driver is enabled prior to the WE low transition, it 
is necessary to use OE to disable the output 
driver prior to the WE low transition to allow data 
in set-up time (tos). A WE high transition passes 
control of the output drive to OE. 

Power On 

An initial pause of 100 µ,S is required after the 
application of the V00 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 Voo current 0 0 0) requirement of the 
51C259HL during power on is dependent upon 
the input levels of RAS and CAS. If RAS = V ss 
during power on, the device would go into an 
active cycle and 100 would exhibit large current 
transients. It is recommended that RAS and CAS 
track with V00 or be held at a valid V1H during 
power on. 

References 

For further details see Application Note (A.P.) 
#171, Low Power with CHMOS DRAMS, and A.P. 
# 172, CHM OS DRAMS in Graphics Applica lions. 
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HIGH SPEED CHMOS 16,384x1 BIT STATIC RAM 
51C67·35 

Max Access Time (ns) 35 
Max Active Current (mA) 100 
Max Standby Current (mA) 10 

• Double Metal CHMOS Ill Technology • High Density 20-Pln Package 

• Completely Static Memory-No Clock • Directly TTL Compatible-All Inputs and 

• Equal Access and Cycle Times Output 

• Single + SV Supply • Separate Data Input and Output 

• Automatic Power Down • Three-State Output 

• 0.8-2.0V Output Timing Reference • 2147H Upgrade 

The Intel 51C67 is a 16,384-bit static random access memory organized as 16,384 words by 1 bit. This 
memory is fabricated using Intel's high performance double metal CHMOS Ill technology, with a full CHMOS 
ST cell. This state of the art technology with HMOS Ill scaled transistors brings high performance to CMOS 
Static RAMs. The design of the 51C67 offers a 4X density improvement over the industry standard 2147H 
with compatible performance. The 51C67 offers the automatic power-down feature pioneered by the Intel 
2147H. 

CS controls the power-down feature. In no more than a cycle time after CS goes high (deselecting the 51C67), 
the part automatically reduces its power requirementS and remains in this low power standby mode as long as 
CS remains high. This device feature results in system power savings as great as 90% in larger systems where 
the majority of devices are deselected. 

The 51C67 is placed in a 20-pin 300 mil package configured with the industry standard 16K x 1 pinout. It is 
directly TTL compatible in all respects: inputs, output; and a single + 5V supply. The data is read out nonde
structively and has the same polarity as the input data. A data input and a separate thrE1e-state output are 
used. 

Pin Configuration Logic Symbol 

Ao Yee .. 
•• 

A1 •• .. .. 
A3 .. .. ..., 

•• .. .. ... ... ... ... 
°" W£ cs 

231094-1 

Pin Names 

_&-Ata Address l!!l!_uts 

WE Write Enable 

~ Chi!>_Selecl 

~ Dalal~ 

Dour Data Output 

•• .. .. .. . .. . .. ... 

... 

cs 

Figure 1. 51C67 Block Diagram 

Truth Table 
~ WE Mode O~t Power 

H x Not Selected tiig_h z Standk 
L L Write ~hZ Active 

L H Read Dour Active 

Intel Corporation assumes no responsibility tor the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specHications on these devices from Intel. September 1984 
©Intel Corporation. 1984. Order Number: 231094-002 
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ABSOLUTE MAXIMUM RATINGS*: 
Temperature under bias ......... -1 o•c to + 85°C 
Storage temperature Cerdip ..... - 65°C to + 150-C 
Storage temperature Plastic ..... - 65°C to + 125°C 
Voltage on any pin with 
respect to ground ......... - 2.0V to + 7V (Note 4) 
D. C. continuous output current ............. 20 mA 
Power dissipation ....................... 1.0 watt 

*NOTICE: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of the specification is not implied. Ex
'posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D. C. AND OPERATING CHARACTERISTICS (1) 
TA= o•c to +70°C, Vee== +5V ± 10% unless otherwise noted 

Symbol Parameter Min Typ(2l Max Unit Test Conditions 

lu 
Input Load Current 

O.o1 1 µA Vee = Max, V1N = GND to Vee (All Input Pins) 

ILQ 
Output Leakage 0.1 10 µA C'S = V1H. Vee = Max 
Current Vour = GND to 4.5V 

Ice Operating Current 60 100 mA Vee= Max, cs= V1L Outputs 
Open~ '!S'..c1e =Min 

lss Standby Current 3 10 mA Vee = Min to Max, cs = V1H 

V1L Input Low Voltage -0.5 0.8 v (Note4) 

V1H Input High Voltage 2.0 6.0 v 
Vol Output Low Voltage 0.4 v loL = 12mA 

VoH Output High Voltage 2.4 v loH=-8mA 

105(3) 
Output Short -300 +300 mA Yee = Max, V1N = GND to Vee Circuit Current 

NOTES: 
1. ~he operating a~bient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
Typical thermal resistance values of package at maximum temperatures are: 
For CERDIP IJJA (® 400 (fpm air flow)) = 40° C/W For Plastic IJJA (® 400 fpm air flow) = 700 C/W 

IJJA (still air) = 70° C/W IJJA (still air) = 109" C/W 
. . ~JC = 25° C/W . IJJc = 42° C/W 

2. Typical limits are at Vee = 5V, TA = + 25°C, with specified loading. 
3. Output shorted for no more than 1 sec. 
4. Minimum DC input Voltage is -0.5V. During Transitions, the inputs may undershoot to -2.0V for periods leS!I than 20 ns. 

A. C. TEST CONDITIONS 
Input Pulse Levels ................... GND to 3.0V 
Input Rise and Fall Times .................... 5 ns 
Input Timing Reference Level ................ 1.5V 
Output Timing Reference Levels ......... 0.8-2.0V 
Output Load ..................... See Figures 2, 3 

CAPACITANCE (5) TA = 25°C, f = 1.0 MHz 

Symbol Parameter Max Unit 

C;n Input Capacitance 5 pf 

Cout Output Capacitance 7 pf 

·NOTE: 
5. This parameter is sampled and not 100% tested. 

Conditions 

V;n = OV 

Vout = OV 
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DouT--r-1.6V 

T30pF 

'f\l 231094-4 

Figure 2. Output Load 

DoUT~1.6V 

~5pF 

231094-5 

Figure 3. Output Load for 
thz• t1z, twz• low 
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A. C. CHARACTERISTICS 
TA = o·c to 70°C v cc = + 5 ± 10% Unless otherwise noted 

READ CYCLE 

Symbol Parameter Min Max Unit 

tRc(1) Read Cycle Time 35 ns 

tAA Address Access Time 35 ns 

tAcs<7> Chip Select Access Time 35 ns 

toH Output Hold from Address Change 0 ns 
tLz(2, 3) Chip Selection to Output in Low Z 3 ns 
tHz(2, 3) Chip Deselection to Output in High Z 0 25 ns 

tpu Chip Selection to Power Up Time 0 ns 

tpo Chip Deselection to Power Down Time 35 ns 

READ CYCLE NO. 1 (4, 5) 

'"~=¥-----~---§
>---~--------!RC------------~ 

""~c-----IAA -------<~~ 
loH--J 

DATA OUT PREVIOUS DATA~~ x x ,.""'_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-D:At:'A:V.:'A:L:ID:::::::::::::::-:_ 

READ CYCLE NO. 2 (4,6,7) 

IRC---=i 

IACS 
IHz-ILz ~ 

DATA OUT HIGH IMPEDANCE xx}! DATA VALID HIGH 
IMPEDANCE 

Vee Ice ---~:~1--'hr------------r-_'Po:t_ SUPPLY 50% 50% 
CURRENT lse -----

231094-9 

NOTES ON READ OPERATION: 
1._!-jl Read Cycle timings are referenced from the last valid address to the first transitioning address. 
2: At any given temperature and voltage condition, !Hz max. is less than ILZ min. both for a given device and from device to 
device. 
3. Transition is measured at ± 500 mV from steady state voltage with specified loading in Figure 3. 
4. WE is high for Read Cycles. 
5. Device is continuously selected, CS = VIL· 
6. Addresses valid prior to or coincident with CS transition low. 
7. Chip deselected for a finite time prior to selection. If the deselect time is 0 ns, the chip is by definition selected and access 
occurs according to Read Cycle No. 1. 
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A. C. CHARACTERISTICS 
TA = o·c to + 70°C Vee = + 5 ± 10% unless otherwise noted 

WRITE CYCLE 

Symbol Parameter Min Max Unit 

twc(2) Write Cycle Time 35 ns 

tcw Chip Selection to End of Write 30 ns 

tAw Address Valid to End of Write 30 ns 

tAS Address Setup Time 0 ns 

twp Write Pulse Width 20 ns 

twR Write Recovery Time 5 ns 

tow Data Valid to End of Write 15 ns 

toH Data Hold Time 3 ns 

twz(3l Write Enabled to Output in High Z 0 20 ns 

tow(3) Output Active from End of Write 0 ns 

WRITE CYCLE NO. 1 (WE CONTROLLED)(4) 

ADDRESS 
-------tcw------_... 

----twp---.! WE ~~-------------.."""' ..... 'I J, ________________ _ 

DATA IN DATA IN VALID 

'"'? "'"---1 DATA OUT :::::::::::~:r.:~:u:N:D:EF:•N:E:D::::::::_~_,- HIGH. IMPEDANCE~::::::::: 
231094-6 

2-152 



intJ 51C67 

WRITE CYCLE NO. 2 (CS CONTROLLED)(4) 

-----~=i DATA OUT DATA UNDEFINED :J>· ---"'H..,IG..,H--IM.,PE--DA..,NC;,;,;;;;E.._ ___ _ 

231094-7 

NOTES ON WRITE OPERATION: 
1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured = 500 mV from steady state voltage with specified loading in Figure 3. 
4. CS or ~ must be high during address transitions. 
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81C28 FAMILY 
2048 x 8 Bit Ultra Low Power, High Integration Static RAM 

l Max Access Time 
Max Active Current-CMOS Inputs 
Max Stand~ Current-CMOS ln2_uts 

• Integrated Address Latch 

• Double Metal CHMOS Ill Technology 

• Low Active and Microwatt Standby 
Power Allow Battery Operation/Backup 

• Compatible with BOC51-BH, BOC31-BH, 
80C49-BH for High Integration CMOS 
Systems 

LOW POWER STANDARD 
81C28L·200 81C28·200 

200ns 2QOns 
10mA 10mA 
50J!:...A 100J!:...A 

• Single + 5V ± 20% Supply 

• High Reliability Plastic or CERDIP 
Package 

• Common Data Input and Output with 
Three State Output Buffers 

The Intel 81C28 is a 16,384 bit static random access memory organized as 2048 words by 8 bits using 
CHMOS Ill, an ultra low power CMOS technology. The 81C28 has been specially designed to eliminate the 
need of a latch to separate address and data in multiplexed address/data microprocessor and microcontroller 
applications. An OE pin is also provided for read cycles to eliminate the problem of Bus contention. 

The address latch function allows for high integration systems where 2k bytes of external RAM are required. 
On the falling edge of the ALE input (ALE/CS) the address information is latched in. This pin also controls the 
power down feature. In less than a cycle time after ALE/CS goes high, disabling the 81C28, the part automati
cally reduces its power requirements and remains in this low power standby mode as long as ALE/CS remains 
high. 

The 81C28 is assembled in a 24-pin 600 Mil dual-in-line plastic or CERDIP package, configured with the 
industry standard 2k x 8 pinout. It is directly compatible with TTL or CMOS in all respects-inputs, outputs and 
single power supply. The data is read out nondestructively and has the same polarity as the input data. 

Pin Configuration Logic Symbol 

A7 .. 
22 . 21 

A3 5 20 

A2 • IS1C28 :: 
A1 

"" DI/Oii • 
Dl/01 10 

01/02 ,. 
GHD 12 

AO-A10 
WE 
ALE/CS 

" " " 
" " 

5E 
Dl/00-01/07 
Vee 
GND 

ALE/ 
cs WE OE 
H x x 
L L x 
L H L 
L H H 

AO 

Wl' 
or .. 
ALE/e!i 

Dl/07 

Dl/06 
01/05 

01/04 

Dl/03 

231093-1 

Pin Names 
Address inputs 
Write enable 
Address latch enable/ 
chip select 
Output enable 
Data input/output 
Power 
Ground 

Truth Table 

MODE 110 
Not selected HighZ 
Write D1N 
Read Dour 

Hi hZ 

231093-2 

AS 

A6 

A7 

•• 
A9 

LAICHED 
ADDRESS 
BUFFERS 

ROW 
DECODER 

128 x 128 
t.tEMORY ARRAY 

A10 '-~-r---._ _ __.-L-., _____ ....,..... 

COLUMN 1/0 

COLUMN DECODER 

Ait At A2 A3 

Figure 1. 81C28 Block Diagram 231093- 3 

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. Information contained herein supersedes previously published specifications on these devices from Intel. September 1984 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ......... -10°C to + 85°C 
Storage Temperature CERDIP ... -65°C to + 150°C 
Storage Temperature Plastic .... - 65°C to + 125°C 
Voltage on Any Pin with 

Respect to Ground ............ -2.0V to+ 7V[1J 
D.C. Continuous Output Current ............ 10 mA 
Power Dissipation ....................... 600 mW 

•Notice: Stresses above those listed under ''.Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. AND OPERATING CHARACTERISTICS[2] 
TA=0°C to +70°C, Vee= +5V±20% unless otherwise noted 

Symbol Parameter Notes 
81C28/L-200 

Unit Test Conditions 
Min Typ [3] Max 

llul Input Load Current .01 1.0 µA Vee= max, V1N=GNDto Vee 
(all input pins) 

llLOI Output Leakage Current 4 .1 10.0 µA OE=V1H. Vee= max 
VouT=GNDtoVee 

lee TTL Operating Current-TTL Inputs 5 6.0 15.0 mA Outputs open, T eve= min. 
lee CMOS Operating Current-CMOS Inputs 5 5.0 10.0 mA Outputs open, T eve= min. 
lss TTL Standby Current-TTL Inputs 5 1.0 mA 
lssCMOS Standby Current-CMOS Inputs 5,6,B 100.0 µA 
loR Data Retention Current 6,7,B 100.0 µA 
V1L Input Low Voltage (10% supply) 1 -0.5 0.8 v 

(20% supply) 1 -0.5 0.5 v 
V1H Input High Voltage (10% supply) 2.0 Vee+.5 v 

(20% supply) 2.5 Vee+.5 v 
Vol Output Low Voltage 0.4 v loL =3.2mA 
VoH Output High Voltage 2.4 v loH= -1.6 mA 
llosl Output Short Circuit Current 9 -100 +100 mA VouT=GNDTOVee 

NOTES: 
1. Minimum D.C. input voltage is -0.5 V. During transitions, the inputs may undershoot to -2.0V for periods less than 20 ns. 
2. The operating ambient temperature range is guaranteed in still air conditions. Typical thermal resistance values of the 

package at maximum temperature are: 
For plastic 8JA(Slill air)=90'C/W For CERDIP 8JA(still air)=47'C/W 

8Je=50'C/W 8Je=20'C/W 
Maximum power under specified operating conditions is only 90 milliwatts. 

3. Typical limits are at Vee=5V, TA= +25'C, and Figure 2. 
4. For output leakage tests, data 110 pins are treated as outputs. 
5. TTL inputs: spec VIL• V1H levels 

CMOS inputs: GND ±0.2 to Vee ±0.2. 
6. ALE/CS is Vee±0.2V. All other inputs can have any value within spec. 
7. 2VS.VccS.6V. 
B. lss CMOS and loR are 50 µA for L version. 
9. Output shorted for no more than 1 second. No more than one output shorted at a time. los is sampled but not 100% tested. 
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A.C. Testing Conditions 

Input pulse levels ..................... 0.4 to 2.4V 
Input rise and fall times .................... : . 5 ns 
Input timing reference level .................. 1.5V 
Output timing reference level ........... 0.8 to 2.0V 
Output load ................... see Figures 2, 3, 4 

Capacitance [ 1h A= 2s0 c, f = 1.0 MHz 

Symbol Parameter Max Unit Conditions 

C1N Address/Control 5 pf V1N=OV 
Capacitance 

Cio Input/Output 7 pf Vour=OV 
Capacitance 

NOTE: 
1.This parameter is sampled and not 100% tested. 

+SV 

1.21<.Q 

Dour 

100pf' 

- 231093-6 

Figure 3. Equivalent Load Configuration 
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417A 
Dour -1 ..... -•,.ll\••t\l~-+1.73V 

I 100pf' 
(INCLUDING SCOPE 

AND JIG) 

231093-5 

Figure 2. Test Load Configuration 

417A 
Dour -1--•v<fy~~ ... -+1.73V ISpF 

231093-7 

Figure 4. Test Load Configuration for 
· tilgh Impedance Measurements only 
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A.C. CHARACTERISTICS 
TA=0°C to +70°C, Vcc=5V ± 20% unless otherwise noted. 

READ CYCLE 

Symbol Parameter 
81C28/l·200[1l 

Unit Notes 
Min Max 

TAC Read Cycle Time 250 ns 2 

TLL Chip Deselect Width 25 ns 

TAL Address to CS-Latch Set Up Time 0 ns 

TLA Address Hold Time from CS-Latch 40 ns 

TACL CS-Latch Access Time 200 ns 

ToE Output Enable to Output Valid 65 ns 

TcLZ Chip Selection to Output in Low Z 15 ns 3 

ToLZ Output Enable to Output in Low Z 0 ns 3 

TcHZ Chip Deselection to Output in High Z 0 50 ns 3 

ToHZ Output Disable to Output in High Z 0 50 ns 3 

WAVEFORMS 

READ CYCLE 1: ALE/CS Controlled 

ALE/Cs 

------TCLZ--TA_c_L-=._-_-_-~-----+11 ______ T_CH_Z? 
Dour ----,.-------------~·l@XXX)(~ J-

231093-8 

READ CYCLE 2: OE Controlled 

ADORE: ~2_,.-_i.-----TL•----~ 
ALE/CS . 

TLL 

,: ________ 114_:_-~:--~:_--~:_--~:_--~:_-T:.o_L:._z~~:.:~_r-o:r~--:~::~::~:. ~------_-F'~',_ 
231093-9 

NOTES: 
1. Compatible with 12 MHz 80C51-BH/80C31-BH. 
2. Cycle Time= Access time (T ACLl + chip deselect width (T uJ + 25 nS output hold. 
3. Transition is measured ± 500 mV from steady state voltage with load shown in Figure 4. 
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A.C. CHARACTERISTICS 
TA=o·c to +70°C, Vcc=5V ± 20% unless otherwise noted. 

WRITE CYCLE 

Symbol Paraniete~ 
81C28/L·200 

Unit Notes 
Min Max 

Twc Write Cycle Time 250 ns 2 
Tew CS-latch to End of Write 160 ns 2 

Twp Write Pulse.Width 100 ns 2 

Tow Data to Write Time Overlap 65 ns 2 

ToH Data Hold from Write Time 0 ns 2 

Twz Write to Output in High Z 0 50 ns 1 

Tow Output Active from End of Write 15 ns 1 

WAVEFORMS 

WRITE CYCLE 1: ALE/CS, WE Controlled 

ADDRESS 

ALE/CS 

1/0 
231093-10 

WRITE CYCLE 2: ALE/CS, WE Controlled (with OE) 

ADDRESS 

TLA 

ALE/Cl 

5E 

WE 

1/0 
231093-11 

NOTES: 
1. Transition is measured ± 500 mV from stea~tate voltage with load shown in Figure 4. 
2. Can terminate write cycle with either CS or WE. 
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Application Information 

The 81 C28 is perfectly compatible with the 80C51-BH timings, so that absolutely no wait states are necessary. 
When accessing external memory, the 80C51-BH emits the upper address byte from port 2 and the lower 
address byte as well as the data from port 0. The lower address and data are time multiplexed on PO and are 
connected to both the AO-A? and Dl/00_7 pins of the 81C28. ALE provides the signal necessary to separate 
in time the address from data for the 81C28 and is connected to the ALE/CS input pin. Two pins on port 3 
(P3.6 and P3.7) provide the necessary read and write signals for proper control of the 81C28. The RD signal is 
connected directly to the 81C28 OE to allow data to be transferred to the 80C51-BH. External data memory is 
accessed from the 80C51-BH through the use of MOVX instructions. At 12 MHz, the 80C51-BH has a 1 usec 
cycle time which substantially reduces power consumption when using CMOS input levels (See Figure 6). The 
80C51-BH also emits a PSEN pulse which is for program storage. This can be used for an additional 64k of 
program memory space. 

With CMOS input levels, the 81 C28 FAMILY feature$ very low standby currents of 50 µA for the low power 
version and 100 µA for the standard version. With µwatt standby power, battery backup operation can be 
accommodated. With the very low active current of 10 mA for CMOS inputs, full battery operation can also be 
designed. When coupled with the 80C51 at 12 MHz, active power consumption is even lower. 

Vss Vee RST Vee GNO 

81C28 
A!ll-A7 

01/0!ll-7 

AB-A1!1l 

------MALE/~ ------MWE ------MOE 

Figure 5. Hardware Interfacing of 81C28 to 80C51 

8 1.5 
N 
:::; .. 
JE 
:!i 1.0 
~ 
V> 
0 

l 0.5 
I 

1:l 

81 C28 ICC vs TCYCLE 

0 '---+---+---+---+---+--. 
250 500 750 1000 1250 

CYCLE TIME ( ns) 

231093-4 

231093-12 

Figure 6. 81C28 lcc vs TcvcLE 
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27C64/87C64 

64K (SK x 8) CHMOS UV ERASABLE PROM 

• CHMOS Microcontroller and 
Microprocessor Compatible 
- 87C64-lntegrated Address Latch 
- Universal 28 Pin Memory Site, 2-line 

Control 

• Low Power Consumption 
- 1 O mA lliiaximum Active Current 
-100 µA Maximum Standby Current 

• High Performance Speeds 
- 200 ns Maximum Access Time 

• Noise Immunity Features 
- ±20% Vee Tolerance 
- Maximum Latch-up Immunity 

Through EPI Processing 

• Fast, Reliable inteligent Programming™ 
- Programs in Under 1 Minute 
-12.5V Vpp, HMOS 11-E Compatible 

Intel's 27C64 and 87C64 CHMOS EPROMs are 64K bit 5V only memories organized as 8192 words of 8 bits. 
They employ advanced CHMOS*ll-E circuitry for systems requiring low power, high performance speeds, and 
immunity to noise. The 87C64 has been optimized for multiplexed bus microcontroller and microprocessor 
compatibility while the 27C64 has a non-multiplexed addressing interface and is plug compatible with the 
standard Intel 2764A (HMOS 11-E). 

The 27C64 and 87C64 achieve both high performance (200 ns access times) and low power consumption (1 o 
mA active current maximum CMOS inputs) making them ideal for high performance, portable equipment. 
Special EPI processing also reduces these devices' susceptability to latch-up, a common CMOS quality prob
lem, and enables wide Vee tolerances (20%) in CMOS systems. These features simplify the design of elec
tronic equipment which is subject to high noise environments. 

The 87C64 incorporates an address latch on the address pins to minimize chip count in multiplexed bus 
systems. Designers can tie combined (multiplexed) address-data processor busses directly into both the AO
A7 and 00-07 pins of the 87C64. During ALE high (ALE/CS) the address information is allowed to flow into 
the EPROM and begin accessing the stored code. On the. falling edge of the ALE input (ALE/CS), address 
information at the address inputs is latched internally. The AO-A7 inputs are then ignored as data information 
is passed on the same bus from the EPROM 00-07 Pins (ALE/CS remains low). 

The highest degree of protection against latch-up is achieved through Intel's unique EPI processing. Preven
tion of latch-up is provided for stresses up to 100 mA on address and data pins from -1 V to Vee + 1 V. 

"HMOS and CHMOS are patented processes of Intel Corporation. 

Shaded 

Ao-•,, 
ADDRESS 

INPUTS 

DATA OUTPUTS 
Oo-07 

OUTPUT ENABLE 
PROG LOGIC OUTPUT BUFFERS 

CHIP ENABLE 

Y DECODE Y-GATIHG 

65,536 BIT X DECODE 
CELL MATRIX 

290000-1 

Figure 1. Block Diagram 

Vpp 

•12 ., 
•• 
•s 
A4 ., 
•2 ., 
•o 

Oo 
o, 
o, 

GNO 

27C64/-

11 

12 

13 

14 

28 Vee 

27 PGM 

26 N.C • 

25 •• 
24 •• 
23 •11 

22 O< 
21 •10 
20 cr.~a 
19 o, 
18 Og 

17 05 

16 04 

15 o, 

290000-2 

Figure 2. 
Pin Configuration 

Table 1. Pin Names 

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. Information contained herein supersedes previously published specifications on these devices from Intel. September 1984 
© Intel Corporation, 1984 Order Number: 290000-001 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ......... -10°C to + 65°C 
Storage Temperature .......... - 65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground .............. - 2.0V to ?V(1) 
Voltage on Pin 24 with 

Respect to Ground ......... - 2.0V to + 13.5V(1) 
Vpp supply Voltage with Respect to Ground 

during programming .......... -2.0V to + 14V(1) 
Operating Temperature During Read .. 0°C-?0°C(2) 

READ OPERATION D.C. CHARACTERISTICS 

Symbol Parameter Notes 

lu Input Load Current 

ILO Output Leakage Current 

Ice TTL Operating Current TTL inputs 

Ice CMOS Operating Current 

Isa TTL Standby Current TTL Inputs 

l59CMOS Standby Current CMOS Inputs 

lpp Vpp Read Current 

V1L Input Low Voltage (± 10% supply) 
( ± 20% supply) 

V1H Input High Voltage ( ± 10% supply) 
( ± 20% supply) 

Vol Output Low Voltage 

VoH Output High Voltage 

los Output Short Circuit Current 

Vpp Vpp Read Voltage 

NOTES: 
1. Minimum D.C. input voltage is -0.5V. During transitions, 
the inputs may undershoot to - 2.0V for periods less than 
20 ns. 
2. Operating temperature is for commercial product defined 
by this specification. Extended temperature options are 
available in EXPRESS and Military version. 
3. Typical limits are at Vee = 5V, TA = + 25'C 
4. 20 mA for STD and -3 versions; 30 mA for -2 versions 

TIL inputs: spec V1L, V1H levels 
CMOS inputs: GND ± 0.2 to Vee ± 0.2 

4 

4 

4 

5 

6 

7 

8 

•Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Min Typ3 Max Unit Test Condition 

0.01 1.0 µA V1N = 5.5V 

0.01 1.0 µA VouT = 5.5V 

20,30 mA CE= OE= V1L 
Vpp =Vee, 
Oo-7 = OmA 

10.0 mA CE= OE= V1L 
Vpp =Vee, 
Oo-7 = OmA 

1.0 mA CE= V1H 

100.0 µA CE= V1H 

100.0 µA Vpp =Vee 

-0.5 0.8 v Vpp =Vee 
-0.5 0.5 

2.0 Vcc+0.5 Vpp =Vee 
2.5 Vcc+0.5 

0.45 v loL =2.1 mA 

2.4 v loH= -400µ,A 

+100 mA 

Vcc-0.7 Vee v 

5. ALE/CS or CE is Vee ± 0.2V. All other inputs can have 
any value within spec. 
6. Maximum Active power usage is the sum lpp + lcc-
7. 0 .. put shorted for no more than one second. No more 
than one output shorted at a time. los is sampled but not 
100% tested. 
8. Vpp may be one diode voltage drop below Vee- It may 
be connected directly to V CC· 
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CAPACITANCE1 TA = 25°C, f = 1.0 MHz 

Symbol Parameter Max Unit Conditions 

e1N Address/control capacitance 6 pF V1N = OV 

Cour Output Capacitance 

NOTE: 
1. Sampled. Not 100% tested. 

A.C. Testing Load Circuit 

CL= pF 

DEVICE 
UNDER 
TEST 

t----+---OOUT 

290000-3 

CL Includes Jig Capacitance 

Figure 3. Test Configuration 

Vss Vee RST Vee Vss 

80C31 
Pz '""'..,..... ___ ,. 

ALE t-------IHALE/C! 

iiSEN lit 

P3 

290000-4 

Figure 4. 80C31with87C64 
System Configuration 

12 pF Vour = OV 

READ MODE: 27C64 

The 27C64 has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output enable 
(C5E) is the output control and should be use to gate 
data from the output pins, independent of device se
lection. Assuming that addresses are stable, the ad
dress access time (tAee) is equal to the delay from 
CE to output (tee). Data is available at the outputs 
after a delay of toe from the falling edge of C5E, as
suming that CE has been low and addresses have 
been stable for at least tAee-toe-

READ MODE: 87C64 

The 87C64 was designed to reduce the hardware 
interface requirements when incorporated in proces
sor systems with multiplexed address-data busses. 
Chip count (and therefore power and board space) 
can be minimized when the 87C64 is designed as 
shown in Figure 4. The processor's multiplexed bus 
(AD0-7) is tied to both address and data pins of the 
87C64. A separate address latch is eliminated. 

The 87C64 internal address latch is directly enabled 
through the use of the ALE/CS line. While the ALE/ 
CS is in the high state, the internal latch is enabled 
for address flow through. As the transition occurs on 
the ALE/CS from the TTL high to the low state, the 
last address presented at the address pins is re
tained. Data is then enabled onto the bus from the 
EPROM via the C5E pin. 

Table 2. Read Modes for 27C64 I -

Pins 

CE OE PGM Vpp Outputs 

Mode (20) (22) (27) (1) (11-13, 15-19) 

READ V1L V1L V1H . Vee Dour 

OUTPUT DISABLE V1L V1H V1H Vee HighZ 

STANDBY V1H x x Vee HighZ 

NOTE: 
X can be V1H or V1L· 

2-162 



intef 27C64/87C64 

STANDBY MODE 

The 27C64 and 87C64 have Standby modes which 
reduce the maximum Vee current to 100 µA. Both 
are placed in the Standby mode when pin 20 is 

in the TIL-high state. When in the Standby mode, 
the outputs are in a high impedance state, indepen
dent of the OE input. 

READ OPERATION 

A.C. CHARACTERISTICS: 27C641 

Vee± 5% 

Versions Vee ±10% 

Vee ±20%2 

Symbol Characteristic 

tAee Address to Output Delay 

tee CE to Output Delay 

toe OE to Output Delay 

toF3 OE or CE High to Output High Z 

toH3 Output Hold from Addresses, 
CE or OE Change-Whichever is First. 

NOTES: 
1. A.e. characteristics tested at V1H = 2.4V and V1L = 0.45V. 

Timing measurements made at Vol = O.BV and VoH = 2.0V. 
2. ± 20% Vee versions available in 1985. 
3. Guaranteed and sampled. 

A.C. WAVEFORMS: 27C64 

V1H-----

ADDRESSES 

VIL------' 

V1H -------!-'°' 

ADDRESS 
VALID 

•---•ce131 

V1H -----------

~loe131 

,_ ___ tAcc----

HIGHZ 

2-163 

-2 -STD -3 

-20 -25 -30 
Unit 

-200 -250 -300 

Min Max Min Max Min Max 

200 250 300 ns 

200 250 300 ns 

75 100 120 ns 

55 60 105 ns 

0 0 0 ns 

HIGHZ 

290000-5 
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READ OPERATION 

A.C. CHARACTERISTICS: , .... 

Vee ±5% -2 -3 

Versions Vee± 10% -20 -30 
Unit 

Vee ±20%2 -200 -300 

Symbol Parameter Min Max Min Max 

lLL Chip Deselect Width 50 75 ns 

tAL Address to CS-Latch Set-up 20 30 ns 

tLA Address Hold from CS-LATCH 45 60 ns 

tACL CS-Latch Access Time 200 300 ns 

toE Output Enable to Output Valid 75 120 ns 

tcOE CS to Output Enable 45 60 ns 

tcHz3 Chip Deselect to Output in High Z 50 75 ns 

toHz3 Output Disable to Output in High Z 50 75 ns 

NOTES: 
1. A.C. characteristics tested at V1H = 2.4V and V1L = 0.45V. 

Timing measurements made at VoL = 0.8V and VoH =2.0V. 
2. ± 20% Vee versions available in 1985. 
3. Guaranteed and sampled. 

A.C. WAVEFORMS:ltlil 

ADDRESSES 

IAL lu. 

ALE/CS 

IACL 

OUTPUTS 

lroE t loE 

ilE 
F-to_H_z ---

----------' 290000-6 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 27C64 and 87C64 
are such that erasure begins to occur upon expo
sure to light with wavelengths shorter than approxi
mately 4000 Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent lamps have 
wavelengths in the 3000-4000 A range. Data shows 
that constant exposure to room level fluorescent 
lighting could erase the typical 27C64 or 87C64 in 
approximately three years, while it would take ap
proximately one week to cause erasure when ex
posed to direct sunlight. If the 27C64 or 87C64 are 
to be exposed to these types of lighting conditions 
for extended periods of time, opaque labels should 
be placed over the window to prevent unintentional 
erasure. 

The recommended erasure procedure for the 27C64 
and 87C64 is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 Angstroms (A). The 
integrated dose (i.e., UV intensity x exposure time) 
for erasure should be a minimum of fifteen (15) 
Wsec/cm2. The erasure time with this dosage is ap
proximately 15 to 20 minutes using an ultraviolet 
lamp with a 12,000 µW/cm2 power rating. The 
27C64 or 87C64 should be placed within one inch of 
the lamp tubes during erasure. The maximum inte
grated dose a 27C64 or 87C64 can be exposed to 
without damage is 7258 Wsec/cm2 (1 week @ 

12000 µW/cm2). Exposure of these CHMOS 
EPROMs to high intensity UV light for longer periods 
may cause permanent damage. 

CHMOS NOISE CHARACTERISTICS 

Special EPI processing techniques have enabled In
tel to build CHMOS with features adding to system 
reliability. These include input/output protection to 
latch-up. Each of the data and address pins will not 
latch-up with currents up to 100 mA and voltages 
from -1V to Vee + 1V. 

Additionally, the Vpp (programming) pin is designed 
to resist latch-up to the 14V maximum device limit. 

PROGRAMMING 

Caution: Exceeding 14.0Von pin 1 (Vpp) may per
manently damage the 27C64 or 87C64. 

Initially, and after each erasure, all bits of the 27C64 
or 87C64 are in the "1" state. Data is introduced by 
selectively programming "Os" into the desired bit lo
cations. Although only "Os" will be programmed, 
both "1s" and "Os" can be present in the data word. 
The only way to change a "O" to a "1" is by ultravio
let light erasure. 

The 27C64 or 87C64 are in the pr~amming mode 
when the Vpp input is at 12.5V and CE is at TIL-low. 
The data to be programmed is applied 8 bits in paral
lel to the data output pins. The levels required for the 
address and data inputs are TIL. 

int81igent ProgrammingTM 
Algorithm 

The 27C64 and 87C64 inteligent Programming Algo
rithms rapidly program Intel CHMOS 11-E EPROMs 
using an efficient and reliable method particularly 
suited to the production programming environment. 
Typical programming times for individual devices are 
on the order of one minute. Actual programming 
times may vary due to differences in programming 
equipment. 

Programming reliability is also ensured as the incre
mental program margin of each byte is continually 
monitored to determine when it has been success
fully programmed. A flowchart of the 27C64 or 
87C64 inteligent Programming Algorithm is shown in 
Figure 5. 

The inteligent Programming Algorithm utilizes two 
different pulse types: initial and overprogram. The 
duration of the initial CE pulse(s) is one millisecond, 
which will then be followed by a longer overprogram 
pulse of length 3X msec. X is an iteration counter 
and is equal to the number of the initial one millisec
ond pulses applied to a particular 27C64 or 87C64 
location, before a correct verify occurs. Up to 25 
one-millisecond pulses per byte are provided for be
fore the overprogram pulse is applied. 

The entire sequence of program pulses and byte 
verifications is performed at Vee = 6.0V and Vpp = 
12.5V. 

When the inteligent Programming cycle has been 
completed, all bytes should be compared to the orig
inal data with Vee = 5.0V. 

PROGRAM INHIBIT 

Programming of multiple 27C64 or 87C64 EPROMs 
in parallel with different data is easily accomplished 
by using the Program Inhibit mode. A high-level CE 
or ALE/CS input inhibits other 27C64 or 87C64 
EPROMs from being programmed. 

Except for CE or ALE/CS all inputs of the parallel 
27C64s or 87C64s may be common. A TIL low-level 
pulse applied to the PGM and CE or ALE/CS input 
with Vpp at 12.5V will program the selected 27C64 
or 87C64. 
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VERIFY 

A vtsr.iiy (.-.:,itU} :.i1uuiU U.:, µt:.1ly1-ff1c;U Vf1 ti,.:, ~ru
grammed bits to determine that they have been cor
rectltP_rogrammed. The verify is performed with OE 
and CE or ALE/CS at Vil· Data should be verified a 
minimum of toEv after the falling edge of OE. 

int81igent ldentifierTM Mode 

The intaligent identifier Mode allows the reading out 
of a binary code from an EPROM that will identify Its 
manufacturer and type. This mode is intended for 

use by programming equipment for the purpose of 
automatically matching the device to be pro-
__ ... ___ ,.,i .... :+h ;+,... ~ .................................. ; ....................................... : ... - ......... ..... 
~IUllllllV\,ol YYl .. 11 Ill. ... ._....,.,, ....... ,.. ..... ,, .... ,,,~ t'IV~l~lllllllll~ Wt~....--

rithm, This mode is functional in the 25°C ± s•c 
ambient temperature range that is required when 
programming the 27C64 or 87C64. 

To activate ttiis mode the programming equipment 
must force 11.5V to 12.5V on address lihe A9 (pin 
24) of the 27C64 or 87C64. Two bytes may then be 
sequenced from the device outputs by toggling ad
dress line AO (pin 10) from V1L to ViH· All other ad
dress lines must be held at V1L during inteligent iden
tifier Mode. 

Table 3. Programming Modes for 27C64 and 87C64 

Pins - OE PGM Ag Ao Vpp Vee Outputs 
CE 

Mode (20) (22) (27) (24) (10) (1) (28) (11-13, 15-19) 

intaligent Programming V1L V1H V1L x x Vpp 6.0V4 D1N 

Program Verify V1L Vil V1H x x Vpp 6.0V4 Dour 

Program Inhibit V1H x x x x Vpp 6.0V4 HIGHZ 

inteligent ldentifier3 V1L V1L V1L VH V1L Vee Vee 89H 
-Manufacturer 

inteligent ldentifier3 V1L V1L V1H VH V1H Vee Vee 07H 
-27C64 

inteligent ldentifier3.5 V1L V1L V1L VH V1H Vee Vee 37H 
-87C64 

NOTES: 
1. X can be V1L or V1H 
2. VH = 12.0V ± 0.5V 
3. A,-As, Al0-12 = VtL 
4. Vee = 6.0V ± 0.25V 
5. Available in 1985 
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INCREMENT ADDR 

27C64/87C64 

START 

ADDR = FIRST LOCATION 

PROGAAM ONE 1 msec PULSE 

YES 

PROGRAM ONE PULSE 
DF 3X moec DURATIOll 

DEVICE PASSED 

DEVICE 
FAILED 

Figure 5. 27C64 and 87C64 lnteUgent Programming™ Flowchart 
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DEVICE 
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inteligent ProgrammingTM ALGORITHM 

D.C. PROGRAMMING CHARACTERISTICS: 
TA = 25°C ± 5°C, Vee = 6.0V ± 0.25V, Vpp = 12.5V ± 0.5V 

Symbol Parameter 

lu Input Current (All Inputs) 

V1L Input Low Level (All Inputs) 

V1H Input High Level 

Vol Output Low Voltage During Verify 

VoH Output High Voltage During Verify 

lcc2 V cc Supply Current 

lpp2 Vpp Supply Current (Program) 

A.C. PROGRAMMING CHARACTERISTICS: 27C64 
.c 

Symbol Parameter 
Min 

tees CE Setup Time 2 

tos Address Setup Time 2 

to ES OE Setup Time 2 

tos Data Setup Time 2 

tAH AddressHold Time 0 

toH Data Hold Time 2 

toFP3 
OE High to 

0 
Output Float Delay 

tvps Vpp Setup Time 2 

tvcs V cc Setup Time 2 

tpw 
PGM Initial Program 

0.95 
Pulse Width 

to PW 
PGM Overprogram 

2.85 
Pulse Width 

toE Data Valid from OE 

A.C. CONDITIONS OF TEST 
Input Rise and Fall Times (10% to 90%) ...... 20 ns 
Input Pulse Levels .................. 0.45V to 2.4V 
Input Timing Reference Level ....... 0.8V and 2.0V 
Output Timing Reference Level ...... 0.8V and 2.0V 

Limits 
Test Conditions 

Min Max Unit 

10 µA V1N = V1L or V1H 

-0.1 0.8 v 
2.0 Vee+ 1 v 

0.45 v loL = 2.1 mA 

2.4 v loH = - 400 µA 

30 mA 

30 mA CE= V1L 

Limits 
Test Conditions 

Typ Max Unit 

µs 

µs 

µs 

µs 

µs 

µs 

130 ns 

µs 

µs 

1.0 1.05 ms (See Note 1) 

78.75 ms (See Note 2) 

150 ns 

NOTES: 
1. Initial Program Pulse width tolerance is 1 msec ± 5%. 
2. The length of the overprogram pulse may vary from 2.85 
msec to 78.75 msec as a function of the iteration counter 
value X. 
3. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no long
er driven-see timing diagram. 
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int81igent ProgrammingTM Waveforms: 27C64 

PROGRAM VERIFY 

V1H 

A DOA ESSES ADDRESS TABLE 

Vil 

'•" 
V1H 

HIGHZ 
DATA DATA IN STABLE 

VIL 
loH •oFP 

12.SV 

Vpp 

5.0V 

6.0V 

Vee 

5.0V 

V1H 

CE 
Vil 

tvcs 

V1H 

PGM 

Vil 

'·· to Es 

toe 
V1H 

i5E 
loPW 

Vil 

290000-9 

NOTES: 
1. The Input Timing Reference Level is O.BV for V1L and 2V for a ViH· 
2. toE and toFP are characteristics of the device but must be accommodated by the programmer. 
3. When programming the 27C64, a 0.1 µF capacitor is required across Vpp and ground to suppress spurious volt
age transients which can damage the device. 
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A.C. PROGRAMMING CHARACTERISTICS: iflll 
T.A. = 25°C ± s·c. Vr.r. = 6.0 ± 2.5V. Vpp = 12.5V ± 0.5V --

Symbol Parameter 
Limits 

Unit 
Test 

Min Typ Max Conditions 

tvps Vpp Setup Time 2 µ.s 

tves Vee Setup Time 2 µ.s 

tLL Chip Deselect Width 2 µ.s 

tAL Address to 1 µ.s 
Chip Select Setup 

tLA Address Hold from 1 µ.s 
Chip Select 

tpp PGM Initial 0.95 1.0 1.05 µ.s 
Pulse Width 

to PW PG M Overprogram 2.85 78.75 µ.s 
Pulse Width 

tos Data Setup Time 2 µ.s 

toH OE High to Data Float 150 ns 

toES Output Enable 2 µ.s 
Setup Time 

to EV Data Valid from 150 ns 
Output Enable 

NOTE: 
Programming tolerances and test conditions are the same as 27e64 

lntellgent ProgrammlngTM WAVEFORMS: Mf 

ADDRESS 

DATA 

'os '"" ALE/CS 

Vpp 

Vee 

5E 

PGM 

290000-8 
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iATC 
29C50 and 29C51 

FEATURE CONTROL COMBO 

• 29C50 22-pin, 7 signaling channels 
• 29C51 28-pin, 10 signaling channels, secondary analog inputs and outputs 

• External and User Programmable • Programmable µ/A-Law Select 
Transmit and Receive Gain 

• Programmable Internal and External 
Hybrid Balance Network Select 

• Programmable Analog, Digital, and 
Subscriber Loopback 

• Flexible Signaling Interface 

• Secondary Analog Channel 

• Three-Party Conferencing 

• Low Power Consumption 

The Intel iATC 29C50/29C51 Feature Control Combo is an advanced user-probrammable, fully integrated PCM 
Codec with transmit/receive filters fabricated in a CMOS technology. This technology is built on CHMOS and 
will allow the 29C50 and 29C51 to realize the same excellent transmission performance as in the Intel 2913/ 
2914 combo while achieving the low power consumption typical of CMOS circuits. 

The 29C50/29C51 are the first members of Intel's third generation advanced telecommunication components. 
The Feature Control Combo supports the analog subscriber with a variety of added per-line features to the 
normal BORSCHT functions associated with the analog line circuit. Some of these features include secondary 
analog channels, programmable transmit and receive gain, on-chip or custom hybrid balancing network selec
tion, a flexible signaling interface, and programmable µ, or A-law conversions. 

The 29C50/29C51 is intended for use with the 2952 Integrated Line Card Controller in digital switching envi
ronments. These components allow the system transmit and receive backplane highways to operate at different 
frequencies from that of the subscriber interface data channels. The 2952 handles the transfer of primary voice, 
secondary analog data, feature control, and signaling information between the backplane and up to 8 29C50/ 
29C51's. 

SIGR1 EBN1 SIGR1 SAO 

SIGR2 EBN2 SIGR2 EBN1 

SIGD VFR- SIGR3 EBN2 

SIGC VFR+ SIGD VFR-

SIGB GSR SIGC VFR+ 

SIGA vcc SIGB GSR 

SLD GNDA SIGA VCC 

GNDD TG1 SLD GNDA 

SCL VBB GNDD TG1 

SDIR TG2 SCL VBB 

SIGX1 VFX SDIR TG2 

SIGX1 VFX 

SIGX2 SAl2 

SIGX3 SAl1 

Figure 1. Pin Configuration 
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TG1 TG2 

SAi SELECTION SWITCH > -j SAl1 
~ 8:; ------------0 c_.-
z c !; 
8~ II. l 
~ a:; l--S_A_12-t--+----t 

Ji w 

~ i !.! {--YFX-1-----0..CHO---f ~ g 
BALANCE 
NETWORK 
SWITCH 

TRANSMIT 
FILTER 

PULSE-CODE 
MODULATION 

ENCODER :3 z 
::i 

~ ~ ~ l EBN1 1-----i~--sc_L -J ~ffimii: a: Z 0 BALANCE CONTROL 
~ j ~ NETWORK SDIR 
I( C I'- EBN2 SELECTION AND REGISTERS 

w m !I! { INTERPOLATION _A_N_D..,L .. O_G_1c_ SLD ~ 
~ ~~~ rn 

~ § SIGX(n) ~ m ____________ :----o I 
~~ ~!/lr v• 

oo 
~ _s_1_G_Pl_n_,> i----t iii I:! 

SAMPLE 
AND HOLD 

PRIMARY AND SAO 

Figure 2. Block Diagram 
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Table 1. Pin Names 

VFX Analog Input SCL Subscriber Clock 

VFR+, VFR- Analog Output SLD Subscriber Data Link 

SAl1, SAl2 Secondary Analog Inputs SDIR Subscriber Direction 

SAO Secondary Analog Output TG1, TG2 Transmit Gain Adjust 

GNDD Digital Ground GSA Receive Gain Adjust 

GNDA Analog Ground EBN1, EBN2 External Balance Network 

Vee Power (+SV) SIGX1, X2, X3 Transmit Signaling Input 

VBB Power (-SV) SIGR1, R2, R3 Receive Signaling Output 

SIGA, B, C, D Programmable Transmit/ 

Receive Signaling Lead 

Table 2. Pin Description 

Symbol Function I Symbol Function 

vcc Most positive supply; input voltage is SAO Secondary analog output, capable of 
+5V±5%. driving loads of a least 10k!1. 

VBB Most negative supply; input voltage is SCL Subscriber clock. Supplied by the 2952 
-5V±5%. line card controller, this is a 512 kHz, 

GNDA Analog ground return line. Not internally 
connected to GNDD. 

50% or 33% duty cycle clock. Input will 
accept TTL levels. 

GNDD Digital ground return line. Not internally 
connected to GNDA. 

SDIR Subscriber direction signal and frame 
sync. When high, SLD becomes an input 
and data is transferred from the 2952 to 

VFX Analog voice input to transmit channel. the 29C51. When low, the output buffer 

TG1 Inverting input to transmit gain adjusting 
op-amp. Feedback point for external gain 
adjusting resistor network up to 10k ohm. 

on the 29C51 SLD pin is enabled and 
data is transferred from the 29C51 to the 
2952. Input will accept TTL levels. 

TG2 Output of the transmit gain adjusting op-
amp. Will drive external gain adjusting 
resistor network up to 10k ohm. 

SLD Subscriber data link. A 512kbps bi-
directional serial data port, which is 
clocked by SCL. SLD becomes a TTL 
compatible input when SDIR is high and 

VFR+ Non-inverting output of the power an output capable of driving one TTL 
amplifier. Capable of directly driving load when SDIR is low. 
transformer hybrids or high impedance 
loads either single ended or differentially. 

VFR- Inverting output of power amplifier. 
Capable of directly driving transformer 
hybrids or high impedance loads either 
single ended or differentially. 

GSA Input to receive gain setting circuit. An 
external resistor network connected 
between VFR - and VFR + , and GSA 
sets the receive channel gain from OdB to 
-9.54dB. Connecting GSA to GNDA will 
set the gain at - 6.02dB. 

EBN1 Input for the first external balance network. 

SIGX1 Transmit signaling inputs. Data present at 
SIGX2 SIGX(n) is latched by an internal signal 
SIGX3 preceding the falling edge of SDIR and is 

serially transferred on SLD during the 
transmit signaling byte. TTL compatible. 

SIGR1 Receive signaling outputs. Data received 
SIGR2 serially on SLD during the receive 
SIGR3 signaling byte is latched on these outputs 

during the following byte. Capable of 
driving one TTL load. 

SIGA Programmable signaling pins. If the 
SIGB appropriate bit in the feature control 
SIGC memory is set high (either SIGDA, SIGDB, 

EBN2 Input for the second external balance 
network. 

SIGD SIGDC, or SIGDD), the corresponding pin 
will become a receive signaling output, like 

SAl1 First secondary analog input. also the non-
inverting input if differential secondary 
analog input mode is selected. 

SIGR(n). If the bit in the feature control 
memory is set low, the corresponding pin 
will become a transmit signaling input, like 
SIGX(n). Inputs will accept TTL level 

SAl2 Second secondary analog input, also the 
inverting input if differential secondary 

inputs, and outputs can diive one TTL 
load. 

analog input mode is selected. 
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FUNCTIONAL DESCRIPTION 

Ti-rt: 29C5G/29C51 iti ct. t.;urnUirn::R.i t;(H::t.nnei fi:ier anci 
PCM codec for use on analog line interface circuit 
boards in a digital telecommunications switching sys
tem. This device resides between the circuitry which 
provides the "BORSHT" functions for a given line, 
and the shared line board controller. It provides the 
transmit and receive voice-path filtering ·and com
panded analog-to-digital and digital-to-analog con
versions necessary to interface a full duplex (4-wire) 
voice telephone circuit with the PCM highways of a 
time division multiplexed (TDM) system. 

SLIC 29C51 

• BATTERY FEED • AID CONVERSION 
• OVERVOLTAGE • FILTERING 
•RINGING • LINE BALANCE 
• SUPERVISION • SLIC CONTROL 
•HYBRID • SPECIAL FUNCTIONS 

•TEST •TEST 

SLIC 29C51 

Aii feaiures of ihe 22-ieaci device (29Co0J are iaen
tical to that of the 28-lead device (29C51) except for 
the number of signaling pins and the secondary chan
nel capabilities. There are 10 signaling channels 
available on the 29C51 configured as three transmit, 
three receive, and four programmable for either di
rection. Seven signaling leads are located on the 
29C50 providing one transmit, two receive, and four 
programmable. There are no secondary analog in
puts or outputs on the 29C50; however, three-party 
conferencing is still available. · 

SLD(1) 

SCL XMIT 

SDIR 
2952 

LCC 

SLD(7) 

OPTIONAL 
MICROCONTROLLER 

REC 

CONTROL 

• POWER UP CONFIGURATION 
• LINE SCAN PROCESSING 
• LINE CARD CUSTOMIZING 

1 
2 

1 
2 

Figure 3. Analog Llnecard 

TRANSMIT AND RECEIVE OPERATION 

Transmit Filter 

A low pass anti-aliasing section is included on chip. 
This section typically provides 35dB attenuation at 
the sampling frequency. No external components are 
required to provide the necessary anti-aliasing func
tion for the switched capacitor section of the transmit 
filter. 

The passband section provides flatness and stop
band attenuation which fulfills the AT&T D3/D4 spec
ification and the CCITT G.712 recommendation. The 
29C50 and 29C51 specifications meet the digital 
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class 5 central office switching systems requirements. 
The transmit filter transfer characteristics and spec
ifications will be within the limits shown in Figure 10. 

A high pass section configuration rejects low fre
quency noise from 50 and 60 Hz power lines, 17 Hz 
European electric railroads, ringing frequencies and 
their harmonics, and other low frequency noise. Gain 
of up to 20dB can be set without degrading the per
formance of the filter. 
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Encoding 

The output of the transmit filter is internally sampled 
by the encoder and held on an internal sample and 
hold capacitor. DC offset is corrected by an on-chip 
auto zero circuit. The signal is then encoded and 
presented as PCM data on the SLD lead on the first 
8 bits of the XMIT half frame (fifth byte). Secondary 
analog input signals are routed directly to the encoder 
and output in the sixth byte on the SLD. 

Decoding 

The PCM words received on the SLD are demulti
plexed and sent to the decoder. The decoded value 
is held on an internal sample and hold capacitor. If 
the secondary analog channel is being used, the PCM 
word received in the second byte on the SLD is de
coded, then held on another sample and hold ca
pacitor before appearing on the secondary analog 
output (SAO). If, however, conferencing has been 
selected, the two converted signals will be added and 
subsequently passed to the receive filter. 

Receive Filter 

The receive section of the filter provides a passband 
flatness and stopband rejection which fulfills the AT&T 
D3/D4 specification and the CCITT G.712 recom
mendation. The receive filter transfer characteristics 
and specifications will be within the limits shown in 
Figure 11. 

GENERAL OPERATION 

External Gain Setting 

Both transmit and receive gain levels are factory 
trimmed, but can be modified by external resistors 
during line card assembly. The value of transmit gain 
is adjusted by connecting resistors RT1 and RT2 (see 
Figure 4) at the two external gain setting control pins, 
TG1 and TG2. These two pins are the input and out
put of an on-board gain amplifier stage, and the re
sistors provide the necessary input and feedback for 
gain control. The value of external gain is given by: 

A = 1 + RT1/RT2 

For unity gain, pins TG1 and TG2 are tied together. 
Similarly, for the receive section, external resistors 
RR1 and RR2 at pins VFR +, GSA, and VFR - set 
the external gain given by: 

A = (RR1 + RR2)/(RR1 + 3RR2) 

A value greater than 1 Ok ohms and less than 
100k ohms for R1 + R2 is recommended. The output 
is capable of driving loads of 300 ohms at 3.2Vp 
single ended or 600 ohms at 6.4Vp differentially. 

Three additional gain settings of OdB, - 6dB, and 
- 9.54dB can be realized without using any external 
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components by strapping pin GSR to VFR - , GNDA, 
and VFR + , respectively. 

RT2 RT1 

TG1 TG2 

..-----o--t VFR -
RR2 

RR1 
~---o--t VFR + 

GNDA 

~ 
Figure 4. External Gain Connections 

Hybrid Balancing Network 

The 2- to 4-wire conversion necessary for subscriber 
interface is partially integrated on-chip. Network line 
balancing needed to minimize the trans-hybrid loss 
from the receive to transmit direction analog signals 
is handled internally. The three internal networks 
shown in Figure 6 may be selected by programming 
the appropriate feature control byte. These networks 
are integrated in a switched capacitor configuration 
and have single pole-zero characteristics in the 200 
Hz to 3200 Hz range. They were chosen to serve a 
wide base of U.S. and European requirements, and 
can be used as standard line balancing networks or 
as test networks. 

Figure 5. External Balance Network and 
Interpolation Configuration 
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:; 
NETWORK#1 NETWORK #2 NETWORK #3 

(TBN1) (TBN2) (TBN3) 

Figure 6. Internal Balance Networks 
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lmdx= 4 kHz 

(I = 0 (I = 0.25 0: = 0.50 

0.88 o,663 0.838 1.013 1.188 1.363 

REAL BALANCE IMPEDANCE (kfi) 

Figure 7. Typical External Balance Networks 
and Complex Impedance Plot 
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Additionally, the user may apply two external balance 
networks to accommodate varying subscriber loop 
characteristics (See Figure 5 for external connec
tions). Presumably, these two networks can represent 
the two extremes of line conditions in different appli
cations such as long or short loops and loaded or 
unloaded lines. To serve typical lines with character
istics in between the two extremes, the interpolation 
capability provides a weighted average of the network 
frequency characteristics. If the external network at 
EBN1 produces a transfer function H1 (f) = ZB1 
(Zo + ZB 1) and the network at EBN2 produces 
H2(f) = ZB2 (Zo + ZB2), the balance signal can be 
programmed to have the transfer function H(f): 

H(f) = a H1 (f) + (1 -a) H2(f) 

where "a" is the interpolation coefficient programmed 
to have any of the five values of 0, .25, .50, .75, or 
1.0. Figure 5 displays how the subtraction of the cou
pling signal is implemented inside the device. 

As an example, the two external networks shown in 
Figure 7 represent typical hybrid balance networks 
for loaded (ZB 1) and unloaded (ZB2) analog loops. 
The graph in Figure 7 shows the real and imaginary 
components of the equivalent impedance of these 
two networks as a function of frequency and the in
terpolation coefficient. 

Secondary Analog Channel/Conferencing 

The 29C51 offers two simultaneous unfiltered infor
mation channels beyond the primary channel. Narrow 
band analog signals can be supplied for such appli
cations as telemetry, teleconferencing, remote loop 
testing, or various control uses. 

The secondary analog channel is accessed through 
two inputs, SAl1 and SAl2, sampled either single 
ended or differentially. The unfiltered secondary an
alog output, SAO, is a stair-step signal with the in
herent sinx/x frequency rolloff following DIA conversion. 

To allow three-party conferencing, the third party 
voice information can be transmitted and received 
during the data bytes carrying the secondary analog 
channel information. In the receive direction the pri
mary and secondary voice signals are held on sep
arate internal capacitors following DIA conversion, 
then passed through a - 3dB attenuator and summed 
together. The combined signal is smoothed in the 
receive filter and passed onto the output power am
plifier. In the transmit direction, the pulse-code mod
ulation encoder inserts the primary voice into both 
the fifth and sixth SLD bytes. 

Precision Voltage References 

Voltage references are generated on-chip and are 
trimmed during the manufacturing process. Separate 
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references are supplied for both the transmit and re
ceive sections of the chip, each trimmed indepen
dently. These references determine the gain and dy
namic range of the device and provide the user a 
significant margin for error in other board components. 

SLD Interface 

The 29C50 and 29C51 are intended for use with the 
2952 Line Card Controller which manages the trans
fer of all voice, feature control and signaling data to 
and from the Feature Control Combo and the system 
backplane. The interface between the two consists 
of just three leads, two of which are clock signals and 
the third a unique serial bus for communication. Up 
to eight 29C50129C51 feature control combos per line 
card can be controlled by one 2952, all sharing com
mon clock signals, SCL and SDIR. 

The subscriber direction (SDIR) lead provides an 8 
kHz signal which divides each frame into transmit and 
receive halves. During the first half when SDIR is high 
(RCV half-cycle), data is transmitted from the 2952 
to the 29C51 and in the second (XMIT half-cycle) 
transfer is from the 29C51 back to the 2952. Frame 
synchronization and all internal timing for the digital 
circuitry is derived from the rising edge of the SDIR 
signal. 

The subscriber clock (SCL) input generated by the 
2952 is a fixed 512 kHz clock signal allowing 64 bits 
(8 bytes) of data to be transferred on the SLD lead 
during each 125 µ,Sec frame. Depending on 2952 
master clock frequency, the SCL duty cycle can be 
either 50% or 33%. 

The subscriber data link (SLD) is a bidirectional serial 
bus that transfers eight bytes of serial data to and 
from the 29C51 each frame. During the first half of 
each frame, RCV channel information is transferred 
to the 29C51 in four bytes consisting of primary voice, 
secondary analog, feature control, and signaling in
formation. (The data byte actually contains the sec
ondary analog channel information.) Similarly during 
the second half-cycle, four bytes of XMIT channel 
information are sent to the 2952. The MSB (bit 7) of 
each byte is sent first on the SLD. After the last valid 
signaling bit is transmitted to the 2952, the bus is 
placed in a high impedance state for at least one SCL 
clock cycle to prevent data contention on the bus. 
(See FCB#6 - Signaling Register.) 

Upon power supply application and clocks SCL and 
SDIR applied, the 29C51 will automatically enter the 
power down state. During the transmit half cycle 
(29C51 talking to the 2952) a code of all ones will be 
sent to the controller during the VOX and DAX bytes. 
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Figure 8. 29C51/2952 Interface 
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PROGRAMMABLE FEATURES 

The 29C:i1 is configured by the 2952 line card con
troller by a set of six feature control bytes (FCB). 
These bytes of information are stored in internal reg
isters wtiich are serially multiplexed to and from the 
SLD interface in the third and seventh byte locations. 
The first two bits of each byte consist of a multiframe 
synchronization and write enable code. The framing 
bit (bit 7, MSB) establishes the beginning of a feature 
control frame when set to a logical zero, and incre
ments the feature control counter when set to one. 
The second (bit 6) enables the writing to the 29C51 
when it is the logical complement of the framing bit. 

When writing new feature control information to the 
29C51, the first byte should contain a framing (F) and 
write enable (WE) header of 01 (F = O and WE= 1 ) . 
This designates a new frame of information to trans-

FCB #1 - Power Up/Down, Loop Back 
Mode, µ/A-Law Select Register 

POWER UP AND DOWN 
The 29C50/29C51 can be instructed to go into the 
power down or standby mode for reduced power con
sumption. In t.his mode, all analog inputs and outputs 
are placed in a high impe<!ance state, inhibiting all 
primary voice and secondjlry data signals. A code of 
all ones will be output in the voice and data bytes on 
the SLD. ~ignaling and feature control ·information 
will continue to be processed to allow the 29C51 to 
be read or reprogramed, and to allow the backplane 
to monitor the subscriber line .. 

The 2952 can change the state of the feature control 
combo from standby to active ?Y sending the first 
feature control byte only. All other register contents 
will be preserved during power down provided the 
power supplies remain connected. 

LOOP BACK MODE SEl,.ECT 
Three modes of remote testing are incorporated in 
the 29C50/51 and can be selected by appropriate 
coding in this regis~er. The .loopback features allow 
a number of tests to be performed to determine line 
quality and balancing. These include digital loop back, 
analog loop back, and subscribe'r loop back. 

In the digital loopback mode, the combo retransmits 
the PCM words it receives in the voice and data bytes 
of the SLD back to the line card controller in the same 
frame. This feature allows path verif.ication and testing 
of the circuit up to the slav~ device. 

When the analog loopback·mode is selected, the an
alog output VFR + is internally connected to the an
alog input VFX. This feature allows functional testing 
of the combo as well as gain adjustment. The sec-
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fer. The subsequent bytes should each have F = 1 to 
advance the counter, and WE= O to enable the write 
operation. 

The controller can also request to verify the feature 
control register contents by sending a 00 or 11 at the 
beginning of the byte to be read. To read the first 
byte, a 00 F/WE code should be sent while each 
subsequent byte should have a 11 header. An internal 
six-stage counter is set on the first byte verified then 
incremented once each 125µ.s frame. It is reset only 
upon detection of a 01 or 00 F/WE. Once the counter 
is greater than six, neither read nor write modes may 
be selected by sending the 29C51 a 11 framing and 
write enable code. The 29C51 will then echo in byte 
7 the data it received in byte 3. 

no change 
write enable 

power down 
power up 

nOrmal operation 
dlgttal loop back 

normal operation 
analog loop back 

normal operation 
subscriber loop back 

A-Low 
µ-Law 

MSB LSB 

;T~Ti'j''''''l 
10 WEI~ ..... 
~ PUP 

DLB-

ALB----' 

SLB ------' 

ondary analog channel is unaffected during this 
operation. 

In the third test mode, subscriber loopback, the digital 
output of the AID converter is internally connected to 
the input of the D/ A converter. The analog signal input 
to VFX is sent through the transmit filter, encoded, 
then decoded, filtered and output to v:=R + and 
VFR - . This mode is used primarily for simplifying 
analog to analog testing from the subscriber side of 
the line card. If the s~condary analog inputs and out
put are being used, they will be looped back in the 
same manner, 

CONVERSION LAWS 
The 29C50 and 29C51 can be selected for either 
µ.-law or A-law operations. A user can select either 
conversion law by assigning the corresponding bit. 
A logical 1 in bit 1 would select µ.-law while alogical 
0 would select A-law conversions. Both conversions 
follow CCITT recommendation G.711. 



iATC 29C50 and 29C51 

FCB #2 - Receive Programmable Gain 
Register 

The receive gain levels can be adjusted by applying 
external resistors as mentioned earlier, or by selective 
programming of this register. A range from 0 to 
-12dB in 0.5d8 increments can be realized for the 
receive channel. 

FCB #3 - Secondary Analog Channel 
Register 

SECONDARY ANALOG INPUTS AND OUTPUTS 
The two inputs to the secondary analog channel, 
SAl1 and SAl2, can be programmed to be encoded 
either single ended or differentially. An analog signal 
applied at the selected input may be encoded once 
every 125 µ,gee in addition to the primary voice chan
nel. Alternatively, both SAl1 and SAl2 may be se
lected in which case each signal would be encoded 
in alternating frames at an effective sampling rate of 
4 kHz. The LSB of the encoded word would toggle 
between 0 and 1 to designate which input it was en
coded from. A "1" in the LSB represents SAl1 and 
a "O" for SAl2. The two inputs may also be used in 
a differential mode, resulting in SAl2 subtracted from 
SAl1. 

The receive section of the secondary analog channel 
can be progammed to direct the data byte output onto 
SAO, or to add the analog signal to the primary voice 
channel for conferencing. 

FCB #4 - Transmit Programmable Gain 
Register 

The gain setting of the transmit section of the. chip 
operates in the same manner as the receive gain 
register. A 12d8 range from - 6.0dB to + 6.0dB in 
0.5dB increments is available. 
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MSB LSB 

Bit Number.-l 1ls15141aj2I1 IO I 

~=~~JI~ l~b 
Galn(dB) #~~~~! 
-0- 00000 RGN1 l 

-0.5 00001 RGN2 
-1.0 00010 RGN3 j 
-1.5 00011 RGN4 

RGN5 

-12.0 11000 
-12.0 11XXX 

MSB LSB 

::s:~=~1~~I' l•l •Jjj_•I •Ir 
no change 1 1 F l dOn't 

write enable 1 o WE f care 

normal operation O 
transmit conferencing enable 1 CONFX 

Secondary Analog Input Mode #5 4 

dlllorontlal, SAl2-SAl1 O O SAIEN1 I 
SAl1 only 0 1 SAIEN2 f --~ 
SAl2 only 1 O 

toggle boteen SAl1 and SAl2 1 1 

normal OQttatlon 0 
receive conferencing enable 1 

CONFR 

aecondary analog output disable o SAOEN 
aecondary analog output enable 1 

no change 
write enable 

Gain (dB) 

+6.0 
+5.5 
+5.0 
+4.5 

MSB LSB 

Bit Number.-l 11s 15141aj2J1 lo I 

::N;m•1 ~~I 
11 Fl don't 
10 1 wef care 

54321 

00000 

~·i 00001 XGN2 
00010 XGN3 
00011 XGN4 

XGN5 

-6.0 11000 
-6.0 11XXX 
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FCB #5 - Balance Network Select and 
Gain Register 

BALANCE NETWORKS 
The 29C51 offers a choice of internal or external hy
brid balancing. Externally, two balance networks con
nected to pins EBN1 and EBN2 can.be used inde
pendently, or as a weighted average of the two. The 
weighting factor, or interpolation coefficient, can 
range from 0 to 1 in steps of .25. Setting "a" to be 
1 or 0 results in selecting either EBN1 or EBN2 
respectively. 

Three additional balance network configurations con
sisting of either a series or parallel RC circuit are 
located internal to the device. (See Figure 6). 

GAIN SETTING 
An additional 6dB gain in the balance signal path can 
be realized by coding this bit with a logical one. A 
logical zero provides unity gain. 

FCB #6 - Signaling Register 

Four pins are provided on both the 29C50 and 29C51 
chips to be used as selectable transmit or receive 
signaling inputs. A code of one in the respective bit 
commits the pin to receive signal information and a 
zero to transmit. The signaling field format as it ap
pears on the SLD bus is shown in Figure 9 for both 
the 29C50 and 29C51. R1, R2, and R3 correspond 
to signaling information received on SIGR1, SIGR2, 
and SIGR3 respectively. Similarly, programmable 
pins SIGA, SIGB, SIGC, SIGD, and transmit pins 
SIGX1, SIGX2, SIGX3 are coded into the bit location 
as shown below. 

Receive Signaling 
SLD Byte #4 

MSB LSB 

Blt~I 7 6 I s I 4 3 2 I 0 I 
29C51: R1 R2 R3 A B c D 

29C50: R1 R2 A B c D 

Z = High Impedance State 
- = Don't Care State 

MSB LSB 

no change 
write enable 

dluble balance network 
e1111ble balance network 

:;~f J'i'j1±rl 
10 WE}~ ~N 
~ BNE 

#~~ 
INT TBN1 000 SBN1} 
INT TBN2 001 SBN2 
INT TBN3 010 SBN3 

EBN #1, er.= 1 011 
EBN#2,a = 0 100 

0: = .25 101 
0 = .50 110 
0: = .75 111 

OdB pin (normal operation) 
BNG &dB gain In signal pa1h 

MSB LSB 

:~:::.be1~1· 
1
1. ,l·l·l*l·lr 

no changa 1 1 F l ~ don'1 
wrtte enable 1 0 WE f Cllra 

22 lead package O L2S 
28 lead package 1 

SIGA 11 a transmit pin 
receive pin 

SIGDA ___J 

SIGB 11 a transmit pin SIGDB 
receive pin 

SIGC 11 a tranemtt pin 
receive pin 

SIGDC 

SIGD la a transmit pin SIGDD 
receive pin 

Transmit Signaling 
SLD Byte #8 

MSB LSB 

e11-...l 1 6 I s I 4 3 2 0 

X1 X2 X3 A B c D z 
X1 A B c D z z z 

Figure 9. Signaling Field Format 
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ABSOLUTE MAXIMUM RATINGS 
Temperature Under Bias ............. -10°C to + 80°C 
SiurC1ye Temperniure ................. - 65°C 10 + i 50°C 
All Input and Output Voltages 

with Respect to V88 ........................ -0.3V to 13V 
All Input and Output Voltages 

with Respect to Vee ....................... -13V to 0.3V 
Power Dissipation .......................................... 1.35W 

DC CHARACTERISTICS 

"NOTICE: Stresses above those listed JJnder "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or 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, Vee = +5V ±5%, V88 = ~5v ±5%; SCL {50% duty), SDIR, SLD applied GNDD = 
Ov, GNDA = OV.) Typical values are for TA = 25°C and nominal power supply values 

DIGITAL INTERFACE 

Symbol Parameter Min Typ Max Units Test Conditions 

l1L Input Leakage Current -0.3 ±10 µA VBB"" Vin ""Vee 

VIL Input Low Voltage 0.8 v 
V1H Input High Voltage 2.2 Vee v 

+.3 

VoL Output Low Voltage 0.4 v loL ;., - 1 .6mA, 1 TTL load 

VoH Output High Voltage 2.4 v loH "" 50µ,A, 1 TTL load 

POWER DISSIPATION 

Symbol Parameter Min Typ Max Units Test Conditions 

leeL V cc Operating Current 9 mA 

leeL V88 Operating Current 9 mA 

lcco Yee Standby Current 0.8 mA 

leeo V68 Standby Current 0.8 mA 

Poo Standby Power Dissipation 8 mW 

PDI Operating Power Dissipation 90 mW 

A.C. CHARACTERISTICS - TRANSMISSION PARAMETERS 
(TG1 = TG2, Transmit Programmable Gain = 6dB; GSR = VFR-, Receive Programmable Gain = OdB) 

GAIN AND DYNAMIC RANGE 

Symbol Parameter Min Typ Max Units Test Conditions 

EmW Encoder Milliwatt Response ±0.1 dB Signal input of OdBmO 
f = 1.02KHz 

DmW Digital Milliwatt Response ±0.1 dB f = 1.02KHz 

DmWl'-v Digital Milliwatt Response VFR +, 6.14 dBm VFR + single-ended output 
VFR-, µ-law RL = 600!1 Receive input 

DmWAv Digital Milliwatt Response VFR +, 6.17 dBm per CCITT G.711 
VFR-, A-law 

DMWIJ.S Digital Milliwatt Response at SAO, 3.70 dBVrms No load; no sin xix 
µ-law correction 

DmWAs Digital Milliwatt Response at SAO, 3.73 dBVrms No load; no sin xix 
A-law correction 

OTLPx Zero Transmission Level Point .788 Vrms A-law 
Transmit Channel (OdBmO) .785 Vrms µ-law 
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GAIN TRACKING 
Reference level = OdBmO for µ,-law, - 1 O dBmO A-law at 1.02KHz, TG1 = TG2, GSA = VFR-, Transmit 
Programmable Gain = 6dB, Receive Programmable Gain = OdB 

Symbol Parameter Min Typ Max Units Test Conditions 

GTr Transmit Gain Tracking Error ±.25 dB +3 to -40dBmO 
Sinusoidal Input; µ, or A-law ±.50 dB - 40 to - 50dBmO 

±1.2 dB - 50 to - 55dBmO 

GTR Receive Gain Tracking Error ±.25 dB +3 to -40dBmO 
Sinusoidal Input; µ, or A-law ±.50 dB - 40 to - 50dBmO 

±1.2 dB - 50 to - 55dBmO 

AT&T PUB43801 and 
CCITT G.712 - Method 2 

ANALOG INTERFACE, RECEIVE PRIMARY AND SECONDARY CHANNELS 

Symbol Parameter Min Typ Max Units Test Conditions 

RoR Output Resistance, VFR + VFR - 1 n 

VosR1 Output Offset, VFR + or VFR - , 50 mV Relative to GNDA 
single ended 

VosR2 Output Offset, VFR + to VFR - , 75 mV 
Differential 

CLR Load Capacitance, VFR +, VFR - 100 pF 

VoR1 Max Output Voltage Swing across ±3.2 Vp RL~3oon 
AL, VFR +, VFR - , single-ended 
connection 

VoR2 Max Differential Output Voltage ±6.4 Vp RL~6oon 
Swing, VFR +, VFR -

PoR Differential Output Power, VFR +, 15.3 dBm AL= 600n 
VFR-

RoRs Output Resistance, SAO 25 n 
VosR Output Offset, SAO 50 mV 

CLAS Load Capacitance, SAO 20 pF 

RLRS Load Resistance, SAO 10 Kn 

VoRs Output Voltage Swing SAO ±3.2 Vp RL~10Kn 

ANALOG INTERFACE, TRANSMIT PRIMARY AND SECONDARY CHANNELS 

Symbol Parameter Min Typ Max Units Test Conditions 

lax Input Leakage Current, EBN1, 100 nA --1.6V<VFX<1.6V 
EBN2, TG1 

R1x1 Input Resistance, VFX 500 Kn -1.6V<VFX<1.6V 

R1X2 Input Resistance, EBN1, EBN2, 10 Mn -1.6V<VFX<1.6V 
TG1 

CMRRs Common Mode Rejection, SAl1, 40 dB Differential SAi conversion 
SAl2 

TGmax Max Transmit Gain Adjust 20 dB 

Vora Max Output Voltage Swing TG2 ±1.6 v RL~10Kn 

CLX Load Capacitance, TG2 20 pF 

RLX Load Resistance, TG2 10 Kn 
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DISTORTION 

lsvmboil PArAmatar Min J Tvn J MAY Uniha J T .. <tt ~nntUtlnnct . .. ~ ---- ------------
SDx. Signal to Distortion, µ, or A-law 35 dB 0 to -30dBmO 
SOR Sinusoidal input; CCITT G. 712 '-- 29 dB -30 to -40dBmO 

Method 2 Half Channel 25 dB - 40 to - 45dBmO 

DPx, Single Frequency Distortion -50 -47 dB Input = 1.02kHz OdBmO 
DPR Products In Band (2nd or 3rd AT&T Advisory 1(64 (3.8) 

Harmonic Half Channel) 

IMD1 Intermodulation Distortion, End to -40 dBmO CCITT G.712(7.1) 
End Measurement 

IMD2 Intermodulation Distortion, End to -50 dBmO CCITT G.712(7.2) 
End Measurement 

sos Spurious Out of Band Signals, -27 dBmO CCITT G.712(6.1) 
End to End Measurement 

SIS Spurious In Band Signals, End to -40 dBmO CCITT G.712(9) 
End Measurement 

DAX Transmit Absolute Delay 180 µ,s OdBmO, 1.02kHz 
Includes delay through AID 

Dex Transmit Differential Envelope 170 µ,s f = 500-600 Hz 
Delay; Relative to minimum 95 µ,s f = 600-1000 Hz 
envelope delay (1.4kHz) 45 µ,s f = 1000-2600 Hz 

105 µ,s f = 2600-2800 Hz 

DAR Receive Absolute Delay 125 µs OdBmO, 1.02kHz 
Includes delay through DIA 

DoR Receive Differential Envelope 45 µ,s f = 500-600 Hz 
Delay; Relative to minimum 35 µ,s f = 600-1000 Hz 
envelope delay (300 Hz) 85 µ,s f = 1 000-2600 Hz 

110 µ,s f = 2600-2800 Hz 
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NOISE (Primary Channel) 

Symbol Parameter Min Typ Max Units Test Conditions 

Nxc1 Transmit Noise, C-Message 12 dBrnCO Transmit Gain Adjust = OdB 
Weighted 

Nxp1 Transmit Noise, -78 dBmOp Transmit Gain Adjust OdB 
Psophometrically 
Weighted 

NRC1 Receive Noise, C-Message 10 dBrnCO Unity Gain; Idle Code 
Weighted 

NRP1 Receive Noise, -80 dBmOp Unity Gain; Idle Code 
Psophometrically 
Weighted 

PSRR1 Vee Power Supply Rejection, -35 dB Idle channel; 200mV P-P 
Transmit Channel signal on supply DC to 

50 KHz; Note 1. 

PSRR2 V BB Power Supply Rejection -30 dB Idle Channel; 200mV P-P 
Transmit Channel signal on supply DC to 

50 KHz; Note 1. 

PSRR3 Vee Power Supply Rejection, -35 dB Idle channel, 200mV P-P 
Receive Channel signal on supply DC to 

50 KHz; Note 1 . 

PSRR4 V BB Power Supply Rejection -30 dB Idle channel, 200mV P-P 
Receive Channel signal on supply DC to 

50 KHz; Note 1. 

CROSSTALK 

Symbol Parameter Min Type Max Units Test Conditions 

CTTR Crosstalk, Transmit Primary -75 dB Input = OdBmO, unity gain 
Voice to Receive Primary 1.02KHz; idle code on SLD 
Voice voice and data bytes 

CTRT Crosstalk, Receive Primary -75 dB OdBmO, 1.02 KHz signal at 
Voice to Transmit Primary SLD receive voice byte; 
Voice VFX = GNDA; secondary 

channels off 

CTsr Crosstalk, Transmit -70 dB SAi = OdBmO, 1.02 KHz; 
Secondary Channels to VFX = GNDA idle code on 
Transmit Primary Voice SLD voice and data bytes 

CTsR Crosstalk, Receive Secondary -70 dB OdBmO, 1.02 KHz at SLD 
Channel to Receive Primary data byte VFX = SAi = 
Voice GNDA 

NOTES: 
1. Measured at SLD Voice bytes for transmit channel. Measured at VFR + for receive channel. 
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TRANSMIT VOICE FREQUENCY CHARACTERISTICS 
TG1 = TG2, Transmit Programmable Gain = 6dB 

Symbol Parameter Min Typ 

GRx Gain Relative to Gain at 1 .02kHz 

16.67Hz 

50Hz 

60Hz 

200Hz -1.8 

300 to 3000Hz -0.125 

3300Hz --0.35 

3400Hz -0.70 

4000Hz 

4600Hz and Above 

AGpx Programmable Gain Accuracy ±.25 
(Commulative Error) 

Max 

-30 

-25 

-22 

-0.125 

+0.125 

+0.03 

-0.10 

-14 

-32 

Units Test Conditions 

OdBmO Signal Input at VFX 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB freq. = 1 .02kHz for all 
steps 

------------·---------------~~-----~ I 
·, ";t:~,rn 

l8dB 
200HL •l400H1 

-70411 

~- TYPICAl FILTER 
TRANSHR F\JlllCTION 

Figure 10. Transmit Voice Frequency Characteristics 
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RECEIVE FOICE FREQUENCY CHARACTERISTICS 
GSA = VFR - , Receive Programmable Gain = OdB 

Symbol 

GRR 

~GPR 

Parameter Min Typ Max 

Gain Relative to gain at 
1.02kHz 

Below 200Hz +0.125 

200Hz -0.5 +0.125 

300 to 3000Hz -0.125 +0.125 

3300Hz -0.35 +0.03 

3400Hz -0.70 -0.1 

4000Hz -14 
4600Hz & Above -30 

Programmable Gain Accuracy +.25 
(Commulative Error 

NOTU 
1 TYPICAL TRAl\jSFER FUNCTI0'-1 OF THE IHCElllE flL TER AS A SEPARATE COMPO,..HH 
2 ~VPICAL TRANSflR FUNCTION OF THE RECElllE FILTER DRIVEN llY THE SAlllPLE ANO 

~~~o~~;p~ETE~~ ;~: ~~:~~~9s~otc~F~~}T91~SCOOECS THE COMBINED FILTER/CODEC 

Units 

dB 

dB 

dB 

dB 

dB 

dB 
dB 

dB 

Test Conditions 

OdBmO input on SLD 

f = 1.02kHz all steps 

EX~ANDED 

SCAlE 

Figure 11. Receive Voice Frequency Characteristics 
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A.C. CHARACTERISTICS - TIMING PARAMETERS 

Symbol Parameter Min Typ Max Units Test Conditions 

Toe SCL Duty Cycle 28 33 38 % 2952 CLK Clock = 1.544 or 
45 50 55 % 1.536MHz 

2952 CLK Clock ~ 
2.048MHz 

!RC Rise, Fall Times, SCL 50 ns 
TFc 

TAD Rise, Fall Times, SLD 50 ns 
TFD 

TDIRR SCL to SDIR Delay -100 100 ns 

TDIRF SCL to SDIR Delay -100 +420 ns 

Too SCL to SLD Delay 0 200 ns 29C51 Transmitting* 

Tso Set-up Time, SLD to SCL 100 ns 2952 Transmitting 

THO Hold Time, SCL fo SLD 100 ns 

THZI SDIR to SLD Active 0 100 ns Byte 1, Bit 1 29C51 
Transmitting 

Tttz2 SCL to SLD High Impedance 0 100 ns After last SIGX bit 

Tss Set-up time, signaling inputs 1 µ.S 
to SLD Byte #4, Bit 7 

THs Hold time, .SLD Byte 4 Bit 7 1 µ.s 
for all signaling inputs 

Tos Delay SLD Byte 5 to signaling 1 µ.s 
outputs 

*In cases where the T DiF is positive, TDD is to be measured from the SDIR edge. 
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TIMING PARAMETERS (CLK = 1.544 MHz, 33% duty cycle) 

CLK 

!RC 
SCL 
!DIRR 

SDIR 

SIGNALING TIMING 

BYTE 3 BYTE 4 BYTES 

DON'T CARE 

t-1os 
OUTPUTS ----O-L-0------------.x NEW 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 
2.2 2.2 

>TEST POINTS< 

0.8 0.8 
0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT2.4V FOR A LOGIC"1" and0.45V FOR A 
LOGIC ~oM. TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC M1" ANO 
0.8V FOR A LOGIC MOM. 
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29C13 AND 29C14 
CHMOS COMBINED SINGLE-CHIP PCM CODEC AND FILTER 

• 29C14 Asynchronous clocks, 8th bit 
signaling, loop back test capability 

• 29C13 Synchronous clocks only, 300 mil 
package 

• Low-Power Pin Compatible Version of 
Intel's 2913 and 2914 

• AT&T D3/D4 and CCITT Compatible 

• 3 Low-Power Modes 
-5 mW Typical Power Down 
-8 mW Typical Standby 
-70 mW Typical Operating 

• 28-Pin Plastic Leaded Chip Carrier 
(PLCC) for Higher Integration 

• Direct Interface with Transformer or 
Electronic Hybrids 

• TTL and CMOS Compatible 

Intel's 29C13 and 29C14 are CHMOS versions of Intel's HMOS 2913 and 2914 family members. CHMOS is 
a technology built on HMOS-11, thus realizing the high performance and density obtained in that process while 
achieving the low power consumption typical of CMOS circuits. 

The 29C13 and 29C14 retain all the features of the 2913 and 2914: push/pull power amplifiers, µ,IA law pin 
select, on-chip auto zero, sample and hold and precision voltage references, power up clear and tri-state on 
clock interrupt, two timing modes and two power down modes. 

v,. 
PWRO+ 

PWRO

GS, 

PON 

CL KS EL 

DCLKR 

o, 

GADD 

Tsx!DCLKx 

v,. 
PWRO+ 

PWRO-

CLKSEL 

LOOP 

SIGR 

DCLKR 

o, 
FS, 

GADD .__ ___ __. 

Voo 

GS, 

Vfxl

Vfxl+ 

GRDA 

NC 

SIGx/ASEL 

TSxlDCLKx 

o, 

CLKx 

CLKR 

Figure 1. Pin Configurations 
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NC 

GS, 

NC 

PON 
CLKSEL 

LOOP 

SIGR 

DCLKR 

DR 

~. ~ < < G') 
+ :: g .%' 

YFxl+ 

GRDA 

NC 

SIGx/ASEL 

TSxlDCLKK 

NC 

o, 
NC 



intJ 29C13 and 29C14 

XMIT 
SECTION 

AUTO 
ZERO 

~ 
Dx 

VFxl+ 
SAMPLE SUCCESSIVE 

AND HOLD COMPARATOR APPROXIMATION OUTPUT .TSx/DCLKx 

YFxl·- AND DAC REGISTER REGISTER 

SIGxfASEL 

ANALOG 
TO 

DIGITAL FSx 
CONTROL 

LOGIC CLKx 

RCV CONTROL 

SECTION 
SECTION 

t5= 
CLKSEL 

CONTROL l>llJii 
GS, 

LOGIC 
LOOP 

BUFFER 

DIGITAL o, 
SAMPLE TO 

INPU"f 
PWRO+ 

AND HOLD ANALOG 
REGISTER AND DAC CONTROL 

LOGIC -DCLKR 
PWRO-

REFERENCE SIGR 

Vee ... GADD GRDA FS. CLKR 

Figure 2. Block Diagram 

Table 1. Pin Names 

VBB Power (-5V) GSx Transmit Gain Control 
PWRO +, PWRO- Power Amplifier Outputs VFxl - , VFxl + Analog Inputs 
GSR Receive Gain Control GRDA Analog Ground 
PON Power Down Select NC No Connect 
CLKSEL Master Clock Frequency SIGx Transmit Signaling Input 

Select 
LOOP Analog Loop Back ASEL µ- or A-law Select 
SIGR Receive Signaling Bit Output TSx Timeslot Strobe/Buffer Enable 
DCLKR Receive Variable Data Clock DCLKx Transmit Variable Data Clock 

DR Receive PCM Input Dx Transmit PCM Output 
FSR Receive Frame FSx Transmit Frame 

Synchronization Clock Synchronization Clock 
GRDD Digital Ground CLKx Transmit Master Clock 

Vee Power ( +5V) CLKR Receive Master Clock (29C14 
only, internally connected 
to CLKx on 29C1 3) 
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Table 2. Pin Description 

Symbol Function Symbol Function 

v •• Most negative supply; input voltage is -5 GRDD Digital ground for all internal logic circuits. 
volts ±5%. Not internally tied to GRDA. 

PWRO+ Non-inverting output of power amplifier. CLKR Receive master and data clock for the 
Can drive transformer hybrids or high fixed data rate mode; receive master clock 
impedance loads directly in either a differ- only in variable data rate mode. 
ential or single ended cohfiguration. 

CLKx Transmit master and data clock for the 
PWRO- Inverting output of power amplifier. Fune- fixed data rate mode; transmit master 

tionally identical and complementary to clock only in variable data rate mode. 
PWRO+. 

FSx 8 KHz frame synchronization clock input' 
GSA Input to the gain setting network on the timeslot enable, transmit channel. Oper-

output power amplifier. Transmission level ates independently but in an analogous 
can be adjusted over a 12dB range de- manner to FSA. 
pending on the voltage at GSA. The transmit channel enters-the standby 

PDN Power down select. When PDN is TTL 
high, the device is active. When low, the 

state whenever FSx is TTL low for 300 mil-
liseconds. 

device is powered down. Dx Transmit PCM output. PCM data is clocked 

CLKSEL Input which must be pinstrapped to reflect 
the master clock frequency at CLKx, CLKR. 
CLKSEL = V88 ... . 2.048 MHz 
CLKSEL = GADD . . . . . . . 1.544 MHz 

out on this lead on eight consecutive posi-
live transitions of the transmit data clock: 
CLKx in fixed data rate mode and DCLKx 
in variable data rate mode. 

CLKSEL = Vee· ........ 1.536 MHz TSxfDCLKx Transmit channel timeslot strobe (output) 

LOOP Analog loopback. When this pin is TTL 
high, the analog output (PWRO +) is 
internally connected to the analog input 
(VFxl + ), GSA is internally connected to 
PWRO-, and VF xi- is internally con-
nected to GSx. A OdBrnO digital signal in-
put at DR is returned as a +3dBmO digital 
signal output at Dx. 

or data clock (input) for the transmit chan-
nel. In fixed data rate mode, this pin is an 
open drain output designed to be used as 
an enable signal for a three-state buffer as 
in 291 OA and 2911 A direct mode timing. In 
variable data rate mode, this pin becomes 
the transmit data clock which operates at 
TTL levels from 64Kb to 2.048 Mb data 
rates. 

SIGR Signaling bit output, receive channel. In 
fixed data rate mode, SIGR outputs the log-
ical state of the eighth bit of the PCM word 
in the most recent signaling frame. 

DCLKR Selects the fixed or variable data rate 
mode. When DCLKR is connected to V88, 

the fixed data rate mode is selected. In 
this mode, the device is fully compatible 
with Intel 291 OA and 2911 A direct mode 
timing. When DCLKR is not connected to 

SIGxiASEL A dual purpose pin. When connected to 
V88, A-law operation is selected. When it is 
not connected to V88 this pin is a TTL level 
input for signaling operation. This input is 
transmitted as the eighth bit of the PCM 
word during signaling frames on the Dx 
lead. If not used as an input pin, ASEL 
should be strapped to either Vee or GADD. 

NC No connect 

V88, the device operates in the variable 
data rate mode. In this mode DCLKR be-
comes the receive data clock which oper-
ates at TTL levels from 64Kb to 2.048 Mb 

GRDA Analog ground return for all internal voice 
circuits. Not internally connected to GADD. 

VFxl+ Non-inverting analog input to uncommitted 

data rates. transmit operational amplifier. 

DR Receive PCM input. PCM data is clocked 
in on this lead on eight consecutive nega-

VFxl- Inverting analog input to uncommitted 
transmit operational amplifier. 

live transitions of the receive data clock; 
CLKR in the fixed data rate mode and 
DCLKR in variable data rate mode. 

GSx Output terminal of transmit input channel 
op amp. Internally, this is the voice signal 
input to the transmit filter. 

FSA 8KHz frame synchronization clock input' 
timeslot enable, receive channel. A multi-

Vee Most positive supply; input voltage is + 5 
volts ±5%. 

function input which in fixed data rate 
mode distinguishes between signaling and 
non-signaling frames by means of a dou-
ble or single wide pulse respectively. In 
variable data rate mode this signal must 
remain high for the entire length of the 
timeslot. The receive channel enters the 
standby state whenever FSA is TTL low for 
300 milliseconds. 
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FUNCTIONAL DESCRIPTION 

The 2913 and 2914 provide the analog-to-digital and 
the digital-to-analog conversions and the transmit and 
receive filtering necessary to interface a full duplex 
(4 wires) voice telephone circuit with the PCM high
ways of a time division multiplexed (TOM) system. 
They are intended to be used at the analog termi
nation of a PCM line or trunk. 

The following major functions are provided: 

• Bandpass filtering of the analog signals prior to 
encoding and after decoding 

• Encoding and decoding of voice and call prog
ress information 

• Encoding and decoding of the signaling and su
pervision information 
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GENERAL OPERATION 

System Reliability Features 

The combochip can be powered up by pulsing FSx 
and/or FSA while a TTL high voltage is applied to 
PON, provided that all clocks and supplies are con
nected. The 29C13 and 29C14 have internal resets 
on power up (or when V68 or Vee are re-applied) in 
order to ensure validity of the digital outputs and 
thereby maintain integrity of the PCM highway. 

On the transmit channel, digital outputs Dx and TSx 
are held in a high impedance state for approximately 
four frames (500µ,s) after power ':!.e_ or application of 
V68 or Vee· After this delay, Dx, TSx, and signaling 
will be functional and will occur in the proper timeslot. 
The analog circuits on the transmit side require ap
proximately 60 milliseconds to reach their equilibrium 
value due to the autozero circuit settling time. Thus, 
valid digital information, such as for on/off hook de
tection, is available almost immediately, while analog 
information is available after some delay. 

On the receive channel, the digital output SIGA is also 
held low for a maximum of four frames after power 
up or application of V68 or Vee· SIGA will remain low 
thereafter until it is updated by a signaling frame. 

To further enhance system reliability, TSx and Dx will 
be placed in a high impedance state approximately 
30µ,s after an interruption of CLKx. Similarly, SIGR 
will be held low approximately 30µ.s after an inter
ruption of CLKA. These interruptions could possibly 
occur with some kind of fault condition. 

Power Down and Standby Modes 

To minimize power consumption, two power down 
modes are provided in which most 29C13/C14 func
tions are disabled. Only the power down, clock, and 
frame sync buffers, which are required to power up 

the device, are enabled in these modes. As shown 
in Table 3, the digital outputs on the appropriate chan
nels are placed in a high impedance state until the 
device returns to the active mode. 

The Power Down mode utilizes an external control 
signal to the PON pin. In this mode, power con
sumption is reduced to the value shown in Table 3. 
The device is active when the signal is high and in
active when it is low. In the absence of any signal, 
the PON pin floats to TTL high allowing the device to 
remain active continuously. 

The Standby mode leaves the user an option of pow
ering either channel down separately or powering the 
entire device down by selectively removing FSx and/ 
or FSA. With both channels in the standby state, 
power consumption is reduced to the value shown in 
Table 3. if transmit only operation is desired, FSx 
should be applied to the device while FSA is held low. 
Similarly, if receive only operation is desired, FSA 
should be applied while FSx is held low. 

Fixed Data Rate Mode 

Fixed data rate timing, which is 291 OA and 2911 A 
compatible, is selected by connecting DCLKR to V66. 

It employs master clocks CLKx and CLKA, frame syn
chronization clocks FSx and FSA, and output TSx· 

CLKx. and CLKA serve both as master clocks to op
erate the codec and filter sections and bit clocks to 
clock the data in and out from the PCM highway. FSx 
and FSA are 8 kHz inputs which set the sampling 
frequency and distinguish between signaling and 
non-signaling frames by their pulse width. A frame 
synchronization pulse which is one master clock wide 
designates a non-signaling frame, while a double 
wide sync pulse enables the signaling function. TSx 
is a timeslot strobe/buffer enable output which gates 
the PCM word onto the PCM highway when an ex
ternal buffer is used to drive the line. 

Table 3. Power-Down Methods 

Power-Down 
Typical 

Device Status Power Digital Output Status 
Method Consumption 

Power Down Mode PON ° TTL low 5mW 
TSx and Dx are placed in a high impedance 
state and SIGR is placed in a TIL low state 
within 10 1.<S 

Standby Mode 8mW 
TSx and Dx are placed in a high impedance 

FSx and FSR are TTL low state and SIGR is placed in a TIL low state 
300 milliseconds after FSx and FSR are 
removed. 

Only transmit 1s FSx is TTL low 50mW TSx and Dx are placed in a high impedance 
on standby state within 300 milliseconds. 

Only receive is FSR is TTL low 50mW SIGR is placed in a TIL low state within 
on standby 300 milliseconds. 
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Data is transmitted on the highway at Dx on the first 
eight positive transitions of CLKx following the rising 
edge of FSx. Similarly, on the receive side, data is 
received on the first eight falling edges of CLKR. The 
frequency of CLKx and CLKR is selected by the 
CLKSEL pin to be either 1.536, 1.544, or 2.048 MHz. 
No other frequency of operation is allowed in the fixed 
data rate mode. 

Variable Data Rate Mode 

Variable data rate timing is selected by connecting 
DCLKR to the bit clock for the receive PCM highway 
rather than to Vee· It employs master clocks CLKx 
and CLKR, bit clocks DCLKR and DCLKx. and frame 
synchronization clocks FSR and FSx. 

Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequency 
of the bit clocks, which can be asynchronous in the 
case of the 29C14, synchronous in the case of the 
29C13, from 64 kHz tO 2.048 MHz. Master clocks 
inputs are still restricted to 1.536, 1.544, or 2.048 
MHz. 

In this mode, DCLKR and DCLKx become the data 
clocks for the receive and transmit PCM highways. 
While FSx is high, PCM data from Dx is transmitted 
onto the highway on the next eight consecutive pos
itive transitions of DCLKx. Similarly, while FSR is high, 
each PCM bit from the highway is received by DR on 
the next eight consecutive negative transitions of 
DCLKR. 

On the transmit side, the PCM word will be repeated 
in all remaining timeslots in the 125µ,s frame as long 

FSx 

as DCLKx is pulsed and FSx is held high. This feature 
allows the PCM word to be transmitted to the PCM 
highway more than once per frame, if desired, and is 
only available in the variable data rate mode. Con
versely, signaling is only allowed in the fixed data rate 
mode since the variable mode provides no means 
with which to specify a signaling frame. 

Signaling 

Signaling can only be performed with the 24-pin de
vice in the fixed data rate timing mode (DCLKR = 
Vee>· Signaling frames on the transmit and receive 
sides are independent of one another and are se
lected by .a double-width frame sync pulse on the 
appropriate channel. ·During a transmit signaling 
frame, the codec will encode the incoming analog 
signal and substitute the signal present on SIGx for 
the le.as! significant bit of the encoded PCM word. 
Similarly, in a receive signaling frame, the codec will 
decode the seven most significant bits according to 
CCITT recommendation G.733 and output the logical 
state of the LSB on the SIGR lead until it is updated 
in the next signaling frame. Timing relationships for 
signaling operation are shown in Figure 4. 

Asynchrondus Operation 

The 29C14 can be operated with asynchronous 
clocks in either the fixed or variable data rate modes. 
In order to avoid crosstalk problems associated with 
special interrupt circuitry, the design of the Intel 
29C13/C14 combochip includes separate digital-to
analog converters and voltage references on the 
transmit and receive sides to allow independent op
eration of the two channels. 

~=~=============~~== ) ) 

Tli~ It < --------------~---oo~CARE------~-_x:---------- rii\N'i"l-TR~ 
SIGx ------------__,._------------.'- -------- ~""'-""'"""' 

FSR 

DR=~=-====-=:= .... ----=--=--====~== 
s10. ;: < _...L_L_____'!YALYE 

Figure 4. Signaling Tlmlng (Used Only with Fixed Data Rate Mode) 
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In either timing mode, the master clock, data clock, 
and timeslot strobe must be synchronized at the be
ginning of each frame. CLKx and DCLKx are syn
chronized once per frame but may be of different 
frequencies. The receive channel operates in a sim
ilar manner and is completely independent of the 
transmit timing (refer to Variable Data Rate Timing 
Diagrams). This approach requires the provision of 
two separate master clocks, even in variable data rate 
mode, but avoids the use of a synchronizer which can 
cause intermittent data conversion errors. 

Analog Loopback 

A distinctive feature of the 29C14 is its analog loop
back capability. This feature allows the user to send 
a control signal which internally connects the analog 
input and output ports. As shown in Figure 5, when 
LOOP is TTL high the analog output (PWRO +) is 
internally connected to the analog input (VF xi+), GSA 
is internally connected to PWRO-, and VFxl - is 
internally connected to GSx. 

With this feature, the user can test the line circuit 
remotely by comparing the digital codes sent into the 
receive channel (DR) with those generated on the 
transmit channel (Dx). Due to the difference in trans
mission levels between the transmit and receive 
sides, a O dBmO code sent into DR will emerge from 
Dx as a + 3dBmO code, an implicit gain of 3 dB. Thus, 
the maximum signal input level which can be tested 
using analog loopback is o dBmO. 

Precision Voltage References 

No external components are required with the com
bochip to provide the voltage reference function. Volt
age references are generated on-chip and are cali-

brated during the manufacturing process. These 
references determine the gain and dynamic range 
characteristics of the device. 

Separate references are supplied to the transmit and 
receive sections and each is trimmed independently 
during the manufacturing process. The reference 
value is then further trimmed in the gain setting op
amps to a final precision value. With this method the 
combochip can achieve the extremely accurate Dig
ital Milliwatt Responses specified in the TRANSMIS
SION PARAMETERS, providing the user a significant 
margin for error in other board components. 

Conversion Laws 

The 29C13 and 29C14 are designed to operate in 
both µ,-law and A-law systems. The user can select 
either conversion law according to the voltage present 
on the SIGx/ASEL pin. In each case the coder and 
decoder process a companded 8-bit PCM word fol
lowing CCITT recommendation G.711 for µ,-law and 
A-law conversion. If A-law operation is desired, SIGx 
should be tied to V88. Thus, signaling is not allowed 
during A-law operation. If µ, = 255-law operation is 
selected, then SIGx is a TTL level input which mod
ifies the LSB of the PCM output in signaling frames. 

TRANSMIT OPERATION 

Transmit Filter 

The input section provides gain adjustment in the 
passband by means of an on-chip uncommitted op
erational amplifier. This operational amplifier has a 
common mode range of ± 2.17 volts, a DC offset of 
25 mV, and a typical voltage gain of 20,000. Gain of 

--------------------------, 
I-LOOP 

TRANSMIT 
VOICE 

VFXI+ 

GSX I 
I 
I 

Dx 1 

PWRO+ ~ 

PWRO- I Ll__ : 
I 
I GSR : 
I I 
L-------------------------

COMBOCHIP ANALOG LOOP BACK FUNCTION 

DIGITIZED 
PCM 
LOOP BACK 
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DIGITIZED 
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TEST 
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Figure 5. Simplified Block Diagram of 29C14 Combochlp In the Analog Loopback Configuration 
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up to 20 dB can be set without degrading the per
formance of the filter. The load impedance to ground 
(GRDA) at the amplifier output (GSx) must be greater 
than 10 kilohms in parallel with less than 50 pF. The 
input signal on lead VFxl + can be either AC or DC 
coupled. The input op amp can also be used in the 
inverting mode or differential amplifier mode (see Fig
ure 6). 

A low pass anti-aliasing section is included on-chip. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components are 
required to provide the necessary anti-aliasing func
tion for the switched capacitor section of the transmit 
filter. 

The passband section provides . flatness and stop
band attenuation which fulfills the AT&T D3/D4 
channel bank transmission specification and CCITT 
recommendation G.712. The 29C13 and 29C14 
specifications meet or exceed digital class 5 central 
office switching systems requirements. The transmit 
filter transfer characteristics and specifications will be 
within the limits shown in Figure 8. 

A high pass section configuration was chosen to re
ject low frequency noise from 50 and 60 Hz power 
lines, 17 Hz European electric railroads, ringing fre
quencies and their harmonics, and other low fre
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex
ternal components. 

Encoding 

The encoder internally samples the output of the 

Vfxl+ 
+ 

VFxl- GAIN=1+~ 

GSx 

Rgure 6. Transmit Filter Gain Adjustment 

transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per
forms an analog to digital conversion on a switched 
capacitor array. Digital data representing the sample 
is transmitted on the first eight data clock bits of the 
next frame. 

An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is long term averaged and 
subtracted from the input to the encoder. In this way, 
all DC offset is removed from the encoder input 
waveform. 

RECEIVE OPERATION 

Decoding 

The PCM word at the DR lead is serially fetched on 
the first eight data clock bits of the frame. A DIA 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then trans
ferred to the receive filter. 

Receive Filter 

The receive filter provides passband flatness and 
stopband rejection which fulfills both the AT&T D3/D4 
specification and CCITT recommendation G.712. 
The filter contains the required compensation for the 
(sin x)/x response of such decoders. The receive fil
ter characteristics and specifications are shown in 
Figure 9. 

Receive Output Power Amplifiers 

A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration. 
Either of the two outputs can be used single ended 
(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a bridged 
load directly. The output stage is capable of driving 
loads as low as 300 ohms single ended or 600 ohms 
differentially. 

The receive channel transmission level may be ad
justed between specifiep limits by manipulation of the 
GSR input. GSA is internally connected to an analog 
gain setting network. When GSR is strapped to 
PWRO-, the receive level is unattenuated; when it 
is tied to PWRO +, the level is attenuated by 12 dB. 
The output transmis:!!ion level interpolates between 0 
and - 12 dB as GSA is interpolated (with a poten
tiometer) between PWRO + and PWRO - . The use 
of the output gain set is illustrated in Figure 7. 

Transmission levels are specified relative to the re-
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Table 4. Zero Transmission Level Points 

Symbol Parameter 

OTLP1x Zero Transmission Level Point 
Transmit Channel (OdBmO) µ.-law 

OTLP2x Zero Transmission Level Point 
Transmit Channel (OdBmO) A-law 

OTLP1R Zero Transmission Level Point 
Receive Channel (OdBmO) µ-law 

OTLP2R Zero Transmission Level Point 
Receive Channel (OdBmO) A-law 

ceive channel output under digital milliwatt conditions, 
that is, when the digital input at DR is the eight-code 
sequence specified in CCITT recommendation G.711. 

OUTPUT GAIN SET: DESIGN 
CONSIDERATIONS 

(Refer to Figure 7.) 

PWRO + and PWRO- are low impedance comple
mentary outputs. The voltages at the nodes are: 

Vo+ at PWRO+ 
Vo- at PWRO-
Vo = (Vo+) - (Vo - )(total differential response) 

R, and R2 are a gain setting resistor network with the 
center tap connected to the GSR input. 

A value greater than 1 OK ohms for R1 + R2 and less 
than 1 OOK ohms for R, in parallel with R2 is recom
mended because: 
(a) The parallel combination of R1 + R2 and RL sets 

the total loading. 
(b) The total capacitance at the GSR input and the 

parallel combination of R, and R2 define a time 
constant which has to be minimized to avoid in
accuracies. 

Value Units Test Conditions 

+2.76 dBm Referenced to 6000 
+ 1.00 dBm Referenced to 9000 

+2.79 dBm Referenced to 6000 
+ 1.03 dBm Referenced to 9000 

+5.76 dBm Referenced to 6000 
+4.00 dBm Referenced to 9000 

+5.79 dBm Referenced to 6000 
+4.03 dBm Referenced to 9000 

A is the gain of the power amplifiers, 

For design purposes, a useful form is R1/R2 as a 
function of A. 

4A - 1 
R,IR2 =--A-

1 -

(Allowable values for A are those which make R,JR2 
positive.) 
Examples are: 
If A= 1 (maximum output), then 

R1/R2 = oo or V(GSR) =Vo - ; i.e., GSR is tied to 
PWRO-

If A = %, then 

R1/R2 =2 

If A= V., (minimum output) then 

R,IR2 = 0 or V(GSR) =Vo+; i.e., GSR is tied to 
PWRO+ 

29C13 
OR 

GSR 29C14 

o. 

DIGITAL INPUT 

Agure 7. Gain Setting Configuration 
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ABSOLUTE MAXIMUM RATINGS 
Temperature Under Bias ... 
Storage Temperature 
Vee and GRDD with Respect to VBB· 
All Input and Output Voltages 

with Respect to V BB . . . . 
All Input and Output Voltages 

with Respect to V cc. 
Power Dissipation . . . . . . . 

D.C. CHARACTERISTICS 

. -10'C to +80'C 

. -65'C to +150'C 
-0.3V to 15V 

-0.3Vto 15V 

-15V to +0.3V 
1.35W 

'NOTICE: Stresses above those listed under "Absolute Maxi
mum Ratings"' may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or 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 = O'C to 70'C, Vee = + 5V ± 5%, V88 °~ --5V ± 5%, GRDA = OV, GROD OV, unless otherwise specified) 
Typical values are for TA = 25'C and nominal power supply values 

DIGITAL INTERFACE 
Symbol Parameter Min Typ Max Unit Test Conditions 

f1L Low Level Input Current 10 µA GRDD ,,;; v,N ,,;; v,L (Note 1) 

l1H High Level Input Current 10 µA v,H ,,;; v,N ,,;; Vee 

V1L Input Low Voltage, except CLKSEL 0.8 v 

V1H Input High Voltage, except CLKSEL 2.0 v 

VoL Output Low Voltage 0.4 v loL = 3.2 mA at Dx. TSx and SIGR 

VoH Output High Voltage 2.4 v 10 H = 80 µA at Dx, SIGR 
10H = 1.2 mA at SIGA 

V1LO Input Low Voltage, CLKSEL2 Vas Vas v 
+ 0.5 

V110 Input intermediate Voltage, CLKSEL GRDD 0.5 v 
--0.5 

V1HO Input High Voltage, CLKSEL Vee Vee v 
0.5 

Digital Output Capacitance3 ---Cox 5 pf 

CIN Digital Input Capacitance 5 10 pf 

POWER DISSIPATION 
All measurements made at foeLK = 2.048 MHz, outputs unloaded. 

Symbol Parameter Min Typ Max Unit Test Conditions 

lce1 Vee Operating Current 6.8 mA 

'""' V88 Oper.ating Current 7.2 mA 

leeo Vee Power Down Current 0.5 mA PDN ,,;; v,L; after 1 Oµs 

'""" V88 Power Down Current 0.5 mA PDN ,,;; V,L; after 1 Oµs 

Ices Vee Standby Current 0.8 mA FSx, FSA ,,;; V1,; after 300 ms 

fBBS V88 Standby Current 0.8 mA FSx, FSA ,,;; V,L; after 300 ms 

P01 Operating Power Dissipation 4 70 mW 

Poo Power Down Dissipation4 5 mW PDN ,,;; VIL; after 1 Oµs 

PsT Standby Power Dissipation 4 8 mW FSx, FSA "" v,L 

NOTES: 
1. V1N is the voltage on any digital pin. 
2. SIGx and DCLKA are TTL level inputs between GADD and Vee; they are also pinstraps for mode selection when tied to V88. 

Under these conditions V1Lo is the input low voltage requirement. 
3. Timing parameters are guaranteed based on a 100 pf load capacitance. Up to eight digital outputs may be connected to a com

mon PCM highway without buffering, assuming a board capacitance of 60 pf. 

4. With nominal power supply values. 
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ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE 

Symbol Parameter Min Typ Max Unit Test Conditions 

lex1 Input Leakage Current, VF xi+, VFxl- 100 nA -2.17V ~VIN~ 2.17V 

R1x1 Input Resistance, VF xi+, VF xi - 10 Mn 

Vosx1 Input Offset Voltage, VF xi+, VF xi- 25 mV 

CMRR Common Mode Rejection, VF xi+, VF xi - 55 dB -2.17 ~VIN~ 2.17V 

AvoL DC Open Loop Voltage Gain, GSx 5000 

le Open Loop Unity Gain Bandwidth, GSx 300 KHz 

CLXI Load Capacitance, GSx 50 pF 

RLXI Minimum Load Resistance, GSx 10 kn 

ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STAGE 

Symbol Parameter Min Typ Max Unit Test Conditions 

Ro RA Output Resistance, PWRO + , PWRO - 1 n 

VosRA Single-Ended Output DC Offset, PWRO +, 75 ± 150 mV Relative to GRDA 
PWRO-

CLRA Load Capacitance, PWRO +, PWRO - 100 pF 

A.C. CHARACTERISTICS - TRANSMISSION PARAMETERS 

Unless otherwise noted, the analog input is a 0 dBmO, 1020 Hz sine wave. 1 Input amplifier is set for unity gain, 
noninverting. The digital input is a PCM bit stream generated by passing a 0 dBmO, 1020 Hz sine wave through 
an ideal encoder. Receive output is measured single ended, maximum gain configuration. 2 All output levels 
are (sin x)/x corrected. 

GAIN AND DYNAMIC RANGE 

Symbol Parameter Min Typ Max Units Test Conditions 

EmW Encoder Milliwatt Response -0.18 ±0.04 +0.18 dBmO Signal input of 1.064 Vrms wlaw 
(Transmit gain tolerance) Signal input of 1.068 Vrms A-law 

TA = 25°C, Vee = -5V, 
Vee= +5V 

EmWTS EmW variation with Temperature -0.07 ±0.02 +0.12 dB ± 5% supplies, o to 70°C 
and supplies Relative to nominal conditions 

DmW Digital Milliwatt Response -0.18 ±0.04 +0.18 dBmO Measure relative to OTLPR. Signal 
(Receive gain tolerance) input per CCITT Recommendation 

G. 711. Output signal of 1000 Hz. 
TA = 25°C; Ve8 = -5V, 
Vee = +5V. 

DmWTs DmW variation with temperature and -0.07 ±0.02 +0.07 dB ± 5% supplies, O to 70°C 
supplies 

NOTES: 
1. OdBmO is defined as the zero reference point of the channel under test (OTLP). This corresponds to an analog signal input of 1.064 volts rms 

or an output of 1.503 volts rms for !'law. 
2. Unity gain input amplifier: GSx is connected to VFxl - , Signal input VFxl +; Maximum gain output amplifier; GSA is connected to PWRO-, 

output to PWRO +. 
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GAIN TRACKING 
Reference Level = - 1 OdBmO 

Symbol Parameter Min Max Unit Test Conditions 

GT1x Transmit Gain Tracking Error ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; µ-law ±0.5 dB -40 to -50 dBmO 

± 1.2 dB -50 to -55 dBmO 
Measured at PWRO + , 
RL = 300!1 

GT2x Transmit Gain Tracking Error ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; A-law ±0.5 dB -40 to -50 dBmO 

±1.2 dB -50to -55dBmO 
Measured at PWRO + , 
RL = 300!1 

GT1R Receive Gain Tracking Error ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; µ-law ±0.5 dB -40 to -50 dBmO 

±1.2 dB -50 to -55 dBmO 
Measured at PWRO +, 
RL = 300!1 

GT2R Receive Gain Tracking Error ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; A-law ±0.5 dB -40 to -50 dBmO 

±1.2 dB -50 to -55 dBmO 
Measured at PWRO + , 
RL = 300!1 

NOISE (All receive channel measurements are single ended) 

Symbol Parameter Min Typ Max Unit Test Conditions 

Nxc1 Transmit Noise, C-Message 15 dBrncO Vfxl+ = GRDA, Vfxl - = GSx 
Weighted 

Nxc2 Transmit Noise, C-Message 18 dBrncO VF xi+ = GRDA, Vfxl - = GSx; 
Weighted with Eighth Bit Signaling 6th frame signaling 

NxP Transmit Noise, Psophometrically -75 dBm Op Vfxl + = GRDA, Vfxl- = GSx 
Weighted 

NRC1 Receive Noise, C-Message 11 dBrncO DR= 11111111 
Weighted: Quiet Code 

NRC2 Receive Noise, C-Message 12 dBrncO Input to DR is zero code with sign 
Weighted: Sign bit toggle bit toggle at 1 kHz rate 

NAP Receive Noise, Psophometrically -79 dBmOp DR = lowest positive decode level 
Weighted 

NsF Single Frequency Noise -50 dBmO CCITT G.712.4.2 
End to End Measurement Measure at PWRO + 

PSRR, V cc Power Supply Rejection, -30 dB Idle channel; 200mV P-P signal on 
Transmit Channel supply; 0 to 50kHz, measure at Dx 

PSRR2 Vee Power Supply Rejection, -30 dB Idle channel; 200 mV P-P signal on 
Transmit Channel supply; O to 50 kHz, measure at Dx 

PSRR3 Vee Power Supply Rejection, -25 dB Idle channel; 200 mV P-P signal on 
Receive Channel supply; measure narrow band at 

PWRO+, 0 to 50 kHz 

PSRR4 Vee Power Supply Rejection, -25 dB Idle channel; 200 mV P-P signal on 
Receive Channel supply; measure narrow band at 

PWRO + ' 0 to 50 kHz 

CTTR Crosstalk, Transmit to Receive -71 dB Vfxl + = OdBmO, 1.02 kHz, DR = 
lowest positive decode level, 
measure at PWRO + 

CTRT Crosstalk, Receive to Transmit -71 dB D" = OdBmO, 1.02 kHz, 
Vfxl + = GRDA, measure at Dx 
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DISTORTION 
Symbol Parameter Min Typ Max Unit Test Conditions 
SD1x Transmit Signal to Distortion, µ-Law 36 dB Oto -30 dBmO 

Sinusoidal Input; 30 dB -30 to -40 dBmO 
CCITT G.712-Method 2 25 dB -40 to -45 dBmO 

SD2x Transmit Signal to Distortion, A-Law 36 dB Oto -30 dBmO 
Sinusoidal Input; 30 dB -30 to --40 dBmO 
CCITT G.712-Method 2 25 dB -40 to -45 dBmO 

SD1R Receive Signal to Distortion, µ-Law 36 dB o to -30 dBmO 
Sinusoidal Input; CCITT G. 712-Method 30 dB -30 to -40 dBmO 
2 25 dB -40 to -45 dBmO 

SD2R Receive Signal to Distortion, A-Law 36 dB Oto -30 dBmO 
Sinusoidal Input; CCITT G.712-Method 30 dB -30 to -40 dBmO 
2 25 dB -40 to -45 dBmO 

DPx Transmit Single Frequency Distortion -46 dBmO AT&T Advisory #64 (3.8) 
Products 0 dBmO Input Signal 

DPR Receive Single Frequency Distortion -46 dBmO AT&T Advisory #64 (3.8) 
Products O dBmO Input Signal 

IMD1 Intermodulation Distortion, -35 dB CCITTG.712 (7.1) 
End to End Measurement 

IMD2 Intermodulation Distortion, -49 dBmO CCITT G.712 (7.2) 
End to End Measurement 

sos Spurious Out of Band Signals, -25 dBmO CCITT G.'712 (6.1) 
End to End Measurement -

SIS Spurious in Band Signals, -40 dBmO CCITT G. 712 (9) 
End to End Measurement 

DAx Transmit Absolute Delay 245 µs Fixed Data Rate. CLKx = 2.048 
MHz; 0 dBmO, 1 .02 
kHz signal at VFxl + . 
Measure at Dx. 

Dox Transmit Differential Envelope Delay 170 µs f = 500-600Hz 
Relative to DAx 95 µs f = 600-1000 Hz 

45 µs I = 1000 - 2600 Hz 
105 µs f = 2600 - 2800 Hz 

DAR Receive Absolute Delay 190 µs Fixed Data Rate, CLKR = 2.048 
MHz; Digital input is DMW 
codes. Measure at PWRO + . 

Do A Receive Differential Envelope Delay 45 µs f = 500-600Hz 
Relative to DAR 35 µs f = 600 - 1000 Hz 

85 µs f = 1000 - 2600 Hz 
110 µs f = 2600 - 2800 Hz 
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TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 
Input amplifier is set for unity gain, noninverting; maximum gain output. 

Symbol Parameter 

GRx Gain Relative to Gain at 1.02 kHz 

16.67 Hz 

50 Hz 

60 Hz 

200 Hz 

300 to 3000 Hz 

3300 Hz 

3400 Hz 

4000 Hz 

4600 Hz and Above 

Min Typ Max Unit 

-30 dB 

-25 dB 

-23 dB 

-1.8 -0.125 dB 

-0.125 +0.125 dB 

-0.35 +0.03 dB 

-0.7 -0.10 dB 

-14 dB 

-32 dB 

+125<!6 
JOO Hz 

• 125dB + 03d8 
3300H1 

f'---_ 
----- TVPICAlflLHR 

TRANSFER FUNCTION 

Figure 8. Transmit Channel 
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Test Conditions 
O dBmO Signal input at VF xi+ 

'I,, ... ,., SCALE 
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RECEIVE CHANNEL TRANSFER CHARACTERISTICS 

Symbol Parameter Min Typ Max 
GRR Gain Relative to Gain at 1.02 kHz 

Below 200 Hz +0.125 

200 Hz -0.5 +0.125 

300 to 3000 Hz -0.125 +0.125 

3300 Hz -0.35 +0.03 

3400 Hz -0.7 -0.1 

4000 Hz --14 

4600 Hz and Above -30 

FREQUENCY IHz) 

Figure 9. Receive Channel 
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Unit 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

Test Conditions 
0 dBmO Signal input at DR 

EXPANDED 
SCALE 
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A.C. CHARACTERISTICS - TIMING PARAMETERS 

CLOCK SECTION 

Symbol Parameter Min Typ Max Unit Test Conditions 

lcv Clock Period, CLKx, CLKR 488 ns fcLKX = fcLKR = 2.048 MHz 

hK Clock Pulse Width, CLKx, CLKR 220 ns 

!DCLK Data Clock Pulse Width 220 ns 64 kHz "" focLK "" 2.048 MHz 

lcoc Clock Duty Cycle, CLKx, CLKR 45 50 55 % 

t,. ~ Clock Rise and Fall Time 5 30 ns 

TRANSMIT SECTION, FIXED DATA RATE MODE1 

Symbol Parameter Min Typ Max Unit Test Conditions 

tozx Data Enabled on TS Entry 0 145 ns 0 < CLOAO < 100 pf 

toox Data Delay from CLKx 0 145 ns 0 < CLOAO < 100 pf 

!Hzx Data Float on TS Exit 60 215 ns CLOAO = 0 

lsoN Timeslot X to Enable 0 145 ns 0 < CLOAO < 100 pf 

!SOFF Timeslot X to Disable 60 190 ns CLOAO = 0 

tFSO Frame Sync Delay 100 lcv-100 ns 

tss Signal Setup Time 0 ns 

tsH Signal Hold Time 0 ns 

RECEIVE SECTION, FIXED DATA RATE MODE 

Symbol Parameter Min Typ Max Unit Test Conditions 

tosR Receive Data Setup 10 ns 

!OHR Receive Data Hold 60 ns 

!FSO Frame Sync Delay 100 lcv-100 ns 

ls1GR SIGR Update 0 2 µS 

NOTES: 
1. Timing parameters 10 zx, tHZX• and tsoFF are referenced to a high impedance state. 
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WAVEFORMS 

Fixed Data Rate Timing 

TRANSMIT TIMING 

NOTE: ALL TIMING PARAMETERS REFERENCED TO V1H AND V1L EXCEPT 
tozx. tsoFF AND IHZX WHICH REFERENCE A HIGH IMPEDANCE STATE 

RECEIVE TIMING 

NOTE: ALL TIMING PARAMETERS REFERENC!=D TO V1H AND VIL· 
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TRANSMIT SECTIOlll, VARIABLE DATA RATE MODE1 

Symbol Parameter Min Typ Max Unit Test Conditions 

ITSOX Timeslot Delay from DCLKx2 140 10x- 140 ns 

!FSO Frame Sync Delay 100 lcv-100 ns 

loox Data Delay from DCLKx 0 100 ns 0 < CLOAO < 100 pf 

looN Timeslot to Dx Active 0 50 ns 0 < CLOAO < 100 pf 

loo FF Timeslot to Dx Inactive 0 80 ns 0 < CLOAO < 100 pf 

lox Data Clock Period 488 1562 ns 

tOFSX Data Delay from FSx 0 140 ns 

RECEIVE SECTION, VARIABLE DATA RATE MODE 

Symbol Parameter Min Typ Max Unit Test Conditions 

tTSDR Timeslot Delay from DCLKR3 140 lo A 140 ns 

tFSO Frame Sync Delay 100 Icy- 100 ns 
·--

losR Data Setup Time 10 ns 

!OHR Data Hold Time 60 ns 

lo A Data Clock Period 488 1562 ns 

ls ER Timeslot End Receive Time 0 ns 

64 KB OPERATION, VARIABLE DATA RATE MODE 

Symbol Parameter Min Typ Max Unit Test Conditions 

tFSLX Transmit Frame Sync Minimum 488 ns FSx is TTL high for remainder of 
Downtime frame 

IFSLR Receive Frame Sync Minimum 1952 ns FSA is TTL high for remainder of 
Downtime frame 

locLK Data Clock Pulse Width 10 µ,S 
_ __i___ 

NOTES: 
1. Timing parameters looN and looFF are referenced to a high impedance state. 
2. tFsLX minimum requirements overrides trsox maximum spec for 64 kHz operation. 
3. tFSLR minimum requirements overrides trsoR maximum spec for 64 kHz operation. 
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VARIABLE DATA RATE TIMING 

TRANSMIT TIMING 

FSx --'+--' 

RECEIVE TIMING 

NOTE: ALL TIMING PARAMETERS REFERENCED TO V1H AND Vil EXCEPT 
looN AND loff WHICH REFERENCE A HIGH IMPEDANCE STATE 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 
2.0 2.0 

>TEST POINTS< 

0.8 0.8 
0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" and 0.45V FOR A 
LOGIC "0". TIMING MEASUREMENTS ARE MADE AT2.0V FOR A LOGIC "1" AND 
a.av FOR A LOGIC "OH. 
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29C16 AND 29C17 

16 PIN CHMOS SINGLE-CHIP PCM CODEC AND FILTER 
• 29C16 µ-Law, 2.048 MHz Master Clock 

• 29C17 A-Law, 2.048 MHz Master Clock 

• Low-Power Pin Compatible Version of 
Intel's 2916 and 2917 

• AT&T D3/D4 and CCITT Compatible 

• 16-Pln Package for Higher Linecard 
Densities 

• Ideal for Digital Handset Applications 

• 3 Low-Power Modes 
- 5mW Typical Power Down 
- 8mW Typical Standby 
- 70mW Typical Operating 

• TTL and CMOS Compatible 

• Two Timing Modes 
- 64 KHz to 2 MHz Variable 
- 2 MHz Direct 

Intel's 29C16 and 29C17 are CHMOS versions of Intel's NMOS 2916 and 2917 family members. CHMOS is 
a technology built on HMOS-11, thus realizing the high performance and density obtained in that process while 
achieving the low power consumption typical of CMOS circuits. 

The 29C16 and 29C17 are limited feature versions of the 29C13 and 29C14. The inherent low-power and small 
package size make these devices ideal for digital handset and cellular telephones where small size and low 
power are especially desirable. 

Vee Vee 

PWRO+ GSx 

PWRO- VFxl -

Piijij GRDA 

DCLKR TsxlDCLKx 

DR Dx 

FSR FSx 

GRDD CLK 

Figure 1. Pin Configuration 
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XMIT 
SECTION 

AUTO, 

os, ZERO 

Dx 

YFxl- SAMPLE SUCCESSIVE ~ OUTPUT 
ANO HOLD COMPARATOR APPROXIMATION REGISTER 

fixlDCLK11 

AND DAC 

ANALOG 
REFERENCE TO 

ACY 
SECTION 

PWRO+ 

PWRO-

Vee 
PWRO +, PWRO
PDN 
DCLKR 
DR 
FSR 

GRDD 
Vee 

DIGITAL 
CONTROL 

LOGIC 

°= BUFFER 

SAMPLE 
AND HOLD 
AND DAC 

REFERENCE 

Vee ••• GADD GRDA 

Figure 2. Block Diagram 

Table 1. Pin Names 

Power (-5V) 
Power Amplifier Outputs 
Power Down Select 
Receive Variable Data Clock 
Receive PCM Input 
Receive Frame 
Synchronization Clock 
Digital Ground 
Power (+5V) 
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GSx 
VFxl
GRDA 
TSx 
DCLKx 
Dx 
FSx 

CLK 

REGISTER 

CONTROL 
SECTION 

CONTROL 
LOGIC 

DIGITAL 
TO 

INPUT 
ANALOG REGISTER 

CONTROL 
LOGIC 

. .. 

Transmit Gain Control 
Analog Input 
Analog Ground 

••• 
CLK 

•• 
DCLKR 

Timeslot Strobe/Buffer Enable 
Transmit Variable Data Clock 
Transmit PCM Output 
Transmit Frame 
Synchronization Clock 
Master Clock 
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Table 2. Pin Description 

Symbol Function Symbol Function 

Vea Most negative supply; input voltage is - 5 GADD Digital ground for all internal logic circuits. 
volts ±5%. Not internally tied to GRDA. 

PWRO+ Non-inverting output of power amplifier. CLK Master and data clock for the fixed data 
Can drive transformer hybrids or high rate mode; master clock only in variable 
impedance loads directly in either a differ- data rate mode. 
ential or single ended configuration. 

FSx 6 KHz frame synchronization clock input/ 
PWRO- Inverting output of power amplifier. Fune- timeslot enable, transmit channel. Oper-

tionally identical and complementary to ates independently but in an analogous 
PWRO+. manner to FSR. The transmit channel en-

PDN Power down select. When PDN is TTL 
high, the device is active. When low, the 

ters the standby state whenever FSx is 
TTL low for 300 milliseconds. 

device is powered down. Dx Transmit PCM output. PCM data is clocked 

DCLKR Selects the fixed or variable data rate 
mode. When DCLKR is connected to V88, 

the fixed data rate mode is selected. In 
this mode, the device is fully compatible 

out on this lead on eight consecutive posi-
tive transitions of the transmit data clock: 
CLK in fixed data rate mode and DCLKx in 
variable data rate mode. 

with Intel 291 OA and 2911 A direct mode TSx/DCLKx Transmit channel timeslot strobe (output) 
timing. When DCLKR is not connected to or data clock (input) for the transmit chan-
V 88, the device operates in the variable nel. In fixed data rate mode, this pin is an 
data rate mode. In this mode DCLKR be- open drain output designed to be used as 
comes the receive data clock which oper- an enable signal for a three-state buffer as 
ates at TTL levels from 64Kb to 2.046 Mb in 2910A and 2911A direct mode timing. In 
data rates. variable data rate mode, this pin becomes 

DR Receive PCM input. PCM data is clocked 
in on this lead on eight consecutive nega-
tive transitions of the receive data clock; 

the transmit data clock which operates at 
TTL levels from 64Kb to 2.046 Mb data 
rates. 

CLK in the fixed data rate mode and GRDA Analog ground return for all internal voice 
DCLKR in variable data rate mode. circuits. Not internally connected to GADD. 

FSR 6KHz frame synchronization clock input/ VFxl- Inverting analog input to uncommitted 
timeslot enable, receive channel. In varia- transmit operational amplifier. 
ble data rate mode this signal must remain 
high for the entire length of the timeslot. 
The receive channel enters the standby 
state whenever FSR is TTL low for 300 mil-

GSx Output terminal of on-chip transmit channel 
input op amp. Internally, this is the voice 
signal input to the transmit filter. 

liseconds. Vee Most positive supply; input voltage is + 5 
volts ±5%. 
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FUNCTIONAL DESCRIPTION 

The 29C16 and 29C17 provide the analog-to-digital 
and the digital-to-analog conversions and the transmit 
and receive filtering necessary to interface a full du
plex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TOM) sys
tem. They are intended to be used at the analog 
termination of a PCM line. 

The following major functions are provided: 

• Bandpass filtering of the analog signals prior to 
encoding and after decoding 

• Encoding and decoding of voice and call prog
ress information 

• Encoding and decoding of the signaling and su
pervision information 

GENERAL OPERATION 

System Rellablllty Features 

The combochip can be powered up by pulsing FSx 
and/or FSR while a TTL high voltage is applied to 
PON, provided that all clocks and supplies are con
nected. The 29C16 and 29C17 have internal resets 
on power up (or when Vee or Vee are re-applied) in 
order to ensure validity of the digital outputs and 
thereby maintain integrity of the PCM highway. 

On the transmit channel, digital outputs Dx and TSx 
are held in a high impedance state for approximately 
four frames (500µs) after power up or application of 
Vee or Vee. After this delay, Dx and TSx will be func
tional and will occur in the proper timeslot. The analog 
circuits on the transmit side require approximately 60 

milliseconds to reach their equilibrium value due to 
the autozero circuit settling time. 

To enhance system reliability, TSx and Dx will be 
placed in a high impedance state approximately 30µs 
after an interruption of CLK. 

Power Down and Standby Modes 

To minimize power consumption, two power down 
modes are provided in which most 29C16/C17 func
tions are disabled. Only the power down, clock, and 
frame sync buffers, which are required to power up 
the device, are enabled in these modes. As shown 
in Table 3, the digital outputs on the appropriate chan
nels are placed in a high impedance state until the 
device returns to the active mode. 

The Power Down mode utilizes an external control 
signal to the PON pin. In this mode, power con
sumption is reduced to the value shown in Table 3. 
The device is active when the signal is high and in
active when it is low. In the absence of any signal, 
the PON pin floats to TTL high allowing the device to 
remain active continuously. 

The Standby mode leaves the user an option of pow
ering either channel down separately or powering the 
entire device down by selectively removing FSx and/ 
or FSR. With both channels in the standby state, 
power consumption is reduced to the value shown in 
Table 3. If transmit only operation is desired, FSx 
should be applied to the device while FSR is held low. 
Similarly, if receive only operation is desired, FSR 
should be applied while FSx is held low. 

Fixed Data Rate Mode 

Fixed data rate timing, which is 2910A and 2911A 

Table 3. Power-Down Methods 

Typical 
Device Status Power-Down Power Digital Output Status 

Method Consumption 

Power Down Mode PDN =TTL low SmW TSx and Dx are placed in a high impedance 
state within 10 µs. 

Standby Mode FSx and FSA are TTL low SmW TSx and Dx are placed in a high impedance 
state within 300 milliseconds. 

Only transmit is FSx is TTL low SO mW TSx and Dx are placed in a high impedance 
on standby state within 300 milliseconds. 

Only receive is FSA is TTL low SO mW 
on standby 
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compatible, is selected by connecting DCLKR to V88. 

It employs master clock CLK, frame synchronization 
clocks FSx and FSR, and output TSx. 

CLK serves as the master clock to operate the codec 
and filter sections and as the bit clock to clock the 
data in and out from the PCM highway. FSx and FSR 
are 8 kHz inputs which set the sampling frequency. 
TSx is a timeslot strobe/buffer enable output which 
gates the PCM word onto the PCM highway when an 
external buffer is used to drive the line. 

Data is transmitted on the highway at Dx on the first 
eight positive transitions of CLK following the rising 
edge of FSx. Similarly, on the receive side, data is 
received on the first eight falling edges of CLK. The 
frequency of CLK must be 2.048 MHz. No other fre
quency of operation is allowed in the fixed data rate 
mode. 

Variable Data Rate Mode 

Variable data rate timing is selected by connecting 
DCLKR to the bit clock for the receive PCM highway 
rather than to V88 . It employs master clock CLK, bit 
clocks DCLKR and DCLKx, and frame synchroniza
tion clocks FSR and FSx. 

Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequency 
of the bit clocks, from 64 kHz to 2.048 MHz. The 
master clock is still restricted to 2.048 MHz. 

In this mode, DCLKR and DCLKx become the data 
clocks for the receive and transmit PCM highways. 
While FSx is high, PCM data from Dx is transmitted 
onto the highway on the next eight consecutive pos
itive transitions of DCLKx. Similarly, while FSR is high, 
each PCM bit from the highway is received by DR on 
the next eight consecutive negative transitions of 
DCLKR. 

On the transmit side, the PCM word will be repeated 
in all remaining timeslots in the 125µ,s frame as long 
as DCLKx is pulsed and FSx is held high. This feature 
allows the PCM word to be transmitted to the PCM 
highway more than once per frame, if desired, and is 
only available in the variable data rate mode. 

Precision Voltage References 

No external components are required with the com
bochip to provide the voltage reference function. Volt
age references are generated on-chip and are 
calibrated during the manufacturing process. These 
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references determine the gain and dynamic range 
characteristics of the device. 

Separate references are supplied to the transmit and 
receive sections and each is trimmed independently 
during the manufacturing process. The reference 
value is then further trimmed in the gain setting op
amps to a final precision value. With this method the 
combochip can achieve the extremely accurate Dig
ital Milliwatt Responses specified in the TRANSMIS
SION PARAMETERS, providing the user a significant 
margin for error in other board components. 

TRANSMIT OPERATION 

Transmit Filter 

The input section provides gain adjustment in the 
passband by means of an on-chip operational am
plifier. This operational amplifier has a common mode 
range of ± 2.17 volts, a maximum DC offset of 25 mV, 
and a typical open loop voltage gain of 20,000. Gain 
of up to 20 dB can be set without degrading the per
formance of the filter. The load impedance to ground 
(GRDA) at the amplifier output (GSx) must be greater 
than 1 O kilohms in parallel with less than 50 pF. The 
input signal on lead VFxl - can be either AC or DC 
coupled. The input op amp can only be used in the 
inverting mode as shown in Figure 3. 

A low pass anti-aliasing section is included on-chip. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components are 
required to provide the necessary anti-aliasing func
tion for the switched capacitor section of the transmit 
filter. 

The passband section provides flatness and stop
band attenuation which fulfills the AT&T D3/D4 chan
nel bank transmission specification and CCITT 
recommendation G.712. The 29C16 and 29C17 
specifications meet or exceed digital class 5 central 
office switching systems requirements. The transmit 
filter transfer characteristics and specifications will be 
within the limits shown in Figure 4. 

A high pass section configuration was chosen to re
ject low frequency noise from 50 and 60 Hz power 
lines, 17 Hz European electric railroads, ringing fre
quencies and their harmonics, and other low fre
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex
ternal components. 
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GS, 

Gain = - B! 
R1 

Input 

Figure 3. Transmit Fiiter Gain Adjustment 

Encoding 

The encoder internally samples the output of the 
transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per
forms an analog to digital conversion on a switched 
capacitor array. Digital data representing the sample 
is transmitted on the first eight data clock bits of the 
next frame. 

An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is long term averaged and 
subtracted from the input to the encoder. In this way, 

all DC offset is removed from the encoder input 
waveform. 

RECEIVE OPERATION 

Decoding 

The PCM word at the DR lead is serially fetched on 
the first eight data clock bits of the frame. A DIA 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then trans
ferred to the receive filter. 

Receive Filter 

The receive filter provides passband flatn~ss and 
stopband rejection which fulfills both the AT&T D3/ 
D4 specification and CCITT recommendation G.712. 
The filter contains the required compensation for the 
(sin x)/x response of such decoders. The receive filter 
characteristics and specifications will be within the 
limits shown in Figure 5. 

Receive Output Power Amplifiers 

A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration. 
Either of the two outputs can be used single ended 
(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a bridged 
load directly. The output stage is capable of driving 
loads as low as 300 ohms single ended or 600 ohms 
differentially. 

Transmission levels are specified relative to the re
ceive channel output under digital milliwatt conditions, 
that is, whEm the digital input at DR is the eight-code 
sequence specified in CCITT recommendation G.711. 

Table 4. Zero Transmission Level Points 

Symbol Parameter Typ Units Test Conditions 

OTLP1x Zero Transmission Level Point +2.76 dBm Referenced to 6000 
Transmit Channel (OdBmO) µ-law +1.00 dBm Referenced to 9000 

OTLP2x Zero Transmission Level Point +2.79 dBm Referenced to 6000 
Transmit Channel (OdBmO) A-law +1.03 dBm Referenced to 9000 

OTLP1R Zero Transmission Level Point +5.76 dBm Referenced to 6000 
Receive Channel (OdBmO) µ-law +4.00 dBm Referenced to 9000 

OTLP2R Zero Transmission Level Point +5.79 dBm Referenced to 6000 
Receive Channel (OdBmO) A-law +4.03 dBm Referenced to 9000 
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ABSOLUTE MAXIMUM RATINGS 
Temperature Under Bias. . . . . . . . . -10°c to +80°C 
Storage Temperature . . . . . . . . . -65'C to +150°C 
Ver; and GRDD with Respect to V88 . -0.3V to 15V 
All Input and Output Voltages 

with Respect to V88 . . . . . -0.3V to 15V 
All Input and Output Voltages 

with Respect to Vee . -15V to +0.3V 
Power Dissipation . . . . . . . . . . . 1 .35W 

D.C. CHARACTERISTICS 

*NOTICE: Stresses above those listed under 
"Absolute Maximum Ratings" may cause perms· 
nent damage to the device. This is a stress rating 
only and functional operation of the device at 
these or any other conditions above those in· 
dicated in the operational sections of this 
specification is not implied. Exposure to ab· 
solute maximum rating conditions for extended 
periods may affect device reliability. 

(TA = 0°C to 70°C, Vee = + 5V ± 5%, Vee = - 5V ± 5%, GRDA = OV, GADD = OV, unless otherwise 
specified) 
Typical values are for TA = 25°C and nominal power supply values 
DIGITAL INTERFACE 

Symbol Parameter Min Typ Max Unit 

l,l Low Level Input Current 10 µA 

l1H High Level Input Current 10 µA 

v,l Input Low Voltage 0.8 v 

V1H Input High Voltage 2.0 v 

Vol Output Low Voltage 0.4 v 

VoH Output High Voltage 2.4 v 

Cox Digital Output Capacitance2 5 pF 

C,N Digital Input Capacitance 5 10 pF 

POWER DISSIPATION 
All measurements made at focLK = 2.048 MHz, outputs unloaded. 

Symbol Parameter Min Typ Max Unit 

lcc1 V cc Operating Current4 6.8 mA 

lee1 Vea Operating Current 7.2 mA 

lcco Vee Power Down Current 0.5 mA 

leeo Vee Power Down Current 0.5 mA 

Ices Vee Standby Current 0.8 mA 

lees Vee Standby Current 0.8 mA 

Po1 Operating Power Dissipation3 70 mW 

Poo Power Down Dissipation3 5 mW 

PsT Standby Power Dissipation3 8 mW 

NOTES: 
1. V1N is the voltage on any digital pin. 

Test Conditions 
GADD '( v,N '( v,l (Note 1) 

v,H '( v,N '( Vee 

loL ~ 3.2 mA at Dx, TSx 

10 H = 80 µA at Dx 

Test Conditions 

PON < V,L; after 1 Oµs 

PON < V,L; after 10µs 

FSx, FSR < V1L; after 300 ms 

FSx, FSR < v,L: after 300 ms 

PON < V1L; after 10µs 

FSx. FSR < V,1; after 300 ms 

2. Timing parameters are guaranteed based on a 100 pF load capacitance. Up to eight digital outputs may be connected to a common PCM high
way without buffering, assuming a board capacitance of 60 pF. 

3. With nominal power supply values. 
4. V cc applied last or simultaneously with V 88. 
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ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE 

Symbol Parameter Min Typ Max Unit Test Conditions 

lex1 Input Leakage Current, VFxl - 100 nA -2.17V"' VIN"' 2.17V 

R1x1 Input Resistance, VFxl - 10 M!l 

Vosx1 Input Offset Voltage, VF xi - 25 mV 

AvoL DC Open Loop Voltage Gain, GSx 5000 

fc Open Loop Unity Gain Bandwidth, GSx 300 KHz 

CLXI Load Capacitance, GSx 50 pF 

RLXI Minimum Load Resistance, GSx 10 k!l 

ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STAGE 

Symbol Parameter Min Typ Max Unit Test Conditions 

RoRA Output Resistance, PWRO +, PWRO- 1 n 
VosRA Single-Ended Output DC Offset, PWRO +, 75 mV Relative to GRDA 

PWRO-

CLRA Load Capacitance, PWRO +, PWRO- 100 pF 

A.C. CHARACTERISTICS - TRANSMISSION PARAMETERS 

Unless otherwise noted, the analog input is a 0 dBmO, 1020 Hz sine wave.1 Input amplifier is set for unity gain, 
inverting. The digital input is a PCM bit stream generated by passing a 0 dBmO, 1020 Hz sine wave through an 
ideal encoder. Receive output is measured single ended. All output levels are (sin x)/x corrected. Typical values 
are for TA= 25°C and nominal power supply values. (TA = 0°C to + 70°C; Vee= +5V±5%; V88 = -5V ±5%; 
GRDA = O; GRDD = O; unless otherwise specified). 

GAIN AND DYNAMIC RANGE 

Symbol Parameter Min Typ Max Units Test Conditions 

EmW Encoder Milliwatt Response -0.18 ±0.04 +0.18 dBmO Signal input of 1.064 Vrms µ-law 
(Transmit gain tolerance) Signal input of 1.068 Vrms A-law 

TA = 25°C, Vee = -5V, 
Vee= +5V 

EmWTS EmW variation with Temperature and -0.Q7 ±0.02 +0.07 dB ± 5% supplies, O to 70°C 
supplies Relative to nominal conditions 

DmW Digital Milliwatt Response -0.18 ±0.04 +0.18 dBmO Measure relative to OTLPR. Signal 
(Receive gain tolerance) input per CCITT Recommendation 

G.711. Output signal of 1000 Hz. 
RL = 00 

TA = 25°C; Vee = -5V, 
Vee= +5V. 

DmWTS DmW variation with temperature and -0.07 ±0.02 +0.07 dB ± 5% supplies, o to 70°C 
supplies 

NOTES: 
1. OdBmO is defined as the zero reference point of the channel for µ law under test (OTLP). This corresponds to an analog signal input of 1.064 volts 

rms or an output of 1.503 volts rms. 

3-46 



infel® 29C16 and 29C17 

GAIN TRACKING 
Reference Level = - 1 OdBmO 

2916 2917 

Symbol Parameter Min Max Min Max Unit Test Conditions 

GT1x Transmit Gain Tracking Error 0.25 dB +3 to -40 dBmO 
Sinusoidal Input; µ-law 0.5 dB -40 to -50 dBmO 

1.2 dB -50 to -55 dBmO 
Measured at PWRO +, 
RL = 300!1 

GT2x Transmit Gain Tracking Error ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; A-law ±0.5 dB -40 to -50 dBmO 

±1.2 dB -50 to -55 dBmO 
Measured at PWRO + , 
RL = 300!1 

GT1R Receive Gain Tracking Error 0.25 dB +3 to -40 dBmO 
Sinusoidal Input; µ-law 0.5 dB -40 to -50 dBmO 

1.2 dB -50 to -55 dBmO 
Measured at PWRO + , 
RL = 300!1 

GT2R Receive Gain Tracking Error ±0.25 dB +3 to -40 dBmO 
Sinusoidal Input; A-law ±0.5 dB -40 to -50 dBmO 

±1.2 dB -50 to -55 dBmO 
Measured at PWRO + , 
RL = 300!1 

NOISE (All receive channel measurements are single ended) 

2916 2917 

Symbol Parameter Min Typ Max Min Typ Max Unit Test Conditions 

Nxc1 Transmit Noise, C-Message 15 dBrncO Unity Gain 
Weighted 

Nxp Transmit Noise, Psophometrically -75 dBm Op Unity Gain 
Weighted 

NRC1 Receive Noise, C-Message 11 dBrncO DR = 11111111 
Weighted: Quiet Code 

NRC2 Receive Noise, C-Message 12 dBrncO Input to DR is zero code 
Weighted: Sign bit toggle with sign bit toggle at 1 kHz 

rate 

NAP Receive Noise, Psophometrically -79 dBm Op DR = lowest positive 
Weighted decode level 

NsF Single Frequency Noise -50 -50 dBmO CCITT G.712.4.2 
End to End Measurement 

PSRR1 Vee Power Supply Rejection, -30 -30 dB Idle channel; 200mV P-P 
Transmit Channel signal on supply; 0 to 

50kHz, measure at Dx 

PSRR2 V88 Power Supply Rejection, -30 -30 dB Idle channel; 200 mV P-P 
Transmit Channel signal on supply; Oto 50 

kHz, measure at Dx 

PSRR3 Vee Power Supply Rejection, -25 -25 dB Idle channel; 200 mV P-P 
Receive Channel signal on supply; measure 

narrow band at PWRO + , 
Oto 50 kHz 
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NOISE (All receive channel measurements are single ended) 

2916 2917 

I Symbol Parameter Min Typ Max Min Typ Max Unit Test Conditions 

PSRR4 V88 Power Supply Rejection, -25 -25 dB Idle channel; 200 mV P-P 
Receive Channel signal on supply; measure 

narrow band at PWRO + , 
Oto 50 kHz 

CTrn Crosstalk, Transmit to Receive -71 -71 dB Input = OdBmO, Unity 
Gain, 1 .02 kHz, DR = 
lowest positive decode 
level, measure at PWRO + 

CTRT Crosstalk, Receive to Transmit -71 -71 dB DR = OdBmO, 1.02 kHz, 
measure at Dx 

DISTORTION 
Symbol Parameter Min Typ Max Unit Test Conditions 

SD1x Transmit Signal to Distortion, µ-Law 36 dB Oto -30 dBmO 
Sinusoidal Input; 30 dB -30 to -40 dBmO 
CCITT G.712-Method 2 (2916) 25 dB - 40 to - 45 dBmO 

SD2x Transmit Signal to Distortion, A-Law 36 dB Oto -30dBmO 
Sinusoidal Input; 30 dB -30 to -40 dBmO 
CCITT G.712-Method 2 (2917) 25 dB -40 to -45 dBmO 

SD1R Receive Signal to Distortion, µ-Law 36 dB 0 to -30 dBmO 
Sinusoidal Input; CCITT G.712-Method 30 dB -30 to - 40 dBmO 
2 (2916) 25 dB -40 to -45 dBmO 

SD2R Receive Signal to Distortion. A-Law 36 dB o to -30 dBmO 
Sinusoidal Input; CCITT G.712-Method 30 dB -30 to -40 dBmO 
2 (2917) 25 dB -40 to -45 dBmO 

DPx Transmit Single Frequency Distortion -46 dBmO AT&T Advisory #64 (3.8) 
Products (29C16) O dBmO Input Signal 

DPR Receive Single Frequency Distortion -46 dBmO AT&T Advisory #64 (3.8) 
Products (29C16) O dBmO Input Signal 

IMO, Intermodulation Distortion, -35 dB CCITT G. 712 (7.1) 
End to End Measurement 

IMD2 Intermodulation Distortion, ·-49 dBmO CCITTG.712 (7.2) 
End to End Measurement 

sos Spurious Out of Band Signals, -25 dBmO CCITTG.712 (6.1) 
End to End Measurement 

SIS Spurious in Band Signals, -40 dBmO CCITT G. 712 (9) 
End to End Measurement 

DAX Transmit Absolute Delay 245 µs Fixed Data Rate. CLKx = 2.048 
MHz; 0 dBmO, 1.02 kHz input 
Signal, Unity Gain. Measure 
at Dx. 

Dox Transmit Differential Envelope Delay 170 µs f = 500-600 Hz 
Relative to DAx 95 µs f = 600- 1000 Hz 

45 µs f = 1000 - 2600 Hz 
105 µs I = 2600 - 2800 Hz 
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DISTORTION 
Symbol Parameter Min Typ Max 
DAR Receive Absolute Delay 190 

DoR Receive Differential Envelope Delay 45 
Relative to DAR 35 

85 
110 

TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 
Input amplifier is set for unity gain, inverting. 

Symbol Parameter Min lYP Max 

GRx Gain Relative to Gain at 1 .02 kHz 

16.67 Hz -30 

50 Hz -25 

60 Hz -23 

200 Hz -1.8 -0.125 

300 to 3000 Hz -0.125 +0.125 

3300 Hz -0.35 +0.03 

3400 Hz -0.7 -0.10 

4000 Hz -14 

4600 Hz and Above -32 

•12'5d8 

"""' 

Figure 4. Transmit Channel 
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Unit Test Conditions 
µs Fixed Data Rate, CLK = 2.048 

MHz; Digital Input is DMW 
codes. Measure at PWRO +. 

µs f=500-600Hz 
µs f = 600 - 1000 Hz 
µs f = 1000 - 2600 Hz 
µs f = 2600 - 2800 Hz 

Unit Test Conditions 
O dBmO Signal input at VFxl -

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

O l mAND<D SCALE 

_, 
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RECEIVE CHANNEL TRANSFER CHARACTERISTICS 

~bol Parameter Min 1YP Max Unit Test Conditions 
GAR Gain Relative to Gain at 1.02 kHz 0 dBmO Signal input at DR 

Below 200 Hz +0.125 dB 

200 Hz -0.5 +0.125 dB 

300 to 3000 Hz -0.125 +0.125 dB 

3300 Hz -0.35 +0.03 dB 

3400 Hz -0.7 -0.1 dB 

4000 Hz -14 dB 

4600 Hz and Above -30 dB 

EXPANDED 
•Old8 SCALE 
lJOOH> 

Figure S. Receive Channel 
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A.C. CHARACTERISTICS - TIMING PARAMETERS 

CLOCK SECTION 

Symbol Parameter Min Typ Max Unit Test Conditions 

lcv Clock Period, CLK 488 ns fcLK = 2.048 MHz 

hK Clock Pulse Width, CLK 220 ns 

locLK Data Clock Pulse Width 220 ns 64 kHz "' focLK "' 2.048 MHz 

lcoc Clock Duty Cycle, CLK 45 50 55 % 

t,, ~ Clock Rise and Fall Time 5 30 ns 

TRANSMIT SECTION, FIXED DATA RATE MODE1 

Symbol Parameter Min Typ Max Unit Test Conditions 

lozx Data Enabled on TS Entry 0 145 ns 0 < CLOAD < 100 pf 

loox Data Delay from CLK 0 145 ns 0 < CLOAD < 100 pf 

IHzx Data Float on TS Exit 60 215 ns CLOAD = 0 

lsoN Timeslot X to Enable 0 145 ns 0 < CLOAD < 100 pf 

lsoFF Timeslot X to Disable 60 190 ns CLOAD = 0 

'•so Frame Sync Delay 100 lcy-100 ns 

RECEIVE SECTION, FIXED DATA RATE MODE 

Symbol Parameter Min Typ Max Unit Test Conditions 

tosR Receive Data Setup 10 ns 

tDHR Receive Data Hold 60 ns 

tFSD Frame Sync Delay 100 lcv-100 ns 

NOTES: 
1. Timing parameters lozH• IHzx• and tsoFF are referenced to a high impedance state. 
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WAVEFORMS 

Fixed Data Rate Timing 

TRANSMIT TIMING 

~ 
ICLK CLKx~Sl71 

FSxj i ·- t, It 

CLKx 

Dx 

T5x ~~·SO-N-------------------------1 J,;-l&OFF 

NOTE: ALL TIMING PARAMETERS REFERENCED TO V1H AND V1L EXCEPT tozx. tsoFF AND tHzx WHICH 
REFERENCE A HIGH IMPEDANCE STATE 

RECEIVE TIMiNG 

~ 
ICLK 

: j '-i .. ' : . . . . . ' . 

~ CLKA 1 2 3 4 5 6 7 8 1 

tosR IDHA 

o. 

NOTE: ALL TIMING PARAMETERS REFERENCED TO V1H AND V1L· 
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TRANSMIT SECTION, VARIABLE DATA RATE MODE1 

Symbol Parameter Min Typ Max Unit Test Conditions 

tTSDX Timeslot Delay from DCLKx2 140 t0x-140 ns 

IFSD Frame Sync Delay 100 lcv-100 ns 

loox Data Delay from DCLKx 0 100 ns 0 < CLOAD < 100 pf 

tooN Timeslot to Dx Active 0 50 ns 0 < CLOAO < 100 pf 

tooFF Timeslot to Dx Inactive 0 80 ns 0 < CLOAD < 100 pf 

lox Data Clock Period 488 1562 ns 

toFSX Data Delay from FSx 0 140 ns 

RECEIVE SECTION, VARIABLE DATA RATE MODE 
Symbol Parameter Min Typ Max Unit Test Conditions 

tTSDR Timeslot Delay from DCLK~ 140 loR-140 ns 

tFso Frame Sync Delay 100 t0v-100 ns 

losR Data Setup Time 10 ns 

tDHR Data Hold Time 60 ns 

loR Data Clock Period 488 1562 ns 

isER Timeslot End Receive Time 0 ns 

64 KB OPERATION, VARIABLE DATA RATE MODE 
Symbol Parameter Min Typ Max Unit Test Conditions 

tFSLX Transmit Frame Sync Minimum 488 ns FSx is TTL high for remainder of 
Downtime frame 

tFSLR Receive Frame Sync Minimum 1952 ns FSA is TTL high for remainder of 
Downtime frame 

tocLK Data Clock Pulse Width 10 µ.s 

NOTES: 
1. Timing parameters tooN and tooFF are referenced to a high impedance state. 
2. tFsLX minimum requirements overrides tTSox maximum spec for 64 kHz operation. 
3. tFSLR minimum requirements overrides tTSoR maximum spec for 64 kHz operation. 
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VARIABLE DATA RATE TIMING 

TRANSMIT TIMING 

RECEIVE TIMING 

NOTE: ALL TIMING PARAMETERS REFERENCED TO V1H AND V1L EXCEPT 
lo~ AND IDFF WHICH REFERENCE A HIGH IMPEDANCE STATE 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 
2.0 2.0 

>TEST POINTS< 

0.8 0.8 
0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" and0.45V FOR A 
LOGIC "O". TIMING MEASUREMENTS ARE MADE AT2.0V FOR A LOGIC M1" AND 
o.av FOR A LOGIC ''O". 
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80C49-7 /80C39-7 

CHMOS SINGLE-COMPONENT 8-BIT MICROCOMPUTER 

• 80C49-7 Low Power Mask Programmable ROM 
• 80C39-7 Low Power, CPU only 

• Battery Operation • Pin-to-pin Compatible with Intel's 
8049AH/8039AHL • 3 Power Consumption Selections 

-Normal Operation: 12 mA@ 11 MHz@5V 
• 1.36 µsec Instruction Cycle. All Instructions 

1or2 Cycles 
-Idle Mode: 5 mA @ 11 MHz @ 5V 
-Power Down: 2 µA @ 2.0V 

• Ability to Maintain Operation during 
AC Power Line Interruptions 

• 11 MHz, TTL Compatible Operation: 

• Exit Idle Mode with an External or Internal 
Interrupt Signal 

Vee= sv ± 10% 
CMOS Compatible Operation; 
Vee= sv± 20% 

Intel's 80C49-7/80C39-7 are low power, CHMOS versions of the popular MCS®·48 HMOS family members. CHMOS is a 
technology built on HMOS II and features high resistivity P substrate, diffused N well, and scaled N and P channel devices. 
The 80C49-7/80C39-7 have been designed to provide low power consumption and high performance. 

The 80C49-7 contains a 2K x 8 program memory, a 128 x 8 x 8 RAM data memory, 27 1/0 lines, and an 8-bit timer/counter 
in addition to an on-board oscillator and clock circuits. For systems that require extra capability, the 80C49-7 can be expanded 
using CMOS external memories and MCS®-80 and MCS®·85 peripherals. The 80C39· 7 is the equivalent of the 80C49-7 without 
program memory on-board. 

The CHMOS design of the 80C49-7 opens new application areas that require battery operation, low power standby, wide 
voltage range, and the ability to maintain operation during AC power line interruptions. These applications include portable and 
hand-held instruments, telecommunications, consumer, and automotive. 

PORT 
vcc 

XTAL { 
1 XTAL 1 T1 

CLOCK PROGRAM DATA XTAL 2 P27 
MEMORY MEMORY 

RESET P26 
PORT SS P25 

RESET 80C49-7 2 INT P24 
SINGLE 80C39-7 EA P17 

STEP READ R5 P16 

SBIT EXTERNAL PSEN P15 

CPU MEM WR P14 

TEST{ 

WRITE ALE P13 

PROGRAM 
DBQ P12 

STORE 
DB1 P11 

ENABLE DB2 P10 
INTERRUPT ADDRESS 

DB3 VDD 
8 BIT TIMER 

27 DB4 PROG 
EVENT LATCH 

1/0 LINES ENABLE DB5 P23 
COUNTER DBS P22 BUS PORT 

EXPANDER DB7 P21 

STROBE vss P20 

Figure 1. Figure 2•, Figure 3. 
Block Diagram Logic Symbol Pin Configuration 
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Table 1. Pin Description 

Symbol Pin No. Function Symbol Pin No. Function 

Vss 20 Circuit GND potential Can be designated the 

VDD 26 Low Power standby pin timer/counter input using 
the STAT CNT instruction. 

Vee 40 Main power supply; 
+5V during operation. INT 6 Interrupt input. Initiates an 

interrupt if interrupt is en-
PROG 25 Output strobe for 82C43 abled. Interrupt is disabled 

1/0 expander. after a reset. Also testable 

P10-P17 27-34 8-bit quasi-bidirectional with conditional jump in-

Port 1 port. struction. (Active low) 

P20-P23 21-24 8-bit quasi-bidirectional 
Interrupt must remain low 
for at least 3 machine 

port. cycles for proper operation. 
P24-P27 35-38 P20-P23 contain the four 
Port 2 high order program counter 

bits during an external 

RD 8 Output strobe activated 
during a BUS read. Can be 
used to enable data onto 

program memory fetch toe bus from an external 
and serve as a 4-bit 1/0 device. 
expander bus for 8243. 

DBO-DB7 12-19 True bidirectional port 
BUS which can be written or 

read synchronously using 

Used as a read strobe to 
external data memory. 
(Active low) 

the RD, WR strobes. The RESET 4 Input which is used to 

port can also be statically initialize the processor. 

latched. (Active low) (Non TTL V1H) 

Contains the 8 low order WR 10 Output strobe during a bus 

program counter bits dur- write. (Active low) 

ing an external program Used as write strobe to 
memory fetch, and receives external data memory. 
the addressed instruction 
under the control of PSEN. 
Also contains the address 
and data during an external 
RAM data store instruction, 

ALE 11 Address l'atch enable. This 
signal occurs once during 
each cycle and is useful as 
a clock output. 

under control of ALE, RD, The negative edge of ALE 
and WR. strobes address into 

TO 1 Input pin testable using the 
conditional transfer instruc-

external data 9nd program 
memory. 

tions JTO and JNTo. TO can PSEN 9 Program store enable. This 
be designated as a clock output occurs only during 
output using ENTO CLK a fetch to external program 
instruction. memory. (Active low) 

T1 39 Input pin testable using the SS 5 Single step input can be 
JT1, and JNT1 instructions. used in conjunction with 

210936 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Function Symbol Pin No. Function 

SS (Can't) ALE to "single step" the and program verification. 
processor through each (Active high) 
instruction (Active low) XTAL1 2 One side of crystal input 

EA 7 External access input which for internal oscillator. Also 
forces all program memory input for external source. 
fetches to reference (Non TTL V1H) 
external memory. Useful 
for emulation and debug, 

XTAL2 3 Other side of crystal input. 

and essential for testing 

IDLE MODE DESCRIPTION 
The 80C49-7, when placed into Idle mode, keeps the oscillator, the internal timer and the external interrupt and 
counter pins functioning and maintains the internal register and RAM status. 

To place the 80C49-7 in Idle mode, a command instruction (op code 01 H) is executed. To terminate Idle mode, 
a reset must be performed or interrupts must be enabled and an interrupt signal generated. There are two 
interrupt sources that can restore normal operation. One is an external signal applied to the interrupt pin. The 
other is from the overflow of the timer/counter. When either interrupt is invoked, the CPU is taken out of Idle 
mode and vectors to the interrupt's service routine address. Along with the Idle mode, the standard MCS®-48 
power-down mode is still maintained. 

210936 
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Table 2. Instruction Set 

Accumulator Registers 

Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles 
ADDA, R Add register to A 1 1 INCR Increment register 1 1 
ADDA,@R Add data memory to A INC@R Increment data memory 1 
ADD A,# data Add immediate to A 2 2 DECR Decrement register 
ADDCA, R Add register with carry 
ADDCA,@R Add data memory 

Branch with carry 
ADDC A, # data Add immediate 2 2 

with carry Mnemonic Description Bytes Cycles 

ANL A, R And register to A JMP addr Jump unconditional 2 2 

ANL A,@R And data memory to A 1 1 JMPP@A Jump indirect 1 2 

ANL A,# data And immediate to A 2 2 DJNZ R, addr Decrement register 2 2 

ORL A, R Or register to A and skip 

ORLA@R Or data memory to A 1 
JC addr Jump on carry= 1 2 2 

ORL A,# data Or immediate to A 2 2 
JNC addr Jump on carry= O 2 2 

XRL A, R Exclusive or register JZ addr Jump on A zero 2 2 

to A JNZaddr Jump on A not zero 2 2 

XRL A,@R Exclusive or data JTO addr Jump on TO= 1 2 2 
memory to A JNTO addr Jump on TO= O 2 2 

XRL, A, # data Exclusive or 2 2 JT1 addr Jump on T1=1 2 2 
immediate to A JNT1 addr Jump on T1=0 2 2 

INCA Increment A JFO addr Jump on FD= 1 2 2 
DECA Decrement A JF1 addr Jump on F1=1 2 2 
CLR A Clear A JTF addr Jump on timer flag 2 2 
CPLA Complement A JNI addr Jump on INT= 0 2 2 
DAA Decimal adjust A JBb addr Jump on accumulator 2 2 
SWAP A Swap nibbles of A bit 
RLA Rotate A ieft 
RLC A Rotate A left 

through carry Subroutine 
RRA Rotate A right 
RRCA Rotate A right 

Mnemonic Description Bytes Cycles 

through carry CALL addr Jump to subroutine 2 2 
RET Return 2 
RETR Return and restore 2 

Input/Output status 

Mnemonic Description Bytes Cycles 
IN A, P Input port to A 1 2 Flags 

OUTL P, A Output A to port 1 2 
ANL P, #data And immediate to port 2 2 

Mnemonic Description Bytes Cycles 

ORL P, #data Or immediate to port 2 2 
CLR C Clear carry 1 1 

INS A, BUS Input BUS to A 2 
CPL C Complement carry 

OUTL BUS, A Output A to BUS 2 
CLR FD Clear flag 0 

ANL BUS,# data And immediate to BUS 2 2 
CPL FD Complement flag 0 

ORL BUS,# data Or immediate to BUS 2 2 
CLR F1 Clear flag 1 

MOVDA, P Input expander port 2 
CPL F1 Complement flag 1 

to A 
MOVD P, A Output A to expander 2 

port 
ANLD P, A And A to expander port 2 
ORLD P, A Or A to expander port 2 
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Table 2. Instruction Set (Continued) 

Data Moves 

Mnemonic Description Bytes Cycles 
MOVA, R Move register to A 1 1 
MOVA,@R Move data memory 

to A 
MOVA,# data Move immediate to A 2 2 
MOV R, A Move A to register 
MOV@R,A Move A to data 

memory 
MOV R, #data Move immediate 2 2 

to register 
MOV @R, # data Move immediate to 2 2 

data memory 
MOVA, PSW Move PSW to A 
MOV PSW, A Move A to PSW 
XCH A, R Exchange A and 

register 
XCH A,@R Exchange A and 

data memory 
XCHD A,@R Exchange nibble of A 

and register 
MOVXA,@R Move external data 2 

memory to A 
MOVX@R, A Move A to external 2 

data memory 
MOVPA,@A Move to A from 2 

current page 
MOVP3 A, @A Move to A from page 3 2 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias . . . 0°e to ?0°e 
Storage Temperature . . . . . . ·- 6s0 e to + 1 so0 e 
Voltage On Any Pin With Respect 

to Ground ............ - o.sv to Vee+ 1 V 
Maximum Voltage On Any Pin 

With Respect to Ground 
Power Dissipation . . . . . . . 

.... ?V 
1.0 Watt 

4-5 

Timer/Counter 

Mnemonic Description Bytes Cycles 
MOVA, T Read timer/counter 1 1 
MOVT, A Load timer/counter 1 
STRTT Start timer 
STRT CNT Start counter 
STOPTCNT Stop timer/counter 
EN TCNTI Enable timer/counter 

interrupt 
DIS TCNTI Disable timer/counter 

interrupt 

Control 

Mnemonic Description Bytes Cycles 
EN I Enable external 1 1 

interrupt 
DIS I Disable external 

interrupt 
SEL RBO Select register bank 0 
SEL RB1 Select register bank 1 
SEL MBO Select memory bank 0 
SEL MB1 Select memory bank 1 
ENTO CLK Enable clock output 

on TO 

Mnemonic Description Bytes Cycles 
NOP No operation 1 1 
IDL Select Idle Operation 

*NOTICE: Stresses above those listed under "Ab
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of device at these or any 
other conditions above those indicated in the oper
ational sections of this specification is not implied. 

210936 



80C49-7/80C39-7 

D.C. CHARACTERISTICS: (TA= 0°C to 70°C; Vee= VDD = 5V ± 20%; !Vee - VDDI ~ 1.5V; 
Vss = OV) 

Limits 

Symbol Parameter Min Typ Max Unit Test Conditions 

V1L Input Low Volta~ -.5 .18 Vee v 
(All Except X1, RESET) 

V1L1 Input Low Voltage X1, RESET -5 .13 Vee v 
V1H Input High Voltage __ 0.2 Vee Vee v 

(All Except XTAL 1, RESET) + 1.2 

V1H1 Input High Voltage (X1, RESET) .7 Vee Vee v 
Vol Output Low Voltage (BUS) .6 v loL = 2.0 mA 

Vol1 ~l!!J:.ow Voltage .6 v loL = 1.8 mA 
(RD, WR, PSEN, ALE) 

VoL2 Output Low Voltage (PROG) .6 v IOL = 1.0 mA 

VoL3 Output Low Voltage .6 v IOL = 1.6 mA 
(All Other Outputs) 

VoH Output High Voltage (BUS) .75 Vee v loH = -400 µ,A 

VOH1 ~ut High Voltage .75 vcc v IOH = -100 µ,A 
(RD, WR, PSEN, ALE) 

VoH2 Output High Voltage 2.4 v loH = -40 µ,A 
(All Other Outputs) 3.0 IOH = -20 µ,A 

'L1 Input Leakage Current (T1, INT, EA) ±5 µ,A Vss ~ V1N ~ Vee 

1u1 Input Leakage Current -500 µ,A Vss ~ V1N ~ Vee 
(P10-P17, P20-P27, SS) 

ILO Output Leakage Current (BUS, TO) ±5 µ,A Vss ~ V1N ~ Vee 
(High Impedance State) 

ILR Input Leakage Current (RESET) -10 -300 µ,A Vss ~ V1N ~ V1H1 

lpD Power Down Standby Current 2 µ,A VDD = 2.0V RESET ~ V1L 

Ice Active Current (mA) Ice Idle Current (mA) 

Vee 4V 5V 6V Vee 4V 5V 

1 MHz 2.5 3.3 4.0 1 MHz 1.7 2.0 

6 MHz 5 6.8 8.5 6 MHz 2 3 

11 MHz 9 12 15 11 MHz 3.5 4.8 

Absolute Maximum Unloaded Current 

Ice Test Conditions: 

•cc Active 
All oJ:!!f!uts disconnected 
T1, INT, SS, TO connected to HIGH (V1H) 
EA, AST connected to LOW (V1L) 
XTAL 1 External Drive 

Rise Time = 10 ns, Fall Time = 10 ns 
XTAL2 No connection 
V1H = Vee - 0.5V 
V1L = Vss + 0.5V 

Ice Idle 
All outputs disconnected 
XTAL 1 External Drive · 

Rise Time = 10 ns, Fall Time = 10 ns 
XTAL2 No connection 
V1H = Vee - 0.5V 
V1L = Vss + 0.5V 
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A.C. CHARACTERISTICS: (TA= 0°eto 70°C; Vee =Voo = 5V±20%;1Vee-Vool "( 1.5V; Vss =OV) 

I (t) 
Symbol Parameter (Note 3) 

t Clock Period 1/xtal freq 

tLL ALE Pulse Width 3.5t-170 

tAL Addr Setup to ALE 2t-110 

tLA Addr Hold from ALE t-40 

tcc1 Control Pulse Width (RD, WR) 7.5t-200 

tcc2 Control Pulse Width (PSEN) 6t-200 

tow Data Setup before WR 6.5t-200 

two Data Hold after WR t-50 

toR Data Hold (RD, PSEN) 1.5t-30 

tRD1 RD to Data in 6t-170 

tRD2 PSEN to Data in 4.5t-170 

tAw Addr Setup to WR 5t-150 

tAD1 Addr Setup to Data (RD) 10.5t-220 

tAD2 Addr Setup to Data (PSEN) 7.5t-220 

tAFC1 Addr Float to RD, WR 2t-40 

tAFC2 Addr Float to PSEN .5t-40 

tLAFC1 ALE to Control (RD, WR) 3t-75 

ILAFC2 ALE to Control (PSEN) 1.5t-75 

tcA1 Control to ALE (RD, WR, PROG) t-65 

tcA2 Control to ALE (PSEN) 4t-70 

tcp Port Control Setup to PROG 1.5t-80 

tpc Port Control Hold to PROG 4t-260 

tpR PROG to P2 Input Valid 8.5t-120 

tpF Input Data Hold from PROG 1.5t 

top Output Data Setup 6t-290 

tpo Output Data Hold 1.5t-90 

tpp PROG Pulse Width 10.5t-250 

tpL Port 2 1/0 Setup to ALE 4t-200 

tLP Port 2 1/0 Hold to ALE 1.5t-120 

tpv Port Output from ALE 4.5t+100 

toPRR TO Rep Rate 3t 

tcv Cycle Time 15t 

Notes: 

1. Control Outputs CL= BOpF 
BUS Outputs CL= 150pF 

2. BUS High Impedance 
Load 20pF 
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11 MHz Conditions 
Min Max Unit (Note 1) 

90.9 1000 ns (Note 3) 

150 ns 

70 ns (Note 2) 

50 ns 

480 ns 

350 ns 

390 ns 

40 ns 

0 110 ns 

350 ns 

190 ns 

300 ns 

730 ns 

460 ns 

140 ns (Note 2) 

10 ns (Note 2) 

200 ns 

60 ns 

25 ns 

290 ns 

50 ns 

100 ns 

650 ns 

0 140 ns 

250 ns 

40 ns 

700 ns 

160 ns 

15 ns 

510 ns 

270 ns 

1.36 15.0 µS 

3. f(t) assumes 50% duty cycle on X1, X2. Max 
clock period is for a 1 MHz crystal input. 
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WAVEFORMS 

ALE 

--.I ILAFC1 L 
ALE J~-~I~ __ I ____ _. 

tAFd2 -- I- tcc2 ~I I- tcA2 
~--'----- RD 

f--1cc1---i ICA1 :-
------~ 

PSEN 

IAFC1 ~ l.-- -1 - IDR 
, FLOATING I 

1 ,,------
FLOATING 

: __________ lA02---- .. --

lnstruction Felch From Program Memory Read From External Data Memory 

ALE ~r-
-----~ 

WR 

--tcc1~ ICA1 -

ADDRESS tow ..-.----- two 
i~----

FLOATING 

FLOATING 
I 

i---.....tAw~ 

Write To External Data Memory 

2.4V ----~ ,-----

0.4SV ----~X~:~:; TEST POINTs::~:~X~----

A.C. testing inputs are driven at 2.4V for a logic "1" and 
0.45V for a logic "O." Output timing measurements are 
made at 2.0V for a logic "1" and 0.8V for a logic "O." 

Input And Output For A.C. Tests 

PORT 1/PORT 2 TIMING 

1ST CYCLE I 2ND 
~c_vc_L_E~~tpv I 

ALE~ - I~ 
"" ~ \._ _____ ~: : I~'" 

P20-23 
OUTPUT 

P24-27 
P10-17 
OUTPUT 

ILP 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

~--l __ P_C_H ____ ~~---P-0-:R_T_2_0_-2_3_D_A_T_A-~~~-N-EW-P-20---23_D_A_T_A--~ 
I I 

I PORT 24-27, PORT 10-17 DATA I NEW PORT DATA 
I 

I I I [-1cA1 

~-IAL-.J---·ILA---r---IPL~ 
1 

JIDP "l~r;I 
PCH I PORT 20-23 DATA! I PORT CONTROL OUTPUT DATA I I 

i 11 ----1PR-•1 A 
,.------------~ r-----~ r-----~ ,.-----~ 

PCH I PORT 20-23 DATA! I PORT c9NTROL I 
~----------~ 

[-1cp+tpc~ 

PROG 
----------------------....,;! ~tpp 

210936 
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SUGGESTED ROM VERIFICATION ALGORITHM FOR CHMOS DEVICES ONLY 

INITIAL ROM DUMP CYCLE 

ALE 

DB----1 ADDRESS H ROM DATA 

(INPUT) (OUTPUT) 

RESET------~ 

SUBSEQUENT ROM DUMP CYCLES 

! (OUTPUT) 
I 
I 
I 

: (INPUT) 
I 
I 
I 
I 

H ADDRESS 

' (INPUT) 
I 

I (INPUT) 
I 

' 

' I 
I 

~ DATA 

(OUTPUT): 

p20_p23 -. ----1.__ ____ A_o_o_R_E_s_s ___ --1H ADDRESS 

: (INPUT) 

C48 C49 C50 vcc = Voe = + sv 

A10 0 ADDA ADDR 
A11 0 0 ADDA Vss = OV 
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80C51 BH/80C51 BH-2 
CHMOS SINGLE COMPONENT 8-BIT MICROCONTROLLER 

with Factory Mask-Programmable ROM 

80C31 BH/80C31 BH-2 
CHMOS SINGLE COMPONENT 8-BIT CONTROL-ORIENTED 

CPU WITH RAM AND 1/0 
80C51BH/80C31BH - 3.5 to 12 MHz Vee = 5V ± 20% 
80C51BH-2/80C31BH-2 - 0.5 to 12 MHz Vee = 5V ± 20% 

• 128 X 8 RAM • Boolean Processor 
• 32 Programmable 1/0 Lines • 5 Interrupt Sources 
• Two 16-Bit Timer/Counters • Programmable Serial Port 
• 64K Program Memory Space • 64K Data Memory Space 

The MCS®-51 CHMOS products are fabricated on Intel's advanced CHMOS Ill process and are functionally 
compatible with the standard MCS-51 HMOS and EPROM products. CH MOS Ill is a technology which combines 
the high speed and density characteristics of HMOS with the low power attributes of CMOS. This combination 
expands the effectiveness of the powerful MCS-51 architecture and instruction set. 

Like the MCS-51 EPROM and HMOS, the MCS-51 CHMOS products have the following features: 4K of ROM 
(80C51 BH/80C51 BH-2 only); 128 bytes of RAM; 32 1/0 lines; two 16-bit timer/counters; a five-source two-level 
interrupt structure; a full duplex serial port; and on-chip oscillator and clock circuitry. In addition, the MCS-51 
CHMOS products have two software selectable modes of reduced activity for further power reduction -- Idle 
and Power Down. 

Idle mode freezes the CPU while allowing the RAM, timer/counters, serial port and interrupt system to continue 
functioning. Power Down mode saves the RAM contents but freezes the oscillator causing all other chip functions 
to be inoperative. 

Figure 1. Block Diagram 
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80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 

INDEX 
CORNER 

P1.0 VCC 
P1.1 PO.O 
P1.2 P0.1 
P1.3 P0.2 
P1.4 P0.3 
P1.5 P0.4 
P1.6 P0.5 
P1.7 P0.6 
RST P0.7 

P3.0/RXD EA 
P3.1/TXD ALE 
P3.2/INTO PSEN 
P3.3 INT1 P2.7 

P3.4/TO P2.6 
P3.5/T1 P2.5 

P3.6/WR P2.4 
P3.7/RD P2.3 

XTAL2 P2.2 
XTAL1 P2.1 

vss P2.0 

Pin 

Diagrams are for pin reference only 
Package sizes am not to scale 

Figure 2. 

IDLE AND POWER DOWN OPERATION 

Figure 3 shows the internal Idle and Power Down 
clock configuration. As illustrated, Power Down 
operation freezes the oscillator. Idle mode operation 
.allows the interrupt, serial port, and timer blocks to 
continue to function while the clock to the CPU is 
halted. 

Figure 3. Idle and Power Down Hardware 

"' "! "! '"'. 0 
(,) 

(,) g ~ ~ ~ 0: 0: 0: 0: 1i' (,) z > 

P0.4 

PO.S 

P0.6 

P0.7 

EA 
80C51BH 

80C51BH·2 NC 
80C31BH 

80C31BH·2 ALE 

PSEN 

P"2.7 

P2.6 

P2.5 

~ ~ N ... "' (,) 0 

~ 
M ~ 

~ ..; ... ,:> z ~ ~ ~ ~ .. ;: .. 
>-

>< >< 

Pad 

Configurations 
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These special modes are activated by software via 
the Special Function Register, PCON. Its hardware 
address is 87H. PCON is not bit addressable. 

PCON: Power Control Register 

(LSB) 

GF1 GFO PD I IDL I 
Symbol Position Name and Function 

SMOD PCON.7 Double Baud rate bit. When set to a •1, 
the baud rate is doubled when the serial 
port is being used in either modes 1, 2 
or 3. 

PCON.6 (Reserved) 
PCON.5 (Reserved) 
PCON.4 (Reserved) 

GF1 PCON.3 General-purpose flag bit. 
GFO PCON.2 General-purpose flag bit. 
PD PCON.1 Power Down bit. Setting this bit 

activates power down operation. 
IDL PCON.O Idle mode bit. Setting this bit activates 

idle mode operation. 

If 1 's are written to PD and IDL at the same time, PD 
takes precedence. The reset value of PCON is 
(OXXXOOOO). 



80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 

Idle Mode 

The instruction that sets PCON.O is the last instruction 
executed in the normal operating mode before Idle 
mode is activated. Once in the Idle mode, the CPU 
status is preserved in its entirety: the Stack Pointer, 
Program Counter, Program Status Word, Accumu
lator, RAM, and all other registers maintain their data 
during Idle. Table 1 describes the status of the ex
ternal pins during Idle mode. 

There are two ways to terminate the Idle mode. 
Activation of any enabled interrupt will cause PCON.O 
to be cleared by hardware, terminating Idle mode. 
The interrupt is serviced, and following RETI, the next 
instruction to be executed will be the one following 
the instruction that wrote a 1 to PCON.O. 

The flag bits GFO and GF1 may be used to determine 
whether the interrupt was received during normal 
execution or during the Idle mode. For example, the 
instruction that writes to PCON.O can also set or clear 
one or both flag bits. When Idle mode is terminated 
by an enabled interrupt, the service routine can 
examine the status of the flag bits. 

The second way of terminating the Idle mode is with 
a hardware reset. Since the oscillator is still running, 
the hardware reset needs to be active for only 2 
machine cycles (24 oscillator periods) to complete the 
reset operation. 

Power Down Mode 

The instruction that sets PCON .1 is the last executed 
prior to going into power down. Once in power down, 
the oscillator is stopped. Only the contents of the on
chip RAM is preserved. The Special Function Reg
isters are not saved. A hardware reset is the only way 
of exiting the power down mode. 

In the Power Down mode, Vee may be lowered to 
minimize circuit power consumption. Care must be 
taken to ensure the voltage is not reduced until the 

power down mode is entered, and that the voltage is 
restored before the hardware reset is applied which 
frees the oscillator. Reset should not be released until 
the oscillator has restarted and stabilized. 

Table 1 describes the status of the external pins while 
in the power down mode. It should be noted that if 
the power down mode is activated while in external 
program memory, the port data that is held in the 
Special Function Register P2 is restored to Port 2. If 
the data is a 1, the port pin is held high during the 
power down mode by ttie strong pullup, p1, shown 
in figure 4. 

80C51 BH 1/0 Ports 

The 1/0 port drive of the 80C51 BH is similar to the 
8051. The 1/0 buffers for Ports 1, 2, and 3 are im
plemented as shown in figure 4. 

When the port latch contains a 0, all pFETS in figure 
4 are off while the nFET is turned on. When the port 
latch makes a O-to-1 transition, the nFET turns off. 
The strong pullup pFET, p1, turns on for two oscillator 
periods, pulling the output high very rapidly. As the 
output line is drawn high, pFET p3 turns on through 
the inverter to supply the IOH source current. This 
inverter and p3 form a latch which holds the 1 and is 
supported by p2. 

When Port 2 is used as an address port, for access 
to external program of data memory, any address bit 
that contains a 1 will have its strong pullup turned on 
for the entire duration of the external memory access. 

When an 1/0 pin on Ports 1 , 2, or 3 is used as an 
input, the user should be aware that the external cir
cuit must sink current during the logical 1-to-O tran
sition. The maximum sink current is specified as ITL 
under the D.C. Specifications. When the input goes 
below approximately 2V, p3 turns off to save ICC 
current. Note, when returning to a logical 1, p2 is the 
only internal pullup that is on. This will result in a slow 
rise time if the user's circuit does not force the input 

Table 1. Status of the external pins during Idle and Power Down modes 

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3 

Idle Internal 1 1 Port Data Port Data Port Data Port Data 

Idle External 1 1 Floating Port Data Address Port Data 

Power 
Down Internal 0 0 Port Data Port Data Port Data Port Data 

Power 
Down External 0 0 Floating Port Data Port Data Port Data 
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80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 

2 OSC. PERIODS 

a o-J-----------+--FRoM PORT 
LATCH 

vcc 

-~ p1 

READ 
PORT PIN 

vcc vcc 

p3 

Figure 4. 1/0 Buffers in the 80C51 BH (Ports 1, 2, 3) 

line high. For additional information, refer to the chap
ter entitled "Design Considerations When Using 
CHMOS" in the 1984 Intel Microcontroller Handbook. 

PIN DESCRIPTIONS 

Vee 
Supply voltage during normal, Idle, and Power Down 
operations. 

Vss 
Circuit ground. 

Port 0 

Port O is an 8-bit open drain bi-directional 1/0 port. 
Port O pins that have 1 's written to them float, and in 
that state can be used as high-impedance inputs. 

Port O is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pullups when emitting 1 's. Port O also outputs the 
code bytes during program verification in the 
80C51 BH. External pullups are required during pro
gram verification. 

Port 1 

Port 1 is an 8-bit bi-directional 1/0 port with internal 
pullups. Port 1 pins that have 1 's written to them are 

4-13 

pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 1 pins that are 
externally being pulled low will source current (Ill, on 
the data sheet) because of the internal pullups. 

Port 1 also receives the low-order address bytes dur
ing program verification. 

Port 2 

Port 2 is an 8-bit bi-directional 1/0 port with internal 
pullups. Port 2 pins that have 1 's written to them are 
pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 2 pins that are 
externally being pulled low will source current (Ill, on 
the data sheet) because of the internal pullups. 

Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16,bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1 's. During 
accesses to external Data Memory that use 8-bit ad
dresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 

Port 3 

Port 3 is an 8-bit bi-directional 1/0 port with internal 
pullups. Port 3 pins that have 1 's written to them are 
pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 3 pins that are 
externally being pulled low will source current (Ill, on 
the data sheet) because of the pullups. 



80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 

Port 3 also serves the functions of various special 
features of the MeS-51 Family, as listed below: 

Port Pin Alternate Function 

P3.0 RXD (serial input port) 

P3.1 TXD (serial output port) 

P3.2 INTO (external interrupt 0) 

P3.3 INT1 (external interrupt 1) 

P3.4 TO (Timer 0 external input) 

P3.5 T1 (Timer 1 external input) 

P3.6 WR (external data memory write 
strobe) 

P3.7 RD (external data memory read 
strobe) 

RST 

Reset input. A high on this pin for two machine cycles 
while the oscillator is running resets the device. An 
internal diffused resistor to Vss permits Power-On 
reset using only an external capacitor to Vee. 

ALE 

Address Latch Enable output pulse for latching the 
low byte of the address during accesses to external 
memory. 

In normal operation ALE is emitted at a constant rate 
of 'Is the oscillator frequency, and may be used for 
external timing or clocking purposes. Note, however, 
that one ALE pulse is skipped during each access to 
external Data Memory. 

I ~-XTAL2 

1i 9 r- XTAL1 

1------;VSS 

~---

Figure 5. Crystal Oscillator 
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Program Store Enable is the read strobe to external 
Program Memory. 

When the 80e51 BH is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memory. 

EA 

External Access enable. EA must be externally held 
low in order to enable the device to fetch code from 
external Program Memory locations OOOOH to 
OFFFH. 

XTAL1 

Input to the inverting oscillator amplifier and input to 
the internal clock generator circuits. 

XTAL2 

Output from the inverting oscillator amplifier. 

OSCILLATOR CHARACTERISTICS 

XTAL 1 and XTAL2 are the input and output respec
tively, of an inverting amplifier which is configured for 
use as an on-chip oscillator, as shown in Figure 5. 
Either a quartz crystal or ceramic resonator may be 
used. More detailed information concerning the use 
of the on-chip oscillator is available in Application 
Note AP-155, "Oscillators for Microcontrollers." 

To drive the device from an external clock source, 
XTAL 1 should be driven while XTAL2 is left uncon
nected as shown in figure 6. There are no require
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 

NC 
XTAL2 

EXTERNAL 
OSCILLATOR ------------; XTAL 1 
SIGNAL 

vss 

Figure 6. External Drive Configuration 
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80C31 BH/80C31 BH-2 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias . . . 0°c to 70°C 
Storage Temperature . . . . . . - 65°C to + 150°C 
Voltage on Any Pin to Vss ... - 0.5V to Vee+ 1 v 
Voltage on Vee to Vss ....... -0.5V to + 7V 
Power Dissipation . . . . . . . . . . . . . . . . 1.0W 

*NOTICE: Stresses above those listed under "Ab
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or any 
other conditions above those indicated in the oper
ational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS: (TA = 0°C to 70°C; Vss = OV; Vee = 5V ± 20%) 

Symbol Parameter Min Max Unit Test Conditions 

V1L Input Low Voltage -0.5 o.2vcc-.1 v 

V1H Input High Voltage o.2vcc+.9 vcc+o.5 v 
(Except XTAL 1, RST) 

V1H1 Input High Voltage to o.7Vcc Vcc+o.5 v 
XTAL1, RST 

Vol Output Low Voltage 0.45 v loL = 1.6 mA 
(Ports 1, 2, 3) 

Vol1 Output Low Voltage 0.45 v loL = 3.2 mA (Note 1) 
(Port 0, ALE, PSEN) 

VoH Output High Voltage 2.4 v loH= -80µ,A Vcc=5V± 10% 
(Ports 1, 2, 3) 

o.75Vcc v loH= -30µ,A 

o.9Vcc v loH= -10µ,A 

VoH1 Output High Voltage 2.4 v loH= -400µ,A Vcc=5V±10% 
(Port O in External Bus 

o.75Vcc v loH = - 150µ,A 
Mode, ALE, PSEN) 

o.9Vcc v loH= -40µ,A (Note 2) 

l1L Logical 0 Input Current -50 µ,A Vin = 0.45V 
(Ports 1, 2, 3) 

ITL Logical 1 to O transition -500 µ,A Vin = 2.0V 
Current (Ports 1, 2, 3) 

lu Input Leakage Current ±10 µ,A 0.45 < Vin < Vee 
(Port 0, EA) 

RRST RST Pulldown Resistor 40 125 Kohm 

C10 Pin Capacitance 10 pF test freq= 1 MHz,TA=25°C 

lpo Power Down Current 50 µ,A Vee = 2 to 6V (Note 3) 

Maximum Operating Ice (mA) (note 4) Maximum Idle Ice (mA) (note 5) 

Vee 4V 5V 6V Vee 4V 5V 6V 
Freq. Freq. 
0.5 MHz 1.6 2.2 3 0.5 MHz 0.6 0.9 1.2 
3.5 MHz 4.3 5.7 7.5 3.5 MHz 1.1 1.6 2.2 
8 MHz 8.3 11 14 8 MHz 1.8 2.7 3.7 
12 MHz 12 16 20 12 MHz 2.5 3.7 5 
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Note 1: Capacitive loading on Ports O and 2 may cause spurious noise pulses to be superimposed on the Vols of ALE, and 
Ports 1 and 3. The noise is due to the external bus capacitance discharging into the Port O and Port 2 pins when 
these pins make a 1-to-O transition during bus operations. In the worst case (capacitive loading > 100 pF), the noise 
pulse on ALE line may exceed O.SV. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use 
an address latch with a Schmitt Trigger STROBE input. 

Note 2: Capacitive loading on Ports 0 and 2 may cause the VoH on ALE and PSEN to momentarily fall below the .9Vcc 
specification when the address bits are stabilizing. 

Note 3: Power Down Ice is measured with all output pins disconnected; EA= PORTO=Vcc; XTAL2 N.C.; RST=Vss-

Note 4: Ice is measured with all output pins disconnected; XTAL 1 driven with TCLCH, TCHCL = 10 ns, Vil= Vss + .5v, 
vih=Vcc-.Sv; XTAL2 N.C.; EA=RST=PORTO=Vcc-

Note 5: Idle Ice is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 10 ns, Vi1=Vss+ .5v, 
Vih=Vcc-.Sv; XTAL2 N.C.; EA= PORTO= Vee; RST=Vss-

A.C. CHARACTERISTICS (TA = 0°C to 70°C; Vss = OV; Vee = 5V ± 20%; 
Load Capacitance for Port 0, ALE, and PSEN = 100 pF, Load Capacitance for 
All Other Outputs = 80 pF) 

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS 

Symbol Parameter Min Max Units 

1/TCLCL Oscillator Freq (80C51BH) 3.5 12 MHz 

Oscillator Freq (80C51 BH-2) 0.5 12 MHz 

TLHLL ALE Pulse Width 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low TCLCL-40 ns 

TL LAX Address Hold After ALE Low TCLCL-35 ns 

TLLIV ALE Low to Valid Instr In 4TCLCL-150 ns 

TL LPL ALE Low to PSEN Low TCLCL-25 ns 

TPLPH PSEN Pulse Width 3TCLCL-35 ns 

TPLIV PSEN Low to Valid Instr In 3TCLCL-150 ns 

TPXIX Input Instr Hold After PSEN 0 ns 

TPXIZ Input Instr Float After PSEN TCLCL-20 ns 

TPXAV PSEN to Address Valid TCLCL-8 ns 

TAVIV Address to Valid Instr In 5TCLCL-150 ns 

TPLAZ PSEN Low to Address Float 0 ns 

TRLRH RD Pulse Width 6TCLCL-100 ns 

TWLWH WR Pulse Width 6TCLCL-100 ns 

TRLDV RD Low to Valid Data In 5TCLCL-165 ns 

TRHDX Data Hold After RD 0 ns 

TRHDZ Data Float After RD 2TCLCL-70 ns 

TLLDV ALE Low to Valid Data In 8TCLCL-150 ns 
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inter 80C51 BH/80C51 BH·2 
80C31 BH/80C31 BH-2 

EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE 

PORTO 

-TAVLL- --- ---TPLPH--
TLLPL 

TLLIV 

TL LAX 
TAZPL 

AO·A7 

----TAVIV----

TPXAV 

TPXIZ1-

TPXIX- -

INSTR 
IN AO-A7 

PORT2 _>{_A8·A-1s ___,X~-A8-A15 _ 
EXTERNAL DATA MEMORY READ CYCLE 

ALE 

TAVLL 

PORTO 

PORT2 

TWHLH 

1-----TLLDY-----I 

--TLLWL-- ----TRLRH-+----1 

AO-A7 
FROM RI OR DPL 

---TAYWL---

------TAVDV------

P2.0-P2.7 OR A8-A15 FROM OPH 
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80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 

A.C. CHARACTERISTICS 

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS (Continued) 

Symbol Parameter 

TAVDV Address to Valid Data In 

TLLWL ALE Low to RD or WR Low 

TAVWL Address to RD or WR Low 

TQVWX Data Valid to WR Transition 

TQVWH Data Valid to WR High 

TWHQX Data Held After WR 

TRLAZ RD Low to Address Float 

TWHLH RD or WR High to ALE High 

EXTERNAL CLOCK DRIVE 

Symbol Parameter 

1/TCLCL Oscillator Freq (80C51 BH) 

Oscillator Freq (80C51BH-2) 

TCHCX High Time 

TCLCX Low Time 

TCLCH Rise Time 

TCHCL Fall Time 

EXTERNAL CLOCK DRIVE 

EXTERNAL 
OSCILLATOR 
SIGNAL 

.. TCHCL 

Min 

3TCLCL-50 

4TCLCL-130 

TCLCL-60 

?TCLCL-150 

TCLCL-50 

TCLCL-40 

Min 

3.5 

0.5 

20 

20 

---TCLCL---•I 

NC 
XTAL2 

EXTERNAL 
OSCILLATOR XTAL 1 
SIGNAL 

l 
vss 
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Max Units 

9TCLCL-165 ns 

3TCLCL+50 ns 

ns 

ns 

ns 

ns 

0 ns 

TCLCL+50 ns 

Max Units 

12 MHz 

12 MHz 

ns 

ns 

20 ns 

20 ns 



80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 

EXTERNAL DATA MEMORY WRITE CYCLE 

ALE 

--TLLWL- TWLWH----

TQVWX 
~ TWHOX 

TAVLL -+---TOVWH---- ...L 

PORTO DATA OUT AO - A7 
FROM PCL 

PORT2 P2.0 - P2.7 OR AB - A15 FROM DPH A8 - A15 FROM PCH 

SERIAL PORT TIMING - SHIFT REGISTER MODE 

A.C. CHARACTERISTICS: (TA = 0°C to 70°C; Vss = OV; Vee = 5V ± 20%; 
Load Capacitance = 80 pF) 

Symbol Parameter Min Max 

TXLXL Serial Port Clock Cycle Time 12TCLCL 

TQVXH Output Data Setup to Clock Rising Edge 1 OTCLCL - 133 

TXHQX Output Data Hold After Clock Rising Edge 2TCLCL-117 

TXHDX Input Data Hold After Clock Rising Edge 0 

TXHDV Clock Rising Edge to Input Data Valid 1 OTCLCL - 133 

SHIFT REGISTER TIMING WAVEFORMS 

CLbCK 

J.TQVXH..f ,..._TXHQX I 

Units 

µ,s 

ns 

ns 

ns 

ns 

\ X x x .... __ _,X ..... _ _,X ..... _ __,X ..... _ __,X ..... _ __,7 

l j t 
mn 

TI<HOY --l 1-o-TI<"°X 

t t 
SETRI 

CLEAARI 
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ifltel® 80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 &©~&lfil©~ OlfiJIP@ffil[k()ffe.lf'O@lfil 

Table 2. MCS®-51 Instruction Set Description 

ARITHMETIC OPERATIONS LOGICAL OPERATIONS (CONTINUED) 

Mnemonic Description Byte Cyc Mnemonic Destination Byte Cyc 
ADD A.Rn Add register to ORL A,@Ri OR indirect RAM to 

Accumulator Accumulator 
ADD A.direct Add direct byte to ORL A,#data OR immediate data to 

Accumulator 2 Accumulator 2 
ADD A,@Ri Add indirect RAM to ORL direct.A OR Accumulator to 

Accumulator direct byte 2 
ADD A,#data Add immediate data to ORL direct.#data OR immediate data to 

Accumulator 2 direct byte 3 2 
ADDC A,Rn Add register to XRL A,Rn Exclusive-OR register to 

Accumulator with Carry Accumulator 
ADDC A, direct Add direct byte to A XRL A, direct Exclusive-OR direct 

with Carry flag 2 byte to Accumulator 2 
ADDC A,@Ri Add indirect RAM to A XRL A,@Ri Exclusive-OR indirect 

with Carry flag RAM to A 
ADDC A,#data Add immediate data to XRL A,#data Exclusive-OR 

A with Carry flag 2 immediate data to A 2 
SUBS A,Rn Subtract register from A XRL direct, A Exclusive-OR Accumu-

with Borrow lator to direct byte 2 
SUBS A, direct Subtract direct byte XRL direct,#data Exclusive-OR im-

from A with Borrow 2 mediate data to direct 3 2 
SUBS A,@Ri Subtract indirect RAM CLR A Clear Accumulator 1 1 

from A with Borrow CPL A Complement 
SUBS A,#data Subtract immed data Accumulator 

from A with Borrow 2 1 AL A Rotate Accumulator Left 
INC A Increment Accumulator 1 1 RLC A Rotate A Left through 
INC Rn Increment register 1 1 the Carry flag 
INC direct Increment direct byte 2 1 RR A Rotate Accumulator 
INC @Ai Increment indirect RAM 1 1 Right 
INC DPTR Increment Data Pointer 1 2 RRC A Rotate A Right through 
DEC A Decrement Accumulator 1 Carry flag 
DEC Rn Decrement register 1 SWAP A Swap nibbles within the 
DEC direct Decrement direct byte 2 Accumulator 
DEC @Ri Decrement indirect 

RAM 1 DATA TRANSFER 
MUL AB Multiply A & 8 4 Mnemonic Description Byte Cyc 
DIV AB Divide A by 8 4 MOV A.Rn Move register to 
DA A Decimal Adjust Accumulator 

Accumulator MOV A, direct Move direct byte to 

LOGICAL OPERATIONS Accumulator 2 
MOV A,@Ri Move indirect RAM to 

Mnemonic Destination Byte Cyc Accumulator 
ANL A,Rn AND register to MOV A,#data Mov immediate data to 

Accumulator Accumulator 2 
ANL A, direct AND direct byte to MOV Rn.A Move Accumulator to 

Accumulator 2 register 
ANL A,@Ri AND indirect RAM to MOV Rn.direct Move direct byte to 

Accumulator register 2 2 
ANL A,#data AND immediate data to MOV Rn,#data Move immediate data to 

Accumulator 2 register 2 
ANL direct.A AND Accumulator to MOV direct.A Move Accumulator to 

direct byte 2 direct byte 2 
ANL direct,#data AND immediate data to MOV direct.Rn Move register to direct 

direct byte 3 2 byte 2 2 
ORL A.Rn OR register to MOV direct, direct Move direct byte to 

Accumulator direct 3 2 
ORL A, direct OR direct byte to MOV direct,@Ri Move indirect RAM to 

Accumulator 2 direct byte 2 2 
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inter 80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 

Table 2. MCS®-51 Instruction Set Description (Continued) 

DATA TRANSFER (CONTINUED) PROGRAM AND MACHINE CONTROL 

Mnemonic Description Byte Cyc Mnemonic Description Byte Cyc 
MOV direct,#data Move immediate data tb ACALL addr11 Absolute Subroutine 

direct byte 3 2 Call 2 2 
MOV @Ri,A Move Accumulator to LCALL addr16 Long Subroutine Call 3 2 

indirect RAM RET Return from subroutine 1 2 
MOV @Ri,direct Move direct byte to RETI Return from interrupt 1 2 

indirect RAM 2 2 AJMP addr11 Absolute Jump 2 2 
MOV @Ri,#data Move immediate data to LJMP addr16 Long Jump 3 2 

indirect RAM 2 SJMP rel Short Jump (relative 
MOV DPTR,#data16 Load Data Pointer with addr) 2 2 

a 16-bit constant 3 2 JMP @A+DPTR Jump indirect relative to 
MOVC A,@A+DPTR Move Code byte relative the DPTR 2 

to DPTRtoA 2 JZ rel Jump if Accumulator is 
MOVC A,@A+PC Move Code byte relative Zero 2 2 

to PC to A 2 JNZ rel Jump if Accumulator is 
MOVX A,@Ri Move External RAM (8- Not Zero 2 2 

bit addr) to A 2 JC rel Jump if Carry flag is set 2 2 
MOVX A,@DPTR Move External RAM (16- JNC rel Jump if No Carry flag 2 2 

bit addr) to A 2 JB bit, rel Jump if direct Bit set 3 2 
MOVX @Ri,A Move A to External RAM JNB bit, rel Jump if direct Bit Not 

(8-bit addr) 2 set 3 2 
MOVX @DPTR,A Move A to External RAM JBC bit, rel Jump if direct Bit is set 

(16-bit addr) 2 &Clearbit 3 2 
PUSH direct Push direct byte onto CJNE A,direct,rel Compare direct to A & 

stack 2 2 Jump if Not Equal 3 2 
POP direct Pop direct byte from CJNE A,#data,rel Comp, immed, to A & 

stack 2 2 Jump if Not Equal 3 2 
XCH A,Rn Exchange register with CJNE Rn,#data,rel Comp, immed, to reg & 

Accumulator Jump if Not Equal 3 2 
XCH A, direct Exchange direct byte CJNE @Ri,#data,rel Comp, immed, to ind, & 

with Accumulator 2 Jump if Not Equal 3 2 
XCH A,@Ri Exchange indirect RAM DJNZ Rn.rel Decrement register & 

with A Jump if Not Zero 2 2 
XCHD A,@Ri Exchange low-order DJNZ direct, rel Decrement direct & 

Digit ind RAM w A Jump if Not Zero 3 2 
NOP No operation 

BOOLEAN VARIABLE MANIPULATION Notes on data addressing modes: 
Mnemonic Description Byte Cyc Rn -Working register RO-R7 
CLR c Clear Carry flag 1 1 direct -128 internal RAM locations, any 1/0 port, 

CLR bit Clear direct bit 2 1 
control or status register 

@Ri -Indirect internal RAM location addressed by 
SETB c Set Carry flag 1 1 register RO or R1 
SETB bit Set direct Bit 2 1 #data -8-bit constant included in instruction 
CPL c Complement Carry flag 1 1 #data16 -16-bit constant included as bytes 2 & 3 of 
CPL bit · Complement dire<:! bit 2 1 · instruction 
ANL C,bit AND direct bit to Carry bit -128 software flags, any 1/0 pin, control or 

flag 2 2 status bit 

ANL C.lbit AND complement of Notes on program addressing modes: 
direct bit to Carry 2 2 addr16 -Destination address for LCALL & LJMP may 

ORL C/bit OR direct bit to Carry be anywhere within the 64-K program 
memory address space 

flag 2 2 Addr11 -Destination address for ACALL & AJMP will be 
ORL C,/bit OR complement of within the same 2-K page of program 

direct bit to Carry 2 2 memory as the first byte of the following 
MOV C,/bit Move direct bit to Carry instruction 

flag 2 rel -SJMP and all conditional jumps include an 8-
MOV bit,C Move Carry flag to bit offset byte, Range is +127-128bytes relative 

direct bit 2 2 to first byte of the following instruction 
All mnemonics copyrighted® Intel Corporation 1979 
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Hex Number 
Code of Bytes 

00 1 
01 2 
02 3 
03 1 
04 1 
05 2 
06 1 
07 1 
08 1 
09 1 
OA 1 
OB 1 
oc 1 
OD 1 
OE 1 
OF 1 
10 3 
11 2 
12 3 
13 1 
14 1 
15 2 
16 1 
17 1 
18 1 
19 1 
1A 1 
18 1 
1C 1 
1D 1 
1E 1 
1F 1 
20 3 
21 2 
22 1 
23 1 
24 2 
25 2 
26 1 
27 1 
28 1 
29 1 
2A 1 
28 1 
2C 1 
2D 1 
2E 1 
2F 1 
30 3 
31 2 
32 1 

80C51 BH/80C51 BH-2 
80C31 BH/BOC31 BH-2 

Table 3. Instruction Opcodes In Hexldecimal Order 

Mnemonic Operands Hex Number Mnemonic 
Code of Bytes 

NOP 33 1 RLC 
AJMP code addr 34 2 ADDC 
LJMP code addr 35 2 ADDC 
RR A 36 1 ADDC 
INC A 37 1 ADDC 
INC data addr 38 1 ADDC 
INC @RO 39 1 ADDC 
INC @R1 3A 1 ADDC 
INC RO 38 1 ADDC 
INC R1 3C 1 ADDC 
INC R2 3D 1 ADDC 
INC R3 3E 1 ADDC 
INC R4 3F 1 ADDC 
INC R5 40 2 JC 
INC R6 41 2 AJMP 
INC R7 42 2 ORL 
JBC bit addr, code addr 43 3 ORL 
A CALL code addr 44 2 ORL 
LCALL code addr 45 2 ORL 
RRC A 46 1 ORL 
DEC A 47 1 ORL 
DEC data addr 48 1 ORL 
DEC @RO 49 1 ORL 
DEC @R1 4A 1 ORL 
DEC RO 48 1 ORL 
DEC R1 4C 1 ORL 
DEC R2 4D 1 ORL 
DEC R3 4E 1 ORL 
DEC R4 4F 1 ORL 
DEC R5 50 2 JNC 
DEC R6 51 2 A CALL 
DEC R7 52 2 ANL 
JB bit addr, code addr 53 3 ANL 
AJMP code addr 54 2 ANL 
RET 55 2 ANL 
RL A 56 1 ANL 
ADD A,#data 57 1 ANL 
ADD A,dataaddr • 58 1 ANL 
ADD A,@RO 59 1 ANL 
ADD A,@R1 5A 1 ANL 
ADD A,RO 58 1 ANL 
ADD A,R1 5C 1 ANL 
ADD A,R2 5D 1 ANL 
ADD A,R3 5E 1 ANL 
ADD A,R4 5F 1 ANL 
ADD A,R5 60 2 JZ 
ADD A,R6 61 2 AJMP 
ADD A,R7 62 2 XRL 
JNB bit addr, code addr 63 3 XRL 
A CALL codeaddr 64 2 XRL 
RETI 65 2 XRL 
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Operands 

A 
A,#data 
A.data addr 
A,@RO 
A,@R1 
A.RO 
A,R1 
A,R2 
A,R3 
A,R4 
A,R5 
A,R6 
A,R7 
code addr 
code addr 
data addr,A 
data addr,#data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A.RO 
A,R1 
A,R2 
A,R3 
A,R4 
A,R5 
A,R6 
A,R7 
code addr 
codeaddr 
dataaddr,A 
data addr,#data 
A,#data 
A,dataaddr 
A,@RO 
A@R1 
A,RO 
A,R1 
A,R2 
A,R3 
A,R4 
A,R5 
A,R6 
A,R7 
code addr 
code addr 
dataaddr.A 
data addr,#data 
A,#data 
A,dataaddr 



Hex Number 
Code of Bytes 

66 1 
67 1 
68 1 
69 1 
6A 1 
6B 1 
6C 1 
60 1 
6E 1 
6F 1 
70 2 
71 2 
72 2 
73 1 
74 2 
75 3 
76 2 
77 2 
78 2 
79 2 
7A 2 
7B 2 
7C 2 
70 2 

7E 2 
7F 2 
80 2 
81 2 
82 2 
83 1 
84 1 
85 3 
86 2 
87 2 
88 2 
89 2 
BA 2 
BB 2 
8C 2 
80 2 
BE 2 
8F 2 
90 3 
91 2 
92 2 
93 1 
94 2 
95 2 
96 1 
97 1 
98 1 

80C51 BH/80C51 BH-2. 
80C31 BH/80C31 BH-2 

Table 3. Instruction Opcodes In Hexideclmal Order (Continued) 

Mnemonic Operands Hex Number Mnemonic Operands 
Code of Bytes 

XRL A,@RO 99 1 SUBB A,R1 
XRL A,@R1 9A 1 SUBB A,R2 
XRL A,RO 9B 1 SUBB A,R3 
XRL A,R1 9C 1 SUBB A,R4 
XRL A,R2 90 1 SUBB A,R5 
XRL A,R3 9E 1 SUBB A,R6 
XRL A,R4 9F 1 SUBB A,R7 
XRL A,R~ AO 2 ORL C,/bit addr 
XRL A,R6 A1 2 AJMP code addr 
XRL A,R7 A2 2 MOV C,bit addr 
JNZ code addr A3 1 INC DPTR 
A CALL code addr A4 1 MUL AB 
ORL C,bit addr A5 reserved 
JMP @A+DPTR A6 2 MOV @RO.data adr 
MOV A,#data A7 2 MOV @R1 ,data addr 
MOV data addr,#data A8 2 MOV RO.data addr 
MOV @RO,#data A9 2 MOV R1 ,data addr 
MOV @R1,#data AA 2 MOV R2,data addr 
MOV RO,#data AB 2 MOV R3,data addr 
MOV R1 ,#data AC 2 MOV R4,data addr 
MOV R2,#data AD 2 MOV R5,data addr 
MOV R3,#data AE 2 MOV R6,data addr 
MOV R4,#data AF 2 MOV R7,data addr 
MOV R5,#data BO 2 ANL C,/bit addr 
MOV R6,#data B1 2 A CALL code addr 
MOV R7,#data B2 2 CPL bit addr 
SJMP code addr B3 1 CPL c 
AJMP code addr B4 3 CJNE A,#data,code addr 
ANL C,bit addr B5 3 CJNE A.data addr,code addr 
MOVC A,@A+PC B6 3 CJNE @RO,#data,code addr 
DIV AB B7 3 CJNE @R1 ,#data.code addr 
MOV data addr, data addr BS 3 CJNE RO,#data,code addr 
MOV data addr,@RO B9 3 CJNE R1 ,#data.code addr 
MOV data addr,@R1 BA 3 CJNE R2,#data,code addr 
MOV data addr,RO BB 3 CJNE R3,#data,code addr 
MOV data addr,R1 BC 3 CJNE R4,#data,code addr 
MOV data addr,R2 BO 3 CJNE R5,#data,code addr 
MOV data addr,R3 BE 3 CJNE R6,#data,code addr 
MOV data addr,R4 BF 3 CJNE R7,#data,code addr 
MOV data addr,R5 co 2 PUSH data addr 
MOV data addr, R6 C1 2 AJMP code addr 
MOV data addr,R7 C2 2 CLR bit addr 
MOV DPTR,#data C3 1 CLR c 
A CALL code addr C4 1 SWAP A 
MOV bit addr,C C5 2 XCH A.data addr 
MOVC A,@A+DPTR C6 1 XCH A,@RO 
SUBB A,#data C7 1 XCH A,@R1 
SUBB A, data addr C8 1 XCH A,RO 
SUBB A,@RO C9 1 XCH A,R1 
SUBB A,@R1 CA 1 XCH A,R2 
SUBB A,RO CB 1 XCH A,R3 
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Hex Number 
Code of Bytes 

cc 1 
CD 1 
CE 1 
CF 1 
DO 2 
D1 2 
02 2 
03 1 
D4 1 
D5 3 
06 1 
D7 1 
DB 2 
09 2 
DA 2 
DB 2 
DC 2 
DD 2 
DE 2 
DF 2 
ED 1 
E1 2 
E2 1 
E3 1 
E4 1 
E5 2 

80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 

Table 3. Instruction Opcodes in Hexidecimal Order (Continued) 

Mnemonic Operands Hex Number Mnemonic Operands 
Code of Bytes 

XCH A,R4 E6 1 MOV A,@RO 
XCH A,R5 E7 1 MOV A,@R1 
XCH A,R6 EB 1 MOV A,RO 
XCH A,R7 E9 1 MOV A,R1 
POP data addr EA 1 MOV A,R2 
ACALL code addr EB 1 MOV A,R3 
SETS bit addr EC 1 MOV A,R4 
SETS c ED 1 MOV A,R5 
DA A EE 1 MOV A,R6 
DJNZ data addr,code addr EF 1 MOV A.R7 
XCHD A,@RO FO 1 MOVX @DPTR,A 
XCHD A,@R1 F1 2 A CALL code addr 
DJNZ RO.code addr F2 1 MOVX @RO,A 
DJNZ R1 ,code addr F3 1 MOVX @R1,A 
DJNZ R2,code addr F4 1 CPL A 
DJNZ R3,code addr F5 2 MOV data addr,A 
DJNZ R4,code addr F6 1 MOV @RO,A 
DJNZ R5,code addr F7 1 MOV @R1,A 
DJNZ R6,code addr F8 1 MOV RO,A 
DJNZ R7,code addr F9 1 MOV R1 ,A 
MOVX A,@DPTR FA 1 MOV R2,A 
AJMP code addr FB 1 MOV R3,A 
MOVX A,@RO FC 1 MOV R4,A 
MOVX A,@R1 FD 1 MOV R5,A 
CLR A FE 1 MOV R6,A 
MOV A.data addr FF 1 MOV R7,A 
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80C86/80C86-2 
16-Bit CHMOS Microprocessor 

• Pin-for-Pin and Functionally Compatible • Architecture Designed for Powerful 
to Industry Standard HMOS 8086 Assembly Language and .Efficient High 

• Fully Static Design with Frequency Level Languages 

Range from D.C. to: • 24 Operand Addressing Modes 
- 5 MHz for 80C86 • Byte, Word and Block Operations 
- 8 MHz for 80C86-2 

Low Power Operation • 8 and 16-Bit Signed and Unsigned • Arithmetic 
- Operating Ice = 10 mA/MHz - Binary or Decimal 
- Standby Ices = 500 µA max - Multiply and Divide 

• Bus-Hold Circuitry Eliminates Pull-Up 
Resistors 

• Direct Addressing Capability of 
1 MByte of Memory 

The Intel 80C86 is a high performance, CHMOS version of the industry standard HMOS 808616-bit CPU. It is 
available in 5 MHz clock rate and will be available in 8 MHz clock rate in the 2nd half of 1985. The 80C86 
offers two modes of operation: MINimum for small systems and MAXimum for larger applications such as 
multi-processing. It is available in 40-pin DIP and will be available in 44-pin plastic leaded chip carrier {PLCC) 
package in the 2nd half of 1985. 

iliiEIS1 
A,..,S, 

1.,.111, 

TESt-.r------'""'----, 
'" .,, 

CLIC RESET READY MN/M~ Gl<ID 

"' 231200-1 

Figure 1. 80C86 
CPU Block Diagram 

GNO Vee 
AD14 A015 

ADl3 A16/S3 

AD12 At71S4 

A011 A181S5 

A191S6 

A09 8HEIS7 

MN1MX 

AD7 Rci 
A06 Ra1Gfii {HOLD) 

ADS Ra1ffi (HLOA) 

AD4 LO-CK (WR) 

A03 52 (M110) 

AD2 Si (OTIA) 

AOl (0iN1 
ADO aso {ALEI 

NMI QSt (INTA) 

INTR TEST 
CLK READY 

GND RESET 

231200-2 

Figure 2a. 80C86 
40-Lead DIP Configuration 

Wli:l!Wii!J§!i~ 

231200-3 

Figure 2b. 80C86 
44-Lead PLCC Configuration 

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. Information contained herein supersedes previously published specifications on these devices from Intel. December 1984 
© Intel Corporation, 1984 Order Number: 231200-001 
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intJ 80C86/80C86-2 

Table 1. Pin Description 

The following pin function descriptions are for BOC86 systems in either minimum or maximum mode. The 
"Local Bus" in these descriptions is the direct multiplexed bus interface connection to the BOC86 (without 
regard to additional bus buffers). 

Symbol Pin No. Type Name and Function 

AD15-AD0 2-16, 39 1/0 ADDRESS DAT A BUS: These lines constitute the time multiplexed 
memory/10 address (T1) and data (T2, T3, Tw, T4) bus. Ao is 
analogous to SHE for the lower byte of the data bus, pins D7-D0. It 
is LOW during T 1 when a byte is to be transferred on the lower 
portion of the bus in memory or 1/0 operations. Eight-bit oriented 
devices tied to the lower half would normally use Ao to condition 
chip select functions. (See SHE.) These lines are active HIGH and 
float to 3-state OFF during interrupt acknowledge and local bus 
"hold acknowledge." 

A19/S5, 35-38 0 ADDRESS/STATUS: During T 1 these are the four most significant 
A1a/S5, address lines for memory/operations. During 1/0 operations 
A17/S4, these lines are LOW. During memory and 1/0 operations, 
A15/S3 status information is available on these lines during T 2, T 3, T w. 

and T 4. The status of the interrupt enable FLAG bit (85) is updated 
at the beginning of each CLK cycle. A17/84 and A15/83 are 
encoded as shown. 

This information indicates which relocation register is presently 
being used for data accessing. 

These lines float to 3-state OFF during local bus "hold 
acknowledge." 

A17/S4 A1s/S3 Characteristics 

O(LOW) 0 Alternate Data 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 
S6 is0 
(LOW) 

SHE/87 34 0 BUS HIGH ENABLE/STATUS: During T 1 the bus high enable signal 
(SHE) should be used to enable data onto the most significant half 
of the data bus, pins D15-D8. Eight-bit oriented devices tied to the 
upper half of the bus would normally use SHE to condition chip 
select functions. SHE is LOW during T 1 for read, write, and interrupt 
acknowledge cycles when a byte is to be transferred on the high 
portion of the bus. The 8 7 status information is available during T 2, 
T 3, and T 4. The signal is active LOW, and floats to 3-state OFF in 
"hold." It is LOW during T 1 for the first interrupt acknowledge cycle. 

BHE Ao Characteristics 

0 0 Whole word 
0 1 Upper byte from/ 

to odd address 
1 0 Lower byte from/ 

to even address 
1 1 None 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

RD 32 0 READ: Read strobe indicates that the processor is performing a 
meory of 1/0 read cycle, depending on the state of the S2 pin. This 
signal is used to read devices which reside on the 80CB6 local bus. 
RD is active LOW during T 2. T 3 and T w of any read cycle, and is 
guaranteed to remain HIGH in T 2 until the 80C86 local bus has 
floated. 

This floats to 3-state OFF in "hold acknowledge." 

READY 22 I READY: is the acknowledgement from the addressed memory or 
1/0 device that it will complete the data transfer. The READY signal 
from memory/IQ is synchronized by the 82C84A Clock Generator 
to form READY. This signal is active HIGH. The 80C86 READY 
input is not synchronized. Correct operation is not guaranteed if the 
setup and hold times are not met. 

INTR 18 I INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software 
resetting the interrupt enable bit. INTR is internally synchronized. 
This signal is active HIGH. 

TEST 23 I TEST: input is examined by the "Wait" instruction. If the TEST input 
is LOW execution continues, otherwise the processor waits in an 
"Idle" state. This input is synchronized internally during each clock 
cycle on the leading edge of CLK. 

NMI 17 I NON·MASKABLE INTERRUPT: an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI is not 
maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input 
is internally synchronized. 

--
RESET 21 I RESET: causes the processor to immediately terminate its present 

activity. The signal must be active HIGH for at least four clock 
cycles. It restarts execution, as described in the Instruction Set 
description, when RESET returns LOW. RESET is internally 
synchronized. 

CLK 19 I CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 

Vee 40 Vee: + 5V power supply pin. 

GND 1, 20 GROUND 

MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 
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Table 1. Pin Description (Continued) 

The following pin function descriptions are for the BOC86182CBB system in maximum mode (i.e., 
MNIMX= Vss/. Only the pin functions which are unique to maximum mode are described; all other pin func
tions are as described above. 

Symbol Pin No. Type Name and Function 

S2, S1, So 26-28 0 STATUS: active during T 4, T 1, and T 2 and is returned to the passive 
state (1, 1, 1) during T 3 or during T w when READY is HIGH. This 
status is used by the 82C88 Bus Controller to generate all memory 
and 1/0 access control signals. Any change by s2, $1, So during T4 
is used to indicate the beginning of a bus cycle, and the return to the 
passive state in T 3 or T w is used to indicate the end of a bus cycle. 

These signals float to 3-state OFF in "hold acknowledge." These 
status lines are encoded as shown. 

S2 S1 So Characteristics 

0 (LOW) 0 0 Interrupt 
Acknowledge 

0 0 1 Read 1/0 Port 
0 1 0 Write 1/0 Port 
0 1 1 Halt 
1 (HIGH) 0 0 Code Access 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive 

RQ/GTo 30,31 1/0 REQUEST /GRANT: pins are used by other local bus masters to 
RQ/GT1' force the processor to release the local bus at the end of the 

processor's current bus cycle. Each pin is bidirectional with Rei/GT 0 
having higher priority than RQ/GT 1. RQ/GT has an internal pull-up 
resistor so may be left unconnected. The request/grant sequence is 
as follows (see Figure 9): 

1 . A pulse of 1 CLK wide from another local bus master indicates a 
local bus request ("hold") to the 80C86 (pulse 1). 
2. During a T 4 or T 1 clock cycle, a pulse 1 CLK wide from the 80C86 
to the requesting master (pulse 2), indicates that the 80C86 has 
allowed the local bus to float and that it will enter the "hold 
acknowledge" state at the next CLK The CPU's bus interface unit is 
disconnected logically from the local bus during "hold 
acknowledge." 
3. A pulse 1 CLK wide from the requesting master indicates to the 
80C86 (pulse 3) that the "hold" request is about to end and that 
80C86 can reclaim the local bus at the next CLK. 

Each master-master exchange of the local bus is a sequence of 3 
pulses. There must be one dead CLK cycle after each bus exchange. 
Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it 
will release the local bus during T 4 of the cycle when all the following 
conditions are met: 

1. Request occurs on or before T 2. 
2. Current cycle is not the low byte of a word (on an odd address). 
3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 
4. A locked instruction is not currently executing. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

If the local bus is idle when the request is made the two possible 
events will follow: 

1 . Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 already 
satisfied. 

LOCK 29 0 LOCK: output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK 
signal is activated by the "LOCK" prefix instruction and remains 
active until the completion of the next instruction. This signal is active 
LOW, and floats to 3-state OFF in "hold acknowledge." 

QS1. QSo 24,25 0 QUEUE STATUS: The queue status is valid during the CLK cycle 
after which the queue operation is performed. 
QS1 and QS0 provide status to allciw external tracking of the internal 
80C86 instruction queue. 

OS1 OSo Characteristics 

0 (LOW) 0 No Operation 
0 1 First Byte of Op Code from Queue 
1 (HIGH) 0 Empty the Queue 
1 1 Subsequent Byte from Queue 

The following pin function descriptions are for the BOC86 in minimum mode (i.e., MNIMX= VccJ. Only the pin 
functions which are unique to minimum mode are described; all other pin functions are described above. 

M/10 28 0 STATUS LINE: logically equivalent to s2 in the maximum mode. It 
is used to distinguish a memory access from an 1/0 access. M/10 
becomes valid in the T 4 preceding a bus cycle and remains valid 
until the final T 4 of the cycle (M =HIGH, 10 =LOW). M/10 floats to 
3-state OFF in local bus "hold acknowledge." 

WR 29 0 WRITE: indicates that the processor is performing a write memory 
or write 1/0 cycle, depending on the state of the M/10 signal. WR is 
active for T 2. T 3 and T w of any write cycle. It is active LOW, and 
floats to 3-state OFF in local bus "hold acknowledge." 

INTA 24 0 INTA is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T 2 , T 3 and T w of each interrupt acknowledge 
cycle. 

ALE 25 0 ADDRESS LATCH ENABLE: provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
T 1 of any bus cycle. Note that ALE is never floated. 

DT/R 27 0 DATA TRANSMIT/RECEIVE: needed in minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data flow through the transceiver. Logically DT /R is 
equivalent to s1 in the maximum mode, and its timing is the same 
as for M/10. (T =HIGH, A= LOW.) This signal floats to 3-state OFF 
in local bus "hold acknowledge." 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

DEN 26 0 DAT A ENABLE: provided as an output enable for the transceive 
a minimum system which uses the transceiver. DEN is active LOI 
during each memory and 1/0 access and for INTA cycles. For a 
read or INTA cycle it is active from the middle of T 2 until the midc · e 
of T 4, while for a write cycle it is active from the beginning of T 2 

until the middle of T 4. DEN floats to 3-state OFF in local bus "hol 
acknowledge." 

·-
HOLD, 31,30 1/0 HOLD: indicates that another master is requesting a local bus 
HLDA "hold." To be acknowledged, HOLD must be active HIGH. The 

processor receiving the "hold" request will issue HLDA (HIGH) a 
an acknowledgement in the middle of a T 1 clock cycle. 
Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being 
LOW, the processor will LOWer the HLDA, and when the proces! Of' 

needs to run another cycle, it will again drive the local bus and 
control lines. 
The same rules as for RO/GT apply regarding when the local bl.i! 
will be released. 
HOLD is not an asynchronous input. External synchronization 
should be provided if the system cannot otherwise guarantee the 

J setup time. 

FUNCTIONAL DESCRIPTION 

STATIC OPERATION 

All BOC86 circuitry is of static design. Internal regis
ters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS BOC86 
can operate from DC to the appropriate upper fre
quency limit. The processor clock may be_ stop_p~d in 
either state (high/low) and held there 1ndef1rntely. 
This type of operation is especially useful for system 
debug or power critical applications. 

The BOC86 can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim
ple interface circuitry to provide critical information 
for bringing up your system. 

Static design also allows very low frequency opera
tion (down to DC). In a power critical situation, this 
can provide extremely low power operation since 
BOC86 power dissipation is directly related to operat
ing frequency. As the system frequency is reduced, 
so is the operating power until, ultimately, at a DC 
input frequency, the BOC86 power requirement is the 
standby current (500 µA maximum). 
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INTERNAL ARCHITECTURE 

The internal functions of the 80C86 processor are 
partitioned logically into two processing units ·ti.9 
first is the Bus Interface Unit (SIU) and the sec Jr j 1s 
the Execution Unit (EU) as shown in the blocK li<l 
gram of Figure 1 . 

These units can interact directly but for the n ost 
part perform as separate asynchronous opera~i1 nal 
processors. The bus interface unit provides the f1 r1c
tions related to instruction fetching and queuing, :>p
erand fetch and store, and address relocation. · his 
unit also provides the basic bus control. The ove lap 
of instruction pre-fetching provided by this mit 
serves to increase processor performance thr:i \lh 
improved bus bandwidth utilization. Up to ? bytt> . :-if 
the instruction stream can be queued while Wf" 11 J 
for decoding and execution. 

The instruction stream queuing mechanism " ' \ s 
the SIU to keep the memory utilized very efficid ··I 
Whenever there is space for at least 2 bytes ; • ·s 
queue, the SIU will attempt a word fetch m' ,. 1 

cycle. This greatly reduces "dead time" r• ,, 
memory bus. The queue acts as a First-In-Fi." 
(FIFO) buffer, from which the EU extracts inst 
bytes as required. If the queue is empty (folio 
branch instruction, for example), the first bl 
the queue immediately becomes available to 
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Memory Segment Register Segment 
Reference Need Used Selection Rule 

Instructions CODE (CS) Automatic with all instruction prefetch. 

Stack STACK (SS) All stack pushes and pops. Memory references relative to BP 
base register except data references. 

Local Data DATA (DS) Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 

External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a 
segment override. 

The execution units receives pre-fetched instruc
tions from the BIU queue and provides un-relocated 
operand addresses to the BIU. Memory operands 
are passed through the BIU for processing by the 
EU, which passes results to the BIU for storage. See 
the Instruction Set description for further register set 
and architectural descriptions. 

MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64k bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 

.i---t, FFFFFH 

.I } CODE SEGMENT 

~--'-M---l XXXXOH 

} ST ACK SEGMENT 

-'--.W---1 

+ OFFSET 

REGISTER FILE 
SEGMENT } 

~~~~~~~=i--t~-i DATA SEGMENT 

} EXTRA OAT A SEGMENT 

"----S OOOOOH 

231200-4 

Figure 3a. Memory Organization 
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All memory references are made relative to base ad
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat
able areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, fasier, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 

Physically, the memory is organized as a high bank 
(D15-Ds) and a low bank (Dr Do) of 512k 8-bit 
bytes addressed in parallel by the processor's ad
dress lines. 

A19-A1. Byte data with even addresses is trans
ferred on the DrDo bus lines while odd addressed 
byte data (Ao HIGH) is transferred on the D15-D8 
bus lines. The processor provides two enable sig
nals, BHE and A0, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched 
from memory as words and is addressed internally 
by the processor to the byte level as necessary. 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad
dress, respectively. Consequently, in referencing 
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word operands performance can be optimized by lo
cating data on even address boundaries. This is an 
especially useful technique for using the stack, since 
odd address references to the stack may adversely 
affect the context switching time for interrupt proc
essing or task multiplexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from ad
dress FFFFOH through FFFFFH are reserved for op
erations including a jump to the initial program load
ing routine. Following RESET, the CPU will always 
begin execution at location FFFFOH where the jump 
must be. Locations OOOOOH through 003FFH are re
served for interrupt operations. Each of the 256 pos
sible interrupt types has its service routine pointed to 
by a 4-byte pointer element consisting of a 16-bit 
segment address and a 16-bit offset address. The 
pointer elements are assumed to have been stored 
at the respective places in reserved memory prior to 
occurrence of interrupts. 

FFFFFH 
RESET BOOTSTRAP 

PROGRAM JUMP 
FFFFOH 

3FFH 
INTERRUPT POINTER 

FOR TYPE 255 
3FCH . . . 
7H 

INTERRUPT POINTER 
FOR TYPE 1 

4H 

INTERRUPT POINTER 
3H 

FOR TYPE 0 
OH 

231200-5 

Figure 3b. Reserved Memory Locations 
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MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi
mum 80C86 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de
fined pins. Consequl!!!!!Y, the 80C86 is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes dependent on the condition of the 
strap pin. When MN/MX pin is strapped to GND, the 
80C86 treats pins 24 through 31 in maximum mode. 
An 82C88 bus controller interprets status informa
tion coded into So, 51, 82 to generate bus timing and 
control signals compatible with the MULTIBUS® ar
chitecture. When the MN/MX pin is,~apped to Vee. 
the 80C86 generates bus control signals itself on 
pins 24 through 31, as shown in parentheses in Fig
ure 2. Examples of minimum mode and maximum 
mode systems are shown in Figure 4. 

BUS OPERATION 

The 80C86 has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor while permitting the use of a 
standard 40-lead package. This "local bus" can be 
buffered directly and used throughout the system 
with address latching provided on memory and 110 
modules. In addition, the bus can also be demulti
plexed at the processor with a single set of address 
latches if a standard non-multiplexed bus is desired 
for the system. 

Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as T 1• T 2• T 3 and 
T 4 (see Figure 5). The address is emitted from the 
processor during T 1 and data transfer occurs on the 
bus during T 3 and T 4. T 2 is used primarily for chang
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "Wait" states (T w) are in
serted between T 3 and T 4. Each inserted "Wait" 
state is of the same duration as a CLK cycle. Periods 
can occur between 80C86 bus cycles. These are 
referred to as "Idle" states (T1) or inactive CLK cy
cles. The processor uses these cycles for internal 
housekeeping. 

During T 1 of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad
dress and certain status information for the cycle 
may be latched. 
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Figure 4a. Minimum Mode iAPX 80C86 Typical Configuration 
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fNTi 
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(2) .... (2) .... 
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Figure 4b. Maximum Mode 80C86 Typical Configuration 
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\ __ 
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-----~-~ 

READY 

WAIT 
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Figure 5. Basic System Timing 

Status bits So. 81, and 82 are used, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table: 

S2 S1 So Characteristics 

0 (LOW) 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

Status bits S3 through s7 are multiplexed with high
order address bits and the BHE signal, and are 

therefore valid during T 2 through T 4. S3 and S4 indi
cate which segment register (see Instruction Set de
scription) was used for this bus cycle in forming the 
address, according to the following table: 

S4 Ss Characteristics 

0 (LOW) 0 Alternate Data (ex1ra segment) 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. 
S6 = O and S7 is a space status bit. 
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1/0 ADDRESSING 

In the 80C86, 1/0 operations can address up to a 
maximum of 64k 1/0 byte registers or 32k 1/0 word 
registers. The 1/0 address appears in the same for
mat as the memory address on bus lines A1s-Ao. 
The address lines A19-A16 are zero in 1/0 opera
tions. The variable 110 instructions which use regis
ter DX as a pointer have full address capability while 
the direct 1/0 instructions directly address one or 
two of the 256 1/0 byte locations in page O of the 
1/0. address space. 

1/0 ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans
ferred on the D7-D0 bus lines and odd addressed 
bytes on D15-D8. Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 

EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 80C86 
RESET is required to be HIGH for greater than 4 
CLK cycles. The 80C86 will terminate operations on 
the high-going edge of RESET and will remain dor
mant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se-

"PULL-UP/PULL-DOWN" 

INPUT _ __. __ PROTECTION 

CIRCUITRY 

Input Buffer exists only on 1/0 pins 

EXTERNAL 
PIN 

231200-24 

Figure 6a. Bus hold circuitry pin 2·16, 34-39. 
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quence for approximately 1 O CLK cycles. After this 
interval the 80C86 operates normally beginning with 
the instruction in absolute location FFFFOH (see Fig
ure 3b). The details of this operation are specified in 
the Instruction Set description of the MCS®-86 Fam
ily User's Manual. The RESET input is internally syn
chronized to the processor clock. At initialization the 
HIGH-to-LOW transition of RESET must occur no 
sooner than 50 µ.s after power-up, to allow complete 
initialization of the 80C86. 

NMI may not be asserted prior to the 2nd CLK cycle 
following the end of RESET. 

BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
inputs to CMOS devices and eliminate the need for 
pull-up/down resistors, "bus-hold" circuitry has 
been used on the 80C86 pins 2-16, 26-32, and 34-
39 (Figures 6a, 6b). These circuits will maintain the 
last valid logic state if no driving source is present 
(i.e. an unconnected pin or a driving source which 
goes to a high impedance state). To overdrive the 
"bus hold" circuits, an external driver must be capa
ble of supplying approximately 400 µ.A minimum sink 
or source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis
tive" type element, the associated power supply cur
rent is negligible and power dissipation is significant
ly reduced when compared to the use of passive 
pull-up resistors. 

"PULL-UP" 

INPUT 
t----tPROTECTION 

CIRCUITRY 

Input Buffer exists only on 1/0 pins 

EXTERNAL 
PIN 

231200-25 

Figure 6b. Bus hold circuitry pin 26-32. 
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INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard
ware interrupts can be classified as non-maskable or 
maskable. 

Interrupts result in a transfer of control to a new pro
gram location. A 256-element table containing ad
dress pointers to the interrupt service program loca
tions resides in absolute locations O through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor
responds to an interrupt "type". An interrupting de
vice supplies an 8-bit type number, during the inter
rupt acknowledge sequence, which is used to "vec
tor" through the appropriate element to the new in
terrupt service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter
rupt pin (NMI) which has higher priority than the 
maskable interrupt request pin (INTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) NMI is required to 
have a duration in the HIGH state of greater than 
two CLK cycles, but is not required to be synchro
nized to the clock. Any high-going transition of NMI 
is latched on-chip and will be serviced at the end of 
the current instruction or betweenwhole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide and variable shift in
structions. There is no specification on the occur
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high
going edge triggers another response if it occurs al-

\ 

ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 80C86 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block
type instruction. During the interrupt response se
quence further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc
essor prior to the interrupt. Until the old FLAGS reg
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (Figure 7) the proc
essor executes two successive (back-to-back) inter
rupt acknowledge cycles. The 80C86 emits the 
LOCK signal from T 2 of the first bus cycle until T 2 of 
the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched.from the external 
interrupt system (e.g., 82C59 PIG) which identifies 
the source (type) of the interrupt. This byte is multi
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE
TURN instruction includes a FLAGS pop which re
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 
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ALE 

INTA \ __ rl ~~-I\ 

- -\(_)-ADO • AD15 FLOAT 
>-· ------------\ I TYPE VECTOR 
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Figure 7. Interrupt Acknowledge Sequence 

HALT 

When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig
nals. In Maximum Mode, the processor issues ap
propriate HALT status on 82, 81 and So and the 
82C88 bus controller issues one ALE. The 80C86 
will not leave the "HALT" state when a local bus 
"hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 80C86 out of the 
"HALT" state. 

READ/MODIFY /WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the 
processor when directly consecutive bus cycles are 
required during the execution of an instruction. This 
provides the processor with the capability of per
forming read/modify/write operations on memory 
(via the Exchange Register With Memory instruction, 
for example) without the possibility of another sys
tem bus master receiving intervening memory cy
cles. This is useful in mutliprocessor system configu
rations to accomplish "test and set lock" operations. 
The LOCK signal is activated (forced LOW) in the 
clock cycle following the one in which the software 
"LOCK" prefix instruction is decoded by the EU. It is 
deactivated at the end of the last bus cycle of the 
instruction following the "LOCK" prefix instruction. 
While LOCK is active a request on a RO/GT pin will 
be recorded and then honored at the end of the 
LOCK. 

5-13 

EXTERNAL. SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general 110 
capabilities, the 80C86 provides a single software
testable input known as the TEST signal. At any time 
the program may execute a WAIT instruction. If at 
that time the TEST signal is inactive (HIGH), pro
gram execution becomes suspended while the proc
essor waits for TEST to become active. It must re
main active for at least 5 CLK cycles. The WAIT in
struction is re-execute<} repeatedly until that time. 
This activity does not consume bus cycles. The 
processor remains in an idle state while waiting. All 
80C86 drivers go to 3-state OFF if bus "Hold" is 
entered. If interrupts are enabled, they may occur 
while the processor is waiting. When this occurs the 
processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches 
and re-executes the WAIT instruction upon returning 
from the interrupt. 

BASIC SYSTEM TIMING 

Typical system configurations for the processor op
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini
mum mode, the MN/MX pin is strapped to Vee and 
the processor emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to V ss and the processor emits cod
ed status information which the 82C88 bus control
ler uses to generate MULTIBUS compatible bus 
control signals. Figure 5 illustrates the signal timing 
relationships. 
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AX 

BX 

ex 
DX 

AH 

BH 

CH 

DH 

Al 

Bl 

Cl 

Dl 

'm· BP 

SI 

DI 

m OS 

SS 

ES 

ACCUMULATOR 

BASE 

COUNT 

DATA 

STACK _POINTER 

BASE POINTER 

SOURCE INDEX 

DESTINATION INDEX 

INSTRUCTION POINTER 

STATUS FLAGS 

CODE SEGMENT 

DATA SEGMENT 

STACK SEGMENT 

EXTRA SEGMENT 
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Figure 8. IAPX 80C86 Register Model 

SYSTEM TIMING-MINIMUM SYSTEM 

The read cycle begins in T 1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low
going) .edge of this signal is used to latch the ad
dress information, which is valid on the local bus at 
this time, into a latch. The BHE and Ao signals ad
dress the low, high, or both bytes. From T 1 to T 4 the 
M/10 signal indicates a memory or 1/0 operation. At 
T 2 the address is removed from the local bus and 
the bus goes to a high impedance state. The read 
control signal is also asserted at T 2· The read (RD) 
signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later 
valid data will be available on the bus and the ad
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is required to buffer 
the 80C86 local bus, signals OT /A and DEN are pro
vided by the 80C86. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The M/10 signal is 
again asserted to indicate a memory or 1/0 write 
operation. In the T 2 immediately following the ad
dress emission the processor emits the data to be 
written into the addressed location. This data re
mains valid until the middle of T 4. During T 2. T 3, and 
T w the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin
ning of T 2 as opposed to the read which is delayed 
somewhat into T 2 to provide time for the bus to float. 

The BHE and Ao signals are used to select the prop
er byte(s) of the memory/IQ word to be read or writ
ten according to the following table: 

BHE AO . Characteristics 
0 0 Whole word 
0 1 Upper byte from/ 

to odd address 
1 0 Lower byte from/ 

to even address 
1 1 None 

1/0 ports are addressed in the same manner as 
memory location. Even addressed bytes are trans
ferred on the 07-00 bus lines and odd addressed 
bytes on 015-Da. 

The basic difference between the interrupt acknowl
edge cycle and a read cycle is that the interrupt ac
knowl~e signal (INTA) is asserted in pl~ce of the 
read (RD) signal and the address bus 1s floated. 
(See Figure 7.) In the second of two successive 
INTA cycles, a byte of information is read from bus 
lines DrDo as supplied by the interrupt system lo~
ic (i.e., 82C59A Priority Interrupt Controller). This 
byte identifies the source (type) of the interrupt. It is 
multiplied by four and used as a pointer into an inter
rupt vector lookup table, as described earlier. 

BUS TIMING-MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is con
nected to Vss and the 82C88 Bus Controller is add
ed to the system as well as a latch for latching the 
system address, and a transceiver to allow for bus 
loading greater than the 80C86 is _Eapable of han
dling. Signals ALE, DEN, and OT /R are generated 
by the 82C88 instead of the processor in this config
uration although their timing remai~s r~atively !!Je 
same. The 80C86 status outputs (S2, S1, and So) 
provide type-of-cycle inform~tion a~d bec'?~e 
82C88 inputs. This bus cycle information spec1f1es 
read (code, data, or 1/0), write (data or 1/0), inter
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write 110 read or write, or interrupt acknowledge. 
The S2C88 provides two types of write strobes, nor
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have. th~ 
same timing as read strobes, and hence data 1~n t 
valid at the leading edge of write. The transceiver 
receives the usual T and OE inputs from the 82C88 
OT /A and DEN. 

The pointer into the interrupt vector table, which_ is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A Priority Inter
rupt Controller is positioned on the local ~us, a TIL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage 
(With respect to ground) ........... -0.5 to 8.0V 

Operating Supply Voltage 
(w.r.t. ground) ...................... 4.0 to 7.0V 

Input Voltage Applied 
(w.r.t. ground) ............. -2.0 to Vee + 0.5V 

Output Voltage Applied 
(w.r.t. ground) ............. -0.5 to Vee + 0.5V 

Power Dissipation .......................... 1.0W 
Storage Temperature ............. -65°C to 150°C 
AmbientTemperature Under Bias ...... 0°C to ?0°C 

*Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (80C86: TA=0°C to 70°C, Vcc=5V ± 10%) 
(80C86-2: TA=0°C to 70°C, Vcc=5V ±5%) 

Symbol Parameter Min Max Units Test Conditions 

V1L Input Low Voltage -0.5 +0.8 v 
V1H Input High Voltage 2.0 Vcc+0.5 v 
Vol Output Low Voltage 0.45 v loL =2.5 mA 

VoH Output High Voltage 3.0 v loH= -2.5 mA 
Vcc-0.4 loH= -100 µA 

Ice Power Supply Current 10 mA/MHz V1H = GND, V1L = Vee 
TA=25°C 
Vcc=5.5V 

Ices Standby Supply Current 500 µA Vcc=5.5V 
V1N (max)=Vcc or GND 
Outputs Unloaded 
CLK = GND or Vee 

lu Input Leakage Current ±1.0 µA OVs V1N s Vee 

lsHL Input Leakage Current 50 400 µA V1N=0.8V 
(Bus Hold Low) (Note 1) 

lsHH Input Leakage Current -50 -400 µA V1N=3.0V 
(Bus Hold High) (Note 2) 

lsHLO Bus Hold Low Overdrive 600 µA (Note 4) 

lsHHO Bus Hold High Overdrive -600 µA (Note 5) 

ILO Output Leakage Current ±10 µA OVsVoursVcc 

VcL Clock Input Low Voltage --0.5 +0.8 v 
VcH Clock Input High Voltage Vcc-0.8 Vcc+0.5 v 
C1N Capacitance of Input Buffer 5 pF (Note 3) 

(All input except 
AD0-AD15, RO/GT) 

C10 Capacitance of 1/0 Buffer 20 pF (Note 3) 
(AD0-AD15, RO/GT) 

Gour Output Capacitance 15 pF (Note 3) 

NOTES: 
1. Test condition is to lower V1N to GND and then raise V1N to O.BV on pins 2-16, 26-32, and 34-39. 
2. Test condition is to raise V1N to Vee and then lowe~ V1N to 3.0V on pins 2-16, 26-32, and 34-39. 
3. Test conditions are a) Frequency = 1 MHz 

b) Unmeasured pins at GND 
c) V1N at + 5.0V or GND. 

4. An external driver must source at least lsHLO to switch this node from LOW to HIGH. 
5. An external driver must sink at least lsHHO to switch this node from HIGH to LOW. 
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A.C. CHARACTERISTICS (80C86:TA=0°Cto?0°C,Vcc=5V ±10%) 
(80C86-2: TA= 0°C to 70°C, V cc= 5V ± 5 % ) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

Symbol Parameter 80C86 80C86-2 Units 

Min Max Min Max 

TCLCL CLK Cycle Period 200 D.C. 125 D.C. ns 

TCLCH CLKLowTime 118 68 ns 

TCHCL CLK High Time 69 44 ns 

TCH1CH2 CLK Rise Time 10 10 ns 

TCL2CL1 CLK Fall Time 10 10 ns 

TDVCL Data in Setup Time 30 20 ns 

TCLDX Data in Hold Time 10 10 ns 

TR1VCL ADY Setup Time 35 35 ns 
into 82C84A (See 
Notes 1, 2) 

TCLR1X ADY Hold Time 0 0 ns 
into 82C84A 
(See Notes 1 , 2) 

TRYHCH READY Setup 118 68 ns 
Time into 80C86 

TCHRYX READY Hold Time 30 20 ns 
into 80C86 

TRYLCL READY Inactive to -8 -8 ns 
CLK (See Note 3) 

THVCH HOLD Setup Time 35 20 ns 

TINVCH INTR, NMI, TEST 30 15 ns 
Setup Time (See 
Note 2) 

TILIH Input Rise Time 15 15 ns 
(Except CLK) 

TIHIL Input Fall Time 15 15 ns 
(Except CLK) 
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Test 
Conditions 

From 1.0V to 3.5V 

From 3.5V to 1.0V 

CL =20-100 pF 

From 0.8V to 2.ov 

From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

Timing Responses 

Symbol Parameter 80C86 80C86-2 Units 
Test 

Conditions 

Min Max Min Max 

TCLAV Address Valid Delay 10 110 10 60 ns 

TC LAX Address Hold Time 10 10 ns 

TCLAZ Address Float TC LAX 80 TC LAX 50 ns 
Delay 

TLHLL ALE Width TCLCH-20 TCLCH-10 ns 

TCLLH ALE Active Delay 80 50 ns 

TCHLL ALE Inactive Delay 85 55 ns 

TLLAX Address Hold Time TCHCL-10 TCHCL-10 ns 
to ALE Inactive 

TCLDV Data Valid Delay 10 110 10 60 ns *CL =20-100 pF 

TCHDX Data Hold Time 10 10 ns for all 80C86 Out-
puts (in addition 

TWHDX Data Hold Time TCLCH-30 TCLCH-30 ns to 80C86 self-load) 
After WR 

TCVCTV Control Active 10 110 10 70 ns 
Delay 1 

TCHCTV Control Active 10 110 10 60 ns 
Delay2 

TCVCTX Control Inactive 10 110 10 70 ns 
Delay 

TAZRL Address Float to 0 0 ns 
READ Active 

TCLRL RD Active Delay 10 165 10 100 ns 

TCLRH RD Inactive Delay 10 150 10 80 ns 

TRHAV RD Inactive to Next TCLCL-45 TCLCL-40 ns 
Address Active 

TCLHAV HLDA Valid Delay 10 160 10 100 ns 

TRLRH RD Width 2TCLCL-75 2TCLCL-50 ns 

TWLWH WR Width 2TCLCL-60 2TCLCL-40 ns 

TAVAL Address Valid to TCLCH-60 TCLCH-40 ns 
ALE Low 

TO LOH Output Rise Time 15 15 ns From0.8Vto 
2.0V 

TOHOL Output Fall Time 15 15 ns From2.0Vto 
o.av 

NOTES: 
1. Signal at 82C84A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4V 

0.45V 

231200-11 

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "O". CLK is driven at 4.3V and 0.25V. Timing measure
ments are made at VoH and Vol· 

WAVEFORMS 

MINIMUM MODE 

CU< (12CUA Output) 

MIID 

ALE 

RDY (lice4A Input) 
SEE NOTE4 

READY 18088 Input) 

READ CYCLE 

(NOTE 1) 

RD 

(WR, INTA=VoHI DTIR 

TCLAV 

5-18 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

TEST 

CL Includes Jig Capacitance 

T3 Tw 

TCHDX-

---TCHRYX 

TDVCL-- TCLDX-

231200-12 

r--
1 

231200-13 
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WAVEFORMS (Continued) 

MINIMUM MODE (Continued) 

CU< (UCMA OUtpul) 

WAITE CYCLE 

DTIR=VoH) 
(RO,; 01 

INTA CYCLE 

CNOTES 1 &3) 

:2r~;L~OH 

SOl'TW4RE HALT-

RD, WR, INTA = VoH 

DTIR = INDETERMllUlfE 

NOTES: 

MliO 

ALE 

DTIR 

80C86/80C86·2 

INVALID ADDRESS 

TCLAV 

1. All timing measurements are made at VoH and Vol· 

SOFTWARE HALT 

2. ADY is sampled near the end of T 2, T 3, T w to determine if T w machines states are to be inserted. 

231200-14 

3. Two INTA cycles run back-to-back. The 80C86 LOCAL ADDA/DATA BUS is floating during both INTA cycles. Control 
signals shown for second INTA cycle. 
4. Signals at 82C84A are shown for reference only. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Symbol Parameter 
80C86 80C86-2 

Min Max Min Max 

TCLCL CLK Cycle Period 200 D.C. 125 D.C. 

TCLCH CLK Low Time 118 68 

TCHCL CLK High Time 69 44 

TCH1CH2 CLK Rise Time 10 10 

TCL2CL 1 CLK Fall Time 10 10 

TDVCL Data in Setup Time 30 20 

TCLDX Data in Hold Time 10 10 

TR1VCL RDY Setup Time 35 35 
into 82C84A 
(Notes 1, 2) 

TCLR1X RDY Hold Time 0 0 
into 82C84A 
(Notes 1, 2) 

TRYHCH READY Setup 118 68 
Time into 80C86 

TCHRYX READY Hold Time 30 20 
into 80C86 

TRYLCL READY Inactive to -8 -8 
CLK (Note 4) 

TINVCH Setup Time for 30 15 
Recognition (INTR, 
NMI, TEST) 
(Note 2) 

TGVCH RQ/GT Setup Time 30 15 

TCHGX RQ Hold Time into 40 30 
80C86 

TILIH Input Rise Time 15 15 
(Except CLK) 

TIHIL Input Fall Time 15 15 
(Except CLK) 
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Units 
Test 

Conditions 

ns 

ns 

ns 

ns From 1.0V to 
3.5V 

ns From 3.5V to 
1.0V 

ns 

ns 

ns 

ns CL= 20-100 pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns From 0.8Vto 
2.0V 

ns From 2.0Vto 
a.av 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 
80C86 80C86·2 

Units 
Test 

Min Max Min Max Conditions 

TCLML Command Active 5 35 5 35 ns 
Delay (Note 1) 

TCLMH Command Inactive 5 35 5 35 ns 
Delay (Note 1) 

TRYHSH READY Active to 110 65 ns 
Status Passive 
(Note 3) 

TCHSV Status Active Delay 10 110 10 60 ns 

TCLSH Status Inactive 10 130 10 70 ns 
Delay 

TCLAV Address Valid 10 110 10 60 ns 
Delay 

TC LAX Address Hold Time 10 10 ns 

TCLAZ Address Float Delay TC LAX 80 TC LAX 50 ns 

TSVLH Status Valid to ALE 20 20 ns 
High (Note 1) 

TSVMCH Status Valid to 30 30 ns CL =20-100pF 
MCE High for all 80C86 Out-
(Note 1) puts (in addition 

TCLLH CLK Low to ALE 15 15 ns to 80C86 self-load) 

Valid (Note 1) 

TCLMCH CLK Low to MCE 25 25 ns 
High (Note 1) 

TCHLL ALE Inactive Delay 4 18 4 18 ns 
(Note 1) 

TCLMCL MCE Inactive Delay 15 15 ns 
(Note 1) 

TCLDV Data Valid Delay 10 110 10 60 ns 

TCHDX Data Hold Time 10 10 ns 

TCVNV Control Active 5 45 5 45 ns 
Delay (Note 1) 

TCVNX Control Inactive 10 45 10 45 ns 
Delay (Note 1) 

TAZRL Address Float to 0 0 ns 
Read Active 

TCLRL RD Active Delay 10 165 10 100 ns 

TCLRH RD Inactive Delay 10 150 10 80 ns 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES (Continued) 

Symbol Parameter 80C86 80C86-2 

Min Max Min Max 

TRHAV RD Inactive to TCLCL-45 TCLCL-40 
Next Address Active 

TCHDTL Direction Control 50 50 
Active Delay 
(Note 1) 

TCHDTH Direction Control 30 30 
Inactive Delay 
(Note 1) 

TCLGL GT Active Delay 0 85 0 50 

TCLGH GT Inactive Delay 0 85 0 50 

TRLRH RD Width 2TCLCL-75 2TCLCL-50 

TOLOH Output Rise Time 15 15 

TOHOL Output Fall Time 15 15 

NOTES: 
1. Signal at 82C84A or 82C88 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK . 

. 3. Applies only to T3 and wait states. 
4. Applies only to T2 state (8 ns into T3). 
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Units Test 
Conditions 

ns 

ns 

CL =20-100 pF 

ns for all 80C86 Out-
puts (in addition 
to 80C86 self-load) 

ns 

ns 

ns 

ns From 0.8Vto 
2.0V 

ns From 2.0Vto 
0.8V 
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WAVEFORMS 

MAXIMUM MODE 

CLK 

VCL 

S2.'S1.S0 (EXCEPT HAl.T) 

SEE NOTE 5 l ALE (l2Cll OUTPUT) 

ROY (12CM INPUT) 

READY (IOCl8 INPUT) 

12Cll OUTPUTS 

SEE NOTES 5,6 

RD 

OT/A 

DEN 

TC LAV 

80C86/80C86·2 

r, r, T3 

\ 
'------

r--
1 

TCHDTL-

TCVNV-

TCVNX-

231200-15 
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WAVEFORMS (Continued) 

MAXIMUM MODE (Continued) .. ,~I r, 

CLK 

VCL 

TCLIH 

li.lt.fO (EXCEPT HALT) \. ___ _ 
WRITE CYCLE 

DATA 

TCVNX-
DEN 

-"""""' SEE NOTES 5,1 Aii\YC OR AiOWC 

INTACYCLE 

AD11~ADo 
(SEE NOTES 3 I 4) FLOAT 

TOVCL- TCLDX 

POINTER 
FLOAT 

r--
1 

MCEI 

~ 

DTlii 
i.-rcHDTH 

-"""""' SEE NOTES 5.1 INTA 

DEN 

INVALID ADDRESS 

TCLAV 

~ ;-----------""T', -------
'---...---J \._ --- --

231200-16 

NOTES: 
1. All liming measurements are .made at VoH and Vol· 
2. ADY is sampled near the end of T 2, T 3, Tw to determine if Tw machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 
4. Two INTA cycles run back-to-back. The 80C86 LOCAL ADDA/DATA BUS is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 
5. Signals at 82C84A or 82C88 are shown for reference only. 
6. The issuance of the B2C8B command and control signals (J;i!R[j(j, MWTC, AMWC, iORC, JOWC, AIOWC, INTA and DEN) 
lags the active high 82C88 CEN. 
7. Status inactive in state just prior to T 4. 
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WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

CLK ""\. r\. 
NMI} ~anote1) 

INTR SIGNAL__.)\__ 

TEST 
231200-17 

NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK. 

BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 

CLK ~ CLK C' i CLK C~E 

::~ 
231200-18 

RESET TIMING 

•cc 

CLK 

RESET 

REQUEST /GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

AD15-AD0 

A19/Ss-A15IS3 
s,. s;. ~ 
Rfi,[OCK 
BHE/S7 

80C86 

~" CLK CYCLES 

231200-19 

COPROCESSOR 
RELEASE 

COPROCESSOR 

(SEE NOTE 1) 

231200-20 

NOTE: The coprocessor may not drive the buses outside the region shown without risking contention. 
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WAVEFORMS (Continued) 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

DATA TRANSFER 

Aeg1111erlmemorytollrornreg,.ter 

lmmadia!etoregos•erlmemory 

lmmed1&1e1oreg1s1er 

Memory to accumulator 

Accumul8l<>rtomemory 

Aeg1s1er1memorytosegmentragostu 

Segmemrag1sw1oregosterlmemory 

Aeg1s1er/memory 

Segmentreg•ster 

POP:Pop 

Aeg1s1er/memory 

Register 

Segmen1reg1s1ar 

XCHG ., e~cllanQe' 

AB!l'"ter/memory wr!h register 

Aeg>Sterw>lllaccumulator 

IN" lnputlrom 

r .. e<1port 

OUT" Q,J1put10 

f1>ecipo<l 

XLAT,,Transta1ebyte10AL 

LEA,,LoadEAlorng>Sler 

LOS" LOadpo1me<toDS 

LES= LOadP<"nlertoES 

LAHf" Loa<IAHw11hllags 

SAHf:StoreAH•nlo!Eags 

PUSHf.,Push!lags 

POPF = Pop11ags 

ARITHMETIC 

~~~~~ 
HOLD_y-- '\ I II d I I 

HLDA 

A015-A00, 

A1g!S6·A16/S3, 

RD, 80C86 
~~S~/j(j,.._ .................. ..... 
DT/R, WR, DEN 

TCLHAV TCLHAV -

COPROCESSOR 

Table 2. Instruction Set Summary 

L~~_J mod110rlm I 
ro1010~ 
[----ooo;;g11D 

Aeg1s!er/memory 

Register 

NEG Change sign 

CMf> Comp~ra: 

Aeg1s1er/memoryandreg1ster 

1mme<11a!ewuhreg1Ster/memof)' 

lmmed1atew1thaccumula1or 

AAS ASCII adJUSt!or subtracl 

OASOecut1alad1ustlorsub11ac1 

MULMult1ply{unS1gned) 

IMULlntagermult1ply1s1grnid) 

AAM ASCII adJUSt !Or m~tfply 

CllVD1v1de(uns1gned) 

I01Vln1egerd1v•de(5'goodl 

AADASCllad1us11nrd1»de 

CBWCoovertby1etowof{I 

CWO Conver~ word to double word 

SHl/SALSh1ftlog>Callamhmehcle1! 

SHRShJ!tlog.calr<gnt 

SARSMta"!hme11c11ghl 

AOL Rotate let! 

RORRotatenghl 

ACLRota!etl'lroughcarryllaglel! 

RCRRotatelhroughcarryrigh! 

Reg/memof)'androg•stertoe1ther 

lmmed•alelot11g1~te<lmem.>ry 

fmmed1a1e1oaccumula!or 

TESTA.nclh11w:Uon10H99s,norasull: 

Regtster/memotyand register ~~ti".J1 0~~-~~ -;/.;;--:=_] 
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Aeglmemorywnhreg1s1ertoe1ther 

fmmed1eteroreg1ste1/mem0<y 

1mmect1a«i!Oaccumulal0< 

:::::::: ::: :~: :~::~l:7ory t~Ji~ilit-;:L:~-:;~~ r'.~--- -1 .. ~~~~~.(~~~ ] 

ADC= Adclw!lhurry: 

Reglmemor;w1!hreg1s1er1<>eEtller 

lm~1ate to ragrsterlmemor; 

lmmed1a1e!Oaccumulalor 

Reg•ster/mftmory 

Reg•sler 

AAA=ASC!lad1us!!Oradd 

DAA = Oec<m~lad1ust!or ad<! 

Reg/memaryandreg1s1ertoe1lhar 

Immediate from reg1Sle<lmemor; 

!mmedratefromaccUmula1or 

HB .. Subu.ctwllllbonow 

ReglmemotyandNg1ster1oe•ther 

lmmect1atelrornreg1ster1memory 

lmmed1a1e1<omaccumu!ator 

Aeglmemoryandreg1ster!oeither 

1mmed1a1e 10 reg1s1er/memorv 

!mmed1a1e1oaccumulator 

Reglmemoryandreg1s1er1oenher 

lmmed>&te1oregos!erlmemory 

lmmedra1e1oacoumulator 

STRINGMANIPULATiot.l 

REP=Repeat 

MOVS = Mcvebyte/word 

CMPS~compareby1elW()f{I 

SCAS" ScanbyteW.otd 

LOOS= Loadbytelwd10AUAX 

STOS = S1orbytelwd from ALIA 
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Table 2. Instruction Set Summary (Continued) 

CONTROL TRANSFER 

CALL = C•ll: 

Dira<:t w11hm segment 

Indirect w1thm segment 

Oira<:l m1ersegmen1 

Indirect 1ntersegmeot 

JMP .. Uncondlllon•I Jump: 

16 5 4 3 2 1 0 

[ 1 1 101 00 0 

[ 11111111 

L 1 0 0 1 1 0 1 0 

C::11111111 

7 8 5 4 3 2 1 0 

d1sp-low 

mod010rlm 

oltseHow ...... 
modO 111/m 

7 6 5 4 3 2 1 0 

disp.high J 

oflse~·high ::J 
seg.lligh J 

JNB/JAE Jump on no1 belowlabovl.' 
01 equal 

JNBEJJA Jump on 001 below or 
equal/above 

JNPIJPO • Jump on not par/par odd 

JNO z Jump on no! overllow 

JNS Jump on not sign 

LOOP Loop CX times 

Direct w11hm segment 

D1ra<:t within segmelll-short 

Indirect within segment 

Direct intersegme11t 

[ , 1101 0 0 1 d1sp.tow ----. --~~~h~ LOOPZILOOPE Loop while wro/equal 
LOOPNl/LOOPNE Loop while no! 1110101 1 disp 

[ 11-1 11 I 1 ,- mod100r/m 

L , , 1o1 o, o oflseHow OtfHl·hl h J 
~tow -"""""---] 

zero/equal 

JCXZ Jump on ex zero 

Indirect 111terSt1gment [ 1 11 1 1 111 mod10_!~ 

INTtnt•rrupt 

Type specified 

Tn1e 3 RET "' Return from CALL: 

Wilhin $8Qmen1 

Within seg_ adding 1mmed to SP 

1 100001 1 

1 100001 0 

INTO"' Interrupt on OVflrflow 

IAET lntern1pt 1eturn 

lnlersegmen! pe' -"=0=•,,,,0_1_1 ~-----~-
!ntersegment adding immediale to SP Q!i 0 1 0 1 O dela-high 

JEIJZ "' Jump on equal/zero 
JLIJNGE = Jump 011 tesslnot graa1er 

or equal 
JLEJJNG = Jump on tess or equallno1 

greater 

JBIJNAE .. Ju~p ~~e?81owlnot above ["""'0111001 o I 
JBEJJNA • Jump on below or equal/ 

not above 

PROCESSOR CONTROL 
CLC Claa1 carry 

CMC Complement carry 

STC Se! carry 

~~J=~u:~::p ~:::~tyiparity even P,,.: .,.: ,..: :,..,;,,:,,,;.,.:~~-:,.-::-p ~~-9 

CLO Clear direction 

STD Sat direction 

CL! Claar interrupt 

STISet 111ter1up1 

HLT Hall 

WAtTWait ~::J~~m= ::;::n not equal/not zero ,_Q:i2_:-: '-, :-:-~:-:-:-~~'-"-' ~::::J-
JNU.IGE = Jump 011 not less/greater 

or equal 
JNLE/JG = Jump on not !esa or equal/ 

greater 

FootnotH: 

AL = 8-b1t accumulator 
AX = 16'-bit accumulator 
ex = Courll regisler 
DS = Data segment 
ES = Extra segment 
Abova/below refers to unsigned value 
Greater ~ more posilive; 
less ~ less positive {more negative) signed values 
ii Cl~ 1 then "to" reg. <f d ~ O ttlen ··trnm" rttg 

1! w ~ 1 then word ins\rucho", •1 w - 0 1h,.n byte tnstruct1on 

1! mod "' 11 then rim is lreated as a REG field 
ii mod - 00 then DISP - o·, d1sp-!ow and disp-h1gh are absent 
1l mod - 01 !hen DISP " disp-low sign-extended lo 16-bits. d1sp-high is absent 
if mod ~ 10 then DtSP ~ disp-high: disp-low 

11 rim - 000 then EA = (BX) + (SI) + DISP 
11 rlrn ~ 001 !heri EA = (BX) t {DI) + DISP 
ti rim~ 010 then EA~ {BP)+ (SI)+ OISP 
11 rim = 011 then EA - {BP) + {01) + DISP 
ii rim= 100 then EA= {SI)"'" D!SP 
11 rim - 101 then EA= (DI)+ DISP 
ii rim - 110 then EA= (BP)+ DISP" 
ii rim - 111 then EA ~ (BX) _,. DISP 
DISP follows 2nd byte of ins1ruction {before data 1! required) 

·except if mod= 00 and rim~ 110 then EA - d1sp·high .,,sp-low 

Mnemonics Intel. 1978 

ESC Escape (lo external device) 

LOCK Bus la<:k pre!ix 

ii s.w - 01 1han 16 b•1s or immediate data form Che operand 
i! s·w - 11 then an immediale data by!e is sign &•tended lo 

form the 16-bit operand 
i! v - 0 then "count" - 1, 1f ~" 1 then "counr· 1n (CL) 
x =don't care 
z is used !or siring pr1milives lor comparison wilh ZF FLAG 
SEGMENT OVERRIDE PREFIX 

~1!"!] 
REG is assigned acco1C1ing to the following table 

16·8h (W = 1) 8-011 (w '"OJ Segment 
OOOAx- OOOAl 00 ES 

""' ex 00. CL 01 cs 
010 DX 010 DL 10 SS 

"' BX BL 11 DS 
100 SP 
101 BP CH 
110 SI OH 

"' °' 
Instructions which rett'rence the flag reg1sto1 file as a 16-bi! ObJOC! use 
1he symbol FLAGS to represant 1he file 

FLAGS ~ X:X:X:X:(OF):(Df)'(!F}:(TF):(SF):(Zf):X:(AF)'X.(PF):X-(CF) 
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7 9 5 .. 3 2 1 0 7' 5 .. J 2 1 0 

0 1110011 di~ 

~~T-"dis?.---~ 

0 1 1 1 101 1 disp 

0 1 1 10001 disp 

0 1 1 1 I 0 0 1 disp 

1 1 100 0 1 0 disp 

11100001 disp 

111 00000 disp 

,...._,_00_._,_0_1_';-~'='~~.--J 
1 1 00 1 100 

1 1 0 0' 1 1 0 

[j_!.00 11 1 I 

1 1 1 1 t 0 0 0 

1 1 1 10101 

I 1 I 1 100 1 

1 1 I 1 1 100 

1 1 t 1 101 \) 

1 1 1 1 1 0 1 1 

I 1 1 1 1o1 o o I 
[iiq:; ;2 1--t-Gil xx modx-;x-----;;;- J 
I I 1 1 100 0 0 I 
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8-BIT CHMOS MICROPROCESSOR 

• Pin-for-Pin and Functionally Compatible • Direct Addressing Capability of 1 
to Industry Standard HMOS 8088 MByte of Memory 

• Direct Software Compatibility with • Architecture Designed for Powerful 
80C86, 8086,8088 Assembly Language and Efficient High 

iii Fully Static Desigi1 with Frequency Leve! Languages 
Range from D.C. to: • 24 Operand Addressing Modes 
- 5 MHz for 80C88 • Byte, Word and Block Operations 
- 8 MHz for 80C88-2 

Low Power Operation • 8 and 16-Bit Signed and Unsigned • Arithmetic 
-Operating Ice = 10 mA/MHz - Binary or Decimal 
- Standby Ices = 500 µA max - Multiply and Divide 

• Bus-Hold Circuitry Eliminates Pull-Up 
Resistors 

The Intel 80C88 is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU. The 
processor has attributes of both 8 and 16-bit microprocessors. It is available in 5 MHz clock rate and will be 
available in 8 MHz clock rate in 2nd half of 1985. The 80C88 offers two modes of operation: MINimum for 
small systems and MAXimum for larger applications such as multi-processing. It is available in 40-pin DIP and 
will be available in 44-pin plastic leaded chip carrier (PLCC) package in 2nd half of 1985. 

AH 

CH 

EXECUTION ~~~~_.., 
UNIT 

1---~--l 
BP 

St 

Pl 

c.eus 

INSTRUCTION 
STREAM BYTE 

QUEUE 

231197-1 

Figure 1. iAPX 80C88 CPU Functional 
Block Diagram 

A14 

4'3 

APO 

INTR 

CLK 

GNP 

.,. 
MODE 

Voe 

A15 

A16/S3 

A17/S4 

A18/S5 

A19/S6 

I MAX I 
MOOE 

$S0 (HIGH) 

MN/MX 

HOLD (RCilGi'O) 

WR (LOC'ii:! 

rn1M 15'21 
DTIR (Si) 

~ (Sci) 

(OSO) 

iNfA (051) 

Tm 
READY 

231197-2 

Figure 2. 80C88 40-lead 
Configuration 

~liePjjEi' 

231197-3 

Figure 2b. 80C88 44-lead PLCC 
Configuration 

Intel Corporation assumes no responsibility for the use of any circuitry other than circuttry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. December 1984 
© Intel Corporation, 1984 Order Number: 231197-001 
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Table 1. Pin Description 

The following pin function descriptions are for BOCBB systems in either minimum or maximum mode. The 
"local bus" in these descriptions is the direct multiplexed bus interface connection to the BOCBB (without 
regard to additional bus buffers). 

Symbol Pin No. Type Name and Function 

AD?-ADO 9-16 1/0 ADDRESS DATA BUS: These lines constitute the time 
multiplexed memory/IQ address (T1) and data (T2, T3, Tw, and 
T4) bus. These lines are active HIGH and float to 3-state OFF 
during interrupt acknowledge and local bus "hold acknowledge". 

A15-A8 2-8, 39 0 ADDRESS BUS: These lines provide address bits 8 through 15 for 
the entire bus cycle (T1 - T 4). These lines do not have to be 
latched by ALE to remain valid. A15-A8 are active HIGH and float 
to 3-state OFF during interrupt acknowledge and local bus "hold 
acknowledge". 

A19/S6, A18/S5, 35-38 0 ADDRESS/STATUS: During T1, these are the four most 
A17/S4,A16/S3 significant address lines for memory operations. During 1/0 

operations, these lines are LOW. During memory and 1/0 
operations, status information is available on these lines during 
T2, T3, Tw, and T4. 86 is always low. The status of the interrupt 
enable flag bit (85) is updated at the beginning of each clock 
cycle. 84 and 83 are encoded as shown. 

This information indicates which segment register is presently 
being used for data accessing. 

These lines float to 3-state OFF during local bus "hold 
acknowledge''. 

S4 S3 CHARACTERISTICS 

O(LOW) 0 Alternate Data 
0 1 Stack 
1(HIGH) 0 Code or None 
1 1 Data 
S6isO(LOW) 

RD 32 0 READ: Read strobe indicates that the processor is performing a 
memory or 1/0 read cycle, depending on the state of the 10/M pin 
or 82. This signal is used to read devices which reside on the 
80C88 local bus. RD is active LOW during T2, T3 and Tw of any 
read cycle, and is guaranteed to remain HIGH in T2 until the 
80C88 local bus has floated. 

This signal floats to 3-state OFF in "hold acknowledge". 

READY 22 I READY: is the acknowledgement from the addressed memory or 
1/0 device that it will complete the data transfer. The ROY signal 
from memory or 110 is synchronized by the 82C84A clock 
generator to form READY. This signal is active HIGH. The 80C88 
READY input is not synchronized. Correct operation is not 
guaranteed if the set up and hold times are not met. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

INTR 18 I INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located 
in system memory. It can be internally masked by software resetting 
the interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 

TEST 23 I TEST: input is examined by the "wait for test" instruction. If the 
TEST input is LOW, execution continues, otherwise the processor 
waits in an "idle" state. This input is synchronized internally during 
each clock cycle on the leading edge of CLK. 

NMI 17 I NON-MASKABLE INTERRUPT: is an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. NMI is not maskable 
internally by software. A transition from a LOW to HIGH initiates the 
interrupt at the end of the current instruction. This input is internally 
synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock cycles. 
It restarts execution, as described in the instruction set description, 
when RESET returns LOW. RESET is internally synchronized. 

CLK 19 I CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 

Vee 40 Vee: is the + 5V ± 10% power supply pin. 

GND 1, 20 GND: are the ground pins. 

MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 

The following pin function descriptions are for the 80C88 minimum mode (i.e., MNIMX = Vee). Only the pin 
functions which are unique to minimum mode are described; all other pin functions are as described above. 

10/M 28 0 STATUS LINE: is an inverted maximum mode S2. It is used to 
distinguish a memory access from an 1/0 access. 10/M becomes 
valid in the T 4 preceding a bus cycle and remains valid until the final 
T 4 of the cycle (1/0 = HIGH, M = LOW). 10/M floats to 3-state OFF 
in local bus "hold acknowledge". 

WR 29 0 WRITE: strobe indicates that the processor is performing a write 
memory or write 1/0 cycle, depending on the state of the 10/M 
signal. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and floats to 3-state OFF in local bus "hold acknowledge". 

INTA 24 0 INTA: is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3, and Tw of each interrupt acknowledge 
cycle. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

ALE 25 0 ADDRESS LATCH ENABLE: is provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
clock low of T1 of any bus cycle. Note that ALE is never floated. 

DT/R 27 0 DATA TRANSMIT/RECEIVE: is needed in a minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data flow through the transceiver. Logically, ot /R is 
equivalent to S1 in the maximum mode, and its timing is the same as 
for 10/M (T = HIGH, R = LOW). This signal floats to 3-state OFF in 
local "hold acknowledge". 

DEN 26 0 DAT A ENABLE: is provided as an output enable for the transceiver 
in a minimum system which uses the transceiver. DEN is active LOW 
during each memory and 1/0 access, and for INTA cycles. For a read 
or INTA cycle, it is active from the middle of T2 until the middle of T4, 
while for a write cycle, it is active from the beginning of T2 until the 
middle of T4. DEN floats to 3-state OFF during local bus "hold 
acknowledge". 

HOLD, HLDA 30,31 1,0 HOLD: indicates that another master is requesting a local bus 
"hold". To be acknowledged, HOLD must be active HIGH. The 
processor receiving the "hold" request will issue HLDA (HIGH) as an 
acknowledgement, in the middle of a T 4 or T1 clock cycle. 
Simultaneous with the issuance of HLDA the processor will float the 
local bus and control lines. After HOLD is detected as being LOW, 
the processor lowers HLDA, and when the processor needs to run 
another cycle, it will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should 
be provided if the system cannot otherwise guarantee the set up 
time. 

sso 34 0 STATUS LINE: is logically equivalent to SO in the maximum mode. 
The combination of SSO, 10/M and OT /R allows the system to 
completely decode the current bus cycle status. 

10/M DT/R sso CHARACTERISTICS 

1(HIGH) 0 0 Interrupt Acknowledge 
1 0 1 Read 1/0 port 
1 1 0 Write 1/0 port 
1 1 1 Halt 
O(LOW) 0 0 Code access 
0 0 1 Read memory 
0 1 0 Write memory 
0 1 1 Passive 
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Table 1. Pin Description (Continued) 

The following pin function descriptions are for the BOC88/82CBB system in maximum mode (i.e., 
MN/MX = GND.) Only the pin functions which are unique to maximum mode are described; all other pin 
functions are as described above. 

Symbol Pin No. Type Name and Function 

S2, S1, SO 26-28 0 STATUS: is active during clock high of T4, T1, and T2, and is 
returned to the passive state (1, 1, 1) during T3 or during Tw when 
READY is HIGH. This status is used by the 82C88 bus controller to 
generate all memory and 1/0 access control signals. Any change by 
S2, S1, or SO during T 4 is used to indicate the beginning of a bus 
cycle, 1:1nd the return to the passive state in T3 or Tw is used to 
indicate the end of a bus cycle. 

These signals float to 3-state OFF during "hold acknowledge". 
During the first clock cycle after RESET becomes active, these 
signals are active HIGH. After this first clock, they float to 3-state 
OFF. 

S2 S1 so CHARACTERISTICS 

O(LOW) 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 port 
0 1 0 Write 1/0 port 
0 1 1 Halt 
1(HIGH) 0 0 Code access 
1 0 1 Read memory 
1 1 0 Write memory 
1 1 1 Passive 

RQ/GTO, 30,31 1/0 REQUEST /GRANT: pins are used by other local bus masters to 
RQ/GT1 force the processor to release the local bus at the end of the 

processor's current bus cycle. Each pin is bidirectional with RQ/Gfi) 
having higher priority than RQ/GT1. RQ/6T has an internal pull-up 
resistor, so may be left unconnected. The request/grant sequence is 
as follows (See Figure 8): 

1. A pulse of one CLK wide from another local bus master indicates a 
local bus request ("hold") to the BOCBB (pulse 1 ). 

2. During a T 4 or T1 clock cycle, a pulse one clock wide from the 
BOCBB to the requesting master (pulse 2), indicates that the BOCBB 
has allowed the local bus to float and that it Will enter the "hold 
acknowledge" state at the next CLK. The CPU's bus interface unit is 
disconnected logically from the local bus during "hold 
acknowledge". The same rules as for HOLD/HOLDA apply as for 
when the bus is released. 

3. A pulse one CLK wide from the requesting master indicates to the 
BOCBB (pulse 3) that the ''.hold" request is about to end and that the 
BOCBB can reclaim the local bus at the next CLK. The CPU then 
entersT4. 
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Table 1. Pin Descriptions (Continued) 

Symbol Pin No. Type Name and Function 

RQ/GTO, 30, 31 1/0 Each master-master exchange of the local bus is a sequence of 
RQ/GT1 three pulses. There must be one idle CLK cycle after each bus 

exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, 
it will release the local bus during T 4 of the cycle when all the 
following conditions are met: 

1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 
4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible 
events will follow: 

1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 
already satisfied. 

LOCK 29 0 LOCK: indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active (LOW). The LOCK 
signal is activated by the "LOCK" prefix instruction and remains 
active until the completion of the next insttuction. This signal is 
active LOW, and floats to 3-state off in "hold acknowledge". 

081, QSO 24,25 0 QUEUE STATUS: provide status to allow external tracking of the 
internal 80C88 instruction queue. 

The queue status is valid during the CLK cycle after which the 
queue operation is performed. 

QS1 QSO CHARACTERISTICS 

O(LOW) 0 No operation 
0 1 First byte of opcode from queue 
1(HIGH) 0 Empty the queue 
1 1 Subsequent byte from queue 

- 34 0 Pin 34 is always high in the maximum mode. 
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FUNCTIONAL DESCRIPTION 

STATIC OPERATION 

All 80C88 circuitry is of static design. Internal regis
ters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS 80C88 
can operate from DC to the appropriate upper fr~
quency limit. The processor clock may be_ stopp~d in 
either state (high/low) and held there indefinitely. 
This type of operation is especially useful for system 
debug or power critical applications. 

The 80C88 c~h be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim
ple interface circuitry to provide critical information 
for bringing up your system. 

Static design also allows very low frequency opera
tion (down to DC). In a power critical situ".'tion, _this 
can provide extremely low power operation since 
80C88 power dissipation is directly related to operat
ing frequency. As the system frequency is reduced, 
so is the operating power until ultimately, at a DC 
input frequency, the 80C88 power requirement is the 
standby current (500 µA maximum). 

7 0 
~FFFFFH 

-1 
64 KB } CODE SEGMENT 

,...---'--*"--l XXXXOH 

+ OFFSET 
} ST ACK SEGMENT 

} EXTRA DATA SEGMENT 

'L....-....S OOOOOH 

231197-4 

Figure 3. Memory Organization 
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MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data and stack segments of up to 64K bytes each, 
with 'each segment falling on 16-byte boundaries. 
(See Figure 3.) 

All memory references are made relative to base ad
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in qne 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat
able areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper
ands, the least significant byte of the word is stored 
in the lower valued address location and the most 
significant byte in the next higher address location. 
The BIU will automatically execute two fetch or write 
cycles for 16-bit operands. 

Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad
dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system 

FFFFFH 
RESET BOOTSTRAP 

PROGRAM JUMP 
FFFFOH 

1 3FFH 
INTERRUPT POINTER 

FOR TYPE 255 
3FOH 

7H 
INTERRUPT POINTER 

FOR TYPE 1 4H --------
INTERRUPT POINTER 3H 

FOR TYPE 0 
OH 

231197-5 

Figure 4. Reserved Memory Locations 
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Memory Segment Register Segment 
Reference Need Used Selection Rule 

Instructions CODE (CS) Automatic with all instruction prefetch. 

Stack STACK (SS) 
All stack pushes and pops. Memory references relative to BP 
base register except data references. 

Local Data DATA (DS) 
Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 

External (Global) Data EXTRA (ES) 
Destination of string operations: Explicitly selected using a 
segment override. 

initialization routine. Following RESET, the CPU will 
always begin execution at location FFFFOH where 
the jump must be located. Locations OOOOOH 
through 003FFH are reserved for interrupt opera
tions. Four-byte pointers consisting of a 16-bit seg
ment address and a 16-bit offset address direct pro
gram flow to one of the 256 possible interrupt serv
ice routines. The pointer elements are assumed to 
have been stored at their respective places in re
served memory prior to the occurrence of interrupts. 

MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi
mum 80C88 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de
fined pins. Consequently, the 80C88 is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 80C88 defines pins 24 thro~h 31 and 34 in 
maximum mode. When the MN/MX pin is strapped 
to Vee. the 80C88 generates bus control signals it
self on pins 24 through 31 and 34. 

The minimum mode 80C88 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed 
bus configuration is compatible with the MCS®-85 
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multiplexed bus peripherals (8155, 8156, 8355, 
8755A, and 8185). This configuration (See Figure 5) 
provides the user with a minimum chip count sys
tem. This architecture provides the 80C88 process
ing power in a highly integrated form. 

The demultiplexed mode requires one latch (for 64k 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus buffer~s require<!., 
(See Figure 6.) The 80C88 provides DEN and DT /R 
to control the transceiver, and ALE to latch the ad
dresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing re-
quirements. · 

The maximum mode employs the 82C88 bus con
troller. (See Figure 7.) The 82C88 decodes status 
lines SO, S 1, and S2, and provides the system with 
all bus control signals. Moving the bus control to the 
82C88 provides better source and sink current capa
bility to the control lines, and frees the 80C88 pins 
for extended large system features. Hardware lock, 
queue status, and two request/ grant interfaces are 
provided by the 80C88 in maximum mode. These 
features allow co-processors in local bus and re
mote bus configurations. 
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Figure 5. Multiplexed Bus Configuration 
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Bus Operation 

The 80C88 address/ data bus is broken into three 
parts-the lower eight address/ data bits (ADO-AD?), 
the middle eight address bits (A8--A 15), and the up
per four address bits (A16-A19). The address/data 
bits and the highest four address bits are time multi
plexed. This technique provides the most efficient 
use of pins on the processor, permitting the use of a 
standard 40 lead package. The middle eight address 
bits are not multiplexed, i.e. they remain valid 
throughout each bus cycle. In addition, the bus can 
be demultiplexed at the processor with a single ad
dress latch if a standard, non-multiplexed bus is de
sired for the system. 

CLK 

AOORISTATUS 

AD°" 

ADORIDATA 

READY 

OTlil 

1------ 44+ Nwj1,IT)•lcy-

,, ,, T3 j Tw1m 

BUS RESERVED 
FOR DATA IN 

READY 

WAIT 

--MEMORY ACCESS TIME-

'• 

Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as T1, T2, T3, and 
T4. (See Figure 8). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T 4. T2 is used primarily for chang
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in
serted between T3 and T 4. Each inserted "wait" 
state is of the same duration as a CLK cycle. Periods 
can occur between 80C88 driven bus cycles. These 
are referred to as "idle" states (Ti), or inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 

f4+NwA1T)•Tcy------l 

,, ,, " 

\ 

-----~--cc= 

READY 

WAIT 

231197-9 

Figure 8. Basic System Timing 
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During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad
dress and certain status information for the cycle 
may be latched. 

Status bits SO, ST, and S2 are used by the bus con
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 

S2 S1 So CHARACTERISTICS 

O(LOW) 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T 4. S3 and S4 indicate which segment reg
ister was used for this bus cycle in forming the ad
dress according to the following table: 

S4 S3 CHARACTERISTICS 

O(LOW) 0 Alternate Data (extra segment) 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. S6 
is always equal to 0. 

1/0 ADDRESSING 

In the 80C88, 1/0 operations can address up to a 
maximum of 64k 1/0 registers. The 1/0 address ap
pears in the same format as the memory address on 
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bus lines A 15-AO. The address lines A 19-A 16 are 
zero in 1/0 operations. The variable 1/0 instructions, 
which use register DX as a pointer, have full address 
capability, while the direct 1/0 instructions directly 
address one or two of the 256 1/0 byte locations in 
page O of the 1/0 address space. 1/0 ports are ad
dressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
1/0 with an 8-bit address on both halves of the 16-
bit address bus. The 80C88 uses a full 16-bit ad
dress on its lower 16 address lines. 

EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 80C88 
RESET is required to be HIGH for greater than four 
clock cycles. The 80C88 will terminate operations 
on the high-going edge of RESET and will remain 
dormant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se
quence for approximately 7 clock cycles. After this 
interval the 80C88 operates normally, beginning with 
the instruction in absolute location FFFFOH. (See 
Figure 4.) The RESET input is internally synchro
nized to the processor clock. At initialization, the 
HIGH to LOW transition of RESET must occur no 
sooner than 50 µs after power up, to allow complete 
initialization of the 80C88. 

If INTR is asserted sooner than nine clock cycles 
after the end of RESET, the processor may execute 
one instruction before responding to the interrupt. 

All 3-state outputs float to 3-state OFF during RE
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. 
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BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
inputs to CMOS devices and to eliminate the need 
for pull-up/down resistors, "bus-hold" circuitry has 
been used on the BOCBB pins 2-16, 26-32, and 34-
39 (Figure 9a, 9b). These circuits will maintain the 
last valid logic state if no driving source is present 
(i.e. an unconnected pin or a driving source. which 
goes to a high impedance state). To overdrive the 
"bus hold" circuits, an external driver must be capa
ble of supplying approximately 400 µA minimum .sink 
or source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis
tive" type element, the associated power supply cur-

rent is negligible and power dissipation is significa.nt
ly reduced when compared to the use of passive 
pull-up resistors. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska
ble or maskable. 

''Pull-Up/Pull-Down'' 

INPUT 
1---< ..... -tPROTECTION 

CIRCUITRY 

Input buffer exists only on 1/0 pins 

EXTERNAL 
PIN 

Figure 9a. Bus hold circuitry pin 2-16, 35-39. 

"Pull-Up" 

INPUT 
1---<._-tPROTECTION 

CIRCUITRY 

Input buffer exists only on 1/0 pins 

EXTERNAL 
PIN 

Figure 9b. Bus hold circuitry pin 26-32, 34. 
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Interrupts result in a transfer of control to a new pro
gram location. A 256 element table containing ad
dress pointers to the interrupt service program loca
tions resides in absolute locations 0 through 3FFH 
(See Figure 4). which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor
responds to an interrupt "type." An interrupting de
vice supplies an 8-bit type number, during the inter
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location. 

NON·MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur
rence of the low-going edge; it may occur· before, 
during, or after the servicing of NMI. Another high
going edge triggers another response if it occurs af
ter the start of the NMI procedure. The signal must 

be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 80C88 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable (IF) flag bit. 
The interrupt request signal is level triggered. It is 
internally synchronized during each clock cycle on 
the high-going edge of CLK. To be responded to, 
INTR must be present (HIGH) during the clock peri
od preceding the end of the current instruction or the 
end of a whole move for a block type instruction. 
During interrupt response sequence, further inter
rupts are disabled. The enable bit is reset as part of 
the response to any interrupt (INTR, NMI, software 
interrupt, or single step), although the FLAGS regis
ter which is automatically pushed onto the stack re
flects the state of the processor prior to the inter
rupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (See Figure 10), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 80C88 emits the 
LOCK signal (maximum mode only) from T2 of the 
first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 

I T1 I T2 T3 Tc T1 I T:r T3 

ALE _fl~ _ ___.n.___ __ 

rm \...__---JI \J I\ 
•-~•-\FLOAT \ >-~• __/)... -----------------<-{ ~YPEVECTOR 

231197-10 

Figure 10. Interrupt Acknowledge Sequence 
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byte is fetched from the external interrupt system 
(e.g., 82C59A PIC) which identifies the source {type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 
flags. 

HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys
tem to latch the halt status. Halt status is available 
on 10/M, DT /R, and SSO. In maximum mode, the 
processor issues appropriate HALT status on S2, 
S 1, and SO, and the 82C88 bus controller issues one 
ALE. The 80C88 will not leave the HALT state when 
a local bus hold is entered while in HALT. In this 
case, the processor reissues the HALT indicator at 
the end of the local bus hold. An interrupt request or 
RESET will force the 80C88 out of the HALT state. 

READ/MODIFY /WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read/modify/write opera
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac
complish "test and set lock" operations. The LOCK 
signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti
vated at the end of the last bus cycle of the instruc
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to interrupts, the 80C88 provides a 
single software-testable input pin (TEST). This input 
is utilized by executing a WAIT instruction. The sin
gle WAIT instruction is repeatedly executed until the 
TEST input goes active (LOW). The execution of 
WAIT does not consume bus cycles once the queue 
is full. 
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If a local bus request occurs during WAIT execution, 
the 80C88 3-states all output drivers. If interrupts are 
enabled, the 80C88 will recognize interrupts and 
process them. The WAIT instruction is then re
fetched, and reexecuted. 

BASIC SYSTEM TIMING 

In minimum mode, the MN/MX pin is strapped to 
V cc and the processor emits bus control signals 
compatible with the 8085 bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
82C88 bus controller uses to generate MULTIBUS 
compatible bus C(i)fltrol signals. 

System Timing - Minimum System 

(See Figure 8.) 

The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
going) edge of this signal is used to latch the ad
dress information, which is valid on the address/ 
data bus (ADO-AD7) at this time, into a latch. Ad
dress lines A8 through A 15 do not need to be 
latched because they remain valid throughout.the 
bus cycle. From T1 to T4 the 10/M signal indicates a 
memory or 110 operation. At T2 the address is re
moved from the address/ data bus and the bus goes 
to a high impedance state. The read control signal is 
also asserted at T2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be 
available on the bus and the addressed device will 
drive the READY line HIGH. When the processor 
returns the read signal to a HIGH level, the ad
dressed device will again 3-state its bus drivers. If a 
transceiver is required to buffer the 80C88 local bus, 
signals DT /R and DEN are provided by the 80C88. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The 10/M signal is 
again asserted to indicate a memory or 110 write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T4. During T2, T3, and 
T w. the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. 
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The basic difference between the interrupt acknowl
edge cycle and a read cycle is that the interrupt ac
knowl~e (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 10.) In the second of two successive 
INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic 
(i.e. 82C59A priority interrupt controller). This byte 
identifies the source (type) of the interrupt. It is multi
plied by four and used as a pointer into the interrupt 
vector lookup table, as described earlier. 

BUS TIMING - MEDIUM COMPLEXITY 
SYSTEMS 

(See Figure 11.) 

For medium complexity systems, the MN/MX pin is 
connected to GND and the 82C88 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than the 80C88 is capable of 
handling. Signals ALE, DEN, and DT /R are generat
ed by the 82C88 instead of the processor in this 
configuration, although their timing remains relatively 
the same. The 80C88 status outputs (S2, 51, and 
SO) provide type of cycle information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or 1/0), write (data or 1/0), inter
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, 1/0 read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The transceiver 
receives the usual T and OE inputs from the 
82C88's DT /R and DEN outputs. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A priority inter
rupt controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledg1:1 sequence and software "poll". 

THE 80C88 COMPARED TO THE 80C86 

The 80C88 CPU is an 8-bit processor designed 
around the 80C86 internal structure. Most internal 
functions of the 80C88 are identical to the equiva-
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lent BOC86 functions. The 80C88 handles the exter
nal bus the same way the 80C86 does with the dis
tinction of handling only 8 bits at a time. Sixteen-bit 
operands are fetched or written in two consecutive 
bus cycles. Both processors will appear identical to 
the software engineer, with the exception of execu
tion time. The internal register structure is identical 
and all instructions have the same end result. The 
differences between the 80C88 and 80C86 are out
lined below. The engineer who is unfamiliar with the 
80C86 is referred to the iAPX 86, 88 User's Manual, 
Chapters 2 and 4, for function description and in
struction set information. Internally, there are three 
differences between the 80C88 and the-80C86. All 
changes are related to the 8-bit bus interface. 

• The queue length is 4 bytes in the 80C88, where
as the 80C86 queue contains 6 bytes, or three 
words. The queue was shortened to prevent 
overuse of the bus by the BIU when prefetching 
instructions. This was required because of the 
additional time necessary to fetch instructions 8 
bits at a time. 

• To further optimize the queue, the prefetching al
gorithm was changed. The 80C88 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1 byte hole (space available) in the 
queue. The 80C86 waits until a 2-byte space is 
available. 

• The internal execution time of the instruction set 
is affected by the 8-bit interface. All 16-bit fetches 
and writes from/to memory take an additional 
four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 80C88 are being used, the queue has time 
to fill and the execution proceeds as fast as the 
execution unit will allow. 

The BOC88 and BOC86 are completely software 
compatible by virture of their identical execution 
units. Software that is system dependent may not be 
completely transferable, but software that is not sys
tem dependent will operate equally as well on an 
80C88 or an 80C86. 

The hardware interface of the BOCBB contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however with the 
following functional changes: 

• AB-A 15 - These pins are only address outputs 
on the 80C88. These address lines are latched 
internally and remain valid throughout a bus cycle 
in. a manner similar to the 8085 upper address 
lines. 



80C88/80C88-2 

• BHE has no meaning on the 80C88 and has been 
eliminated. 

• SS<:> provides the S<:5 status information in the 
minimum mode. This output occurs on -2!!!_34 in 
minimum mode only. DT I~. 10/M, and SSO pro
vide the complete bus status in minimum mode. 

• 10/M has been inverted to be compatible with the 
MCS-85 bus structure. 

• ALE is delayed by one clock cycle in the mini
mum mode when entering HALT, to allow the 
status to be latched with ALE. 

T1 T2 T3 T4 

CLK 
~ J1 -" ./' 

QS1, QSO x x x x 
80C88 

82, 61, so 7llIT ~:----· "'-----
A19/S6-A16/S3 x A19-A1l x S6-S3 x:::. 

r-
./ ~ L.:__. 

x 

x 

{ 

ALE 

82C88 ROY 82C84A 

ROY aocaa 

A7-AO DATA IN 

~ x A15-A8 -
/ 

80C88 [A:·::: 

RD 

DT/R 

" / 

82C88 MRDC 

" / 

DEN / " 
231197-11 

Figure 11. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage 
(With respect to ground) ........... - 0.5 to 8.0V 

Operating Supply Voltage 
(w.r.t. ground) ...................... 4.0 to 7.0V 

Input Voltage Applied 
(w.r.t. ground) ............. -2.0 to Vee+ 0.5V 

Output Voltage Applied 
(w.r.t. ground) ............. -0.5 to Vee+ 0.5V 

Power Dissipation .......................... 1.0W 
Storage Temperature .......... - 65°C to + 150°C 
Ambient Temperature Under Bias .... 0°C to + 70°C 

•Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (80C88: TA= 0°c to 10°c, Vee= 5V ± 10%) 
(80C88-2: TA = 0°C to 70°C, Vee = 5V ± 5%) 

Symbol Parameter Min Max Units Test Conditions 

V1L Input Low Voltage -0.5 +0.8 v 

Input High Voltage 
V1H ffi!! i QQ!!! exceru._ 

RQ/GTO, RQ/GT1) 
2.0 Vcc+0.5 v 

Vol Output Low Voltage 0.4 v IOL = 2.0mA 

VoH Output High Voltage 3.0 v loH = -2.5mA 
Vee -0.4 loH = -100 µA 

Ice Power Supply Current 10 mA/MHz TA = 25°C, Vee= 5.5V 
V1H = GND, V1L = Vee 

V1N(max) = Vee or GND 

ICCS Standby Supply Current 500 µA Vee= 5.5V 
Outputs Unloaded 
CLK = GND or Vee 

lu Input Leakage Current ± 1.0 µA ov,,;v1N'.".'.Vcc 

lsHL 
Input Leakage Current 50 400 µA V1N = o.8V 
(Bus Hold Low) (Note 1) 

lsHH 
Input Leakage Current -50 -400 µA V1N = 3.0V 
(Bus Hold High) (Note 2) 

lsHLO Bus Hold Low Overdrive 600 µA (Note 4) 

lsHHO Bus Hold High Overdrive -600 µA (Note 5) 

ILO Output Leakage Current ±10 µA o,,;vour5:Vcc 

VcL Clock Input Low Voltage -0.5 +0.8 v 

VcH Clock Input High Voltage Vcc-0.8 Vcc+0.5 v 

Capacitance of Input Buffer 
C1N (All input except 5 pF (Note 3) 

AD0-AD7,RQ/GT) 

C10 
Capacitance of 1/0 Buffer 20 pF (Note 3) (AD0-AD7, RO/GT) 

Gour Output Capacitance 15 pF (Note 3) 

NOTES: 
1. Test condition is to lower V1N to GND and then raise V1N to 0.8V on pins 2-16, 26-32, and 34-39, 
2. Test condition is to raise V1N to Vee and then lower V1N to 3.0V on pins 2-16, 26-32, and 34-39. 
3. Test conditions are a) Frequency = 1 MHz. 

b) Unmeasured pins at GND 
c) V1N at + 5.0V or GND. 

4. An external driver must source at least IBHLO to switch this node from LOW to HIGH. 
5. An external driver must sink at least lsHHO to switch this node from HIGH to LOW. 
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A.C. CHARACTERISTICS (80C88: TA= 0°c to 70°C, Vee= 5V ± 10%) 
(80C88-2: TA = 0°C to 70°C, V cc = 5V ± 5 % ) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

80C88 80C88-2 

Symbol Parameter Min ·Max Min Max Units 

TCLCL CLK Cycle Period 200 D.C. 125 D.C. ns 

TCLCH CLK Low Time 118 68 ns 

TCHCL CLK High Time 69 44 ns 

TCH1CH2 CLK Rise Time 10 10 ns 

TCL2CL 1 CLK Fall Time 10 10 ns 

TDVCL Data in Setup Time 30 20 ns 

TCLDX Data in Hold Time 10 10 ns 

ROY Setup Time 
TR1VCL into 82C84A 35 35 ns 

(Notes 1, 2) 

ROY Hold Time 
TCLR1X into 82C84A 0 0 ns 

(Notes 1, 2) 

TRYHCH 
READY Setup 

118 68 ns 
Time into 8DC88 

TCHRYX 
READY Hold Time 

30 20 
into 80C88 

ns 

TRYLCL 
READY Inactive to 

-8 -8 
CLK (Note 3) 

ns 

THVCH HOLD Setup Time 35 20 ns 

INTR, NMI, TEST 
TINVCH Setup Time 30 1.5 ns 

(Note 2) 

TILIH 
Input Rise Time 

15 15 
(Except CLK) 

ns 

TIHIL 
Input Fall Time 

15 15 
(Except CLK) 

ns 

NOTES: 
1. Signal at 82C84A or 82C88 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3 state). 
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Test 
Conditions 

From 1.0V 
to 3.5V 

From 3.5V 
to 1.0V 

CL= 20-100pF 

From 0.8V 
to 2.0V 

From2.0V 
to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

80C88 

Symbol Parameter Min 

TCLAV Address Valid Delay 10 

TC LAX Address Hold Time 10 

TCLAZ Address Float Delay TC LAX 

TLHLL ALE Width TCLCH-20 

TCLLH ALE Active Delay 

TCHLL ALE Inactive Delay 

TL LAX 
Address Hold Time to 

TCHCL-10 ALE Inactive 

TCLDV Data Valid Delay 10 

TCHDX Data Hold Time 10 

TWHDX Data Hold Time TCLCH-30 
After WR 

TCVCTV Control Active Delay 1 10 

TCHCTV Control Active Delay 2 10 

TCVCTX Control Inactive Delay 10 

TAZRL Address Float to READ 
0 Active 

TCLRL RD Active Delay 10 

TCLRH RD Inactive Delay 10 

TRHAV RD Inactive to Next 
TCLCL-45 Address Active 

TCLHAV HLDA Valid Delay 10 

TRLRH RD Width 2TCLCL-75 

TWLWH WR Width 2TCLCL-60 

TAVAL Address Valid to ALE Low TCLCH-60 

TOLOH Output Rise Time 

TOHOL Output Fall Time 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

Input/Output 

2.4V 

0.45V 

231197-12 

80C88-2 

Max Min Max Units 

110 10 60 ns 

10 ns 

80 TC LAX 50 ns 

TCLCH-10 ns 

80 50 ns 

85 55 ns 

TCHCL-10 ns 

110 10 60 ns 

10 ns 

TCLCH-30 ns 

110 10 70 ns 

110 10 60 ns 

110 10 70 ns 

0 ns 

165 10 100 ns 

150 10 80 ns 

TCLCL-40 ns 

160 10 100 ns 

2TCLCL-50 ns 

2TCLCL-40 ns 

TCLCH-40 ns 

15 15 ns 

15 15 ns 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

TEST 

Test 
Conditions 

CL= 20-100 pF 
forall 80C88 
Outputs in addition 
to internal loads 

From 0.8V to 2.0V 

From 2.0V to 0.8V 

100 pf 

231197-13 

A.G. Testing inputs are driven at 2.4V for a logic "1 '' and 0.45V 
for a logic "O". The clock is driven at 4.3V and 0.25V. Timing 
measurements are made at VoH and VoL· 

CL Includes Jig Capacitance 
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80C88/80C88-2 

WAVEFORMS 

BUS TIMING - MINIMUM MODE SYSTEM 

CLK {12Cl4A Oulput) 

10/M, 550 

ALE 

ROY {12C14A Input) 

SEE NOTE 1 

·---1 

READ CYCLE 

(NOTE 1) 

(WA, fm • VoHI 

AD1-AD0 

DTIR 

TCLAV-
TC LAX 

TAVAL-

TCHCTV 

5-48 

A,s-Aa (Float during INTA) 

-rcHRYX 
~---1--,1 

TRYHCH -

231197-14 
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WAVEFORMS (Continued) 

BUS TIMING - MINIMUM MODE SYSTEM (Continued) 

T, 

CLK (82C84A Output) 

AD1-AD0 

WRITE CYCLE 
DEN 

NOTE 1 

I WR 

-rcLAZ 

AD1-AD0 
FLOAT 

TCHCTV 

DTIR 

INTA CYCLE 
NOTES 1,3 

(R5, WR=Vott) 
INTA 

DEN 

SOFTWARE HALT -

DEN,Ril,WA,INTA = VoH AD1-AD0 INVALID ADDRESS 

DT/ii INDETERMINATE TCLAV 

NOTES: 
1. All timing measurements are made at VoH and Vol· 

DATA OUT 

TCVCTX 

-- TWLWH ----+-- 1.~-+-------

rcvcrx
--rovcL--

POINTER 

TCVCTX 

SOFTWARE HALT 

TCHCTV 

231197-15 

2. ROY is sampled near the end of T 2. T 3, T w to determine if T w machines states are to be inserted. 
3. Two INTA Cycles run back-to-back. The BOCBB local ADDR/Data bus is floating during both INTA Cycles. Control 
signals are shown for the second INTA cycle. 
4. Signals at 82C84A are shown for reference only. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 

80C88 80C88-2 

Symbol Parameter Min Max Min Max Units Te"st Conditions 

TCLCL CLK Cycle Period 200 D.C. 125 D.C. ns 

TCLCH CLKLowTime 118 68 ns 

TCHCL CLK High Time 69 44 ns 

TCH1CH2 CLK Rise Time 10 10 ns From 1.0V to 3.5V 

TCL2CL1 CLK Fall Time 10 10 ns From 3.5V to 1.0V 

TDVCL Data In Setup Time 30 20 ns 

TCLDX Data In Hold Time 10 10 ns 

TR1VCL 
ROY Setup Time into 82C84 

35 35 ns 
(See Notes 1, 2) 

TCLR1X 
ROY Hold Time into 82C84 

0 0 
(See Notes 1, 2) 

ns 

TRYHCH 
READY Setup Time into 

118 68 ns 
80C88 CL = 20 - 100 pF 

TCHRYX READY Hold Time into 80C88 30 20 ns 

TRYLCL 
READY Inactive to CLK (See -8 -8 ns 
Note 4) 

Setup Time for Recognition 
TINVCH (INTR, NMI, TEST) 30 15 ns 

(See Note 2) 

TGVCH RQ/GT Setup Time 30 15 ns 

TCHGX RO Hold Time into 80C88 40 30 ns 

TILIH 
Input Rise Time 

15 15 ns From 0.8V to 2.0V 
(Except CLK) 

TIHIL Input Fall Time (Except CLK) 15 15 ns From 2.0V to 0.8V 

NOTES: 
1. Signal at 82C84A or 82C88 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wait states (8 ns into T3 state). 
4. Applies only to T2 state (8 ns into T3 state). 
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A.C. CHARACTERISTICS 

TIMING RESPONSES 

80C88 80C88·2 

Symbol Parameter Min Max Min Max Units Test Conditions 

TCLML Command Active Delay 5 35 5 35 ns 
(Note 1) 

-----I 

TCLMH Command Inactive Delay 5 35 5 35 ns (Note 1) 

TRYHSH 
READY Active to Status Passive 110 65 ns 
(Note 3) 

TCHSV Status Active Delay 10 110 10 60 ns 

TCLSH Status Inactive Delay 10 130 10 70 ns 

TCLAV Address Valid Delay 10 110 10 60 ns 

TC LAX Address Hold Time 10 10 ns 
t----
TCLAZ Address Fl~_Y ____ TC LAX 80 TC LAX 50 ns 

t---

TSVLH 
Status Valid to ALE High 20 20 ns 
(Note 1) 

TSVMCH 
Status Valid to MCE High 

30 30 ns 
(Note 1) 

TCLLH CLK Low to ALE Valid 15 151 (Note 1) 
ns 

TCLMCH CLK Low to MCE High 
25 251 ns (Note 1) 

TCHLL ALE Inactive Delay (Note 1) 4 18 4 18 ns 

TCLMCL MCE Inactive Delay (Note 1) 15 15 ns --
TCLDV Data Valid Delay 10 110 10 60 ns 

TCHDX Data Hold Time 10 10 ns CL= 20-100pFfor 
---

all 80C88 Outputs Control Active Delay TCVNV 
(Note 1) 5 45 5 ' 45 ns in addition to 

t- internal loads 
TCVNX Control Inactive Delay 

10 45 10 45 ns 
(Note 11_ 

TAZRL Address Float to Read Active 0 0 ns 
--+---1 

rCLRL RD Active Delay 10 165 10 100 ns 
t----1 

TCLRH RD Inactive Delay 10 150 10 80 ns 

TRHAV 
RD Inactive to Next Address 

TCLCL-45 TCLCL-40 ns Active -
TCHDTL Direction Control Active Delay 

50 50 ns (Note 1) 

TCHDTH 
Direction Control Inactive Delay 

30 30 ns 
1---

(Note 1) 

TCLGL GT Active Delay 85 50 ns 

TCLGH GT Inactive Delay 85 50 ns 

TRLRH RD Width 2TCLCL-75 2TCLCL-50 ns 

TOLOH Output Rise Time 15 15 ns From 0.8Vto 
2.0V 

TOHOL Output Fall Time 15 15 ns From 2.0Vto 
0.8V 
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WAVEFORMS 

BUS TIMING-MAXIMUM MODE 

$2,S,,SO (EXCEPT HALT) 

!ALE (HCll OUTPUn 

SEE NOTE 5 

ADY (12Cl4 INPUT) 

READY (IOCll INPUT) 

READ CYCLE, 

12Cll OUTPUTS 

SEE NOTES s,e 

AD1-AD0 

RD 

OT/Ii 

DEN 

~ ~·~ ... : 
\-I f--TCLAV H TCLDV TCHDX- ~ 

}--TCLSH 

\----- .... 
'------

~rw;SEE NOTE 8) 

h TCLAX --i--. lrl r--+--+--+---t---+---"-+ -~ 11-,----' .,,.... x S.·S:i y 
--TS-V-LH--~'-1-.J~ --I {J TCHLL r~---

TCLLH--1 

TCLAV-

r--

'+----1--+--+--+---+-----l---JJ:_' ---ti. 1--TvcL 

=DC ~~~~,L~ · .~, 
TRYLCL --

£ 
~+--t---t--J - TCHRYX 

TRYHSH ---1 r-1----+--.., 

-+--'1 \ - TCLAX t-- ---. TRYHCH ---. ~---+------

-TCLAZ j-- TOVCL---f--TCLDX--i 

AD'-"°'f(' FOAT 

TAZRL~:::: 

DATA IN 

TCLAH 

FLOAr-1\
i.-~---++--rAHAv ----l 

'-++----+----'./~ 
TCHDTL - ~ !----~T-CL+R+L'l __ _ 

\~I ,- TRLRH----+---< 
TCHDTH 

TCLML- {_ ------. 

TCVNV--- -

231197-16 
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WAVEFORMS (Continued) 

BUS TIMING - MAXIMUM MODE SYSTEM (USING 82C88) 

CLK 
VCL 

s,. S1 , S0 (EXCEPT HALT) 

WRITE CYCLE 

82C88 
OUTPUTS 

SEE 
NOTES 5,6 

INTA CYCLE 

AD7-AD0 

DEN 

AMWC 
OR AIOWC 

MWTC 
OR IOWC 

A,5-Ae 
(SEE NOTES 3,4) 

TCLAZ 

T, 

RESERVED FOR 
CASCADE ADDR 

TCLMH 

MCE/ 
PDEN 

DT/R 

r
'---+--..,,...---------1-_,_~-----~

TCHDTH 

82C88 OUTPUTS 
SEE NOTES 5,6 INTA 

DEN 

SOFTWARE 
HALT - (DEN = Vol; RD, MRDC, iORc,'M"Wrc, Ari.We, iOWc, AiOWc, iNTA,DT/R = VoH· 

AD1-AD0, A,5-Ae J r INVALID ADDRESS 

TCLAV::j •i:= 
~ .... ___ _,Ir-------,- - --- , ___ _ 

231197-17 

NOTES: 
1. All timing measurements are made at VoH and VOL· 
2. RDY is sampled near the end of T 2. T 3 , T w to determine if T w machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycles. 
4. Two INTA cycles run back-to-back. The 80C88 local ADDR/Data bus is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 
5. Signals at 82C84A or 82C88 are shown for reference only. 
6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, Towe, AIOWC, INTA and 
DEN) lags the active high 82C88 CEN. 
7. Status inactive in state just prior to T 4 . 
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WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

NMI 

CLK~ 
I ' ---1 1- TINVCH ........ 1) 

I"'"< x : INTR 

80C88/80C88-2 

BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 

231197-18 231197-19 

NOTE: Setup requirements for asynchronous signals 
only to guarantee recognition at next CLK. 

REQUEST /GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

CLK 

A19t$6-A16/$3 PREVIOUS 

ANY CU( 
CYCLE 

;, 0-CLK CYCLE 

A 15-A8 ----------
A07-AD aocaa 

..fc8Ji1 ----------
·-------..1 

COPROCESSOR 

(see note 1) 

80C88 

NOTE: The coprocessor may not drive the busses outside the region shown without risking contention. 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

> 1 CLK CYCLE~ 

CL> 

I THVCH (SEE NOTE T) 

HOLD~ 

~·-·=ri ~ ,'1 .. ~~ I~~ 
,_---------\>----+--' --TCLHAV ~-TCLHAV 

HLOA 

1-TCLAZ 
1-----------11----~ -
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COPROCESSOR 
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80C86/80C88 

INSTRUCTION SET SUMMARY 

~ 
n 
/- ,1 
! ~ !I . 
I~ • i; 

?I~ · 1~ i ! 
0 • 0 • 

i ;; • 
} ~ ' ' ~ . 
n • ~ ~ 
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{ t i ! 
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I 
I ' i I ! i I ·~ 1 I ' • [ ' ' i i 

• i f l ~ a t 
11 

J ! 
i 
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~ 

J I ~ ~ t ~ 1 J j j j ! j f I ' i f i f I f ~ I Ii ~ ~ ~ ~ ~ = ! 
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n 
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' 
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.. H ~ ! i ! i ! . . . . "" ~ j ~ ~ ,, i ~ ~ i i • ' 

b 
r:i 'ln: 

~ 
nf-1H 

If 
n 

;;; ~ ' ~ ~11~ ; ~ ~ ' ! ~ ~ . ~ ~ 
>I 

~ i : r ~I i i r r Ir i ~: ; 

~ 1 •n 
~ ~i ~n n· ~ 1 no 

i ~ 
HHH IH H 

·111 ·1 ! ! ~ 'I : ... 
~j ~ 

: ,; i-
I~ ~ ~ ~~ ~~ ~ I~ ~ ~ - -
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i ; -i -i h n. .. -~ I i ~p 

I l td H !1 
i ~ ! ' - ~ 
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80C88/80C88·2 

INSTRUCTION SET SUMMARY (Continued) 

CONTROL TRANSF'EA 
CALL • c.11: 
Qw'ecl Wllhin Mgntanf 

1NireclW11h1n...,.....1 

Oirect111t~I 

Indirect 1nlerMg1Mnl 

,,,. • UncMdttloNf ....... : 
OirKIWllhtnMQl'l'Mtllt 

Oirectwitf11n'9gl'l'ltlft1·$haft 

llldweclwithlnM(lrMnt 

Oirectinter~t 

lnd1F11Cl1nle~I 

MT• "9tufftffOlt!CAU.: 

W1th1n~t 

Wllltln Mg. adding imnted to SP 

Int~ 

lnl9rHgmer1lllddll'lgllltlft9diat1110SP 

JllJZ • Jump on 9qlHIUHro 
JLIJNOI! • Jump on 11"1nol grater 

~-· Jt.!IJNG • Jurnponleuorequal/IW)f 
gr .. tef 

J91JNAI • JlltTlp Ol'I below/no! abo\le 

~-J91/JNA•JumponbltlowOl'toqUal/ ..,,_ 
JP/JN • Jump on P'l'rty"*ity ._, 

.IO• JUll'IPOll OYel'flow 

JS • Jump on •9'1 

JNl/JNZ • Jump on not ""*llnol zero 
JNV.fQl •Jump on notleulgrqt4ir 

~ ...... 
Mi/JG • Jump on not leJs or flQuafl ....... 

,......,..: 
AL,. 8-0tlaccumu!Mor 
AX" 15-bileccumufllor 
ex .. eoun1 "9ster 
DS • o.t1 M9"'11nt 
ES .. Extra segmlrll 
~reftlrstoun1ignedv1l119 

715•3210 

[ 11101 000 

L 11111111 

10011010 

[ 1tI0100 1 

11101011 

[ 11 I 111 I I 

11101010 

L1_1111111 

11 0000 I 1 

1100001 0 

1100101, 

1100 I 0 1 Q 

0 II 1 0 I 00 

0 1 "1 1 00 

! o,,,, 11 o 
I 01110010 

I 0 11101 I 0 

I 0 1111 0 I 0 
0 111 0000 

0 111 1 000 

0 !110101 

0 111II0 1 

0 1, 11 1 11 

Gtuler ,. more po11"'tlv9, 
l"'•leupolilive(mot'lnegetive)9'gnedvatues 
1ld•1tt...,··io··,911.dl!l•01hetl'"lrom .. ,eo 
1lw• 11"9llWO!dinatflld10n.dw•01hetlbV19•11&1rucl!On 

if mod'" 11 lhen rim ii l'H~ UI REG flflld 
if mod .. 00 1"9n DISP .. o·' dflp-low •nd ditp-lugh ... eblent 

715. 321 0 711C 3210 

......... dilp.lligh J ,,,.,JA£JumponnotbeloWlabov9 
or equal 

nw>dO 1 0 rim 

ott .. Mow offset·high - ....... J 

.#Ml.IA Jump on nol be!ow M 
-all•bova 

""''Jf!JO • Jumpon"DI perlperock:I 

JNO • Jump on f'IOI DV9rflow 
mod011rlm JNIJumponf'IOl 91gn 

LOOI' Loop ex limn 
6 ..... dilp-hlgh _ _J ... LOOPZA.OOl'E Loop while zefO/equel 

LOOPNZILOCH'NE Loop While no! 
zero/9qual 

mod100r/m JCXZ Jump on ex zero 
__ .. 

oHMt~ J 
j!iio. __...,_ 

INTlnt9rrVpe 
mod101r/m TYoftspec:tlted 

"""' INTO • Interrupt on ov.flow ...... I dlta-htgll J lflETtnlem.1ptre1um 

dlll•low I ctll•hllltl J 
<!'le.. PROCESSOR CONTROL .,,. CLCClurc1rry .... ____J CMC Complement carry 

.... ITC Selcarry 

a..OCleatdll'echon ... ITOSeld1reclion 

diip c1..1c1 .. r1n111rrupt .... STI Sii tnHttrupl 

.dilsl HLT Hell .... WAIT Weit ... EiC E11e1pe (lo exwnal de¥1ce) 

LOCK Binlockpreltx 

ii 1:w .. 01 then 16 b•IS of 1mmed11te dall form Ille ~Ind. 
ti 1:w ~ 11 ll'len en immediele delf, byte iS sign exlended IO 

lormthe1"''°""•Nf 
1!11 ROll'len "'COllflf" .. 1.1fv" 1 ttltn '"counf' in(CL) 
x • don'I care 
z 11 uHd for ltring pnmitiYel for cotr1penson with ZF FLAG 
SEGMENT OYPNDE PftEFIX 

I o o, reo, 1 o 1 
REG 1SUlligned8CCOl'ding IO!llelollowil'lgl•ble 

1f.lft(•'" 'l f.bll: (W"' OJ ~ 
ii mod .. 01 1"9n OISP .. di119-low .... ~ lo 15-bits. ditP-1\igh IS 1bMn1 
ti mod .. 10 lhen OISP • dill)-high: disp.IOW 

-;;o-A'i-
001 ex 

'" DX 

000 
001 
010 

AL 00 ES 
CL " cs 
DL 10 SS 

if rim • QOO then EA • f8X) + (SI) + OISP 
•I rim • 001 then EA ,. (8)() + (DI) + DISP 
11 rim • 010 ttlttn EA • (BP) + (81) + DISP 
11 rim .. 01 1 then EA " (BP) + (DI) + DISP 
ii rim .. 100 then EA .. (SI) + OISP 
ii rim ,. 101 tNn EA .. (DI) + OISP 
ii rim .. 110 nien EA• IBP)+ OtSP' If'"" .. 111 lhen EA .. (BX)+ OISP 
OfSP lollowl 2nd ~ ol 1nslrucli0n (before dlll• 11 requwed) 

• .. ~tlmod,. OOand rim'" 1101hen EA• dt*P-htgh d•IP-low 

Mnemonoc1 Intel. 1978 

011 "' ... BL " DS 
100 SP 100 AH 
101 BP 101 CH 

"' ~ 110 DH 
111 D• "' BH 

!nslrucllonswhteh referenc11theflllgregtltel"lite11• 1&-bitobtecl use 
in. symbol FLAGS lo reptHenl tt11 ht.I 

FLAGS• X X:X:X:(OF):(OF)·(IF):(TF):(SF}"(ZF):X:!AF) X:(PF)·X (CF) 
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71543210 71543210 

0 111001 1 '"• ) 
I 0 I 1101 11 disp _J 

01111011 '"• 
0 11I0001 disp 

0 11"001 ... 
11100010 .... 
11100001 '"' 1 1 1 OOOIJO disp 

~___!___~_ disp_~ 

61001101 type__j 

II 00 1 1 00 

11001 1 1 0 

11001111 

1 111 1 000 

11110101 

11111001 

1111 1 1 00 

11111101 

11111010 

11110100 

i...gjL1 u._11 

~-Q~i-ux mod-xxx~ 
I 1 1 1 1 0000 
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intJ 
82C37A-5 

• 
• 
• 
• 
• 
• 
• 

CHMOS HIGH PERFORMANCE 
PROGRAMMABLE OMA CONTROLLER 

Pin Compatible with NMOS 8237 A-5 • High performance: 5 MHz Speed 

Enable/Disable Control of Individual Transfers up to 1.6 MBytes/Second 

OMA Requests • Directly Expandable to any Number of 

Four Independent OMA Channels Channels 

Independent Autolnltlallzatlon of all • End of Process Input for Terminating 

Channels Transfers 

Memory-to-Memory Transfers • Software DMA Requests 

Memory Block Initialization • Independent Polarity Control for DREQ 
and DACK Signals 

Address Increment or Decrement 

The Intel 82C37 A-5 Multimode Direct Memory Access (OMA) Controller is a CHMOS peripheral interface 
circuit for microprocessor systems. It is designed to improve system performance by allowing external devices 
to directly transfer information from the system memory. Memory-to-memory transfer capability is also provid
ed. The 82C37A-5 offers a wide variety of programmable control features to enhance data throughput and 
system optimization and to allow dynamic reconfiguration under program control. 

The 82C37 A-5 is designed to be used in conjunction with an external 8-bit address register. It contains four 
independent channels and may be expanded to any number of channels by cascading additional controller 
chips. 

The three basic transfer modes allow programmability of the types of OMA service by the user. Each channel 
can be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 

Each channel has a full 64K address and word count capability. 

The 82C37 A-5 will not be available from Intel until late 1985. 

.... ..... ... 
IOW 

DACKO
DACK:t 

Figure 1. Block Diagram 
231202-1 

iiiiiii a 
MiiiW .. 

INOTE111 S 

Dfll01 

Ol'llOO 

tOHPIYSI 

... ... 
OACKO 

DACK\ 

231202-2 

Figure 2. Pin 
Configuration 

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. Information ccntained herein supersedes previously published specifications on these devices from Intel. December 1984 
© Intel Corporation, 1984 Order Number: 231202-001 
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Table 1. Pin Description 

Symbol Type Name and Function 

Vee POWER: .+ 5 volt supply. 

Vss GROUND: Ground. 

CLK I CLOCK lf'<IPUT: Clock Input controls the internal operations of the 
82C37 A-5 and its rate of data transfers. The input may be driven at 
up to 5 MHz for the 82C37 A-5. 

cs I CHIP SELECT: Chip Select is an active low input used to select the 
82C37A-5 as an 1/0 device during the Idle cycle. This allows CPU 
communication on the data bus. 

RESET I RESET: Reset is an active high input which clears the Command, 
Status, Request and Temporary registers. It also clears the first/last 
flipcflop and sets the Mask register. Following a Reset the device is 
in the Idle cycle. 

READY I READY: Ready is an input used to extend the memory read and 
write pulses from the 82C37 A-5 to accommodate slow memories or 
1/0 peripheral devices. Ready must not make transitions during its 
specified setup/hold time. 

HLDA I HOLD ACKNOWLEDG.E: The active high Hold Acknowledge from 
the CPU indicates that it has relinquished control of the system 
busses. 

DREQO-DREQ3 I OMA REQUEST: The OMA Request lines are individual 
asynchronous channel request inputs used by peripheral circuits to 
obtain OMA service. In fixed Priority, DREQO has the highest priority 
and DREQ3 has the lowest priority. A request is generated by 
activating the DREQ line of a channel. DACK will acknowledge the 
recognition of DREQ signal. Polarity of DREQ is programmable. 
Reset initializes these lines to active high. DREQ must be 
maintained until the corresponding DACK goes active. 

DB0-087 1/0 DATA BUS: The Data Bus lines are bidirectional three-state signals 
connected to the system data bus. The outputs are enabled in the 
Program condition during the 1/0 Read to output the contents of an 
Address register, a Status register, the Temporary register or a 
Word Count register to the CPU. The outputs are disabled and the 
inputs are read during an 1/0 Write cycle when the CPU is 
programming the 82C37 A-5 control registers. During OMA cycles 
the most significant 8 bits of the address are output onto the data 
bus to be strobed into an external latch by ADSTB. In memory-to-
memory operations, data from the memory comes into the 
82C37 A-5 on the data bus during the read-from-memory transfer. In 
the write-to-memory transfer, the data bus outputs place the data 
into the new memory location. 

IOR 1/0 1/0 READ: 1/0 Read is a bidirectional active low three-state line. In 
ttie Idle cycle, it is an input control signal used by the CPU to read 
the control registers. In the Active cycle, it is an output control signal 
used by the 82C37 A-5 to access data from a peripheral during a 
OMA Write transfer. 

IOW 1/0 1/0 WRITE: 1/0 Write is a bidirectional active low three-state line. 
In the Idle cycle, it is an input control signal used by the CPU to load 
information into the 82C37A-5. In the Active cycle, it is an output 
control signal used by the 82C37 A-5 to load data to the peripheral 
during a OMA Read transfer. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

EOP 1/0 END OF PROCESS: End of Process is an active low bidirectional 
signal. Information concerning the completion of OMA services is 
available at the bidirectional EOP pin. The 82C37 A-5 allows an 
external signal to terminate an active OMA service. This is 
accomplished by pulling the EOP input low with an external EOP 
signal. The 82C37 A-5 also generates a pulse when the terminal 
count (TC) for any channel is reached. This generates an EOP 
signal which is output through the EOP Line. The reception of EOP, 
either internal or external, will cause the 82C37A-5 to terminate the 
service, reset the request, and, if Autoinitialize is enabled, to write 
the base registers to the current registers of that channel. The mask 
bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for 
Autoinitialize. In that case, the mask bit remains unchanged. During 
memory-to-memory transfers, EOP will be output when the TC for 
channel 1 occurs. EOP should be tied high with a pull-up resistor if it 
is not used to prevent erroneous end of process inputs. 

AO-A3 1/0 ADDRESS: The four least significant address lines are bidirectional 
three-state signals. In the Idle cycle they are inputs and are used by 
the CPU to address the register to be loaded or read. In the Active 
cycle they are outputs and provide the lower 4 bits of the output 
address. 

A4-A7 0 ADDRESS: The four most significant address lines are three-state 
outputs and provide 4 bits of address. These lines are enabled only 
during the OMA service. 

HAQ 0 HOLD REQUEST: This is the Hold Request to the CPU and is used 
to request control of the system bus. If the corresponding mask bit 
is clear, the presence of any valid DREQ causes 82C37 A-5 to issue 
the HAQ. After HAQ goes active at least one clock cycle (TCY) 
must occur before HLDA goes active. 

DACKO-DACK3 0 OMA ACKNOWLEDGE: OMA Acknowledge is used to notify the 
individual peripherals when one has been granted a OMA cycle. The 
sense of these lines is programmable. Reset initializes them to 
active low. 

AEN 0 ADDRESS ENABLE: Address Enable enables the 8-bit latch 
containing the upper 8 address bits onto the system address bus. 
AEN can also be used to disable other system bus drivers during 
OMA transfers. AEN is active HIGH. 

ADSTB 0 ADDRESS STROBE: The active high, Address Strobe is used to 
strobe the upper ~ddress byte into an external latch. 

MEMR 0 MEMORY READ: The Memory Read signal is an active low three-
state output used to access data from the selected memory 
location during a OMA Read or a memory-to-memory transfer. 

MEMW 0 MEMORY WRITE: The Memory Write is an active low three-state 
output used to write data to the selected memory location during a 
OMA Write or a memory-to-memory transfer. 
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FUNCTIONAL DESCRIPTION 

The 82C37 A-5 block diagram includes the major log
ic blocks and all of the internal registers. The data 
interconnection paths are also shown. Not shown 
are the various control signals between the blocks. 
The 82C37 A-5 contains 344 bits of internal memory 
in the form of registers. Figure 3 lists these registers 
by name and shows the size of each. A detailed 
description of the registers and their functions can 
be found under Register Description. 

Name Size Number 

Base Address Registers 16 bits 4 
Base Word Count Registers 16bits 4 
Current Address Registers 16bits 4 
Current Wo.rd Count Registers 16 bits 4 
Temporary Address Register 16 bits 1 
Temporary Word Count Register 16bits 1 
Status Register 8 bits 1 
Command Register 8 bits 1 
Temporary Register 8 bits 1 
Mode Registers 6 bits 4 
Mask Register 4 bits 1 
Request Register 4 bits 1 

Figure 3. 82C37A-5 Internal Registers 

The 82C37 A-5 contains three basic blocks of control 
logic. The Timing Control block generates internal 
timing and external control signals for the 82C37 A-5. 
The Program Command Control block decodes the 
various commands given to the 82C37 A-5 by the mi
croprocessor prior to servicing a OMA Request. It 
also decodes the Mode Control word used to select 
the type of OMA during the servicing. The Priority 
Encoder block resolves priority contention between 
DMA channels requesting service simultaneously. 

The Timing Control block derives internal timing 
from the clock input. In 82C37 A-5 systems this input 
will usually be the <f>2 TTL clock from an 8224 or 
CLK from an 8085AH or 82C84A. For 8085AH-2 
systems above 3.9 MHz, the 8085 CLK(OUT) does 
not satisfy 82C37A-5 clock LOW and HIGH time re
quirements. In this case, an external clock should be 
used to drive the 82C37 A-5. 

OMA Operation 

The 82C37 A-5 is designed to operate in two major 
cycles. These are called Idle and Active cycles. 
Each device cycle is made up of a number of states. 
The 82C37 A-5 can assume seven separate states, 
each composed of one full clock period. State 1 (S1) 
is the inactive state. It is entered when the 
82C37 A-5 has no valid OMA requests pending. 
While in S1, the OMA controller is inactive but may 
be in the, Program Condition, being programmed by 
the processor. State SO (SO) is the first state of a 
DMA service. The 82C37 A-5 has requested a hold 
but the processor has not yet returned an acknowl-

edge. The 82C37 A-5 may still be programmed until it 
receives HLDA from the CPU. An acknowledge from 
the CPU will signal that OMA transfers may begin. 
S1, S2, S3 and S4 are the working states of the 
OMA service. If more time is needed to complete a 
transfer than is available with normal timing, wait 
states (SW) can be inserted between S2 or S3 and 
S4 by the use of the Ready line on the 82C37 A-5. 
Note that the data is transferred directly from the 
1/0 device to memory (or vice versa) with IOR and 
MEMW (or MEMR and IOW) being active at the 
same time. The data is not read into or driven out of 
the 82C37A-5 in 1/0-to-memory or memory-to-1/0 
OMA transfers. 

Memory-to-memory transfers require a read-from 
and a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identification. Eight 
states are required for a single transfer. The first four 
states (S11, S12, S13, S14) are used for the read
from-memory half and the last four states (S21, S22, 
S23, S24) for the write-to-memory half of the transfer. 

IDLE CYCLE 

When no channel is requesting service, the 
82C37 A-5 will enter the Idle cycle and perform "S1" 
states. In this cycle the 82C37 A-5 will sample the 
DREQ lines every clock cycle to determine if any 
channel is requesting a OMA service. The device will 
also sample CS, looking for an attempt by the micro
processor to write or read the internal registers of 
the 82C37A-5. When CS is low and HLDA is low, the 
82C37 A-5 enters the Program Condition. The CPU 
can now establish, change or inspect the internal 
definition of the part by reading from or writing to the 
internal registers. Address lines AO-A3 are inputs to 
the device and select which registers will be read or 
written. The IOR and IOW lines are used to select 
and time reads or writes. Due to the number and size 
of the internal registers, an internal flip-flop is used 
to generate an additional bit of address. This bit is 
used to determine the upper or lower byte of the 16-
bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. A separate soft
ware command can also reset this flip-flop. 

Special software commands can be executed by the 
82C37 A-5 in the Program Condition. These com
mands are decoded as sets of addresses with the 
CS and IOW. The commands do not make use of 
the data bus. Instructions include Clear First/Last 
Flip-Flop and Master Clear. 

ACTIVE CYCLE 

When the 82C37 A-5 is in the Idle cycle and a non
masked channel requests a OMA service, the device 
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will output an HAQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the OMA serv
ice will take place, in one of four modes: 

Single Transfer Mode - In Single Transfer mode 
the device is programmed to make one transfer only. 
The word count will be decremented and the ad
dress decremented or incremented following each 
transfer. When the word count "rolls over" from zero 
to FFFFH, a Terminal Count (TC) will cause an Auto
initialize if the channel has been programmed to do 
so. 

DREQ must be held active until DACK becomes ac
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, HAQ will go inactive 
and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another 
single transfer will be performed, in 8080A, 8085AH, 
80C88, or 80C86 system this will ensure one full ma
chine cycle execution between OMA transfers. De
tails of timing between the 82C37 A-5 and other bus 
control protocols will depend upon the characteris
tics of the microprocessor involved. 

Block Transfer Mode - In Block Transfer mode 
the device is activated by OREO to continue making 
transfers during the service until a TC, caused by 
word count going to FFFFH, or an externa~ End of 
Process (EOP) is encountered. DREQ need only be 
held active until DACK becomes active. Again, an 
Autoinitialization will occur at the end of the service 
if the channel has been programmed for it. 

Demand Transfer Mode - In Demand Transfer 
mode the device is programmed to continue making 
transfers until a TC or external EOP is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the 1/0 device has exhausted its data 
capacity. After the 1/0 device has had a chance to 
catch up, the OMA service is re-established by 
means of a OREO. During the time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 82C37 A-5 Current Address and Current 
Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is gener
ated either by TC or by an external signal. 

Cascade Mode - This mode is used to cascade 
more than one 82C37 A-5 together for simple system 
expansion. The HAQ and HLDA signals from the ad
ditional 82C37A-5 are connected to the DAEQ and 
DACK signals of a channel of the initial 82C37 A-5. 
This allows the OMA requests of the additional de
vice to propagate through the priority network cir
cuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn 
to acknowledge requests. Since the cascade chan
nel of the initial 82C37 A-5 is used only for prioritizing 
the additional device, it does not output any address 

or control signals of its own. These could conflict 
with the outputs of the active channel in the added 
device. The 82C37A-5 will respond to DREQ and 
DACK but all other outputs except HAQ will be dis
abled. The ready input is ignored. 

Figure 4 shows two additional devices cascaded into 
an initial device using two of the previous channels. 
This forms a two level OMA system. More 
82C37 A-5s could be added at the second level by 
using the remaining channels of the first level. Addi
tional devices can also be added by cascading into 
the channels of the second level devices, forming a 
third level. 

MICROPROCESSOR 
1ST LEVEL 

1- HRQ DREQ 

i-- HLDA DACK 

12C37A·5 

OREO 

DACK 

INITIAL DEVICE 

I-
I----

I-
1--

2ND LEVEL 

12C37A·5 

HRQ 

HLDA 

HRQ 

HLDA 

82C37A·5 

ADDITIONAL 
DEVICES 

231202-3 

Figure 4. Cascaded 82C37A-5s 

TRANSFER TYPES 

Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move data from and 
1/0 device to the memory by activating MEMW and 
iOR. Read transfers move data from memory to an 
!10 device by activating MEMR and IOW. Verify 
transfers are pseudo transfers. The 82C37 A-5 oper
ates as in Read or Write transfers generating ad
dresses, and responding to EOP, etc. However, the 
memory and 1/0 control lines all remain inactive. 
The ready input is ignored in verify mode. 

Memory-to-Memory-To perform block moves of 
data from one memory address space to another 
with a minimum of program effort and time, the 
82C37 A-5 includes a memory-to-memory transfer 
feature. Programming a bit in the Command register 
selects channels 0 to 1 to operate as memory-to
memory transfer channels. The transfer is initiated 
by setting the software DREQ for channel 0. The 
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82C37 A-5 requests a OMA service in the normal 
manner. After HLDA is true, the device, using four 
state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address 
register is the source for the address used and is 
decremented or incremented in the normal manner. 
The data byte read from the memory is stored in the 
82C37A-5 internal Temporary register. Channel 1 
then performs a four-state transfer of the data from 
the Temporary register to memory using the address 
in its Current Address register and incrementing or 
decrementing it in the normal manner. The channel 
1 current Word Count is decremented. When the 
word count of channel ....!...9.oes to FFFFH, a TC is 
generated causing an EOP output terminating the 
service. 

Channel 0 may be programmed to retain the same 
address for all transfers. This allows a single word to 
be written to a block of memory. 

The 82C37 A-5 will respond to external EOP signals 
during memory-to-memory transfers. Data compara
tors in block search schemes may use this input to 
terminate the service when a match is found. The 
timing of memory-to-memory transfers is found in 
Figure 12. Memory-to-memory operations can be 
detected as an active AEN with no DACK outputs. 

Autoinitialize - By programming a bit in the Mode 
register, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the origi
nal values of the Current Address and Current Word 
Count registers are automatically restored from the 
Base Address and Base Word count registers of that 
channel following EOP. The base registers are load
ed simultaneously with the current registers by the 
microprocessor and remain unchanged throughout 
the OMA service. The mask bit is not altered when 
the channel is in Autoinitialize. Following Autoinitial
ize the channel is ready to perform another OMA 
service,. without CPU intervention, as soon as a valid 
DREQ is detected. In order to Autoinitialize both 
channels in a memory-to-memory transfer, both 
word counts should be programmed identically. If in
terrupted externally, EOP pulses should be applied 
in both bus cycles. 

Priority - The 82C37 A-5 has two types of priority 
encoding available as software selectable options. 
The first is Fixed Priority which fixes the channels in 
priority order based upon the descending value of 
their number. The channel with the lowest priority is 
3 followed by 2, 1 and the highest priority channel, 0. 
After the recognition of any one channel for service, 
the other channels are prevented from interfering 
with that service until it is completed. 

The second scheme is Rotating Priority. The last 
channel to get service becomes the lowest priority 
channel with the others rotating accordingly. 

highest 

lowest 

1st 
Service 

2nd 
Setvlce 

• 
3nl 

Service O 2 ~service \3 ......,_service 
1 ·,.__service '\. 3 .,.._request .0 

2 ,0 1 
3 1 2 
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With Rotating Priority in a single chip OMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
services have occurred. This prevents any one 
channel from monopolizing the system. 

Compressed Timing - In order to achieve even 
greater throughput where system characteristics 
permit, the 82C37 A-5 can compress the transfer 
time to two clock cycles. From Figure 11 it can be 
seen that state S3 is used to extend the access time 
of the read pulse. By removing state S3, the read 
pulse width is made equal to the write pulse width 
and a transfer consists only of state S2 to change 
the address and state S4 to perform the read/write. 
S1 states will still occur when A8-A15 need updat
ing (see Address Generation). Timing for com
pressed transfers is found in Figure 14. 

Address Generation - In order to reduce pin 
count, the 82C37 A-5 multiplexes the eight higher or
der address bits on the data lines. State S1 is used 
to output the higher order address bits to an external 
latch from which they may be placed on the address 
bus. The falling edge of Address Strobe (ADSTB) is 
used to load these bits from the data lines to the 
latch. Address Enable'(AEN) is used to enable the 
bits onto the address bus through a three-state en
able. The lower order address bits are output by the 
B2C37A-5 directly.Lines AO-A7 should be connect
ed to the address bus. Figure 11 shows the time 
relationships between CLK, AEN, ADSTB, DBO
DB7 and AO-A7. 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen
erated will be sequential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to AB takes place in the normal 
sequence of addresses. To save time and speed 
transfers, the B2C37A-5 executes S1 states only 
when updating of AB-A 15 in the latch is necessary. 
This means for long services, S 1 states and Address 
Strobes may occur only once every 256 transfers, a 
savings of 255 clock cycles for each 256 transfers. 

REGISTER DESCRIPTION 

Current Address Register - Each channel has. a 
16-bit Current Address register. This register holds 
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the value of the address used during OMA transfers. 
The address is automatically incremented or decre
mented after each transfer and the intermediate val
ues of the address are stored in the Current Address 
register during the transfer. This register is written or 
read by the microprocessor in successive 8-bit 
bytes. It may also be reinitialized by an Autoinitialize 
back to its original value. Autoinitialize takes place 
only after an EOP. 

Current Word Register - Each channel has a 16-
bit Current Word Count register. This register deter
mines the number of transfers to be performed. The 
actual number of transfers will be one more than the 
number programmed in the Current Word Count reg
ister (i.e., programming a count of 100 will result in 
101 transfers). The word count is decremented after 
each transfer. The intermediate value of the word 
count is stored in the register during the transfer. 
When the value in the register goes from zero to 
FFFFH, a TC will be generated. This register is load
ed or read in successive 8-bit bytes by the micro
processor in the Program Condition. Following the 
end of a OMA service it may also be reinitialized by 
an Autoinitialization back to its original value. Auto
initialize can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of 
FFFFH after TC. 

Base Address and Base Word Count Registers 
- Each channel has a pair of Base Address and 
Base Word Count registers. These 16-bit registers 
store the original value of their associated current 
registers. During Autoinitialize these values are used 
to restore the current registers to their original val
ues. The base registers are written simultaneously 
with their corresponding current register in 8-bit 
bytes in the Program Condition by the microproces
sor. These registers cannot be read by the micro
processor. 

Command Register - This 8-bit register controls 
the operation of the 82C37 A-5. It is programmed by 
the microprocessor in the Program Condition and is 
cleared by Reset or a Master Clear instruction. The 
following table lists the function of the command 
bits. See Figure 6 for address coding. 

Mode Register - Each channel has a 6-bit Mode 
register associated with it. When the register is being 
written to by the microprocessor in the Program 
Condition, bits 0 and 1 determine which channel 
Mode register is to be written. 

Request Register-The 82C37A-5 can respond to 
requests for OMA service which are initiated by soft
ware as well as by a DREQ. Each channel has a 
request bit associated with it in the 4-bit Request 
register. These are non-maskable and subject to 
prioritization by the Priority Encoder network. Each 
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register bit is set or reset separately under software 
control or is cleared upon generation of a TC or ex
ternal EOP. The entire register is cleared by a Reset. 
To set or reset a bit, the software loads the proper 
form of the data word. See Figure 5 for register ad-

Command Register 
7 6 5 4 3 2 1 o -Bii Number 

Memory-to-memory disable 
Memory-to-memory enable 

O Channel O address hold disable 
1 Channel O address hold enable 
x lfblt0;0 

Controller enable 
Controller disable 

O Normal timing 
'------1 :1

1 

Compressed timing 
If bit 0;1 

Fixed priority 
Rotating priority 

O Late write selection 
~------< 1 Extended write selection 

X If bit J;1 

'---------1 O DREQ sense active high 
1 OREO sense active low 

~--------{ 0 DACK sense active low 
1 DACK sense active high 

Mode Register 

765432 

00 Channel 0 select 
01 Channel 1 select 
10 Channel 2 select 
11 Channel 3 select 

00 Verify transfer 
01 Write transfer 

----< 10 Read transfer 
11 Illegal 
XX If bits6and 7;11 

~-----< 0 Autoinitialization disable 
1 Autoinitialization enable 

o Address increment select 
1 Address decrement select 

00 Demand mode select 
~--------1 01 Single mode select 

1 O Block mode select 
11 Cascade mode select 

Request Register 

765432 1 D -Bit Number 
r-.-.--.---,--r--.--.-~ 

-.-
Don't Care 

00 Select channel O 
01 Select channel 1 
10 Select channel 2 
11 Select channel 3 

~---< O Reset request bit 
1 Set request bit 
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dress coding. In order to make a software request, 
the channel must be in Block Mode. 

Mask Register - Each channel has associated 
with it a mask bit which can be set to disable the 
incoming DREQ. Each mask bit is set when its asso
ciated channel produces an EOP if the channel is 
not programmed for Autoinitialize. Each bit of the 4-
bit Mask register may also be set or cleared sepa
rately under software control. The entire register is 
also set by a Reset. This disables all OMA requests 
until a clear Mask register instruction allows them to 
occur. The instruction to separately set or clear the 
mask bits is similar in form to that used with the 
Request register. See Figure 5 for instruction ad
dressing. 

7 6 5 4 3 2 1 O ----- Bit Number 

--.---
Don't Care 

00 Select channel O mask bit 
01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11 Select channel 3 mask bit 

O Clear mask bit 
----.... 1 Set mask bit 

231202-6 

All four bits of the Mask register may also be written 
with a single command. 

-Don't Care 
0 Clear channel O mask bit 
1 Set channel O mask bit 

Register 

Command 
Mode 
Request 
Mask 
Mask 
Temporary 
Status 

O Clear channel 1 mask bit 
1 Set channel 1 mask bit 

~----! 0 Clear channel 2 mask bit 
1 Set channel 2 mask bit 

~-----! O Clear channel 3 mask bit 
1 set channel 3 mask bit 

231202-7 

Operation 
Signals 

cs IOR IOW A3 A2 A1 

Write 0 1 0 1 0 0 
Write 0 1 0 1 0 1 
Write 0 1 0 1 0 0 
Set/Reset 0 1 0 1 0 1 
Write 0 1 0 1 1 1 
Read 0 0 1 1 1 0 
Read 0 0 1 1 0 0 

Figure 5. Definition of Register Codes 

AO 

0 
1 
1 
0 
1 
1 
0 

Status Register - The Status register is available 
to be read out of the 82C37 A-5 by the microproces
sor. It contains information about the status of the 
devices at this point. This information includes which 
channels have reached a terminal count and which 
channels have pending OMA requests. Bits 0-3 are 
set every time a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon 
Reset and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting 
service. 

Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 

Channel O request 
Channel 1 request 

-------1 Channel 2 request 
--------1 Channel 3 request 

231202-8 

Temporary Register - The Temporary register is 
used to hold data during memory-to-memory trans
fers. Following the completion of the transfers, the 
last word moved can be read by the microprocessor 
in the Program Condition. The Temporary register 
always contains the last byte transferred in the previ
ous memory-to-memory operation, unless cleared 
by a Reset. 

Software Commands - These are additional spe
cial software commands which can be executed in 
the Program Condition. They do not depend on any 
specific bit pattern on the data bus. The three soft
ware commands are: 
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Clear First/Last Flip-Flop: This command is exe
cuted prior to writing or reading new address or 
word count information to the 82C37 A-5. This ini
tializes the flip-flop to a known state so that subse
quent accesses to register contents by the micro
processor will address upper and lower bytes in 
the correct sequence. 

Master Clear: This software instruction has the 
same effect as the hardware Reset. The Com
mand, Status, Request, Temporary, and Internal 
First/Last Flip-Flop registers are cleared and the 
Mask register is set. The 82C37 A-5 will enter the 
Idle cycle. 

Clear Mask Register: This command clears the 
mask bits of all four channels, enabling them to 
accept OMA requests. 
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Figure 6 lists the address codes for the software 
commands: 

PROGRAMMING 

Signals 

A3 A2 A1 AO 
1 0 0 0 

1 0 0 0 

1 0 0 1 

1 0 0 1 

1 0 1 0 

1 0 1 0 
1 0 1 1 

1 0 1 1 

1 1 0 0 

1 1 0 0 

1 1 0 1 

1 1 0 1 
1 1 1 0 

1 1 1 0 

1 1 1 1 

1 1 1 1 

IOR IOW 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

Operation 

Read Status Register 

Write Command Register 

Illegal 

Write Request Register 

Illegal 

Write Single Mask Register Bit 

Illegal 

Write Mode Register 

Illegal 

Clear Byte Pointer Flip-Flop 

Read Temporary Register 

Master Clear 

Illegal 

Clear Mask Register 

Illegal 

Write All Mask Register Bits 

The 82C37 A-5 will accept programming from the 
host processor any time that HLOA is inactive; this is 
true even if HRQ is active. The responsibility of the 
host is to assure that programming and HLOA are 
mutually exclusive. Note that a problem can occur if 
a OMA request occurs, on an unmasked channel 
while the 82C37A-5 is being programmed. For in
stance, the CPU may be starting to reprogram the 
two byte Address register of channel 1 when chan
nel 1 receives a OMA request. If the 82C37 A-5 is 
enabled (bit 2 in the command register is 0) and 
channel 1 is unmasked, a OMA service will occur 
after only one byte of the Address register has been 
reprogrammed. This can be avoided by disabling the 
controller (setting bit 2 in the command register) or 
masking the channel before programming any other 
registers. Once the programming is complete, the 
controller can be enabled/unmasked. 

Figure 6. Software Command Codes 

Channel Register Operation 
Signals 

Internal Flip-Flop Data Bus DBO-DB7 ----
CS IOR IOW A3 A2 A1 AO 

0 Base and Current Address Write 0 1 0 0 0 0 0 0 AO-A7 
0 1 0 0 0 0 0 1 AB-A15 

Current Address Read 0 0 1 0 0 0 0 0 AO-A7 
0 0 1 0 0 0 0 1 AB-A15 

Base and Current Word Count Write 0 1 0 0 0 0 1 0 WO-W7 
0 1 0 0 0 0 1 1 WB-W15 

Current Word Count Read 0 0 1 0 0 0 1 0 WO-W7 
0 0 1 0 0 0 1 1 WB-W15 

1 Base and Current Address Write 0 1 0 0 0 1 0 0 AO-A7 
0 1 0 0 0 1 0 1 AB-A15 

Current Address Read 0 0 1 0 0 1 0 0 AO-A7 
0 0 1 0 0 1 0 j AB-A15 

Base and Current Word Count Write 0 1 0 0 0 1 1 0 WO-W7 
0 1 0 0 0 1 1 1 W8-W15 

Current Word Count Read 0 0 1 0 0 1 1 0 WO-W7 
0 0 1 0 0 1 1 1 WB-W15 

2 Base and Current Address Write 0 1 0 0 1 0 0 0 AO-A7 
0 1 0 0 1 0 0 1 AB-A15 

Current Address Read 0 0 1 0 1 0 0 0 AO-A7 
0 0 1 0 1 0 0 1 AB-A15 

Base and Current Word Count Write 0 1 0 0 1 0 1 0 ·WO-W7 
0 1 0 0 1 0 1 1 WB-W15 

Current Word Count Read 0 0 1 0 1 0 1 0 WO-W7 
0 0 1 0 1 0 1 1 WB-W15 

3 Base and Current Address Write 0 1 0 0 1 1 0 0 AO-A7 
0 1 0 0 1 1 0 1 AB-A15 

Current Address Read 0 0 1 0 1 1 0 0 AO-A7 
0 0 1 0 1 1 0 1 AB-A15 

Base and Current Word Count Write 0 1 0 0 1 1 1 0 WO-W7 
0 1 0 0 1 1 1 1 WB-W15 

Current Word Count Read 0 0 1 0 1 1 1 0 WO-W7 
0 0 1 0 1 1 1 1 WB-W15 

Figure 7. Word Count and Address Register Command Codes 

5-65 



intef 82C37A-5 

After power-up it is suggested that all internal loca
tions, especially the Mode registers, be loaded with 
some valid value. This should be done even if some 
channels are unused. 

APPLICATION INFORMATION 

Figure 8 shows a convenient method for configuring 
a OMA system with the 82C37 A-5 controller and an 
8080A/8085AH microprocessor system. The multi
mode OMA controller issues a HAQ to the processor 
whenever there is at least one valid OMA request 

from a peripheral device. When the processor re
plies with a HLDA signal, the 82C37A-5 takes con
trol of the address bus, the data bus and the control 
bus. The address for the first transfer operation 
comes out in two bytes - the least significant 8 bits 
on the eight address outputs and the most signifi
cant 8 bits on the data bus. The contents of the data 
bus are then latched into the 8-bit latch to complete 
the full 16 bits of the address bus. After the initial 
transfer takes place, the latch is updated only after a 
carry or borrow is generated in the least significant 
address byte. Four OMA channels are provided 
when one 82C37 A-5 is used. 

ADDRESS BUS AO-A15 
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8·BIT LATCH 
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BUSEN i---
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087 I 'f 
tu l~ I~ 

0 ~ y 
HOLD HAO " ~ 12 I~ 
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CPU J J +·+· CLOCK 
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MEMR 
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Figure 8. 82C37A-5 System Interface 

5-66 



82C59A-2 
CHMOS Programmable Interrupt Controller 

• Pin Compatible with NMOS 8259A·2 • Individual Request Mask Capability 

• Eight-Level Priority Controller • 80C86/88 and 8080/85/86/88 

• Expandable to 64 levels Compatible 

• Programmable Interrupt Modes • Fully Static Design 

• Low Standby Power-10 µA • Single 5V Power Supply 

The Intel 82C59A-2 is a high performance CHMOS Version of the NMOS 8259A-2 Priority Interrupt Controller. 
The 82C59A is designed to relieve the system CPU from the task of polling in a multi-IEfvel priority interrupt 
system. The high speed and industry standard configuration of the 82C59A-2, make it compatible with micro
processors such as the 80C86/88, 8086/88 and 8080/85. 

The 82C59A-2 can handle up to 8 vectored priority interrupts for the CPU and is cascadable to 64 without 
additional circuitry. It is designed to minimize the software and real time overhead in handling multi-level 
priority interrupts. Two modes of operation make the 82C59A-2 optimal for a variety of system requirements. 
Static CHMOS circuit design, requiring no clock input, insures low operating power. It is packaged in a 28-pin 
plastic DIP. 
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Figure 1. Block Diagram 
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Figure 2. Pin Configuration 
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Table 1. Pin Description 

Symbol Pin No. Type Name and Function 

Vee 28 I SUPPLY: + 5V Supply. 

GND 14 I GROUND. 

cs 1 I CHIP SELECT: A low on this pin enables RD and WR 
communication between the CPU and the 82C59A-2. INTA 
functions are independent of CS. 

WR 2 I WRITE: A low on this pin when CS is low enables the 
82C59A-2 to accept command words from the CPU. 

RD 3 I READ: A low on this pin when CS is low enables the 
82C59A-2 to release status onto the data bus for the CPU. 

D?-Do 4-11 1/0 BIDIRECTIONAL DATA BUS: Control, status and interrupt-
vector information is transferred via this bus. 

CAS0-CAS2 12, 13, 15 1/0 CASCADE LINES: The CAS lines form a private 82C59A-2 
bus to control a multiple 82C59A-2 structure. These pins are 
outputs for a master 82C59A-2 and inputs for a slave 
82C59A-2. 

SP/EN 16 1/0 SLAVE PROGRAM/ENABLE BUFFER: This is a dual 
function pin. When in the Buffered Mode it can be used as an 
output to control buffer transceivers (EN). When not in the 
buffered mode it is used as an input to designate a master (SP 
= 1) or slave (SP = 0). 

INT 17 0 INTERRUPT: This pin goes high whenever a valid interrupt 
request is asserted. It is used to interrupt the CPU, thus it is 
connected to the CPU's interrupt pin. 

IR0-IR7 18-25 I INTERRUPT REQUESTS: Asynchronous inputs. An interrupt 
request is executed by raising an IR input (low to high), and 
holding it high until it is acknowledged (Edge Triggered Mode), 
or just by a high level on an IR input (Level Triggered Mode). 

INTA 26 I INTERRUPT ACKNOWLEDGE: This pin is used to enabl~ 
82C59A-2 interrupt-vector data onto the data bus by a 
sequence of interrupt acknowledge pulses issued by the CPU. 

Ao 27 I AO ADDRESS LINE: This pin acts in conjunction with the CS, 
WR, and RD pins. It is used by the 82C59A-2 to decipher 
various Command Words the CPU writes and status the CPU 
wishes to read. It is typically connected to the CPU AO 
address line (A 1 for 80C86, 80C88). 
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FUNCTIONAL DESCRIPTION 

Interrupts in Microcomputer Systems 

Microcomputer system design requires that 1/0 de
vices such as keyboards, displays, sensors and oth
er components receive servicing in an efficient man
ner so that large amounts of the total system tasks 
can be assumed by the microcomputer with little or 
no effect on throughput. 

The most common method of servicing such devic
es is the Polled approach. This is where the proces
sor must test each device in sequence and in effect 
"ask" each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious, detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 

A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com
plete, however, the processor would resume exactly 
where it left off. 

This method is called Interrupt. It is easy to see that 
system throughput would drastically increase, and 
thus more tasks could be assumed by the micro
computer to further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIG) func
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in
coming requests is of the highest importance (priori_
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 

Each peripheral device or structure usually has a 
special program or "routine" that is associated with 
its specific functional or operational requirements; 
this is referred to as a "service routine". The PIG, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can "point" the 
Program Counter to the service routine associated 
with the requesting device. This "pointer" is an ad
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 
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The 82C59A-2 

The 82C59A-2 is a device specifically designed for 
use in real time, interrupt driven microcomputer sys-
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CPU·DRIVEN 
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Figure 3a. Polled Method 

CPU INT 
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Figure 3b. Interrupt Method 
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terns. It manages eight levels or requests and has 
built-in features for expandability to other 
82C59A-2's (up to 64 levels). It is programmed by 
the system's software as an 1/0 peripheral. A selec
tion of priority modes is available to the programmer 
so that the manner in which the requests are proc
essed by the 82C59A-2 can be configured to match 
system requirements. The priority modes can be 
changed or reconfigured dynamically at any time 
during the main program. This means that the com
plete interrupt structure can be defined as required, 
based on the total system environment. 

INTERRUPT REQUEST REGISTER (IRA) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg
ister (IRA) and the In-Service Register (ISR). The 
IRA is used to store all the interrupt levels which are 
requesting service; and the JSR is used to store all 
the interrupt levels which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits 
set in the IRA. The highest priority is selected and 
strobed into the corresponding bit of the JSR during 
INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRA. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower priority. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. 
The VoH level on this line is designed to be fully 
compatible with the 8080A, 8085A, 80C88 and 
80C86 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the 82C59A-2 to release vec
toring information onto the data bus. The format of 
this data depends on the system mode (µPM) of the 
82C59A-2. 

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter
face the 82C59A-2 to the system Data Bus. Control 
words and status information are transferred 
through the Data Bus Buffer. 

READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com
mands from the CPU. It contains the Initialization 
Command Word (ICW) registers and Operation 
Command Word (OCW) registers which store the 
various control formats for device operation. This 
function block also allows the status of the 
82C59A-2 to be transferred onto the Data Bus. 

CS (CHIP SELECT) 

A LOW on this input enables the 82C59A-2. No 
reading or writing of the chip will occur unless the 
device is selected. 

WR (WRITE) 

A LOW on this input enables the CPU to write con
trol words (ICWs and OCWs) to the 82C59A-2. 

RD (READ) 

A LOW on this input enables the 82C59A-2 to send 
the status of the Interrupt Request Register (IRA), In 
Service Register (JSR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. 

Ao 

This input signal is used in conjunction with WR and 
RD signals to write commands into the various com
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 

THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of 
all 82C59A-2's used in the system. The associated 
three 1/0 pins (CAS0-2) are outputs when the 
82C59A-2 is used as a master and are inputs when 
the 82C59A-2 is used as a slave. As a master, the 
82C59A-2 sends the ID of the interrupting slave de
vice onto the CAS0-2 lines. The slave thus selected 
will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two con
secutive INTA pulses. (See section "Cascading the 
82C59A-2".) 
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INTERRUPT SEQUENCE lows direct or indirect jumping to the specific inter
rupt routine requested without any polling of the in
terrupting devices. The normal sequence of events 
during an interrupt depends on the type of CPU be
ing used. 

The powerful features of the 82C59A-2 in a micro
computer system are its programmability and the in
terrupt routine addressing capability. The latter al-
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Figure 4. 82C59A-2 Block Diagram 
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The events occur as follows in an MCS-80/8S sys
tem: 

1. One or more of the INTERRUPT REQUEST Lines 
(IR7-0) are raised high, setting the corresponding 
IRR bit(s). 

2. The 82CS9A-2 evaluates these requests, and 
sends an INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds 
with an INT A pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the correspond
ing IRR bit is reset. The 82CS9A-2 will also re
lease a CALL instruction code (11001101) onto 
the 8-bit Data Bus through its D7-0 pins. 

S. This CALL instruction will initiate two more INTA 
pulses to be sent to the 82CS9A-2 from the CPU 
group. 

6. These two INTA pulses allow the 82CS9A-2 to 
release its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re
leased at the first INTA pulse and the higher 8-bit 
address is released at the second INTA pulse. 

7. This completes the 3-byte CALL instruction re
leased by the 82CS9A-2. In the AEOI mode the 
ISR bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appro
priate EOI command is issued at the end of the 
interrupt sequence. 

The events occurring in an 80C86 system are the 
same until step 4. 

4. Upon receiving an INT A from the CPU group, the 
highest priority ISR bit is set and the correspond
ing IRR bit is reset. The 82CS9A-2 does not drive 
the Data Bus during this cycle. 

S. The 80C86 will initiate a second INTA pulse. Dur
ing this pulse, the 82CS9A-2 releases an 8-bit 
pointer onto the Data Bus where it is read by the 
CPU. 

6. This completes the interrupt cycle. In the AEOI 
mode the ISR bit is reset at the end of the second 
INTA pulse. Otherwise, the ISR bit remains set 
until an appropriate EOI command is issued at the 
end of the interrupt subroutine. 

If no interrupt is present at step 4 of either sequence 
(i.e., the request was too short in duration) the 
82CS9A-2 will issue an interrupt level 7. Both the 
vectoring bytes and the GAS lines will look like an 
interrupt level 7 was requested. 

INTERRUPT SEQUENCE OUTPUTS 

MCS®-80, MCS-85 

This sequence is timed by three INTA pulses. During 
the first INTA pulse the CALL opcode is enabled 
onto the data bus. 

Content of First Interrupt 
Vector Byte 

07 06 05 04 03 02 01 DO 

CALL CODE ~I _1 __ 0 __ 0 ____ 0_1~! 

During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits A5-A7 are pro
grammed, while Ao-A4 are automatically inserted by 
the 82CS9A-2. When Interval = 8 only A6 and A7 
are programmed, while Ao-As are automatically in
serted. 
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IR 

D7 

7 A7 

6 A7 

s A7 

4 A7 

3 A7 

2 A7 

1 A7 

0 A7 

IR 

D7 

7 A7 

6 A7 

s A7 

4 A7 

3 A7 

2 A7 

1 A7 

0 A7 

Content of Second Interrupt 
Vector Byte 

Interval= 4 

D6 DS D4 D3 D2 

A6 AS 1 1 1 

A6 AS 1 1 0 

A6 AS 1 0 1 

A6 AS 1 0 0 

A6 AS 0 1 1 

A6 AS 0 1 0 

A6 AS 0 0 1 

A6 AS 0 0 0 

Interval= 8 

D6 DS D4 D3 D2 

A6 1 1 1 0 

A6 1 1 0 0 

A6 1 0 1 0 

A6 1 0 0 0 

A6 0 1 1 0 

A6 0 1 0 0 

A6 0 0 1 0 

A6 0 0 0 0 

D1 DO 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

D1 DO 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (A8 - A15), is 
enabled onto'the bus. 



intef 82C59A·2 

Content of Third Interrupt 
Vector Byte 

D7 D6 D5 D4 D3 D2 D1 DO 

I A1s I A14 I A13 I A12 I A11 I A10 I A9 I AB I 

80C86, 80C88 

BOCB6, 80C88 mode is similar to MCS-80 mode ex
cept that only two Interrupt Acknowledge cycles are 
issued by the processor and no CALL opcode is 
sent to the processor. The first interrupt acknowl
edge cycle is similar to that of MCS-80, 8S systems 
in that the 82CS9A-2 uses it to internally freeze the 
state of the interrupts for priority resolution and as a 
master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle 
it does not issue any data to the processor and 
leaves its. data bus buffers disabled. On the second 
interrupt acknowledge cycle in 80C86, 80C88 mode 
the master (or slave if so programmed) will send a 
byte of data to the processor with the acknowledged 
interrupt code composed as follows (note the state 
of the ADI mode control is ignored and A5-A11 are 
unused in BOC86, 80C88 mode): 

Content of Interrupt Vector Byte 
for 80C86, 80C88 System Mode 

D7 D6 D5 D4 D3 D2 D1 DO 

IR7 T7 T6 TS T4 T3 1 1 1 

IR6 T7 T6 TS T4 T3 1 1 0 

IRS T7 T6 TS T4 T3 1 0 1 

IR4 T7 T6 T5 T4 T3 1 0 0 

IR3 T7 T6 T5 T4 T3 0 1 1 

IR2 T7 T6 T5 T4 T3 0 1 0 

IR1 T7 T6 TS T4 T3 0 0 1 

IRO T7 T6 T5 T4 T3 0 0 0 

PROGRAMMING THE 82C59A·2 

The 82CS9A-2 accepts two types of command 
words generated by the CPU: 

1. Initialization Command Words (ICWs): Before nor
mal operation can begin, each 82CS9A-2 in the 
system must be brought to a startin~int - by a 
sequence of 2 to 4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are 
the command words which command the 
82CS9A-2 to operate in various interrupt modes. 
These modes are: 

a. Fully nested mode 

b. Rotating priority mode 
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c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 82C59A-2 any
time after initialization. 

INITIALIZATION COMMAND WORDS 
(ICWS) 

GENERAL 

Whenever a command is issued with AO = O and 04 
= 1, this is interpreted as Initialization Command 
Word 1 (ICW1 ). ICW1 starts the initialization se
quence during which the following automatically oc
cur. 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) in
put must make a low-to-high transition to gener
ate an interrupt. 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 

e. Special Mask Mode is cleared and Status Read is 
set to IRA. 

f. If IC4 = O, then all functions selected in ICW4 are 
set to zero. (Non-Buffered mode*, no Auto-EOI, 
MCS-80, 8S system). 

*NOTE: 
Master/Slave in ICW4 is only used in the buffered 
mode. 

INITIALIZATION COMMAND WORDS 1 AND 2 
{ICW1, ICW2) 

As-A15: Page starting address of service routines. 
In an MCS 80/BS system, the 8 request levels will 
generate CALLS to 8 locations equally spaced in 
memory. These can be programmed to be spaced 
at intervals of 4 or 8 memory locations, thus the 
8 routines will occupy a page of 32 or 64 bytes, 
respectively. 

The address format is 2 bytes long (A0-A15). When 
the routine interval is 4, Ao-A4 are automatically in
serted by the 82C59A-2, while A5-A15 are pro
grammed externally. When the routine interval is 8, 
A0-A5 are automatically inserted by the 82CS9A-2, 
while A6-A15 are programmed externally. 

The 8-byte interval will maintain compatibility with 
current software, while the 4-byte interval is best for 
a compact jump table. 

In an 80C86, 80C88 system A15-A11 are inserted in 
the five most significant bits of the vectoring 
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byte and the 82C59A-2 sets the three least signifi
cant bits according to the interrupt level. A10-A5 are 
ignored and ADI (Address Interval) has no effect: 

L TIM: If L TIM = 1, then the 82C59A-2 will operate 
in the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 

ADI: CALL address interval. ADI = 1 then inter
val = 4; ADI = O then interval = 8. 

SNGL: Single. Means that this is the only 82C59A-2 
in the system. If SNGL = 1 no ICW3 will be 
issued. 

IC4: If this bit is set - ICW4 has to be read. If 
ICW4 is not needed, set IC4 = 0. 

INITIALIZATION COMMAND WORD 3 {ICW3) 

This word is read only when there is more than one 
82C59A-2 in the system and cascading is used, in 
which case SNGL = 0. It will load the 8-bit slave 
register. The functions of this register are: 

a. In the master mode (either when SP = 1, or in 
buffered mode when MIS = 1 in ICW4) a "1" is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence (for MCS-
80/85 system) and will enable the corresponding 
slave to release bytes 2 and 3 (for 80C86, 80C88 
only byte 2) through the cascade lines. 

NO (SINGL = 1) 

NO (IC4 = 0) 

b. In the slave mode (either when SP = 0, or if BUF 
= 1 and MIS = 0 in ICW4) bits 2-0 identify the 
slave. The slave compares its cascade input with 
these bits and, if they are equal, bytes 2 and 3 of 
the call sequence (or just byte 2 for 80C86, 
80C88 are released by it on the Data Bus. 

INITIALIZATION COMMAND WORD 4 {ICW4) 
SFNM: If SFNM = 1 the special fully nested mode 

is programmed. 

BUF: If BUF = 1 the buffered mode is pro
grammed. In buffered mode SP/EN be
comes an enable output and the master/ 
slave determination is by MIS. 

MIS: If buffered mode is selected: M/S = 1 
means the 82C59A-2 is programmed to be a 
master, M/S = O means the 82C59A-2 is 
programmed to be a slave. If BUF = 0, MIS 
has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt 
mode is programmed. 

µPM: Microprocessor mode: µPM = O sets the 
82C59A-2 for MCS-80, 85 system operation, 
µPM = 1 sets the 82C59A-2 for 80C86 sys
tem operation. 

ICW1 

ICW2 

ICW4 

READY TO ACCEPT 
INTERRUPT REQUESTS 

231201-9 

Figure 6. Initialization Sequence 
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NOTE: 

82C59A-2 

ICW3 (MASTER DEVICE) 

\CW3 (SLAVE DEVICE) 

1 = ICW4 NEEDED 
0 =NO ICW-4 NEEDED 

1 =SINGLE 
0 =CASCADE MODE 

CALL ADDRESS INTERVAL 
1 =INTERVAL OF 4 
0 =INTERVAL OF 8 

1 =LEVEL TRIGGERED MODE 
0 =EDGE TRIGGERED MODE 

A7 - As OF iNTERRUPT 

VECTOR ADDRESS 
(MCS-80 / 85 MODE ONLY) 

A15 -A8 OF INTERRUPT 

VECTOR ADDRESS 
(MCS-80 / 85 MODE ONLY) 

T7 -T3 OF INTERRUPT 
VECTOR ADDRESS 

(80C86 I 80C88 MODE) 

1 =IR INPUT HAS A SLAVE 
0 =IR INPUT DOES NOT HAVE 

A SLAVE 

Ao D7 D5 D5 D4 D3 02 o, Do 

ICW4 

Ao D7 06 05 D 4 D3 02 

0 SfNM BUF" M/S 

SLAVE ID(t) 

1 :: 80C86 / 80C88 MOOE 
0 = MCS-80 I 85 MODE 

1 =AUTO EOI 
0 =NORMAL Eal 

NON-BUFFERED MODE 
BUFFERED MOOE/SLAVE 
BUFFERED MOOE/ MASTER 

1 =SPECIAL FULLY NESTED MODE 
---------tO=NOT SPECIAL FULLY NESTED 

MODE 

Slave ID is equal to the corresponding master IR input. 

Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS 
(OCWs) 

After the initialization Command Words (ICWs) are 
programmed into the 82C59A-2, the chip is ready to 
accept interrupt requests at its input lines. However, 
during the 82C59A-2 operation, a selection of algo
rithms can command the 82C59A-2 to operate in 
various modes through the Operation Command 
Words (OCWs). 

OPERATION CONTROL WORDS (OCWs) 

OCW1 
AO D7 D6 D5 D4 D3 D2 D1 DO 

GJ I M7 M6 M5 M4 M3 M2 M1 MO I 

OCW2 

R SL EOI 0 0 L2 L 1 LO I 

OCW3 

I 0 ESMM SMM 0 p RR RISI 

OPERATION CONTROL WORD 1 (OCW1) 

OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7- Mo represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited), M = O indicates the channel is enabled. 

OPERATION CONTROL WORD 2 (OCW2) 

R, SL, EOI - These three bits control the Rotate 
and End of Interrupt modes and combinations of the 
two. A chart of these combinations can be found on 
the Operation Command Word Format. 

L2, L1, Lo-These bits determine the interrupt level 
acted upon when the SL bit is active. 

OPERATION CONTROL WORD 3 (0CW3) 

ESMM - Enable Special Mask Mode. When this bit 
is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = 0 the SMM bit 
becomes a "don't care". 

SMM - Special Mask Mode. If ESMM = 1 and 
SMM = 1 the 82C59A-2 will enter Special Mask 
Mode. If ESMM = 1 and SMM = 0 the 82C59A-2 
will revert to normal mask mode. When ESMM = 0, 
SMM has no effect. 

FULLY NESTED MODE 

This mode is entered after initialization unless anoth
er mode is programmed. The interrupt requests are 
ordered in priority form O through 7 (0 highest). 
When an interrupt is acknowledged the highest pri
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (IS0-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) 
command immediately before returning from the 
service routine, or if AEOI (Automatic. End of Inter
rupt) bit is set, until the trailing edge of the last INTA. 
While the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev
els will generate an interrupt (which will be acknowl
edged only if the microprocessor internal interrupt 
enable flip-flop has been re-enabled through soft
ware). 

After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be 
changed, as will be explained, in the rotating priority 
mode. 

END OF INTERRUPT (EOI) 

The In Service (IS) bit can be reset either automati
cally following the trailing edge of the last in se
quence INTA pulse (when AEOI bit in ICW4 is set) or 
by a command word that must be issued to the 
82C59A-2 before returning from a service routine 
(EOI command). An EOI command must be issued 
twice if in the Cascade mode, once for the master 
and once for the corresponding slave. 

There are two forms of EOI command: Specific and 
Non-Specific. When the 82C59A-2 is operated in 
modes which preserve the fully nested structure, it 
can determine which IS bit to reset on EOI. When a 
Non-Specific EOI command is issued the 82C59A-2 
will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the high
est IS level was necessarily the last level acknowl
edged and serviced. A non-specific EOI can be is
sued with OCW2 (EOI = 1, SL = 0, R = 0). 

When a mode is used which may disturb the fully 
nested structure, the 82C59A-2 may no longer be 
able to determine the last level acknowledged. In 
this case a Specific End of Interrupt must be issued 
which includes as part of the command the IS level 
to be reset. A specific EOI can be issued with OCW2 
(EOI = 1, SL = 1, R = 0, and LO-L2 is the binary 
level of the IS bit to be reset). 

It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if 
the 82C59A-2 is in the Special Mask Mode. 
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OCW1 

Ao D7 D6 Ds D4 D3 D2 D, Do 

I 1 M7 M6 M5 M4 M3 M2 M1 MO 

INTERRUPT MASK 

' 1 =MASK SET 
0 = MASK RESET 

OCW2 

Ao D7 06 D5 D4 D3 D2 o, Do 

[ 0 I H l SL l EOI 0 ojLijL 1JLoJ 

'-----, 

0 0 1 
tot-;+;-
~ 
i-;-toto 
to+o+o 
r,-r;-t;-' 
't+,+o 
io-t11o .........__.__ 

OCW3 

NON SPECIFIC EOI COMMAND 
SPECIFIC EOI COMMAND 

ROTATE ON NON-SPECIFIC EOI COMMAND 
ROTATE IN AUTOMATIC EOI MODE (SET) 

ROTATE IN AUTOMATIC EOI MODE (CLEAR) 
•ROTATE ON SPECIFIC EOI COMMAND 

•SET PRIORITY COMMAND 
NO OPERATION 

•LO- LZ ARE USED 

IR LEVEL TO BE 
ACTED UPON 

0 1 2 3 4 5 6 7 
0 1 0 1 0 1 0 1 
0 0 1 1 0 0 1 1 
0 0 0 0 1 1 1 1 

} END OF INTERRUPT 

} AUTOMATIC ROTATION 

} SPECIFIC ROTATION 

Ao D7 D6 Ds D4 D3 D2 D, Do 

l oj a lEsMjsMMj oj 1j P] RR] RISJ 

l L~ READ REGISTER COMMAND 

0 ] 1 0 1 
0 0 1 1 

READ IR READ IS 
NO ACTION REG ON REG ON 

NEXT RD NEXT RD 
PULSE PULSE 

1 =POLL COMMAND 
0 = NO POLL COMMAND 

SPECIAL MASK MODE 

0 l 1 ,0 1 
0 l 0 1 1 

RESET SET 
NO ACTION SPECIAL SPECIAL 

MASK MASK 

Figure 8. Operation Command Word Format 
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AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 in ICW4, then the 82C59A-2 will operate 
in AEOI mode continuously until reprogrammed by 
ICW4. In this mode the 82C59A-2 will automatically 
perform a non-specific EOI operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in 80C86/88). Note 
that from a system standpoint, this mode should be 
used only when a nested multilevel interrupt struc
ture is not required within a single 82C59A. 

The AEOI mode can only be used in a master 
82C59A and not a slave. 

AUTOMATIC ROTATION 

(Equal Priority Devices) 

In some applications there are a number of interrupt
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority, so 
a device requesting an interrupt will have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and "in service" status is: 

Before Rotate (IR4 the highest priority requiring 
service) 

IS? IS6 IS5 IS4 IS3 IS2 IS1 ISO 

"IS" Status / O I 1 I O I I O [ O [ O I O I 
Lowest Highest 
Priority Priority 

J, J, 

Priority Status [jJ 6 I 51 4 I 3 I 2 i 1 [ O I 
After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 

IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 

"IS" Status / O I 1 I O I O I O / O I O I O I 

Highest Lowest 
Priority Priority 

J, J, 

There are two ways to accomplish Automatic Rota
tion using OCW2, the Rotation on Non-Specific EOI 
Command (R = 1, SL = 0, EOI = 1) and the Ro-
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tate in Automatic EOI Mode which is set by (R = 1, 
SL = 0, EOI = 0) and cleared by (R = 0, SL = 0, 
EOI = 0). 

SPECIFIC ROTATION 

(Specific Priority) 

The programmer can change priorities by program
ming the bottom priority and thus fixing all other pri
orities; i.e., if IR5 is programmed as the bottom prior
ity device, then IR6 will have the highest one. 

The Set Priority command is issued in OCW2 where: 
R = 1, SL = 1; LO-L2 is the binary priority level 
code of the bottom priority device. 

Observe that in this mode internal status is updated 
by software control during OCW2. However, it is in
dependent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the Ro
tate on Specific EOI command in OCW2 (R = 1, SL 
= ·1, EOI = 1 and LO-L2 = IR level to receive 
bottom priority). 

INTERRUPT MASKS 

Each Interrupt Request input can be masked individ
ually by the Interrupt Mask Register (IMR) pro
grammed through OCW1. Each bit in the IMR masks 
one interrupt channel if it is set (1 ). Bit O masks IRO, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 

SPECIAL MASK MODE 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori
ty requests for a portion of its execution but enable 
some of them for another portion. 

The difficulty here is that if an interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service 
routine), the 82C59A-2 would have inhibited all lower 
priority requests with no easy way for the routine to 
enable them. 

That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from all other levels (lower as well 
as higher) that are not masked. 
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Thus, any interrupts may be selectivity enabled by 
loading the mask register. 

The special Mask Mode is set by OCW3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 
1,SMM=O. 

POLL COMMAND 

In this mode the INT output is not used or the micro
processor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is 
achieved by software using a Poll command. 

The Poll command is issued by setting P = "1" in 
OCW3. The 82C59A-2 treats the next RD pulse to 
the 82C59A-2 (i.e., RD = 0, CS = O) as an interrupt 
acknowledge, sets the appropriate IS bit if there is a 

request, and reads the priority level. Interrupt is fro
zen from WR to RD. 

The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 D2 D1 DO 

W2 W1 WO 

WO-W2: 

Binary code of the highest priority level requesting 
service. 

1: Equal to a "1" if there is an interrupt. 

This mode is useful if there is a routine command 
common to several levels so that the INTA se
quence is not needed (saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 

LTIM BIT 
O= EDGE TO OTHER PRIORITY CELLS 
1 =LEVEL 

EDGE 
SENSE 

~LA_r_c_H--ll--~~1--~~--ll--~-+--<~.,_~.i..++-~~ .... ~~~SET ISR 

IR 

MCS-80,85{ INTA~ 
MODE FREEZE~ 

80C86/80C88{ INTA~ 
MODE FREEZE-\___3--

I~ 

NOTES: 
1. Master Clear active only during ICW1 
2. Freeze/ is active during INTA/and poll sequences only 
3. Truth Table for D-Latch 

C D Q OPERATION 

1 Di Di FOLLOW 
0 X Qn-1 HOLD 

Figure 9. Priority Cell-Simplified Logic Diagram 
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READING THE 82C59A-2 STATUS 

The input status of several internal registers can be 
read to update the user information on the system. 
The following registers can be read via OCW3 (IRA 
and JSR or OCW1 [IMR]). 

Interrupt Request Register (/RR): 8-bit register which 
contains the levels requesting an interrupt to be ac
knowledged. The highest request level is reset from 
the IRA when an interrupt is acknowledged. (Not af
fected by IMR). 

In-Service Register (/SR): 8-bit register which con
tains the priority levels that are being serviced. The 
JSR is updated when an End of Interrupt Command 
is issued. 

Interrupt Mask Register. 8-bit register which con
tains the interrupt request lines which are masked. 

The IRA can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1, RIS = 0.) 

The JSR can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1, RIS = 1): 

There is no need to write an OCW3 before every 
status read operation, as long as the status read 
corresponds with the previous one; i.e., the 
82C59A-2 "remembers" whether the IRA or ISR has 
been previously selected by the OCW3. This is not 
true when poll is used. 

After initialization the 82C59A-2 is set to IRA. 

For reading the IMR, no OCW3 is needed. The out
put data bus will contain the IMR whenever RD is 
active and AO = 1 (OCW1). 

Polling overrides status read when P = 1, RR = 1 
in0CW3. 

IR 

INT ----+---' 

lmA---~-----~ 

LATCH" 
ARMED 

EARLIESTIR 
CAN 8E RIMOYIED 

EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1. 

If L TIM = 'O', an interrupt request will be recognized 
by a low to high transition on an JR input. The JR 
input can remain high without generating another in
terrupt. 

If LTIM = '1 ',an interrupt request will be recognized 
by a 'high' level on JR Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EOI command is issued or the 
CPU interrupt is enabled to prevent a second inter
rupt from occurring. 

The priority cell diagram shows a conceptual circuit 
of the level sensitive aod edge sensitive input circuit
ry of the 82C59A-2. Be sure to note that the request 
latch is a transparent D type latch. 

In both the edge and level triggered modes the IR 
inputs must remain high until after the falling edge of 
the first INTA. If the JR input goes low before this 
time a DEFAULT IR7 will occur when the CPU ac
knowledges the interrupt. This can be a useful safe
guard for detecting interrupts caused by spurious 
noise glitches on the JR inputs. To implement this 
feature the IR7 routine is used for "clean up" simply 
executing a return instruction, thus ignoring the inter
rupt. If IR7 is needed for other purposes a default 
IR7 can still be detected by reading the JSR. A nor
mal IR7 interrupt will set the corresponding ISR bit, a 
default IR7 won't. If a default IR7 routine occurs dur
ing a normal IR7 routine, however, the ISR will re
main set. In this case it is necessary to keep track of 
whether or not the IR7 routine was previously en
tered. If another IR7 occurs it is a default. 

---
"EDGE TRNIGERED llODE ONLY 231201-13 

Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us
ing ICW4). This mode is similar to the normal nested 
mode with the following exceptions: 

a. When an interrupt request from a certain slave is 
in service this slave is not locked out from the 
master's priority logic and further interrupt re
quests from higher priority IR's within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nestled 
mode a slave is masked out when its request is in 
service and no higher requests from the same 
slave can be serviced.) 

b. When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EOI) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EOI can be sent to the mas
ter too. If not, no EOI should be sent. 

BUFFERED MODE 

When the 82C59A-2 is used in a large system where 
bus driving buffers are required on the data bus and 
the cascading mode is used, there exists the prob
lem of enabling buffers. 

The buffered mode will structure the 82C59A-2 to 
send an enable signal on SP/EN to enable the buff
ers. In this mode, whenever the 82C59A-2's data 
bus outputs are enabled, the SP/EN output be
comes active. 

This modification forces the use of software pro
gramming to determine whether the 82C59A-2 is a 
master or a slave. Bit 3 in ICW4 programs the buff
ered mode, and bit 2 in ICW3 determines whether it 
is a master or a slave. 

CASCADE MODE 

The 82C59A-2 can be easily interconnected in a 
system of one master with up to eight slaves to han
dle up to 64 priority levels. 

The master controls the slaves through the 3 line 
cascade bus. The cascade bus acts like chip selects 
to the slaves during the INTA sequence. 

In a cascade configuration, the slave interrupt out
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the device routine 
address during bytes 2 and 3 of INTA. (Byte 2 only 
for 80C86/80C88). 

The cascade bus lines are normally low and will con
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 82C59A-2 in the system must follow a 
separate initialization sequence and can be pro
grammed to work in a different mode. An EOI com
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de
coder is required to activate the Chip Select (CS) 
input of each 82C59A-2. 

The cascade lines of the Master 82C59A-2 are acti
vated only for slave inputs, non slave inputs leave 
the cascade line inactive (low). 

[ --------·--~...::::::::: AOOAESS IUS 1161 J 

~ CON'"OL BUS I ] 
C~-.--.--"""""""-,.--,r-o--------r--r--'>o•~TA-•~us~"~'~------r--r-~~--r--r-~-~J 

7.-1~ l-+-+-t-1 
1 ~J .............. _....OO·l---'-1........... 

7--'-.,,_, 

- - - - ·- 1--+---
- -1 I- -- ,----~ f-+-

- - - t- 1- ' -t--+- l--+---

00 ' '"" ,.!_ ~F--, I I cs ~ 00 ; •NTA CASOl-JJ ...,.,. .. 
CASI I- ~ 

IOCMA-2 
CASI ....... ....... 

i j i i ! ill 
CAS2 

SP1EN1 ~1EN1 6 5 ' 3 2 ' 0 

I] IJ 11T111T 
' 1 6 5 4 J 2 1 0 

1---+-t-t CAS 2 

$iSrttiM7 M6 MS M4 Ml M2 M1 MO 

IlJ.j]),]]! 
j 

231201-14 

Figure 11. Cascading the 82C59A-2 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ...... 0°C to 70°C 
Storage Temperature .......... - 65°C to + 150°C 
Supply Voltage (w.r.t. ground) ........ -0.5 to 8.0V 
Operating Supply Voltage (w.r.t. ground) . 4.0 to 7.0V 
Input Voltage (w.r.t. ground) ... -2.0 to Vee + 0.5V 
Output Voltage (w.r.t. ground) .. -0.5 to Vee + 0.5V 
Power Dissipation ........................ 1 Watt 

*Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS [TA = 0°c to 70°C, Vee = 5V ± 10%] 

Symbol Parameter Min Max Units Test Conditions 

v,N =Vee or GND 
lees Standby Supply Current 10 µA Outputs Unloaded 

Vee= 5.5V 

lee Operating Supply Current 5 mA (Note) 

V1H Input High Voltage 2.0 v 

V1L Input Low Voltage 0.8 v 

Vol Output Low Voltage 0.4 v loL = 2.5 mA 

VoH Output High Voltage 
3.0 

v 
loH = -2.5 mA 

Vee -0.4 ioH = -100 µA 

lu Input Leakage Current ±1.0 µA ov s V1N s Vee 

ILO Output Leakage Current ±10 µA OV s VouT s Vee 

iuR JR Input Leakage Current 
-300 

µA 
V1N = 0 

+10 V1N =Vee 
NOTE: Repeated data input with soes6-2 timings. 

CAPACITANCE (TA= 25°C:Vee = GND = OV) 

Symbol Parameter Min Typ Max Units Test Conditions 

CtN Input Capacitance 5 pF fc = 1 MHz 

C110 1/0 Capacitance 20 pF Unmeasured pins at GND 

CouT Output Capacitance 15 pF 
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A.C. CHARACTERISTICS !TA= 0°Cto?o0 c, Vee= sv ± 10%] 

TIMING REQUIREMENTS 

Symbol Parameter 
82C59A-2 

Units Test Conditions 
Min Max 

TAHRL AO/CS Setup to RD/INT At 10 ns 

TRHAX AO/CS Hold after RD/INT A j 5 ns 

TRLRH RD/INT A Pulse Width 160 ns 

TAHWL AO/CS Setup to WR t 0 ns 

TWHAX AO/CS Hold after WR j 0 ns 

TWLWH WR Pulse Width 190 ns 

TDVWH Data Setup to WR j 160 ns 

TWHDX Data Hold after WR j 0 ns 

TJLJH Interrupt Request Width (Low) 100 ns (See Note) 

TCVIAL 
Cascade Setup to Second or Third 

40 ns 
INTA t (Slave Only) 

End of RD to next RD 
TRHRL End of INTA to next INTA within 160 ns 

an INTA sequence only 

TWHWL End of WR to next WR 190 ns 

*TCHCL 
End of Command to next Command 

400 
(Not same command type) 

ns 

End of INTA sequence to next 
INTA sequence. 

*Worst case timing for TeHeL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6 
µs, 8085-A2 = 1 µs, soes6 = 1 µs, 80e86-2 = 625 ns) 

NOTE: 
This is the low time required to clear the input latch in the edge triggered mode. 
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TIMING RESPONSES 

Symbol Parameter 
8259A·2 

Units Test Conditions** 
Min Max 

TRLDV Data Valid from RD/INT A J., 120 ns 1 

TRHDZ Data Float after RD/INT A j 10 85 ns 2 

TJHIH Interrupt Output Delay 300 ns 1 

TIALCV 
Cascade Valid from First INT A ! 

360 ns 1 
(Master Only) 

TRLEL Enable Active from RD ! or I NT A ! 100 ns 1 

TR HEH Enable Inactive from RD i or INTA i 150 ns 1 

TAHDV Data Valid from Stable Address 200 ns 1 

TCVDV Cascade Valid to Valid Data 200 ns 1 

**Test Condition Definition Table 

TEST CONDITION 

1 
2 

A.C. TESTING INPUT, OUTPUT 
WAVEFORM 

V1 

1.7V 
4.5V 

R1 R2 C1 

523n OPEN 100 pf 
1.0 kn 1.0 kn 30 pf 

A.C. TESTING LOAD CIRCUIT 

Vt 

INPUT 
2.4V 

OUTPUT 

------.. ,----- VOH 
_____ _, ~---VOL 

OUTPUT TEST POINT h 0.45V 

231201-15 

A.G. Testing: All input signals must switch between VIL - 0.45V 
and VIH + 2.4V. In.put Rise and Fall Times must be ,; 15 ns. All 
timing measurements are made at VoH and VQL. 

WAVEFORMS 

WRITE 

FROM 
DEVICE UNDER TEST 

'INCLUDES STRAY AND 
JIG CAPACITANCE 

I Ct• 

- -

Wil~--------~ ----~TWLWH----i Ir-------

TAHWL -

Ci------- lr--+----------+-<--1 -~~~~ 
AODRESSIUI 

DATA8US 
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WA VE FORMS (Continued) 

READ/INT A 

TAHftl 

Af,-------' 

--TRLDV=c3RHDZ -
-TAHDY--

DATA IUS·- ---- --- ------- - - - ------

231201-18 

OTHER TIMING 

Ill! 
INTA 

\ ;t=TRHRL=t\ 
WR 

\ ;t=TWHWL=K 
Ali 

lNTA 

\ C,~.=\ 
WR 

_RQ. 
IM.!.A WR 

231201-19 

5-85 



intef 82C59A-2 

WAVEFORMS (Continued) 

INTA SEQUENCE 

IR~ ~ ITJC: ... 
~ ;~-------------cc@ 

INT-----· -

INTA ------"' 

DB•••••••••••••• 

NOTES: 
Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in 80C86 and 80CBB systems, the Data Bus is not active. 
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82C84A/82C84A-5 
CHMOS CLOCK GENERATOR AND DRIVER 

FOR 80C86, 80C88 PROCESSORS 
Generates the System Clock for the • Generates System Reset Output from 
80C86, 80C88 Processors: Schmitt Trigger Input 

82C84A-5 for 5 MHz • Capable of Clock Synchronization with 
82C84A for 8 MHz other 82C84As 

Pin Compatible with Bipolar 8284A • Low Power Consumption 
Uses a Crystal or an External • Single 5V Power Supply 
Frequency Source 

Provides Local READY and MULTIBUS® • TTL Compatible Inputs/Outputs 

READY Synchronization • 18-Pin Plastic Package 

The Intel 82C84A is a high performance CHMOS clock generator-driver designed to service the requirements 
of the 80C86/88 and 8086/88. The chip contains a crystal controlled oscillator, a divide-by-three counter and 
complete READY synchronization and reset logic. Crystal controlled operation up to 15, 25 MHz utilizes a 
parallel, fundamental mode crystal and two small load capacitors. Power consumption is a fraction of that of 
equivalent bipolar circuits. 

RESET 

osc 

PCLK 

CLK 

READY 

231198-1 

82C84A/82C84A-5 Block Diagram 

CSYNC 

PCLK X1 

AEN1 X2 

RDY1 ASYNC 

READY EFI 

RDY2 FIC 

AEN2 osc 
CLK ill 
GND RESET 

231198-2 

82C84A/82C84A-5 Pin Configuration 

Control 
Pin 

F/C 

RES 

ROY 1 
RDY2 

AEN 1 
AEN2 

ASYNC 

Logical 1 LogicalO 

External Crystal 
Clock Drive 

Normal Reset 

Bus Ready Bus not 
ready 

Address Address 
Disabled Enabled 

2 Stage Ready 1 Stage Ready 
Synchronization Synchronization 

82C84A/82C84A-5 
Pin Description 

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. Information contained herein supersedes previously published specifications on thesf3 devices from Intel. December 1984 
C'J Intel Corooration. 1984 Order Number: 231198-001 
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Table 1. Pin Description 

Symbol Type Name and Function 

AEN1, I ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify 
AEN2 its repective Bus Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 

while AEN2 validates RDY2. Two AEN signal inputs are useful in system 
configurations which permit the processor to access two Multi-Master 
System Susses. In non Multi-Master configurations the AEN signal inputs 
are tied true (LOW). 

RDY1, I BUS READY: (Transfer Complete). ROY is an active HIGH signal which 
RDY2 is an indication from a device located on the system data bus that data 

has been received, or is available. RDY1 is qualified by AEN1 while 
RDY2 is qualified by AEN2. 

ASYNC I READY SYNCHRONIZATION SELECT: ASYNC is an input which 
defines the synchronization mode of the READY logic. When ASYNC is 
LOW, two stages of READY synchronization are provided. When ASYNC 
is HIGH a single stage of READY synchronization is provided. (ASYNC 
should never be left open). 

READY 0 READY: READY is an active HIGH signal which is the synchronized ROY 
signal input. READY is cleared after the guaranteed hold time to the 
processor has been met. 

X1, X2 I CRYSTAL IN: X1 and X2 are the pins to which a crystal is attached. The 
crystal frequency is 3 times the desired processor clock frequency. (If no 
crystal is attached, then X1 should be tied to Vee or GND and X2 should 
be left open.) 

F/C I FREQUENCY /CRYSTAL SELECT: F /C is a strapping option. When 
strapped LOW, F/C permits the processor's clock to be generated by the 
crystal. When F/C is strapped HIGH, CLK is generated from the EFI 
input. 

EFI I EXTERNAL FREQUENCY: When F/C is strapped HIGH, CLK is 
generated from the input frequency appearing on this pin. The input 
signal is a square wave 3 times the frequency of the desired CLK output. 
When F/C is strapped LOW, EFI should be tied HIGH or LOW. 

CLK 0 PROCESSOR CLOCK: CLK is the clock output used by the processor 
and all devices which directly connect to the processor's local bus (i.e., 
the bipolar support chips and other MOS devices). CLK has an output 
frequency which is % of the crystal or EFI input frequency and a % duty 
cycle. 

PCLK 0 PERIPHERAL CLOCK: PCLK is a TTL level peripheral clock signal 
whose output frequency is% that of CLKand has a 50% duty cycle. 

osc 0 OSCILLATOR OUTPUT: OSC is the TTL level output of the internal 
oscillator circuitry. Its frequency is equal to that of the crystal. 

RES I RESET IN: RES is an active LOW signal which is used to generate 
RESET. The 82C84A provides a Schmitt trigger input so that an RC 
connection can be used to establish the power-up reset of proper 
duration. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

RESET 0 RESET: RESET is an active HIGH signal which is used to reset the 
80C86/88 family processors. Its timing characteristics are 
determined by RES. 

CSYNC I CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal 
which allows multiple 82C84A's to be synchronized to provide clocks 
that are in phase. When CSYNC is HIGH the internal counters are 
reset. When CSYNC goes LOW the internal counters are allowed to 
resume counting. CSYNC needs to be externally synchronized to 
EFI. When using the internal oscillator CSYNC should be hardwired 
to ground. 

GND GROUND. 

Vee POWER: + 5V supply. 

FUNCTIONAL DESCRIPTION 

Oscillator 

The oscillator circuit of the 82C84A is designed pri
marily for use with an external parallel resonant, fun
damental mode crystal from which the basic operat
ing frequency is derived. 

The crystal frequency should be selected at three 
times the required CPU clock. X1 and X2 are the two 
crystal input crystal connections. For the most sta
ble operation of the oscillator (OSC) output circuit, 
two capacitors (C1 = C2) as shown in the waveform 
figures are recommended. The output of the oscilla
tor is buffered and brought out on OSC so that other 
system timing signals can be derived from this sta
ble, crystal-controlled source. 

Capacitors C1, C2 are chosen such that their com
bined capacitance: 

C1 • C2 
CT = ---C (Including stray capacitance) 

C1 + 2 

matches the load capacitance as specified by the 
crystal manufacturer. This insures operation within 
the frequency tolerance specified by the crystal 
manufacturer. 

Clock Generator 

The clock generator consists of a synchronous di
vide-by-three counter with a special clear input that 
inhibits the counting. This clear input (CSYNC) al
lows the output clock to be synchronized with an 
external event (such as another 82C84A clock). It is 
necessary to synchronize the CSYNC input to the 
EFI clock external to the 82C84A. This is accom-
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plished with two Schottky flip-flops. The counter out
put is a 33% duty cycle clock at one-third the input 
frequency. 

The F/C input is a strapping pin that selects either 
the crystal oscillator or the EFI input as the clock for 
the ..;.. 3 counter. If the EFI input is selected as the 
clock source, the oscillator section can be used in
dependently for another clock source. Output is tak
en from OSC. 

Clock Outputs 

The CLK ouput is a 33% duty cycle MOS clock driv
er designed to drive the 80C86/88 processors di
rectly. PCLK is a TTL level peripheral clock signal 
whose output frequency is % that of CLK. PCLK has 
a 50% duty cycle. 

Reset Logic 

The reset logic provides a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the 
reset timing. The reset signal is synchronized to the 
falling edge of CLK. A simple RC network can be 
us.ed to provide power-on reset by utilizing this func
tion of the 82C84A. 

READY Synchronization 

Two READY inputs (RDY1, RDY2) are provided to 
accommodate two Multi-Master system busses. 
Each input has a qualifier (AEN1 and AEN2, respec
tively). The AEN signals validate their respective 
ADY signals. If a Multi-Master system is not being 
used the AEN pin should be tied LOW. 
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Synchronization is required for all asynchronous ac
tive-going edges of either RDY input to guarantee 
that the ADY setup and hold times are met. Inactive
going edges of RDY in normally ready systems do 
not require synchronization but must satisfy RDY 
setup and hold as a matter of proper system design. 

The ASYNC input defines two modes of READY 
synchronization operation. 

When ASYNC is LOW, two stages of synchroniza
tion are provided for active READY input signals. 
Positive-going asynchronous READY inputs will first 
be synchronized to flip-flop one at the rising edge of 
CLK and then synchronized to flip-flop two at the 
next falling edge of CLK, after which time the 
READY output will go active (HIGH). Negative-going 
asynchronous READY inputs will be synchronized 

CLOCK 
SYNCHRONIZE >--+----t--1 D 

EFI >f 
a 

directly to flip-flop two at the falling edge of CLK, 
after which time the READY output will go inactive. 
This mode of operation is intended for use by asyn
chronous (normally not ready) devices in the system 
which cannot be guaranteed by design to meet the re
quired ROY setup timing, T R1 VCL· on each bus cycle. 

When ASYNC is HIGH, the first READY flip-flop is 
bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on 
the falling edge of CLK before they are presented to 
the processor. This mode is available for synchro
nous devices that can be guaranteed to meet the 
required ROY setup time. 

ASYNC can be changed on every bus cycle to se
lect the appropriate mode of synchronization for 
each device in the system. 

D 

>f 
a 

(TO OTHER 82C84As) 
231198-3 

Figure 3. CSYNC Synchronization 

ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage .................... -0.5V to 7.0V 
Operating Supply Voltage ............. 4.0V to 6.0V 
Input Voltage Applied ........ -0.5VtoVcc +0.5V 
Output Voltage Applied ...... -0.5V to Vee + 0.5V 
Storage Temperature .......... -65°C to + 150°C 
Ambient Temp. Under Bias .......... 0°C to + 70°C 
Power Dissipation ........................ 1 Watt 

*Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE" Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (TA= 0°Cto +70°c, Vee= 5V ±10%) 

Symbol Parameter Min Max Units Test Conditions 

Ice Operating Supply Current: 
82C84A 40 

mA 
25 MHz xtal, CL = 0 

82C84A-5 25 15 MHz xtal, CL= 0 

Ices Stand by Supply Current 100 µA 
X1 at Vee or GND 
EFI at Vee or GND 

lu Input Leakage Current ± 1.0 µA OV s V1N sVcc 
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D.C. CHARACTERISTICS (Continued) 

Symbol Parameter Min Max Units Test Conditions 

V1L Input LOW Voltage 0.8 v 
V1H Input HIGH Voltage 2.0 v 
V1HA Reset Input HIGH Voltage 0.6Vee v 
VoL Output LOW Voltage 0.4 v CLK: loL = 4 mA (Note) 

Others: loL = 2.5 mA (Note) 

VoH Output HIGH Voltage Vee - 0.4 
v CLK: loH = -4 mA 
v Others: loH = - 2.5 mA 

V1HwV1LR RES Input Hysteresis 0.2Vee v 
C1N Input Capacitance 7 pF freq= 1 MHz 

NOTE: 
All loL = 5 mA for 82e84A-5 

A.C. CHARACTERISTICS (TA= o•cto +70°c, Vee= 5V ±10%) 

TIMING REQUIREMENTS 

82C84A 82C84A·5 
Symbol Parameter Units Test Conditions 

Min Max Min Max 

tEHEL External Frequency HIGH Time 13 20 ns 90%-90% V1N 

tELEH External Frequency LOW Time 13 20 ns 10%-10% V1N 

tELEL EFI Period 36 66 ns (Note 1) 

XT AL Frequency 2.4 25 6.0 15 MHz 

tA1VeL RDY1, RDY2 Active Setup to CLK 35 35 ns ASYNC =HIGH 

tR1VeH RDY1, RDY2 Active Setup to CLK 35 35 ns ASYNC =LOW 

tR1VeL RDY1, RDY2 Inactive Setup to CLK 35 35 ns 

teLA1X RDY1, RDY2 Hold to CLK 0 0 ns 

tAYVeL ASYNC Setup to CLK 50 50 ns 

tcLAYX ~HoldtoCLK 0 0 ns 

tA1VR1V AEN1, AEN2 Setup to RDY1, RDY2 15 15 ns 

teLA1X AEN1, AEN2 Hold to CLK 0 0 ns 

tvHEH CSYNC Setup to EFI 20 20 ns 

tEHYL CSYNC Hold to EFI 20 20 ns 

tvHYL CSYNCWidth 2 • tELEL 2 • tELEL ns 

t11HeL RES Setup to CLK 65 65 ns (Note 2) 

teu1 H RES Hold to CLK 20 20 ns (Note 2) 

t1L1H Input Rise Time 15 20 ns (Note 1) 

t1HIL Input Fall Time 15 20 ns (Note 1) 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter Min 82C84A Min 82C84A-5 Max Units Test Conditions 

tcLCL CLK Cycle Period 125 200 ns 

tcHCL CLK HIGH Time (%tcLCL)+2 69 ns 

tcLCH CLKLOWTime (2/atcLcu-15 119 ns 

tcH1CH2 CLK Rise or Fall Time 10 ns 1.0V to 3.5V 
tcL2CL1 

tPHPL PCLK HIGH Time tcLCL -20 180 ns 

tPLPH PCLK LOW Time · tcLCL -20 180 ns 

tRYLCL Ready Inactive to 
CLK (See Note 4) -8 -8 ns 

tRYHCH Ready Active to CLK 
(See Note 3) (% tcLcu-15 119 ns 

tcuL CLK to Reset Delay 40 ns 

tcLPH CLK to PCLK HIGH DELAY 22 ns 

tcLPL CLK to PCLK LOW Delay 22 ns 

toLCH OSC to CLK HIGH Delay -5 -5 22 ns 

toLCL OSC to CLK LOW Delay 2 2 35 ns 

to LOH Output Rise Time 
(except CLK) 15 ns From 0.8V to 2.0V 

toHOL Output Fall Time 
(except CLK) 15 ns From 2.0V to 0.8V 

NOTES: 
1. Transition between V1L(max) - 0.4V and V1H(min) + 0.4V. 
2. Setup and hold necessary only to guarantee recognition at next clock. 
3. Applies only to T3 and TW states. 
4. Applies only to T2 states. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

OUTPUT 

231198-4 

A.G. TESTING: ALL INPUT SIGNALS MUST SWITCH BETWEEN 
0.45V AND 2.4V. T RISE AND T FALL MUST BE <:; 15 ns. 
ALL TIMING MEASUREMENTS ARE MADE AT Vol AND VoH· 

A.C. TESTING LOAD CIRCUIT 

-,- v, ~ 2.25Y 

Rt = 7400 FOR ALL OUTPUTS 

> EXCEPT CLK 

DEVICE 
4630 FOR CLOCK OUTPUT 

UNDER r-----1 
TEST Icl 

-=-
231198-5 

CL ~ 100 pF FOR CLK 
CL ~ 30 pF FOR READY 
CL INCLUDES PROBE AND JIG CAPACITANCE 
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WAVEFORMS 

CLOCKS AND RESET SIGNALS 

NAME 

EFI 

osc 

82C84A/82C84A·5 

RESET 0 

tcuL t _________ ,r------------------------.1 
231198-6 

NOTE: 
ALL TIMING MEASUREMENTS ARE MADE AT VoL AND VoH• UNLESS OTHERWISE NOTED. 

READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 

CLK 

IA1VCL 
IA1VCH 

ADY1,2 

ICLR1X 

IA1R1V 

AEN1,2 

tcu.1x 
lAYVCL 

ASYiiC 

READY 

IRYHCH IRYLCL 

231198-7 
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WA VE FORMS (Continued) 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

CLK 

l"WCL 

ADY1,2 

tcuux 

IAYVCL tcu1x 

tcLAYX 

LEADY ·-----

IRYHCH IRYLCL 

231198-8 

re, 

X1 

24MHzD 

X2 

FIC 

re· CSYNC 

CLK 
LOAD 

(SEE NOTE 1) 

Clock High and Low Time (Using X1, X2) 

PULSE 
GENERATOR 

~---IEFI 

Vee 

FIC 

eSYNe 

eLKl-----1 LOAD 
(SEE NOTE 1) 

Clock High and Low Time (Using EFI) 
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NOTES: 
1. CL= 100 pF 
2. CL= 30 pF 

rr 
PULSE 

GENERATOR 

TRIGGER 

82C84A/82C84A-5 

Vee 

AEN1 CLK 

X1 

READY 

X2 

RDY2 osc 
FIC 

AEN2 

CSYNC 

Ready to Clock (Using X1, X2) 

PULSE 
GENERATOR 

TRIGGER 

PULSE 
GENERATOR 

CLKt-----f 

Ready to Clock (Using EFI) 
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LOAD 
(SEE NOTE 1) 

LOAD 
(SEE NOTE 2) 

LOAD 
(SEE NOTE 1) 

LOAD 
(SEE NOTE 2) 

231198-11 

231198-12 



82C88 
CHMOS BUS CONTROLLER 

FOR 80C86, 80C88 PROCESSORS 

• Pin Compatible with Bipolar 8288 • 3-State Command Output Drivers 

• Low Power Operation 
-Ices= 10 µA 

• High Drive Capability 

- Ice = 1 mA/MHz 
• Configurable for Use with an 1/0 Bus 

• Provides Advanced Commands for 
Multi-Master Busses 

• Single 5V Power Supply 

The Intel 82C88 is a high performance CH MOS version of the 8288 bipolar bus controller. The 82C88 provides 
command and control timing generation for 80C86/88, 8086/88 and iAPX 186 systems. Static CHMOS circuit 
design insures low operating power. 8 MHz speed optimizes system performance and the 82C88 high output 
drive capability eliminates the need for additional bus drivers. 

I SO-· 
80C86 -

STATUS) ~ --
l 52 ---

STATUS 
DECODER 

CONTROL 
LOGIC 

+ 5V 

COM
MAND 

SIGNAL 
GENER 
ATOR 

CONTROL 
SIGNAL 
GENER· 
ATOR 

GNO 

..._ MWTC 
·-- MRDC 1 
-. AMWC MULTIBUS® 

-.IORC J COMMAND 
____ IOWC SIGNALS 

AIOWC 

--• lNTA 

DTIA l ADDRESS LATCH. DATA 
DEN TRANSCEIVER, ANO 

MCEIPDEN 1· 1.NTEAAUPT CONTROL 
SIGNALS 

---- ALE 

231199-1 

Figure 1. Block Diagram 

108 vcc 
CLK So 

S1 52 
DT/R MCE/PDEN 

ALE DEN 

AEN CEN 

MRDC INTA 

AMWC IORC 

MWTC AIOWC 

GND IOWC 

231199-2 

Figure 2. Pin Configuration 

Intel Corporation assumes np responsibility for the use of any circuitry other than circuitry embodied in an Intel product No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. December 1984 
©Intel Corporation, 1984 Order Number: 231199-001 
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Table 1. Pin Description 

Symbol Type Name and Function 

Vee POWER: + 5V supply. 

GND GROUND. 

So. S1, S2 I STATUS INPUT PINS: These pins are the status input pins from the 80C86, 80C88 or 
8089 processors. The 82C88 decodes these inputs to generate command and control 
signals at the appropriate time. When these pins are not in use (passive) they are all 
HIGH. (See chart under Command and Control Logic.) Active "Bus Hold" circuits hold 
these lines HIGH when no other driving source is present. 

CLK I CLOCK: This is a clock signal from the 82C84 clock generator and serves to establish 
when command and control signals are generated. 

ALE 0 ADDRESS LATCH ENABLE: This signal serves to strobe an address into the address 
latches. This signal is active HIGH and latching occurs on the falling (HIGH to LOW) 
transition. ALE is intended for use with transparent D type latches. 

DEN 0 DATA ENABLE: This signal serves to enable data transceivers onto either the local or 
system data bus. This signal is active HIGH. 

DT/R 0 DATA TRANSMIT /RECEIVE: This signal establishes the direction of data flow through 
the transceivers. A HIGH on this lines indicates Transmit (write to 1/0 or memory) and a 
LOW indicates Receive (Read). 

AEN I ADDRESS ENABLE: AEN enables command outputs of the 82C88 Bus Controller at 
least 100 ns after it becomes active (LOW). AEN going inactive immediately 3-states the 
command output drivers. AEN does not affect the 1/0 command lines if the 82C88 is in 
the 1/0 Bus mode (IOB tied HIGH). 

GEN I COMMAND ENABLE: When this signal is LOW all 82C88 command outputs and the 
DEN and PDEN control outputs are forced to their inactive state. When this signal is 
HIGH, these same outputs are enabled. 

IOB I INPUT /OUTPUT BUS MODE: When the IOB is strapped HIGH the 82C88 functions in 
the 1/0 Bus mode. When it is strapped LOW, the 82C88 functions in the System Bus 
mode. (See sections on 1/0 Bus and System Bus modes). 

AIOWC 0 ADVANCED 1/0 WRITE COMMAND: The AIOWC issues an 1/0 Write Command earlier 
in the machine cycle to give 110 devices an early indication of a write instruction. Its 
timing is the same as a read command signal. AIOWC is active LOW. 

IOWC 0 1/0 WRITE COMMAND: This command line instructs an 1/0 device to read the data on 
the data bus. This signal is active LOW. 

IORC 0 1/0 READ COMMAND: This command line instructs an 1/0 device to drive its data onto 
the data bus. This signal is active LOW. 

AMWC 0 ADVANCED MEMORY WRITE COMMAND: The AMWC issues a memory write 
command earlier in the machine cycle to give memory devices an early indication of a 
write instruction. Its timing is the same as read command signal. AMWC is active LOW. 

MWTC 0 MEMORY WRITE COMMAND: This command line instructs the memory to record the 
data present on the data bus. This signal is active LOW. 

MRDC 0 MEMORY READ COMMAND: This command line instructs the memory to drive its data 
onto the data bus. This signal is active LOW. 

INTA 0 INTERRUPT ACKNOWLEDGE: This command line tells an interrupting device that its 
interrupt has been acknowledged and that it should drive vectoring information onto the 
data bus. This signal is active LOW. 

MCE/PDEN 0 This is a dual function pin. 
MCE (IOB IS TIED LOW): Master Cascade Enable occurs during an interrupt sequence 
and serves to read a Cascade Address from a master PIG (Priority Interrupt Controller) 
onto the data bus. The MCE signal is active HIGH. 
PDEN (IOB IS TIED HIGH): Peripheral Data Enable enables the data bus transceiver for 
the 1/0 bus that DEN performs for the system bus. PDEN is active LOW. 
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FUNCTIONAL DESCRIPTION 

Command and Control Logic 

The command logic decodes the three 80C86, 
80C88 or 8089 CPU status lines (So, S1, S2) to de
termine what command is to be issued. 

This chart shows the meaning of each status 
"word". 

S2 S1 So Processor State 82C88 Command 

0 0 0 Interrupt Acknowledge INTA 

0 0 1 Read 1/0 Port IORC 

0 1 0 Write 1/0 Port IOWC,AIOWC 

0 1 1 Halt None 

1 0 0 Code Access MRDC 

1 0 1 Read Memory MRDC 

1 1 0 Write Memory MWTC,AMWC 

1 1 1 Passive None 

The command is issued in one of two ways depen
dent on the mode of the 82C88 Bus Controller. 

1/0 Bus Mode - The 82C88 is in the 110 Bus mode 
if the IOB pin i$ strapped HIGH. In the 1/0 Bus mode 
all 1/0 command lines (IORC, IOWC, AIOWC, INTA) 
are always enabled (i.e., not dependent on AEN). 
When an 1/0 command is initiated by the processor, 
the 82C88 immediately activates the command 
lines, using PDEN and DT /R to control the 1/0 bus 
transceiver. The 1/0 command lines should not be 
used to control the system bus in this configuration 
because no arbitration is present. This mode allows 
one 82C88 Bus Controller to handle two external 
busses. No waiting is involved when the CPU wants 
to gain access to the 1/0 bus. Normal memory ac
cess requires a "Bus Ready" signal (AEN LOW) be
fore it will proceed. It is advantageous to use the IOB 
mode if 1/0 or peripherals dedicated to one proces
sor exist in a multi-processor system. 

System Bus Mode - The 82C88 in the System Bus 
mode if the IOB pin is strapped LOW. In this mode 
no command is issued until 115 ns after the AEN 
Line is activated (LOW). This mode assumes bus 
arbitration logic will inform the bus controller (on the 
AEN line) when the bus is free for use. Both memory 
and 1/0 commands wait for bus arbitration. This 
mode is used when only one bus exists. Here, both 
1/0 and memory are shared by more than one proc
essor. 

COMMAND OUTPUTS 

The advanced write commands are made available 
to initiate write procedures early in the machine cy
cle. This signal can be used to prevent the proces
sor from entering an unnecessary wait state. 

The command outputs are: 
MRDC - Memory Read Command 
MWTC - Memory Write Command 
IORC - 1/0 Read Command 
IOWC - 1/0 Write Command 
AMWC - Advanced Memory Write Command 
AIOWC - Advanced 1/0 Write Command 
INTA - Interrupt Acknowledge 

INTA (Interrupt Acknowledge) acts as an 1/0 read 
during an interrupt cycle. Its purpose is to inform an 
interrupting device that its interrupt is being acknowl
edged and that it should place vectoring information 
onto the data bus. 

CONTROL OUTPUTS 

The control outputs of the 82C88 are Data Enable 
(DEN), Data Transmit/Receive (DT /R) and Master 
Cascade Enable/Peripheral Data Enable (MCE/ 
PDEN). The DEN signal determines when the exter
nal bus should be enabled onto the local bus and 
the DT /R determines the direction of data transfer. 
These two signals usually go to the chip select and 
direction pins of a transceiver. 

The MCE/PDEN pin changes function with the two 
modes of the 82C88. When the 82C88 is in the 108 
mode (108 HIGH) the PDEN signal serves as a dedi
cated data enable signal for the 1/0 or Peripheral 
System bus. 

INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowl
edge cycle if the 82C88 is in the System Bus mode 
(IOB LOW). During any interrupt sequence there are 
two interrupt acknowledge cycles that occur back to 
back. During the first interrupt cycle no data or ad
dress transfers take place. Logic should be provided 
to mask off MCE during this cycle. Just before the 
second cycle begins the MCE signal gates a master 
Priority Interrupt Controller's (PIC) cascade address 
onto the processor's local bus where ALE (Address 
Latch Enable) strobes it into the address latches. On 
the leading edge of the second inter~upt cycle the 
addressed slave PIC gates an interrupt vector onto 
the system data bus where it is read by the proces
sor. 
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If the system contains only one PIC, the MCE signal 
is not used. In this case the second interrupt Ac-
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 
Storage Temperature 
Supply Voltage 
Operating Supply Voltage 
All Input Voltages 
All Output Voltages 
Power Dissipation 

0°c to 70°C 
- 65°C to + 150°C 

- 0.5V to 8.0V 
4.0V to 7.0V 

-2.ov to Vee+ 0.5V 
- 0.5V to V cc + 0.5V 

1.0 Watt 

•Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (Vee = 5V ± 10%, TA = 0°c to 70°C) 

Symbol Parameter Min Max Unit Test Conditions 

V1N = Vee or GND 
Ice Operating Supply Current 8 mA Vee= 5.5V 

Outputs Unloaded 

V1N = Vee or GND 
Ices Standby Supply Current 10 µA Vee= 5.5V 

Outputs Unloaded 

V1H Input High Voltage 2.0 v 
V1L Input Low Voltage 0.8 v 
VcH V1H for Clock 0.7Vcc v 
VcL V1L for Clock 0.2Vcc v 

-

lu Input Leakage Current ±1.0 µA ov <:; V1N <:;Vee 
(Note 1) 

IBHH 
Input Leakage Current -50 -300 µA 

V1N = 2.0V 
(Bus Hold High) (Notes 2, 3) 

IBHHO Bus Hold High Overdrive -600 J!:..A (Notes 2, 4) 

ILO Output Leakage Current ±10 µA ov <:: VouT <:: Vee 

Output Low Voltage: 
Vol Command Outputs 0.5 v loL = 20 mA 

Control Outputs 0.4 loL = BmA 

Output High Voltage: 
Command Outputs 3.0 loH = -SmA 

VoH Vee - 0.4 v loH = -2.5 mA 
Control Outputs 3.0 loH = -4mA 

Vee - 0.4 loH = -2.5 mA 

C1N Input Capacitance 5 pF Freq.= 1 MHz 
Unmeasured pins at GND 

CouT Output Capacitance 15 pF 
Freq.= 1 MHz 
Unmeasured pins at GND 

NOTES: 
1. Except So. 81. S2. 
2. So. S1, S;! only. 
3. Raise inputs to Vee, then lower to 2.0V. 
4. An external driver must sink at least lsHHO to toggle a status line from HIGH to LOW. 

knowledge signal gates the interrupt vector onto the 
processor bus. 

ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each ma
chine cycle and serves to strobe the current address 
into the address latches. ALE also serves to strobe 
the status (S0, S1, S2) into a latch for halt state de
coding. 
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COMMAND ENABLE 

The Command Enable (GEN) input acts as a com
mand qualifier for the 82C88. If the GEN pin is high 
the 82C88 functions normally. If the GEN pin is 
pulled LOW, all command lines are held in their inac
tive state (not 3-state). This feature can be used to 
implement memory partitioning and to eliminate ad
dress conflicts between system bus devices and 
resident bus devices. 
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A.C. CHARACTERISTICS (Vee= 5V ±10%, TA= 0°Cto?0°C)* 

TIMING REQUIREMENTS 

Symbol Parameter Min Max Units Test Conditions 

fc CLK Frequency 8 MHz 

TCLCL CLK Cycle Period 125 ns 

TCLCH CLKLowTime 66 ns 

TCHCL CLK High Time 40 ns 

TSVCH Status Active Setup Time 35 ns 

TCHSV Status Inactive Hold Time 10 ns 

TSHCL Status Inactive Setup Time 35 ns 

TCLSH Status Active Hold Time 10 ns 

TIMING RESPONSES 

Symbol Parameter Min Max Units Test Conditions•• 

TCVNV Control Active Delay 5 45 ns a 

TCVNX Control Inactive Delay 10 45 ns a 

TCLLH ALE Active Delay (from CLK) 20 ns a 

TCLMCH MCE Active Delay (from CLK) 25 ns a 

TSVLH ALE Active Delay (from Status) 20 ns a 

TSVMCH MCE Active Delay (from Status) 30 ns a 

TCHLL ALE Inactive Delay 4 18 ns a 

TMHNL Command Inactive to DEN Low Delay TCLCH-5 ns Command: a, DEN: e 

TCLML Command Active Delay 5 35 ns b 

TCLMH Command Inactive Delay 5 35 ns b 

TCHDTL Direction Control Active Delay 50 ns a 

TCHDTH Direction Control Inactive Delay 30 ns a 

TAELCH Command Enable Time 40 ns c(Note 1) 

TAEHCZ Command Disable Time 40 ns d(Note 2) 

TAELCV Enable Delay Time 110 250 ns b 

TAEVNV AEN to DEN 25 ns a 

TC EV NV CEN to DEN, PDEN 25 ns a 

TCELRH CEN to Command TCLML +10 ns b 

TLHLL ALE High Time TCLCL -10 ns a 

TO LOH Output, Rise Time 15 ns From O.BV to 2.0V 

TOHOL Output, Fall Time 15 ns From 2.0V to O.BV 

NOTES: 
1. TAELeH measurement is between 1.5V and 2.5V. 
2. TAEHez measured at 0.5V change in VouT· 
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TEST LOAD CIRCUITS-3-STATE COMMAND OUTPUT TEST LOAD 

•*Test Condition Definition Table 

Test 
loH loL V1 R1 C1 

Condition 

a -4.0mA +8.0mA 2.13V 220!1 80 pf 

b -8.0mA +20.0mA 2.29V 91!1 300 pf 

c -8.0mA 1.5V 187!1 300 pf 

d -8.0mA 1.5V 187!1 50 pf 

e -4.0mA 2.28V 114!1 5 pf 

231199-3 
'Includes stray and jig capacitance 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

2.4V 

0.45V 
231199-4 

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "O". The clock is driven at 3.9V and 0.4V. 
Timing measurements are made at VoH and Vol· Input rise and fall times should be :o: 15 ns measured between 0.8V 
and 2.0V. 
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WAVEFORMS 

STATE 

CLk 

ADORESSIDATA 

ALE 

DEN (WRITE) 

i5'6fN (WRITE) 

NOTES: 

DTIR(READ) 
(INTAI 

MCE 

82C88 

TCHSV 

-TCLML 

TCVNX 

1. Address/Data Bus is shown only for reference purposes. 

.....-TCLMl 

1--TCVNV 

TCVNX 

TCHDTH 

231199-5 

2. Leading edge of ALE and MCE is determined by the falling edge of CLK or Status going active, whichever occurs last. 
3. All timing measurements are made at 1.5V unless specified otherwise. 
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WA VE FORMS (Continued) 

DEN, PDEN QUALIFICATION TIMING 

CEN 

/---TAEVNV--1 

OEN 
\/ \V 
_/~ _/I\ 

1---TCEVNV~ 

\I/ 
_/I\ 

231199-6 

ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 

TAELCV 
1.SV 1.SV 

TAELCH TAEHCZ 

VQH 

co~u.J:~~-------------'' 

CEN-------------=r"'c•"'<R"'H~r 

231199-7 

NOTE: 
GEN must be low or valid prior to T2 to prevent the command from being generated. 
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82C08 
CHMOS DYNAMIC RAM CONTROLLER 

• 0 Wait State, 8 MHz iAPX 286, • Directly Addresses and Drives up to 
iAPX 186/188, and iAPX 86/88 1 Megabyte without External Drivers 

• Provides all Signals necessary to • Power Down Mode with Programmable 
Control 64K (51C64) and 256K (51C256) Memory Refresh 
Dynamic RAMs • Microprocessor Data Transfer and 

• Pin-Compatible with 8208 Advance Acknowledge Signals 

• Automatic RAM Warm-up • Four Programmable Refresh Modes 

The Intel 82C08 Dynamic RAM Controller is a CMOS, high performance, systems oriented, Dynamic RAM 
controller that is designed to easily interface 64K and 256K Dynamic RAMs to Intel and other micro
processors. The 82C08 also has a power down mode where only the refresh logic is activated. 

AL4 Vee 
AL3 AL5 
AL2 AL6 
AL1 AL? 
ALO ALB 
BS AHO 

AOO AH1 ... A01 AH2 
A02 AH3 

C.S A03 AH4 
A04 AH5 
Vss AH6 
A05 Vss 
A06 AH? 
AO? AHB 
A08 PDI 

POD RFRQ 
RAS1 CLK 
RASO RD 
CAS1 WR 
CASO PE 

PDCLK PCTL 
RESET AACK/XACK 

WE/PCLK 

Figure 1. Block Diagram and Pinout Diagram 

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. Information Contained Herein Supersedes Previously Published 
Specifications On These Devices From Intel. 

©INTEL CORPORATION, 1983 November, 1984 
ORDER NUMBER: 231357-001 
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Table 1. Pin Description 

Symbol Pin type Name and Function 

ALO 5 ADDRESS LOW: These lower order address inputs are used to generate the row 
AL1 4 address for the internal address multiplexer. In iAPX 286 mode (CFS = 1), these 
AL2 3 addresses are latched internally. 
AL3 2 
AL4 1 
AL5 47 
AL6 46 
AL7 45 
ALB 44 

AHO 43 ADDRESS HIGH: These higher order address inputs are used to generate the column 
AH1 42 address for the internal address multiplexer. In iAPX 286 mode, these addresses are 
AH2 41 latched internally. 
AH3 40 
AH4 39 
AH5 38 
AH6 37 
AH7 35 
AH8 34 

BS 6 BANK SELECT: This input is used to select one of the two banks of the dynamic RAM 
array as defined by the program-bit RB. 

AOO 7 0 ADDRESS OUTPUTS: These outputs are designed to provide the row and column 
A01 8 0 addresses, of either the CPU or the refresh counter, to the dynamic RAM array. These 
A02 9 0 outputs drive the dynamic RAM array directly and need no external drivers. However, 
A03 10 0 they typically need series resistors to match impedances. 
A04 11 0 
A05 13 0 
A06 14 0 
A07 15 0 
A08 16 0 
RASO 19 0 ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch 
RAS1 18 0 the row address, present on the A00-8 pins. These outputs are selected by the BS pin 

as programmed by program-bit RB. These outputs drive the dynamic RAM array 
directly and need no external drivers. 

CASO 21 0 COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to 
CAS1 20 0 latch the column address, present on the A00-8 pins. These outputs are selected by 

the BS pin as programmed by program-bit RB. These outputs drive the dynamic RAM 
array directly and need no external drivers. 

RESET 23 I RESET: This active high signal causes all internal counters to be reset. Upon release of 
RESET, data appearing at the POI pin is clocked-in by the PCLK output. The states of 
the POI, PCTL and RFRQ pins are sampled by RESET going inactive and are used to 
program the 82C08. An 8-cycle dynamic RAM warm-up is performed after clocking 
POI bits into the 82C08. Activation of RESET will terminate the power down mode. 

WE/ 25 0 WRITE ENABLE/PROGRAMMING CLOCK: Immediately after a RESET this pin 
PCLK becomes PCLK and is used to clock serial programming data into the POI pin. Afterthe 

82C08 is programmed this active high signal provides the dynamic RAM array the 
write enable input for a write operation. 

AACK/ 26 0 ADVANCE ACKNOWLEDGE/TRANSFER ACKNOWLEDGE: When the X program-
XACK ming bit is set to logic Othis pin is AACK and indicates that the processor may continue 

processing and that data will be available when required. This signal is optimized for 
the system by programming the S program-bit for synchronous or asynchronous 
operation. The S programming bit determines whether this strobe will be early or late. 
If another dynamic RAM cycle is in progress at the time of the new request, the AACK 
is delayed. When the X programming bit is set to logic 1 this pin isXACK and indicates 
that data on the bus is valid during a read cycle or that data may be removed from the 
bus during a write cycle. XACK is a MULTIBUS compatible signal. 
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Table 1. Pin Description (continued) 

Symbol Pin Type Name and Function 

PCTL 27 I PORT CONTROL: This pin is sampled on the falling edge of RESET It configures the 
8208 to accept command inputs or processor status inputs. If PCTL is low after RESET 
the 8208 is programmed to accept bus/multibus command inputs or iAPX 286 status 
inputs. If PCTL is high after RESET the 8208 i~programmed to accept status inputs from 
iAPX 86 or iAPX 186 type processors. The S2 status line should be connected to this 
input if programmed to accept iAPX 86 or iAPX 186 status inputs. When programmed to 
accept bus commands or iAPX 286 status inputs, it should be tied low or it may be 
connected to INHIBIT when operating with MULTIBUS. 

PE 28 I PORT ENABLE: This pin serves to enable a RAM cycle request. It is generally decoded 
from the address bus. 

WR 29 I 
---1 

WRITE: This2in is the write memory request command input. This input also directly 
accepts the SO status line from Intel processors. 

RD 30 I READ: This Qi_n is the read memory request command input. This input also directly 
accepts the S1 status line from Intel processors. 

CLK 31 I CLOCK: This input provides the basic timing for sequencing the internal logic. 

RFRQ 32 I REFRESH REQUEST: This input is sampled on the falling edge of RESET If RFRQ is 
high at RESET then the 82C08 is programmed for internal-refresh request or external-
refresh request with failsafe protection. If RFRQ is low at RESET then the 82C08 is 
programmed for external-refresh without failsafe protection or burst-refresh. Once 
programmed the RFRQ pin accepts signals to start an external-refresh with failsafe 
protection or external-refresh without failsafe protection or a burst-refresh. 

POI 33 I PROGRAM DATA INPUT: This input is sampled by RESET going low It programs the 
various user selectable options in the 82C08. The PCLK pin shifts programming data 
into the POI input from an external shift register. This pin may be strapped low to a 
default iAPX 186 mode configuration or high to a default iAPX 286 mode configuration. 

"POD 17 I POWER DOWN DETECT: This input is sampled before every memory cycle to inform 
the 82C08 of system detection of power failure. When active, the 82C08 remains in 
power down mode and performs memory refresh only (RAS-only refresh). In power 

f--
down mode the 82C08 uses PDCLK for timing and VPD for power. 

"PDCLK 22 I POWER DOWN CLOCK: This pin is used as a clock for internal refresh circuits during 
power down. The input can be asynchronous to pin 31. Extended refresh is achieved 
by slowing down this clock. This pin should be grounded if not used. 

'Vcc!Vpo 24 I POWER: During power down mode this is the only active power pin. 

Vee 48 I POWER: +5V. Not active during power down. 

Vss 12 I GROUND 
36 I GROUND 

"Different function than the HMOS 8208. 

GENERAL DESCRIPTION: 8208 vs. 82C08 

The Intel 82C08 Dynamic RAM Controller is a micro
computer peripheral device which provides the 
necessary signals to address, refresh and directly 
drive 64K and 256K dynamic RAMs. 

The 8208 supports several microprocessor interface 
options including synchronous and asynchronous 
operations for iAPX 86, iAPX 186, iAPX 286 and 
MULTIBUS. The 82C08 will also interface to non
Intel microprocessors. 

The 82C08 is a CH MOS version of the 8208 and is 
pin compatible with it. Three pins-17, 22,. and 24-
of the 82C08 are different from the 8208. They 
provide a power down mode that allows the system 
to run at much lower ICC. A separate refresh clock, 
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pin 22, allows the designer to take advantage of 
RAMs like Intel's 51C64L and 51C256L that permit 
extended memory refresh. 

The 82C08 also has some timing changes versus the 
8208. In order tQ.El.!iminate the external bus latches, 
both WE and CAS timings are shortened. These 
timing changes are backwards-compatible for 8208 
designs. 

FUNCTIONAL DESCRIPTION 

Processor Interface 

The 82C08 has control circuitry capable of sup
porting one of several possible bus structures. The 
82C08 may be programmed to run synchronous or 
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asynchronous to the processor clock. The 82C08 
has been optimized to run synchronously with 
Intel's iAPX 86, iAPX 88, iAPX 186/188 and iAPX 286. 
When the 82C08 is programmed to run in asynchro
nous mode, the 82C08 inserts the necessary syn
chronization circuitry for the RD, WR, PE, and PCTL 
inputs. 

The 82C08 achieves high performance (i.e. no wait 
states) by decoding the status lines directly from the 
processor. The 82C08 can also be programmed to 
receive read or write MULTIBUS commands or 
commands from a bus controller. 

__ CLK 
SO>-------WR 

8086/ Si RD 82C08 
80186 52 PCTL 

PE 
ADDRIDATA 

ADDRESS 
DECODE 

Slow-Cycle Synchronous-Status Interface 

CLK 

SO MWTC 
Si MRDC 
S2 8288 

~----"-. ADDRESS 
'------,/1 DECODE 

WRCLK 
RD 
PCTL 

82C08 
PE 

Slow-Cycle Synchronous-Command Interface 

The 82C08 may be programmed to accept the clock 
of the processor. The 82C08 adjusts its internal 
timing to allow for different clock frequencies of 
these microprocessors. (See Microprocessor Clock 
Frequency Option.) 

Figure 2 shows the different processor interfaces to 
the 82C08 using the synchronous or asynchronous 
mode and status or command interface. Figure 3 
shows detailed interfaces to the iAPX 186 and 
iAPX 286 processors. 

-A~T ~""' J--o_J- w' 

1 
·-el " _ .,82C08 

JI "'- , """ 
V- PE 

Slow-Cycle Asynchronous-Status Interface 

CLK 

SO MWTC 
51 MRDC 
S2 8288 

Slow-Cycle Asynchronous-Command Interface 

Figure 2A. Slow-cycle (CFS=O) Port Interfaces Supported by the 82C08 
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Fast-Cycle Synchronous-Status Interface Fast-Cycle Asynchronous-Status Interface 

. MULflBUS OPTION 

Fast-Cycle Synchronous-Command Interface Fast-Cycle Asynchronous-Command Interface 

Figure 28. Fast-cycle (CFS=1) Port Interfaces Supported by the 82C08 

Figure 3A. 82C08 Interface to an 80186 
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SYSTEM 
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~TAHCEKR --....--.... 

SIGNALS 

~-+--+-~~~~~~--1C. .. ~.,,-'*1~_,__~~~___J,r-~~,___ 
ffi-~: ~------./! 

Figure 38. 82C08 Interface to an 80286 
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82C54 

CHMOS PROGRAMMABLE INTERVAL TIMER 

• Compatible with all Intel and most • Low Power CHMOS 
other microprocessors - Ice = 10 mA @ 8 MHz Count 

• High Speed, "Zero Walt State" frequency 

Operation with 8 MHz 8086/88 and • Completely TTL Compatible 
80186/188 • Six Programmable Counter Modes 

• Three Independent 16-blt counters • Binary or BCD counting 

• Handles Inputs from DC to 8 MHz • Status Read Back Command 
-10 MHz for 82C54-2 

The Intel 82C54 is a high-performance, CHMOS version of the industry standard 8254 counter/timer which is 
designed to solve the timing control problems common in microcomputer system design. It provides three 
independent 16-bit counters, each capable of handling clock inputs up to 10 MHz. All modes are software 
programmable. The 82C54 is pin compatible with the HMOS 8254, and is a superset of the 8253. 

Six programmable timer modes allow the 82C54 to be used as an event counter, elapsed time indicator, 
programmable one-shot, and in many other applications. 

The 82C54 is fabricated on Intel's advanced CHMOS Ill technology which provides low power consumption 
with performance equal to or greater than the equivalent HMOS product. The 82C54 is available in 24-pin DIP 
and 28-pin plastic leaded chip carrier (PLCC) packages. 

231244-1 

Figure 1. 82C54 Block Diagram 

Os Dti 01 NC Yee WR Ro 

OUTO GATEO GNO NC OUT1 GATE1 CLK1 

PLASTIC LEADED CHIP CARRIER 

Di 
o, 
o, 

Vee 

Wii 
iiD 
cs 

231244-2 
Diagrams are for pin reference only. 

Package sizes are not to scale. 

Figure 2. 82C54 Plnout 

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. Information contained herein supersedes previously published specifications on these devices from Intel. November 1984 
© Intel Corporation, 1984 Order Number: 231244-001 
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Table 1. Pin Description 

Symbol 
Pin Number 

Type 
DIP PLCC 

Dr Do 1-8 2-9 110 

CLKO 9 10 I 

OUTO 10 12 0 

GATEO 11 13 I 

GND 12 14 

OUT1 13 16 0 

GATE 1 14 17 I 

CLK 1 15 18 I 

GATE2 16 19 I 

OUT2 17 20 0 
CLK2 18 21 I 

A1,Ao 20-19 23-22 I 

cs 21 24 I 

. RD 22 26 I 

WR 23 27 I 

Vee 24 28 

NC 1, 11, 15, 25 

FUNCTIONAL DESCRIPTION 

General 

The 82C54 is a programmable interval timer/counter 
designed for use with Intel microcomputer systems. 
It is a general purpose, multi-timing element that can 
be treated as an array of 110 ports in the system 
software. 

The 82C54 solves one of the most common prob
lems in any microcomputer system, the generation 
of accurate time delays under software control. In
stead of setting up timing loops in software, the pro
grammer configures the 82C54 to match his require
ments and programs one of the counters for the de-

Function 

Data: Bidirectional tri-state data bus lines, 
connected to system data bus. 

Clock 0: Clock input of Counter 0. 

Output 0: Output of Counter 0. 

Gate 0: Gate input of Counter 0. 

Ground: Power supply connection. 

Out 1 : Output of Counter 1. 

Gate 1 : Gate input of Counter 1. 

Clock 1 : Clock input of Counter 1. 

Gate 2: Gate input of Counter 2. 

Out 2: Output of Counter 2. 

Clock 2: Clock input of Counter 2. 

Address: Used to select one of the three Counters 
or the Control Word Register for read or write 
operations. Normally connected to the system 
address bus. 

A1 Ao Selects 

0 0 CounterO 
0 1 Counter 1 
1 0 Counter 2 
1 1 Control Word Register 

Chip Select: A low on this input enables the 82C54 
to respond to RD and WR signals. RD and WR are 
ignored otherwise . 

Read Control: This input is low during CPU read 
operations. 

Write Control: This input is low during CPU write 
operations. 

Power: + 5V power supply connection. 

No Connect 
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sired delay. After the desired delay, the 82C54 will 
interrupt the CPU. Software overhead is minimal and 
variable length delays can easily be accommodated. 

Some of the other counter/timer functions common 
to microcomputers which can be implemented with 
the 82C54 are: 

• Real time clock 
• Even counter 
• Digital one-shot 
• Programmable rate generator 
• Square wave generator 
• Binary rate multiplier 
• Complex waveform generator 
• Complex motor controller 

231244-001 
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Block Diagram 

DATA BUS BUFFER 

This 3-state, bi-directional, 8-bit buffer is used to in
terface the 82C54 to the system bus (see Figure 3). 

231244-4 

Figure 3. Block Diagram Showing Data Bus 
Buffer and Read/Write Logic Functions 

READ/WRITE LOGIC 

The Read/Write Logic accepts inputs from the sys
tem bus and generates control signals for the other 
functiohal blocks of the 82C54. A1 and Ao select 
one of the three counters or the Control Word R~ 
ter to be read from/written into. A "low" on the RO 
input tells the 82C54 that the CPU is reading one of 
the counters. A "low" on the WR input tells the 
82C54 that the CPU is writing either a Control Word 
or an initial count. Both RD and WR" are qualified by 
CS; RD and WR are ignored unless the 82C54 has 
been selected by holding CS low. 
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CONTROL WORD REGISTER 

The Control Word Register (see Figure 4) is selected 
by the Read/Write Logic when A1, Ao = 11. If the 
CPU then does a write operation to the 82C54, the 
data is stored in the Control Word Register and is 
interpreted as a Control Word used to define the 
operation of the Counters. 

The Control Word Register can only be written to; 
status information is available with the Read-Back 
Command. 

231244-5 

Figure 4. Block Diagram Showing Control Word 
Register and Counter Functions 

COUNTER 0, COUNTER 1, COUNTER 2 

These three functional blocks are identical in opera
tion, so only a single Counter will be described. The 
internal block diagram of a single counter is shown 
in Figure 5. 

The Counters are fully independ~nt. Each Counter 
may operate in a different Mode. 

The Control Word Register is shown in the figure; it 
is not part of the Counter itself, but its contents de
termine how the Counter operates. 

231244-001 



82C54 

231244-6 

Figure 5. Internal Block Diagram of a Counter 

The status register, shown in the Figure, when 
latched, contains the current contents of the Control 
Word Register and status of the output and null 
count flag. (See detailed explanation of the Read
Back command.) 

The actual counter is labelled CE (for "Counting Ele
ment"). It is a 16-bit presettable synchronous down 
counter. 

OLM and OLL are two 8-bit latches. OL stands for 
"Output Latch"; the subscripts M and L stand for 
"Most significant byte" and "Least significant byte" 
respectively. Both are normally referred to as one 
unit and called just OL. These latches normally "fol
low" the CE, but if a suitable Counter Latch Com
mand is sent to the 82C54, the latches "latch" the 
present count until read by the CPU and then return 
to "following" the CE. One latch at a time is enabled 
by the counter's Control Logic to drive the internal 
bus. This is how the 16-bit Counter communicates 
over the 8-bit internal bus. Note that the CE itself 
cannot be read; whenever you read the count, it is 
the OL that is being read. 

Similarly, there are two 8-bit registers called CRM 
and CAL (for "Count Register"). Both are normally 
referred to as one unit and called just CR. When a 
new count is written to the Counter, the count is 

stored in the CR and later transferred to the CE. The 
Control Logic allows one register at a time to be 
loaded from the internal bus. Both bytes are trans
ferred to the CE simultaneously. CAM and CAL are 
cleared when the Counter is programmed. In this 
way, if the Counter has been programmed for one 
byte counts (either most significant byte only or least 
significant byte only) the other byte will be zero. 
Note that the CE cannot be written into; whenever a 
count is written, it is written into the CR. 

The Control Logic is also shown in the diagram. CLK 
n, GATE n, and OUT n are all connected to the out
side world through the Control Logic. 

82C54 SYSTEM INTERFACE 

The 82C54 is treated by the systems software as an 
array of peripheral 1/0 ports; three are counters and 
the fourth is a control register for MODE program
ming. 

Basically, the select inputs A0 , A1 connect to the A0, 
A1 address bus signals of the CPU. The CS can be 
derived directly from the address bus using a linear 
select method. Or it can be connected to the output 
of a decoder, such as an Intel 8205 for larger sys
tems. 
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COUNTER 
0 

OUT GATE ClK 

Do·D1 Rl5 WR .... 
COUNTER COUNTER 

1 2 

OUT GATE CLK OUT GATE cli(l 

1 
231244-7 

Figure 6. 82C54 System Interface 
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OPERATIONAL DESCRIPTION 

General 

After power-up, the state of the 82C54 is undefined. 
The Mode, count value, and output of all Counters 
are undefined. 

How each Counter operates is determined when it is 
programmed. Each Counter must be programmed 
before it can be used. Unused counters need not be 
programmed. 

Control Word Format 

A1, Ao = 11 CS = 0 RD = 1 WR = 0 

Programming the 82C54 

Counters are programmed by writing a Control Word 
and then an initial count. The control word format is 
shown in Figure 7. 

All Control Words are written into the Control Word 
Register, which is selected when A1, Ao = 11. The 
Control Word itself specifies which Counter is being 
programmed. 

By contrast, initial counts are written into the Coun
ters, not the Control Word Register. The A1, Ao in
puts are used to select the Counter to be written 
into. The format of the initial count is determined by 
the Control Word used. 

D1 Ds Ds D4 Da D2 D1 Do 

I SC1 I sco I RW1 I RWO I M2 I M1 I MO I BCD I 
SC - Select Counter: M-MODE: 

SC1 SCO M2 M1 MO 

0 0 Select Counter O 0 0 0 ModeO 

0 1 Select Counter 1 0 0 1 Mode 1 

1 0 Select Counter 2 x 1 0 Mode2 

1 1 
Read-Back Command 
(See Read Operations) 

x 1 1 Mode3 

1 0 0 Mode4 

RW - Read/Write: 1 0 1 Mode5 

RW1 RWO 

0 0 Counter Latch Command (see Read BCD: 

Operations) 0 Binary Counter 16-bits 

0 1 Read/Write least significant byte only. 1 Binary Coded Decimal (BCD) Counter 

1 0 Read/Write most significant byte only. 

1 1 Read/Write least significant byte first, 
then most significant byte. 

NOTE: Don't care bits (X) should be o to insure 
compatibility with future Intel products. 

(4 Decades) 

Figure 7. Control Word Format 
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Write Operations 

The programming procedure for the 82C54 is very 
flexible. Only two conventions need to be remem
bered: 

1) For each Counter, the Control Word must be 
written before the initial count is written. 

2) The initial count must follow the count format 
specified in the Control Word (least significant 
byte only, most significant byte only, or least sig
nificant byte and then most significant byte). 

Since the Control Word Register and the three 
Counters have separate addresses (selected by the 
A1, Ao inputs), and each Control Word specifies the 
Counter it applies to (SCO, SC1 bits), no special in-

A1 Ao 
Control Word - CounterO 1 1 
LSB of count - Counter 0 0 0 
MSB of count - CounterO 0 0 
Control Word - Counter 1 1 1 
LSB of count - Counter 1 0 1 
MSB of count - Counter 1 0 1 
Control Word - Counter2 1 1 
LSB of count - Counter 2 1 0 
MSB of count - Counter 2 1 0 

A1 Ao 
Control Word - CounterO 1 1 
Counter Word - Counter 1 1 1 
Control Word - Counter 2 1 1 
LSB of count - Counter2 1 0 
LSB of count - Counter 1 0 1 
LSB of count - CounterO 0 0 
MSB of count - Counter 0 0 0 
MSB of count - Counter 1 0 1 
MSB of count - Counter 2 1 0 

NOTE: 

struction sequence is required. Any programming 
sequence that follows the conventions above is ac
ceptable. 

A new initial count may be written to a Counter at 
any time without affecting the Counter's pro
grammed Mode in any way. Counting will be affected 
as described in the Mode definitions. The new count 
must follow the programmed count format. 

If a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between writing the first 
and second byte to another routine which also writes 
into that same Counter. Otherwise, the Counter will 
be loaded with an incorrect count. 

A1 Ao 
Control Word - Counter 2 1 1 
Control Word - Counter 1 1 1 
Control Word- CounterO 1 1 
LSB of count - Counter2 1 0 
MSB of count - Counter 2 1 0 
LSB of count - Counter 1 0 1 
MSB of count - Counter 1 0 1 
LSB of count - CounterO 0 0 
MSB of count - CounterO 0 0 

A1 Ao 
Control Word - Counter 1 1 1 
Control Word - CounterO 1 1 
LSB of count - Counter 1 0 1 
Control Word - Counter 2 1 1 
LSB of count - CounterO 0 0 
MSB of count - Counter 1 0 1 
LSB of count - Counter 2 1 0 
MSB of count - CounterO 0 0 
MSB of count - Counter 2 1 0 

In all four examples, all counters are programmed to read/write two-byte counts. 
These are only four of many possible programming sequences. 

Figure 8. A Few Possible Programming Sequences 

Read Operations 

It is often desirable to read the value of a Counter 
without disturbing the count in progress. This is easi
ly done in the 82C54. 

There are three possible methods for reading the 
counters: a simple read operation, the Counter 
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Latch Command, and the Read-Back Command. 
Each is explained below. The first method is to per
form a simple read operation. To read the Counter, 
which is selected with the A 1, AO inputs, the CLK 
input of the selected Counter must be inhibited by 
using either the GATE input or external logic. Other
wise, the count may be in the process of changing 
when it is read, giving an undefined result. 
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COUNTER LATCH COMMAND 

The second method uses the "Counter Latch Com
mand". Like a Control Word, this command is written 
to the Control Word Register, which is selected 
when A1, Ao = 11. Also like a Control Word, the 
SCO, SC1 bits select one of the three Counters, but 
two other bits, 05 and 04, distinguish this command 
from a Control Word. 

A1, Ao= 11; CS=O; RD= 1; WR=O 

D1 D& D5 D4 D3 D2 D1 Do 

I SC1 I sco I 0 I 0 I x I x I x x I 
SC1, SCO - specify counter to be latched 

SC1 SCO Counter 

0 0 0 
0 1 1 
1 0 2 
1 1 Read-Back Command 

05,04 - 00 designates Counter Latch Command 

X - don't care 

NOTE: 
Don't care bits (X) should be 0 to insure compatibility 
with future Intel products. 

Figure 9. Counter Latching Command Format 

The selected Counter's output latch (OL) latches the 
count at the time the Counter Latch Command is 
received. This count is held in the latch until it is read 
by the CPU (or until the Counter is reprogrammed). 
The count is then unlatched automatically and the 
OL returns to "following" the counting element (CE). 
This allows reading the contents of the Counters 
"on the fly" without affecting counting in progress. 
Multiple Counter' Latch Commands may be used to 
latch more than. one Counter. Each latched Coun
ter's OL holds its count until it is read. Counter Latch 
Commands do not affect the programmed Mode of 
the Counter in any way. 

If a Counter is latched and then, some time later, 
latched again before the· count is read, the second 
Counter Latch Command is ignored. The count read 
will be the count at the time the first Counter Latch 
Command was issued. 

With either method, the count must be read accord
ing to the programmed 'format; specifically, if the 
Counter is programmed for two byte counts, two 
bytes must be read. The two bytes do not have to be 
read one right after the other; read or write or pro-

gramming operations of other Counters may be in
serted between them. 

Another feature of the 82C54 is that reads and 
writes of the same Counter may be interleaved; for 
example, if the Counter is programmed for two byte 
counts, the following sequence is valid. 

1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 

If a Counter is programmed to read/write two-byte 
counts, the following precaution applies; A program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same Counter. Otherwise, an incorrect 
count will be read. 

READ·BACK COMMAND 

The third method uses the Read-Back command. 
This command allows the user to check the count 
value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected coun
ter(s). 

The command is written into the Control Word Reg
ister and has the format shown in Figure 1 O. The 
command applies to the counters selected by set
ting their corresponding bits 03,02,01 = 1. 

AO, A1 = 11 CS = 0 RD = 1 WR = 0 

D1 Ds D5 D4 Ds D2 D1 Do 

I 1 I 1 ICOONTIS'FATOSlcNT2JcNr1lcNroJ o J 
Ds: 0 = Latch count of selected counter(s) 
D4: O = Latch status of selected counter(s) 
D3: 1 = Select counter 2 
D2: 1 = Select counter 1 
D1: 1 = Select counter O 
Do: Reserved for future expansion; must be 0 

Figure 10. Read-Back Command Format 

The read-back command may be used to latch multi
~nter output latches (OL) by setting the 
COONT bit 05 = 0 and selecting the desired coun
ter(s). This single command is functionally equiva
lent to several counter latch commands, one for 
each counter latched. Each counter's latched count 
is held until it is read (or the counter is repro
grammed). That counter is automatically unlatched 
when read, but other counters remain latched until 
they are read. If multiple count read-back commands 
are issued to the same counter without reading the 
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count, all but the first are ignored; i.e., the count 
which will be read is the count at the time the first 
read-back. command was issued. 

The read-back command may also be used to latch 
status information of selected counter(s) by setting 
STATUS bit D4=0. Status must be latched to be 
read; status of a counter is accessed by a read from 
that counter. 

The counter status format is shown in Figure 11. Bits 
D5 through DO contain the counter's programmed 
Mode exactly as written in the last Mode Control 
Word. OUTPUT bit D7 contains the current state of 
the OUT pin. This allows the user to monitor the 
counter's output via software, possibly eliminating 
some hardware from a system. 

D1 De Ds D4 D3 D2 D1 Do 

NULL 
OUTPUT COUNT RW1 RWO M2 M1 MO BCD 

07 1 = OutPinis1 
O = Out Pin is O 

Ds 1 = Null count 
O = Count available for reading 

D5-o0 Counter Programmed Mode (See Figure 7) 

Figure 11. Status Byte 

NULL COUNT bit D6 indicates when the last count 
written to the counter register (CR) has been loaded 
into the counting element (CE). The exact time this 
happens depends on the Mode of the counter and is 
described in the Mode Definitions, but until the count 
is loaded into the counting element (CE), it can't be 
read from the counter. If the count is latched or read 
before this time, the count value will not reflect the 
new count just written. The operation of Null Count 
is shown in Figure 12. 

THIS ACTION: 
A. Write to the control 

word register: [ 1] 

B. Write to the count 
register (CR); [2] 

C. New count is loaded 
into CE (CR -. CE); 

CAUSES: 

Null count= 1 

·Null count= 1 

Null count=O 

[ 1] Only the counter specified by the control word will 
have its null count set to 1. Null count bits of other 
counters are unaffected. 
[2] If the counter is programmed for two-byte counts 
(least significant byte then most significant byte) null 
count goes to 1 when the second byte is written. 

Figure 12. Null Count Operation 

If multiple status latch operations of the counter(s) 
are performed without reading the status, all but the 
first are ignored; i.e., the status that will be read is 
the status of the counter at the time the first status 
read-back command was issued. 

Both count and status of the selected counter(s) 
may be latched simultaneously by setting both 
COUNT and STATUS bits D5,D4=0. This is func
tionally the same as issuing two separate read-back 
commands at once, and the above discussions ap
ply here also. Specifically, if multiple count and/or 
status read-back commands are issued to the same 
counter(s) without any intervening reads, all but the 
first are ignored. This is illustrated in Figure 13. 

If both count and status of a counter are latched, the 
first read operation of that counter will return latched 
status, regardless of which was latched first. The 
next one or two reads (depending on whether the 
counter is programmed for one or two type counts) 
return latched count. Subsequent reads return un
latched count. 

Command 
07 Ds 05 04 03 D2 D1 Do 

Description Results 
--

1 1 0 0 0 0 1 0 Read back count and status of Count and status latched 
Counter O for Counter O 

1 1 1 0 0 1 0 0 Read back status of Counter 1 Status latched for Counter 1 

1 1 1 0 1 1 0 0 Read back status of Counters 2, 1 Status latched for Counter 
2, but not Counter 1 

1 1 0 1 1 0 0 0 Read back count of Counter 2 Count latched for Counter 2 

1 1 0 0 0 1 0 0 Read back count and status of Count latched for Counter 1, 
Counter 1 but not status 

1 1 1 0 0 0 1 0 Read back status of Counter 1 Command ignored, status 
already latched for Counter 1 

Figure 13. Read-Back Command Example 

231244-001 
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cs RD WR A1 Ao 

0 1 0 0 0 Write into Counter O 

0 1 0 0 1 Write into Counter 1 

0 1 0 1 0 Write into Counter 2 

0 1 0 1 1 Write Control Word 

0 0 1 0 0 Read from Counter O 

0 0 1 0 1 Read from Counter 1 

0 0 1 1 0 Read from Counter 2 

0 0 1 1 1 No-Operation (3-State) 

1 x x x x No-Operation (3-State) 

0 1 1 x x No-Operation (3-State) 

Figure 14. Read/Write Operations Summary 

Mode Definitions 

The following are defined for use in describing the 
operation of the 82C54. 

CLK PULSE: a rising edge, then a falling edge, in 
that order, of a Counter's CLK input. 

TRIGGER: a rising edge of a Counter's GATE in
put. 

COUNTER LOADING: the transfer of a count from 
the CR to the CE (refer to 
the "Functional Descrip
tion") 

MODE 0: INTERRUPT ON TERMINAL COUNT 

Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will 
remain low until the Counter reaches zero. OUT then 
goes high and remains high until a new count or a 
new Mode 0 Control Word is written into the Coun
ter. 

GATE = 1 enables counting; GATE = O disables 
counting. GATE has no effect on OUT. 

After the Control Word and initial count are written to 
a Counter, the initial count will be loaded on the next 
CLK pulse. This CLK pulse does not decrement the 
count, so for an initial count of N, OUT does not go 
high until N + 1 CLK p4lses after the initial count is 
written. 

If a new count is written to the Counter, it will be 
loaded on the next CLK pulse and counting will con
tinue from the new count. If a two-byte count is writ
ten, the following happens: 

1) Writing the first byte disables counting. OUT is set 
low immediately (no clock pulse required). 

2) Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 

This allows the counting sequence to be synchro
nized by software. Again, OUT does not go high until 
N + 1 CLK pulses after th~·new count of N is writ
ten. 

If an initial count is written while GATE = 0, it will 
still be loaded on the next CLK pulse. When GATE 
goes high, OUT will go high N CLK pulses later; no 
CLK pulse is needed to load the Counter as this has 
already been done. 
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NOTE:. 
The Following Conventions Apply To All Mode Timing 
Diagrams: 
1. Counters are programmed for binary (not BCD) 
counting and for Reading/Writing least significant byte 
(LSB) only. 
2. The counter is always selected (CS always low). 
3. CW stands for "Control Word"; CW = 10 means a 
control word of 10, hex is written to the counter. 
4. LSB stands for "Least Significant Byte" of count. 
5. Numbers below diagrams are count values. 
The lower number is the least significant byte. 
The upper number is the most significant byte. Since 
the counter is programmed to Read/Write LSB only, 
the most significant byte cannot be read. 
N stands for an undefined count. 
Vertical lines show transitions between count values. 

Figure 15. Mode 0 
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MODE 1: HARDWARE RETRIGGERABLE 
ONE-SHOT 

OUT will be initially high. OUT will go low on the CLK 
pulse following a trigger to begin the one-shot pulse, 
and will remain low until the Counter reaches zero. 
OUT will then go high and remain high until the CLK 
pulse after the next trigger. 

After writing the Control Word and initial count, the 
Counter is armed. A trigger results in loading the 
Counter and setting OUT low on the next CLK pulse, 
thus starting the one-shot pulse. An initial count of N 
will result in a one-shot pulse N CLK cycles in dura
tion. The one-shot is retriggerable, hence OUT will 
remain low for N CLK pulses after any trigger. The 
one-shot pulse can be repeated without rewriting the 
same count into the counter. GATE has no effect on 
OUT. 

If a new count is written to the Counter during a one
shot pulse, the current one-shot is not affected un
less the Counter is retriggered. In that case, the 
Counter is loaded with the new count and the one
shot pulse continues until the new count expires. 

I N I N I N I N I N I ~ I : I : I : I ~~ I ~ I : I 

CLK 

OUT=--.! I ,-
1·1·1·1·1·1~1:1:1:1:1:1:1 

cw .. 12 LSB::2 LSBa4 r--------

CLK 

GATE-------, 

OUT 

I N I N I N I N I N I : I : I : I ~; I ~: I : I : I 
231244-9 

Figure 16. Mode 1 

MODE 2: RATE GENERATOR 

This Mode functions like a divide-by-N counter. It is 
typicially used to generate a Real Time Clock inter
rupt. OUT will initially be high. When the initial count 
has decremented to 1, OUT goes low for one CLK 
pulse. OUT then goes high again, the Counter re
loads the initial count and the process is repeated. 
Mode 2 is periodic; the same sequence is repeated 
indefinitely. For an initial count of N, the sequence 
repeats every N CLK cycles. 

GATE = 1 enables counting; GATE = O disables 
counting. If GATE goes low during an output pulse, 
OUT is set high immediately. A trigger reloads the 
Counter with the initial count on the next CLK pulse; 
OUT goes low N CLK pulses after the trigger. Thus 
the GATE input can be used to synchronize the 
Counter. 

After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. OUT 
goes low N CLK Pulses after the initial count is writ
ten. This allows the Counter to be synchronized by 
software also. 
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NOTE: 
A GATE transition should not occur one clock prior to 
terminal count. 

Figure 17. Mode 2 
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Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re
ceived after writing a new count but before the end 
of the current period, the Counter will be loaded with 
the new count on the next CLK pulse and counting 
will continue from the new count. Otherwise, the 
new count will be loaded at the end of the current 
counting cycle. In mode 2, a COUNT of 1 is illegal. 

MODE 3: SQUARE WAVE MODE 

Mode 3 is typically used for Baud rate generation. 
Mode 3 is similar to Mode 2 except for the duty cycle 
of OUT. OUT will initially be high. When half the ini
tial count has expired, OUT goes low for the remain
der of the count. Mode 3 is periodic; the sequence 
above is repeated indefinitely. An initial count of N 
results in a square wave with a period of N CLK 
cycles. 

GATE = 1 enables counting; GATE = O disables 
counting. If GATE goes low while OUT is low, OUT is 
set high immediately; no CLK pulse is required. A 
trigger reloads the Counter with the initial count on 
the next CLK pulse. Thus the GATE input can be 
used to synchronize the Counter. 

After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This 
allows the Counter to be synchronized by software 
also. 

Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the 
Counter will be loaded with the new count on the 
next CLK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded 
at the end of the current half-cycle. 

Mode 3 is implemented as follows: 

Even counts: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented 
by two on succeeding CLK pulses. When the count 
expires OUT changes value and the Counter is re
loaded with the initial count. The above process is 
repeated indefinitely. 

Odd counts: OUT is initially high. The initial count 
minus one (an even number) is loaded on one CLK 
pulse and then is decremented by two on succeed
ing CLK pulses. One CLK pulse after the count ex
pires, OUT goes low and the Counter is reloaded 
with the initial count minus one. Succeeding CLK 
pulses decrement the count by two. When the count 
expires, OUT goes high again and the Counter is 
reloaded with the initial count minus one. The above 
process is repeated indefinitely. So for odd counts, 

OUT will be high for (N + 1 )/2 counts and low for 
(N ~ 1 )/2 counts. 
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NOTE: 
A GATE transition should not occur one clock prior to 
terminal count. 

Figure 18. Mode 3 

MODE 4: SOFTWARE TRIGGERED STROBE 

OUT will be initially high. When the initial count ex
pires, OUT will go low for one CLK pulse and then 
go high again. The counting sequence is "triggered" 
by writing the initial count. 

GATE = 1 enables counting; GATE = O disables 
counting. GATE has no effect on OUT. 

After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This 
CLK pulse does not decrement the count, so for an 
initial count of N, OUT does not strobe low until 
N + 1 CLK pulses after the initial count is written. 

If a new count is written during counting, it will be 
loaded on the next CLK pulse and counting will con-. 
tinue from the new count. If a two-byte count is wriF 
ten, the following happens: 
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1) Writing the first byte has no effect on counting. 

2) Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 

This allows the sequence to be "retriggered" by 
software. OUT strobes low N + 1 CLK pulses after 
the new count of N is written. 

CLK 

GATE 

OUT =-:1 LJ 

CLK 

GATE 

OUT 

CLK 

GATE 

OUT 

I N I N I N I N I : I : I ~ I : I ~ I : I ~~ I 
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Figure 19. Mode 4 

MODE 5: HARDWARE TRIGGERED STROBE 
(RETRIGGERABLE) 

OUT will initially be high. Counting is triggered by a 
rising edge of GATE. When the initial count has ex
pired, OUT will go low for one CLK pulse and then 
go high again. 

After writing the Control Word and initial count, the 
counter will not be loaded until the CLK pulse after a 
trigger. This CLK pulse does not decrement the 
count, so for an initial count of N, OUT does not 
strobe low until N + 1 CLK pulses after a trigger. 

A trigger results in the Counter being loaded with the 
initial count on the next CLK pulse. The counting 
sequence is retriggerable. OUT will not strobe low 
for N + 1 CLK pulses after any trigger. GATE has 
no effect on OUT. 

If a new count is written during counting, the current 
counting sequence will not be affected. If a trigger 
occurs after the new count is written but before the 
current count expires, the Counter will be loaded 
with the new count on the next CLK pulse and 
counting will continue from there. 

CLK 

GATE -------1 rr--------1rc::.= 
OUT 

I N I N I N I N I N I : I : I : I : I ;; I : I 

CLK 

GATE----------,,~------------

OUT 

CW=1A LSl•3 LSB:S ..--------

CLK 

OUT~ LJ 
I N I N I N I N I N I : I ~ I ~ I : I ;; I ;: I : I : I 
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Figure 20. Mode 5 

231244-001 

6-18 



Slgnal Low 
Status Or Going Rising High 
Modes Low 

0 Disables - Enables 
counting counting 

1 - 1 ) Initiates -
counting 

2) Resets output 
after next 
clock 

2 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 
high 

3 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 
high 

4 Disables - Enables 
counting counting 

5 - Initiates -
counting 

Figure 21. Gate Pin Operations Summary 

MODE 
MIN MAX 

COUNT COUNT 

0 1 0 

1 1 0 

2 2 0 

3 2 0 

4 1 0 

NOTE: 
O is equivalent to 216 for binary counting and 104 for 
BCD counting 

82C54 

Operation Common to All Modes 

Programming 

When a Control Word is written to a Counter, all 
Control Logic is immediately reset and OUT goes to 
a known initial state; no CLK pulses are required for 
this. 

GATE 

The GATE input is always sampled on the rising 
edge of CLK. In Modes 0, 2, 3, and 4 the GATE input 
is level sensitive, and the logic level is sampled on 
the rising edge of CLK. In Modes 1, 2, 3, and 5 the 
GATE input is rising-edge sensitive. In these Modes, 
a rising edge of GATE (trigger) sets an edge-sensi
tive flip-flop in the Counter. This flip-flop is then sam
pled on the next rising edge of CLK; the flip-flop is 
reset immediately after it is sampled. In this way, a 
trigger will be detected no matter when it occurs-a 
high logic level does not have to be maintained until 
the next rising edge of CLK. Note that in Modes 2 
and 3, the GATE input is both edge- and level-sensi
tive. In Modes 2 and 3, if a CLK source other than 
the system clock is used, GATE should be pulsed 
immediately following WR of a new count value. 

COUNTER 

New counts are loaded and Counters are decre
mented on the falling edge of CLK. 

The largest possible initial count is O; this is equiva
lent to 21s for binary counting and 104 for BCD 
counting. 

Figure 22. Minimum and Maximun initial Counts 

The Counter does not stop when it reaches zero. In 
Modes 0, 1, 4, and 5 the Counter "wraps around" to 
the highest count, either FFFF hex for binary count
ing or 9999 for BCD counting, and continues count
ing. Modes 2 and 3 are periodic; the Counter reloads 
itself with the initial count and continues counting 
from there. 

231244-001 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ....... 0°C to 70°C 
Storage Temperature ............ - 65° to + 150°C 
Supply Voltage ................... - 0.5 to + 8.0V 
Operating Voltage .................. + 4V to + 7V 
Voltage on any Input. ......... GND -2Vto +6.SV 
Voltage on any Output .. GND-0.SV to Vee+ O.SV 
Power Dissipation ........................ 1 Watt 

•Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (TA=0°Cto70°C,Vcc=SV± 10%,GND=OV) 

Symbol Parameter Min Max Units Test Conditions 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 2.0 Vcc+O.SV v 
Vol Output Low Voltage 0.45 v loL = 2.0 mA 

VoH Output High Voltage 2.4 v loH = -· 400 µA 

l1L Input Load Current ±10 µA V1N =Vee to ov 
lo FL Output Float Leakage Current ±10 µA Vour= Vee to 0.45V 

Ice Vee Supply Current 10 mA 
8MHz82C54 

Clk Freq= 10MHz 82C54-2 

lccss Vee Supply Current-Standby 10 µA CLK Freq= DC 

CAPACITANCE (TA= 25°C, Vee= GND = OV) 

Symbol Parameter Min Max Units Test Conditions 

C1N Input Capacitance 10 pF fc = 1 MHz 

C110 110 Capacitance 20 pF 
Unmeasured pins 
returned to GND 

Gour Output Capacitance 20 pF 

A.C. CHARACTERISTICS (TA = o•c to 70°C, Vee = sv ± 10%, GND = OV) 
BUS PARAMETERS (Note 1) 

READ CYCLE 

Symbol Parameter 
82C54 82C54·2 Units 

Min Max Min Max 

tAR Address Stable Before RD J, 45 30 ns 

lsR CS Stable Before RD J, 0 0 ns 

tRA Address Hold Time After RD J, 0 0 ns 

tRR RD Pulse Width 150 95 ns 

tRo Data Delay from RD J, 120 85 ns 

tAo Data Delay from Address 220 185 ns 

toF RD t to Data Floating 5 90 5 65 ns 

IRV Command Recovery Time 200 165 ns 

NOTE: 
1. AC timings measured at VoH = 2.0V, Vol = O.BV. 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter 
82C54 82C54-2 

Units 
Min Max Min Max 

IAw Address Stable Before WR i 0 0 ns 

tsw CS Stable Before WR i 0 0 ns 

lwA Addre~s Hold Time After WR j 0 0 ns 

tww WR ~seWidth 150 95 ns 

tow Data Setup Time Before WR j 120 95 ns 

two Data Hold Time After WR j 0 0 ns 

IRV Command Recovery Time 200 165 ns 

CLOCK AND GATE 

Symbol Parameter 
82C54 82C54-2 

Units 
Min Max Min Max 

tcLK Clock Period 125 DC 100 DC ns 

IPWH High Pulse Width 6of31 30[3) ns 

lpwL Low Pulse Width 6of31 50[3) ns 

TR Clock Rise Time 25 25 ns 

IF Clock Fall Time 25 25 ns 

IGW Gate Width High 50 50 ns 

tGL Gate Width Low 50 50 ns 

IGs Gate Setup Time to CLK j 50 40 ns 

IGH Gate Hold Time After CLK j 50[2) 50(21 ns 

Too Output Delay from CLK i 150 100 ns 

tooG Output Delay from Gate i 120 100 ns 

twc CLK Delay for Loading 0 55 0 55 ns 

lwG Gate Delay !or Sampling -5 50 -5 40 ns 

two OUT Delay from Mode Write 260 240 ns 

tcL CLK Set Up for Count Latch -4 45 -40 40 ns 

NOTES: 
2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the 8254-2) of 
the rising clock edge may not be detected. 
3. Low-going glitches that violate tpwH. tpwL may cause errors requiring counter reprogramming. 

231244-001 
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WAVEFORMS 

WRITE 

Ao-· 

cs 

DATA BUS 

231244-14 

READ 

Ao.1 

"'" ..... 

cs 

1111 

DATA BUS---

231244-15 

RECOVERY 

I 

4---lllllY 

iiii,\NR 
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CLOCK AND GATE 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 
2.0 2.0 > TEST POINTS < 
0.8 0.8 

0.45 

231244-18 
A.G. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "O." Timing measurements are made at 2.0V for a logic 
"1" and O.BV for a logic "O." 

82C54 

231244-17 
• Last byte of count being wril)en 

A.C. TESTING LOAD CIRCUIT 

6-23 

DEVICE 
UNDER 

TEST 

CL ~ 150 pF 
CL includes jig capacitance 
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82C55A 

CHMOS PROGRAMMABLE PERIPHERAL INTERFACE 

• Compatible with all Intel and most • Low Power CHMOS 
other microprocessors -Ice< 10 mA 

• High Speed, "Zero Wait State" • Completely TTL Compatible 
Operation with 8 MHz 8086/88 and • Control Word Read-Back Capability 
80186/188 

24 Programmable 1/0 Pins • Direct Bit Set/Reset Capability • 
Bus-hold circuitry on all 1/0 Ports • 2.5 mA DC Drive Capability on all 1/0 • Port Outputs 
Eliminates Pull-up Resistors 

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose 
programmable 1/0 device which is designed for use with all Intel and most other microprocessors. It provides 
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. 
The 82C55A is pin compatible with the NMOS 8255A and 8255A-5. 

In MODE 0, each group of 12 1/0 pins may be programmed in sets of 4 to be inputs or outputs. In MODE 1, 
each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used for 
handshaking and interrupt control signals. MODE 2 is a bi-directional bus, and 5 lines, borrowing one from the 
other group, for handshaking. 

The 82C55A is fabricated on Intel's advanced CHMOS Ill technology which provides low power consumption 
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin 
DIP and 44-pin plastic leaded chip carrier (PLCC) packages. 

231256-1 

Figure 1. 82C55A Block Diagram 
231256-2 

Figure 2. 82C55A Plnout 
Diagrams are for pin reference only. Package 
sizes are not to scale. 

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. Information contained herein supersedes previously published specifications on these devices from Intel. November 1984 
©Intel Corporation, 1984 Order Number: 231256-001 
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Table 1. Pin Description 

Symbol 
Pin Number Type Name and Function 

Dip PLCC 

PA3_0 1-4 1-4 1/0 PORT A, PINS 0'.'"3: Lower nibble of an 8-bit data output latch/ 
buffer and an 8-bit data input latch. 

RD 5 5 I READ CONTROL: This input is low during CPU read operations. 

cs 6 6 I CHIP SELECT: A low on this input enables the 82C55A to 
respond to RD and WR signals. RD and WR are ignored 
otherwise. 

GND 7 7 System Ground 

A1-0 8-9 9-10 I ADDRESS: These input signals, in conjunction RD and WR, 
control the selection of one of the three ports or the control word 
registers. 

A1 Ao RD WR cs Input Operation (Read) 

0 0 0 1 0 Port A - Data Bus 

0 1 0 1 0 Port B - Data Bus 

1 0 0 1 0 Port C • Data Bus 

1 1 0 1 0 Control Word - Data Bus 

Output Operation (Write) 

0 0 1 0 0 Data Bus - Port A 

0 1 1 0 0 Data Bus - Port B 

1 0 1 0 0 Data Bus - Port C 

1 1 1 0 0 Data Bus - Control 

Disable Function 

x x x x 1 Data Bus • 3 - State 

x x 1 1 0 Data Bus - 3 - State 

PC7_4 10-13 11-14 1/0 PORT C, PINS 4-7: Upper nibble of an 8-bit data output latch/ 
buffer and an 8-bit data input buffer (no latch for input). This port 
can be divided into two 4-bit ports under the mode control. Each 
4-bit port contains a 4-bit latch and it can be used for the control 
signal outputs and status signal inputs in conjunction with ports 
Aand B. 

PCo-3 14-17 15-18 1/0 PORT C, PINS 0-3: Lower nibble of Port C. 

PBo.7 18-25 19-26 1/0 PORT B, PINS o-7: An 8-bit data output latch/buffer and an 8-
bit data input buffer. 

Vee 26 27 SYSTEM POWER: + 5V Power Supply. 

D1-o 27-34 30-37 1/0 DATA BUS: Bi-directional, tri-state data bus lines, connected to 
system data bus. 

RESET 35 38 I RESET: A high on this input clears the control register and all 
ports are set to the input mode. 

WR 36 40 I WRITE CONTROL: This input is low during CPU write 
operations. 

PA7_4 37-40 41-44 1/0 PORT A, PINS 4-7: Upper nibble of an 8-bit data output latch/ 
buffer and an 8-bit data input latch. 

NC 8,28 No Connect 
29,39 

231256-001 
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82C55A 

82C55A FUNCTIONAL DESCRIPTION 

General 

The 82C55A is a programmable peripheral interface 
device designed for use in Intel microcomputer sys
tems. Its function is that of a general purpose 1/0 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configu
ration of the 82C55A is programmed by the system 
software so that normally no external logic is neces
sary to interface peripheral devices or structures. 

Data Bus Buffer 

This 3-state bidirectional 8-bit buffer is used to inter
face the 82C55A to the system data bus. Data is 
transmitted or received by the buffer upon execution 
of input or output instructions by the CPU. Control 
words and status information are also transferred 
through the data bus buffer. 

Read/Write and Control Logic 

The function of this block is to manage all of the 
internal and external transfers of both Data ·and 
Control or Status words. It accepts inputs from the 
CPU Address and Control busses and in turn, issues 
commands to both of the Control Groups. 

Group A and Group B Controls 

The functional configuration of each port is pro
grammed by the systems software. In essence, the 
CPU "outputs" a control wo.rd to the 82C55A. The 
control word contains information such as "mode", 
"bit set", "bit reset", etc., that initializes the func
tional configuration of the 82C55A. 

Each of the Control blocks (Group A and Group B) 
accepts "commands" from the Read/Write Control 
Logic, receives "control words" from the i~ternal 
data bus and issues the proper commands to its as
sociated ports. 

Control Group A - Port A and Port C upper (C7-C4) 
Control Group B - Port B and Port C lower (C3-CO) 

The control word register can be both written and 
read as shown in the address decode table in the 
pin descriptions. Figure 6 shows the control word 
format for both Read and Write operations. When 
the control word is read, bit D7 will always be a logic 
"1 '', as this implies control word mode information. 

Ports A, B, and C 

The 82C55A contains three 8-bit ports (A, B, and C). 
All can be configured in a wide variety of functional 
characteristics by the system software but each has 
its own special features or "personality" to further 
enhance the power and flexibility of the 82C55A. 

Port A. One 8-bit data output latch/buffer and one 
8-bit input latch. Both "pull-up" and "pull-down" bus 
hold devices are present on Port A. 

Port B. One 8-bit data input/output latch/buffer and 
one 8-bit data input buffer. Only "pull-up" bus hold 
devices are present on Port 8. 

Port C. One 8-bit data output latch/buffer and one 
8-bit data input buffer (no latch for input). This port 
can be divided into two 4-bit ports under the mode 
control. Each 4-bit port contains a 4-bit latch and it 
can be used for the control signal outputs and status 
signal inputs in conjunction with ports A and B. Only 
"pull-up" bus hold devices are present on Port C. 

See Figure 4 for the bus-hold circuit configuration for 
Port A, B, and C. 

231256-001 
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81·01AECTIONAL DATA 9US 

1-·sv 
---GND 

DATA 

82C55A 

GROUP 
A 

CONTROL 

D1 Do V---~I 8UBF~SEA (V~--------v1 

..., ___ _ 
WO---- :~~~: 

CONTROL 
A,---- LOGIC ., ___ _, 

GROUP . 
CONTROL 

1!181T 
INTERNAL 
DATA BUS 

A 

"""' A 

GROUP . 
"""' . 

'D 
l'.r--~/ PA1 PAo 

I/'-~--"..'" 
1v~-~PC3 PC0 

I/'-~--". •'O 
Iv~-~ PB7·PB0 

231256-3 

Figure 3. 82C55A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions 

Vee 

EXTERNAL 
'-OC:t---e><J-~~-- PORT B,C 

PIN 

Figure 4. Port A, B, C, Bus-hold Configuration 
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82C55A OPERATIONAL DESCRIPTION 

Mode Selection 

There are three basic modes of operation that can 
be selected by the system software: 

Mode 0 - Basic input/ output 
Mode 1 - Strobed Input/output 
Mode 2 - Bi-directional Bus 

When the reset input goes "high" all ports will be set 
to the input mode with all 24 port lines held at a logic 
"one" level by the internal bus hold devices. After 
the reset is removed the 82C55A can remain in the 
input mode with no additional initialization required. 
This eliminates the need for pullup or pulldown de
vices in "all CMOS" designs. During the execution 
of the system program, any of the other modes may 
be selected by using a single output instruction. This 
allows a single 82C55A to service a variety of pe
ripheral devices with a simple software maintenance 
routine. 

The modes for Port A and Port B can be separately 
defined, while Port C is divided into two portions as 
required by the Port A and Port B definitions. All of 
the output registers, including the status flip-flops, 
will be reset whenever the mode is changed. Modes 
may be combined so that their functional definition 
can be "tailored" to almost any 1/0 structure. For 
instance; Group B can be programmed in Mode O to 
monitor simple switch closings or display computa
tional results, Group A could be programmed in 
Mode 1 to monitor a keyboard or tape reader on an 
interrupt-driven basis. 

82C55A 

MODEO 

231256-5 

Figure 5. Basic Mode Definitions and Bus 
Interface 

CONTROL WORD 

[~Io, o, Io.Jo, l 0 2 lo, l o,j 
L,J 

I GROUPB ~ 
PORT C (LOWER) 

,__I 1 •INPUT 
O" OUTPUT 

PORTB 

"---I 1 .. INPUT 
0 .. OUTPUT 

MODE SELECTION 
Q .. MQOEO 
1•MOOE1 

L GROUP A 

PORT C {UPPER) 
1 •INPUT 
0 .. OUTPUT 

PORTA 
1 •INPUT 
0,. OUTPUT 

MODE SELECTION 
00 .. MODE 0 
01 .. MOOE1 
1X•MOOE2 

MOOE SET FLAG 
1 .. ACTIVE 

231256-6 

Figure 6. Mode Definition Format 

The mode definitions and possible mode combina
tions may seem confusing at first but after a cursory 
review of the complete device operation a simple, 
logical 1/0 approach will surface. The design of the 
82C55A has taken into account things such as effi
cient PC board layout, control signal definition vs PC 
layout and complete functional flexibility to support 
almost any peripheral device with no external logic. 
Such design represents the maximum use of the 
available pins. 

Slngle Bit Set/Reset Feature 

Any of the eight bits of Port C can be Set or Reset 
using a single OUTput instruction. This feature re
duces software requirements in Control-based appli
cations. 

When Port C is being used as status/control for Port 
A or B, these bits can be set or reset by using the Bit 
Set/Reset operation just as if they were data output 
ports. 

231256-001 
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CONTROL WORD 

~~ 
DON'T 
CARE 

BIT SET/RESET 
1 •SET 
O•RESET 

BIT SET /RESET FLAG 
~----------1 O•ACTIV£ 

231256-7 

Figure 7. Bit Set/Reset Format 

82C55A 

Interrupt Control Functions 

When the 82C55A is programmed to operate in 
mode 1 or mode 2, control signals are provided that 
can be used as interrupt request inputs to the CPU. 
The interrupt request signals, generated from port C, 
can be inhibited or enabled by setting or resetting 
the associated INTE flip-flop, using the bit set/reset 
function of port C. 

This function allows the Programmer to disallow or 
allow a specific 1/0 device to interrupt the CPU with
out affecting any other device in the interrupt struc
ture. 

INTE flip-flop definition: 

(BIT-SET)-INTE is SET-Interrupt enable 
(BIT-RESED-INTE is RESET-Interrupt disable 

Note: 
All Mask flip-flops are automatically reset during 
mode selection and device Reset. 

231256-001 
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Operating Modes 

Mode O (Basic Input/Output). This functional con
figuration provides simple input and output opera
tions for each of the three ports. No "handshaking" 
is required, data is simply written to or read from a 
specified port. 

MODE 0 (BASIC INPun 

INPUT 

Cl, A1,AO 

D7·Do---- - - -- -

Mode 0 Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports. 

• Any port can be input or output. 

• Outputs are latched. 

• Inputs are not latched. 

• 16 different Input/Output configurations are pos
sible in this Mode. 

i----tRo- ,..._ ___ 1oF ----' 

231256-8 

MODE 0 (BASIC OUTPUT) 

----t•w----+I 

Ci.A1,AO 

OUTPUT 

231256-9 
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82C55A 

MODE 0 Port Definition 

A B GROUP A GROUPB 

D4 Da D1 Do PORTA PORTC # PORTB PORTC 
(UPPER) (LOWER) 

0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT 

0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT 

0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT 

0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT 

0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT 

0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT 

0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT 

0 1 1 1 OUTPUT INPUT 7 INPUT INPUT 

1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT 

1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT 

1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT 

1 0 1 1 INPUT OUTPUT 11 INPUT INPUT 

1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT 

1 1 0 1 INPUT INPUT 13 OUTPUT INPUT 

1 1 1 0 INPUT INPUT 14 INPUT OUTPUT 

1 1 1 1 INPUT INPUT 15 INPUT INPUT 

MODE 0 Configurations 

CONTROL WORD #0 CONTROL WORD #2 

0, o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, 

l 1 l·l·l·l·l·l·l·I l·l·l·l·l·l·I· I · I 
A • PA7 -PAo A • PArPAo 

82C55A 82C55A 

• PC7-PC4 • PC7.f"C4 c{ c{ D7-Do 0,-00 

• • PC3-PC0 PC3-PC0 

• • ~-PB0 • • ...., ... 

CONTROL WORD #1 CONTROL WORD #3 

0, o, °' o, o, o, o, o, o, o, o, o, o, o, o, o, 

I' I · I • I • I • ·J • I · I · I l 1 l·l·l·l·l·l 1 I· I 
• • .,., .... A • .,., .... 

82C55A 82C55A 

• PC,-PC, • PC,·PC4 c{ c{ DrDo D7·Do 

• PC3-PC0 • PC;·PCo 

• • PB.,·PBo • • ~-PBo 

231256-10 
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MODE O Configurations (Continued) 

CONTROL WOAD #4 CONTROL WORD #8 

o, o, °' o, o, o, o, o, o, o, o, o, o, o, o, o, 

l·l·l·l·l·l·I· I • I I 1 I • I 0 I 1 I • I 0 I • I • I 
A • . .., .... A • ,.., .... 

B2CSSA 82C55A 

• PC,·PC4 • c{ c{ PC7·PC4 

D7·Do D7·Do 

• PC3·PC0 • PC1·PCo 

8 
8 ..., .... • • ..., .... 

-
CONTROL WORD #6 CONTROL WORD #9 

o, o, °' o, o, o, o, o, o, o, o, o, o, o, o, o, 

l·l·l·l·l·l·I· I 1 I I 1 I 0 I 0 I 1 I 0 I • I • I · I 
A • PA7·PAc, • • . .., .... 

82C55A 82CSSA 

• PC7·PC4 • c{ c{ PC7-PC4 

D7·Do D7·Do 

• PC3·PCc, • PC,·PC, 

8 • ..., .... 8 
8 ..., ..... 

CONTROL WORD #6 CONTROL WORD #10 

o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, o, 

I 1 I 0 I 0 I 0 I 1 I 0 I 
1 I 0 I I 1 I 0 

I 
0 I 1 I 0 I 0 I 1 I· I 

• 8 
PA7-PAo • • PA7.PAg 

82C55A 82C55A 

• PC7·PC4 • c{ c{ PC7·PC4 

D7·Do D7·Do 

• PC3·PC0 • PC3·PC0 

8 • PB7·PBo 8 • ..., ..... 

CONTROL WORD #7 CONTROL WORD #11 

o, o, o, o, o, o, o, o, 0, o, o, o, o, o, o, o, 

I· I 0 I 0 I 0 I 1 I 0 I 1 I 1 I I 1 I 0 I 0 I 1 I 0 I 0 I 1 I· I 
A • ,.., .... • • ..., .... 

82C55A 82C55A 

• PC,·PC, • c{ c{ ""'""'• 
D7·Do 0,-00 

• PC3·PC0 • ..,,....,. 

• • ..., .... • • .., ..... 
231256-11 
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MODE 0 Configurations (Continued) 

CONTROL WORD #12 

0, o1 De 0 4 0 3 D2 01 Do 

l·l·l·l·l·l·l·l·I 
A 

82C55A 

..,..,, c{ 

CONTROL WORD #13 

..,,,.,,.0,0,0,0,0, 

I · I • I • I · I · I • I • I · I 

PArPAo 

PC7·PC4 

PC,-l'Co 

.., .... 

A-----+-- PA,-P .. 

82C55A 

o,-o,---ot 

Operating Modes 

MODE 1 (Strobed Input/Output). This functional 
configuration provides a means for transferring 1/0 
data to or from a specified port in conjunction with 
strobes or "handshaking" signals. In mode 1, Port A 
and Port B use the lines on Port C to generate or 
accept these "handshaking" signals. 

6-33 

CONTROL WORD #1, 

o.,o.o.o,o,ozo,o, 

I · I • I • I · I · I • I · I • I 
A 

82C55A 

D7-Co c{ 

CONTROL WORD #11 

0., D1 Ds 04 0 3 D2 0 1 01 

I · I • I • I · I · I • I , I · I 
A 

82C55A 

c{ 

-'-' 

..L. 

..L' 

-'-' 

Mode 1 Basic functional Definitions: 

........ 
""7""'4 

""3-l'Co 

.., .... 

........ 
PC,-PC, 

""3-l'Co 

.., .... 
231256-12 

• Two Groups (Group A and Group B). 

• Each group contains one 8-bit data port and one 
4-bit control/data port. 

• The 8-bit data port can be either input or-output 
Both inputs and outputs are latched. 

• The 4-bit port is used for control and status of the 
8-bit data port. 

231256-001 
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Input Control Signal Definition 

STB (Strobe Input). A "low" on this input loads 
data into the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has 
been loaded into the input latch; in essence, an ac
knowledgement. IBF is set by STB inj>l!t being low 
and is reset by the rising edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the 
CPU when an input device is requesting service. 
INTR is set by the STB is a "one", IBF is a "one" 
and INTE is a "one". It is reset by the falling edge of 
RD. This procedure allows an input device to re
quest service from the CPU by simply strobing its 
data into the port. 

INTEA 

Controlled by bit set/reset of PC4. 

INTE B 

Controlled by bit set/reset of PC2. 

••• 

1NTR 

INPUT FROM_ - -
PERIPHERAL 

_...,_ 

.... 

CONTROL WORD 

0 7 De o 5 0 4 0 3 0 2 0 1 0 0 

I • I • I • I • l11°0XJXI 

CONTROL WORD 

L PC., 
1 • iNPUT 
0• OUTPUT 

MODE 1 (PORT Al 

MOOE 1 (PORT 81 

Figure 8. MODE 1 Input 

1-i,.,. 

Figure 9. MODE 1 (Strobed Input) 
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Output Control Signal Definition 

OBF (Output Buffer Full F/F). The OBF output will 
go "low" to indicate that the CPU has written data 
out to the specified port. The OBF F/F will be set by 
the rising edge of the WR input and reset by ACK 
Input being low. 

ACK (Acknowledge Input). A "low" on this input 
informs the 82C55A that the data from Port A or Port 
B has been accepted. In essence, a response from 
the peripheral device indicating that it has received 
the data output by the CPU. 

INTR (Interrupt Request). A "high" on this output 
can be used to interrupt the CPU when an output 
device has accepted data transmitted by the CPU. 
INTR is set when ACK is a "one", OBF is a "one" 
and INTE is a "one". It is reset by the falling edge of 
WR. 

INTEA 

Controlled by bit set/reset of PC6. 

INTEB 

Controlled by bit set/reset of PC2. 

INTR 

---IWIT 

MUOI:. 1 ll'OIH Al 

CONTROL WORD 

D7 o, C\ 0 4 0 3 0 2 D1 0 0 

I • I• I • I• l11•NXIXI 
L ~·;=PUT 

O• OUTPUT 

MOD£ 1 (PORT Bl 

CONTROL WORD 

0 7 D6 [\ o, 0 3 D2 D1 00 

I , M><c><t><H • txl 

Figure 10. MODE 1 Output 

Figure 11. MODE 1 (Strobed Output) 
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Combinations of MODE 1 

Port A and Port B can be individually defined as input or output in Mode 1 to support a wide variety of strobed 
1/0 applications. 

PA7.M0 

RD- PC4 m. 

""' - IBFA 
CONTROL WORD CONTROL WORD 

PC3 INTRA PCJ INTRA 

2 
PCe. 1 --f-- 110 PC,,s 110 . ., .... 

WR- Ro- PC, me 
PC, IBF8 

PCo INTRa PCo tNTR8 

PORT A - {STROBED INPUT) PORT A - (STROBED OUTPUT) 
PORT B - (STROBED OUTPUT) PORT B - (STROBED INPUTI 

231256-17 

Figure 12. Combinations of MODE 1 

Operating Modes 

MODE 2 (Strobed Bidirectional Bus 1/0).This 
functional configuration provides a means for com
municating with a peripheral device or structure on a 
single 8-bit bus for both transmitting and receiving 
data (bidirectional bus 1/0). "Handshaking" signals 
are provided to maintain proper bus flow discipline in 
a similar manner to MODE 1. Interrupt generation 
and enable/disable functions are also available. 

MODE 2 Basic Functional Definitions: 

• Used in Group A only. 

• One 8-bit, bi-directional bus port (Port A) and a 5-
bit control port (Port C). 

• Both inputs and outputs are latched. 

• The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port 
(Port A). 

Bidirectional Bus 1/0 Control Signal Definition 

INTR (Interrupt Request). A high on this output can 
be used to interrupt the CPU for input or output oper
ations. 

Output Operations 

OBF (Output Buffer Full). The OBF output will go 
"low" to indicate that the CPU has written data out 
to port A. 

ACK (Acknowledge). A "low" on this input enables 
the tri-state output buffer of Port A to send out the 
data. Otherwise, the output buffer will be in the high 
impedance state. 

INTE 1 (The INTE Flip-Flop Associated with 
OBF). Controlled by bit set/reset of PC6. 

Input Operations 

STB (Strobe Input). A "low" on this input loads 
data into the input latch. 

IBF (Input Buffer Full F/F). A "high" on this output 
indicates that data has been loaded into the input 
latch. 

INTE 2 (The INTE Flip-Flop Associated with IBF). 
Controlled by bit set/reset of PC4. 

231256-001 
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CONTROL WORD 

07 o, 

C
~,~~P~T 
PORTB 
l •INPUT 
0" OUTPUT 

GROUPS MODE 
O•MODEO 
1•MODE1 

231256-18 

Figure 13. MODE Control Word 

82C55A 

WR---

3 
RD--- PC2-0 -f-- 1/0 

231256-19 

Figure 14. MODE 2 

IBF 

----\os~ 

PERIPHERAL 
BUS ----------

NOTE: 

DATA FROM 
PERIPHERAL TO 82C55A 

DATA FROM 
82C55A TO PERIPHE.RAL 

Figure 15. MODE 2 (Bidirectional) 

Any sequence where WR occurs before ACK, and STB occurs before RD is permissible. 
(INTR = IBF • MASK • STB • RD + OBF • MASK • ACK • WR) 
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MODE 2 AND MODE 0 (INPUT) 

CONTROL WORD 

07 De D5 D4 03 D2 0 1 00 

I • I· C><D<1><J ·I :JI 
PC,. 
1 a INPUT 
O•OUTPUT 

IW-

PC,. 

MODE 2 AND MODE 1 (OUTPUT) 

PC7 

CONTROL WORD 
PC, 

PC, 

""' .., .... 
PC, 

RD PC2 

WR PCo 

INTR,., 

1/0 

INTRA 

OBF, 

ACKA 

m ... 
IBFA 

Oefe 

ACK.a 

INTR8 

82C55A 

MODE 2 AND MODE 0 (OUTPUT) 

INTRA 

CONTROL WORD 

D7 D1 0s 04 0 3 D2 0 1 0 0 

I , I , C><D<1><J • I •JI 
PC2• IBFA 
1 •INPUT 
o .. OUTftUT 

3 

PC2• ---f-- 1/0 

IW-

Wfi-

MODE 2 AND MODE 1 (INPUT) 

INTRA 

PC7 OBF, 

CONTROL WORD 
PCo -ACK.., 

PC, ITB, 

PC, llFA 

PB1-PBo 

PC, m. 
RD- PC, IBF• 

WR- PCa INTR9 

231256-21 

Figure 16. MODE % Combinations 
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Mode Definition Summary 

MODEO MODE 1 

IN OUT IN OUT 

PAo IN OUT IN OUT 
PA1 IN OUT IN OUT 
PA2 IN OUT IN OUT 
PA3 IN OUT IN OUT 
PA4 IN OUT IN OUT 
PA5 IN OUT IN OUT 
PAs IN OUT IN OUT 
PA7 IN OUT IN OUT 

PBo IN OUT IN OUT 
PB1 IN OUT IN OUT 
PB2 IN OUT IN OUT 
PB3 IN OUT IN OUT 
PB4 IN OUT IN OUT 
PB5 IN OUT IN OUT 
PBs IN OUT IN OUT 
PB7 IN OUT IN OUT 

PCo IN OUT INTRs INTRs 
PC1 IN OUT IBFs OBFs 
PC2 IN OUT STBs AC Ks 
PC3 IN OUT INTRA INTRA 
PC4 IN OUT STBA 1/0 
PC5 IN OUT IBFA 1/0 
PCs IN OUT 1/0 ACKA 
PC7 IN OUT 110 OBFA 

Special Mode Combination Considerations 

There are several combinations of modes possible. 
For any combination, some or all of the Port C lines 
are used for control or status. The remaining bits are 
either inputs or outputs as defined by a "Set Mode" 
command. 

During a read of Port C, the state of all the Port C 
lines, except the ACK and STB lines, will b~ced 
on the data bus. In place of the ACK and STB line 
states, flag status will appear on the data bus in the 
PC2, PC4, and PC6 bit positions as illustrated by 
Figure 18. 

Through a "Write Port C" command, only the Port C 
pins programmed as outputs in a Mode O group can 
be written. No other pins can be affected by a "Write 
Port C" command, nor can the interrupt enable flags 
be accessed. To write to any Port C output pro
grammed as an output in a Mode 1 group or to 

MODE2 

GROUP A ONLY ---------
-
-
-
-
-
-
-

1/0 
1/0 
1/0 

INTRA 
STBA 
IBFA 

ACKA 
OBFA 

MODEO 
OR MODE 1 
ONLY 

change an interrupt enable flag, the "Set/Reset Port 
C Bit" command must be used. 

With a "Set/Reset Port C Bit" command, any Port C 
line ~ammed as an output (including INTR, IBF 
and OBF) can be written, or an interrupt enable flag 
can be either set or reset. Port C lines programmed 
as inputs, including ACK and STB lines, associated 
with Port Care not affected by a "Set/Reset Port C 
Bit" command. Writin~ the corresponding Port C 
bit positions of the ACK and STB lines with the 
"Set/Reset Port C Bit" command will affect the 
Group A and Group B interrupt enable flags, as illus
trated in Figure 18. 

Current Drive Capability 

Any output on Port A, B or C can sink or source 2.5 
mA. This feature allows the 82C55A to directly drive 
Darlington type drivers and high-voltage displays 
that require such sink or source current. 

231256-001 
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Reading Port C Status 

In Mode 0, Port C transfers data to or from the pe
ripheral device. When the 82C55A is programmed to 
function in Modes 1 or 2, Port C generates or ac
cepts "hand-shaking" signals with the peripheral de
vice. Reading the contents of Port C allows the pro
grammer to test or verify the "status" of each pe
ripheral device and change the program flow ac
cordingly. 

There is no special instruction to read the status in
formation from Port C. A normal read operation of 
Port C is executed to perform this function. 

Interrupt Enable Flag Position 

INTEB PC2 
INTEA2 PC4 
INTEA1 PC6 

INPUT CONFIGURATION 

D1 D5 D5 D4 D3 D2 D1 Do 

j 110 I 110 I 1sFA I 1NTEA I 1NTRA j 1NTEs I 1sFs I 1NTRs I 

GROUP A GROUPS 

OUTPUT CONFIGURATIONS 

D1 D5 D5 D4 D3 D2 D1 Do 

IITBFAj INTEAI 11oi 11oj 1NTRAI INTEsl ITBFsl INTRsl 

GROUP A GROUPS 

Figure 17a. MODE 1 Status Word Format 

Do 

GROUP A GROUPS 
(Defined By Mode O or Mode 1 Selection) 

Figure 17b. MODE 2 Status Word Format 

Alternate Port C Pin Signal (Mode) 

ACKs (Output Mode 1) or STBs (Input Mode 1) 
STBA (Input Mode 1 or Mode 2) 
ACKA (Output Mode 1 or Mode 2 

Figure 18. Interrupt Enable Flags In Modes 1and2 

231256-001 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... 0°C to + 70°C 
Storage Temperature ......... - 65°C to + 150°C 
Supply Voltage .................. - 0.5 to + 8.0V 
Operating Voltage ................. + 4V to + 7V 
Voltage on any Input. ......... GND-2V to+ 6.5V 
Voltage on any Output .. GND-0.5V to Vee+ 0.5V 
Power Dissipation ........................ 1 Watt 

D.C. CHARACTERISTICS 
TA = o·c to 70°C, Vee = + 5V ± 10%, GND = ov 

Symbol Parameter 

V1L Input Low Voltage 

V1H Input High Voltage 

Vol Output Low Voltage 

VoH Output High Voltage 

•Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE Specifications contained within the 
following tables are subject to change. 

Min Max Units Test Conditions 

-0.5 0.8 v 
2.0 Vee v 

0.4 v loL = 2.5 mA 

3.0 v loH = -2.5mA 
Vee -0.4 v loH = -100 µA 

l1L Input Leakage Current ±10 µA V1N = Vee to ov 
loL Output Float Leakage Current ±10 µA V1N = Vee to OV 

loAR Darlington Drive Current -2.0 mA Ports A, B, C 
Rext = 750 n 
Vext = 1.5V 

IBHL Bus Hold Low Leakage Current +50 +300 µA VouT = 1.0V 
Port A only 

lsHH Bus Hold High Leakage Current -50 -300 µA VouT = 3.0V 
Ports A, B, C 

Ice V cc Supply Current 10 mA Outputs Open 
See Note 

lccss Vee Supply Current-Standby 10 µA Vee= 5.5V 
V1N = Vee or GND 
Outputs Open 

Note: 
Average Ice with all outputs open is 100 µ.A. 

231256-001 
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CAPACITANCE 
TA = 25°C, Vee =GND = ov 

Symbol Parameter Min Max Units Test Conditions 

C1N Input Capacitance 10 pF Unmeasured pins 

C110 110 Capacitance 20 pF returned to GND 

A.C. CHARACTERISTICS 
TA= o· to 7D°C, Vee= +5V ±10%, GND = ov 

BUS PARAMETERS 

READ CYCLE 

Symbol Parameter 
82C55A 82C55A·2 

Units 
Test 

Min Max Min Max Conditions 

tAR Address Stable Before RD ! 0 0 ns 

tRA Address Hold Time After RD f 0 0 ns 

tRR RD Pulse Width 150 150 ns 

tRo Data Delay from RD ! 120 120 ns 

toF RD t to Data Floating 10 75 10 75 ns 

tRv Recovery Time between RD/WR 300 300 ns 

WRITE CYCLE 

Symbol Parameter 
82C55A 82C55A·2 

Units 
Test 

Min Max Min Max Conditions 

tAW Address Stable Before WR ! 0 0 ns 

twA Address Hold Time After WR t 20 20 ns Ports A& B 

100 20 ns Porte 

tww WR Pulse Width 100 100 ns 

tow Data Setup Time Before WR t 100 100 ns 

two Data Hold Time After WR t 30 30 ns Ports A & B 

100 30 ns Porte 

231256-001 
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OTHER TIMINGS 

Symbol Parameter 
82C55A 82C55A·2 

Units 
Test 

Min Max Min Max Conditions 

twa WR = 1 to Output 350 350 ns 

t1R Peripheral Data Before RD 0 0 ns 

tHR Peripheral Data After RD 0 0 ns 

tAK ACK Pulse Width 100 100 ns 

tsT STB Pulse Width 100 100 ns 

tps Per. Data Before STB High 20 20 ns 

tpH Per. Data After STBHigh 50 50 ns 

tAo ACK = 0 to Output 175 175 ns 

tKo ACK = 1 to Output Float 20 250 20 250 ns 

twos WR = 1 to OBF = 0 150 150 ns 

tAOB ACK = 0 to OBF = 1 150 150 ns 

ts1a STB = 0 to IBF = 1 150 150 ns 

tRIB RD = 1 to IBF = 0 150 150 ns 

tRIT RD = 0 to INTR = 0 200 200 ns 

ts1T STB = 1 to INTR = 1 150 150 ns 

tAIT ACK= 1 to INTR = 1 150 150 ns 

tw1T WR = 0 to INTR = 0 200 200 ns see note 1 

tRES Reset Pulse Width. 500 500 ns see note 2 

NOTE: 
1. INTR i may occur as early as WR ! . 
2. Pulse width of initial Reset pulse after power on must be at least 50 µSec. Subsequent Reset pulses may be 500 ns 
minimum. 
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WAVEFORMS 

MODE 0 (BASIC INPUT) 

RD-----------. I•---'•• ----Ir----------

INPUT 

CS,A1,AO 

1-----tRO- i----- 1o• ---1 

231256-22 

MODE 0 (BASIC OUTPUT) 

----------- i.-----'ww--
WR 

Cl,A1.AO 

OUTPUT.------+---L-__ ..,.-----_~I'---
231256-23 
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WA VE FORMS (Continued) 

MODE 1 (STROBED INPUT) 

ffli------ -'sT-v--.,.-----------------

IBF 

INTR 

INPUT FROM - - -
PERIPHERAL ___ .,.. __ 

MODE 1 (STROBED OUTPUT) 

INTR 
-tw1T 

1-1 Rlll 

231256-24 

231256-25 
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WAVEFORMS (Continued) 

MODE 2 (BIDIRECTIONAL) 

INTA 

I ____________ ..._ _________ _.,_1-t•1t---- ,."-/ __ ...,. ...... _____ _ 

--tsr --------.... 

STI 

IBf 

i 
1----... ~-

f'ERl'"EAAL 
IUS ----------

Note: 

I 
DATA FROM 

PfAIPHERAL TO 1256 

_..., 
DATA FROM 

8215 TO PERIPHERAL 

DATA FROM 
12115 TO IOIO 

231256-26 

Any sequence where WR occurs before ACK AND STB occurs before RD is permissible. 
(INTR = IBF • MASK • STB • RD + OBF • MASK • ACK • WR) 

WRITE TIMING 

-..,.ca==>l---'••----1 ==::t'---
DAuaus ______ _,t <.---~o~ 

Lt 
1-----t~ 

1111 

231256-27 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

... 
2.0 2.0 > TEST POINTS < 
0.8 0.1 

0.45 

231256-29 

A.G. Testing Inputs Are Driven At 2.4V For A Logic 1 And 0.45V 
For A Logic 0 Timing Measurements Are Made At 2.0V For A 
Logic 1 And 0.8 For A Logic o. 

READ TIMING 

Ao.,.cs=:J( _______ ~~'-----
-~ - 1-'u 

RD----------"""'~~· ------

DATA BUS,, /;//HIGH IMPEDANCE 

231256-28 

A.C. TESTING LOAD CIRCUIT 

6-46 

DEVICE 
UNDER 
TEST 

1 Ct.., .. "" 
231256-30 

•vEXT Is Set At Various Voltages During Testing To Guarantee 
The Specification. CL Includes Jig Capacitance. 
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Additional References 

For additional information, the following documents appear in the appropriate product line handbook. 

Memory Components 
APPLICATION NOTES 

AP-171 Low Power with CHMOS DRAMs 
AP-172 CHMOS DRAMs In Graphics Applications 

ARTICLE REPRINTS 
AR-311 System Implications of CHMOS Dynamic RAMs 
AR-312 Static Column Architecture in CHMOS Dynamic RAMs-A Graphics Memory Solution 
AR-313 CMOS vs. NMOS Comparisons In Dynamic RAM Design 
AR-332 Modular Approach to C-MOS Technology Tailors Process To Application 
AR-338 C-MOS 256-K RAM With Wideband Output Stands By On Microwatts 

Microcontrollers 
ARTICLE REPRINTS 

AR-302 Inside CMOS Technologies 
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TWX: 810-223-6020 

tPloneer Electronics 
13485 Stamford 
Livonia 48150 
Tel (313) 525-1800 
TWX: 810-242-3271 

tHamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 
Tel. (313) 522-4700 
TWX: 810-242-8775 

tHamilton/Avnel Electromcs 
2215 291h Street S.E 
Space AS 
Grand Rapids 49508 
Tel: (616) 243-8805 
TWX: 810-273-6921 

MINNESOTA 

tArrow Electronics, Inc. 
5230 w 73rd Street 
Edina 55435 
Tel: (612) 830-1800 
TWX: 910-576-3125 

tHamilton/Avnet Electronics 
10300 Bren Road East 
Minnetonka 55343 
Tel: (612) 932-0600 
TWX: (910) 576-2720 

tPioneer Eleclronics 
10203 Bren Road East 
Minnetonka 55343 

~:{6~f6-5~~:2~~i4 

MISSOURI 

tArrow Electronics, Inc 
2380 Schuetz 
St LOUIS 63141 
Tel: (314) 567-6888 
TWX: 910-764-0882 

tHam1lton/Avnel Eleclronics 
13743 Shoreline Court 
Earth Cttr 63045 
Tel: (314 344-1200 
TWX: 91 -762-0684 

NEW HAMPSHIRE 

tArrow Electrontes, Inc . 
1 Perimeter Road 
Manchester 03103 
Tel (603) 668-6968 
TWX: 710-220-1684 

NEW JERSEY 

tArrow Electronics, Inc. 
6000 Lincoln East 
Marllon 08053 
Tel: (215) 928-1800 
TWX: 710-897-0829 

tArrow Electronics, lnc. 
2 Industrial Road 
Fairfield 07006 
Tel: (201) 575-5300 
TWX· 710-998-2206 

tHamilton/Avnet Electronics 
1 Keystone Avenue 
Bldg. 36 
Cherry Hill 08003 
Tel. (609) 424-0110 
TWX: 710-940-0262 

tHamilton/Avnel Electronics 
10 Industrial 
Fairfield 07006 

~:(2~116-1~~5.:.~~io 

tMicrocomputer System Technical Demonstrator Centers 



NEW JERSEY (Cont'd) 

tPioneer Northeast Electronics 
45 Route 46 
Pinebrook 07058 
Tel: (201) 575-3510 
TWX: 710-734-4382 

tMTI Systems Sales 
383 Route 46 w 
Fairfield 07006 
Tel: (201) 227-5552 

NEW MEXICO 

tAlliance Electronics Inc 
11030 Cochiti S.E 
Albuquerque 87123 
Tel: (505) 292-3360 
lWX: 910-989-1151 

tHamilton/ Avnet Electronics 
2524 Baylor Drive S.E. 
Albuquerque 87106 
Tel: (505) 765-1500 
TWX: 910-989-0614 

NEW YORK 

tArrow Electronics. Inc 
25 Hub Drive 
Melville 11735 
Tel: (516) 694-6800 
TWX: 510-224-6126 

tArrow Electronics, Inc 
3000 South Winton Road 
Rochester 14623 
Tel: (716) 275-0300 
TWX: 510-253-4766 

tArrow Electronics. Inc 
7705 Maltage Dri,e 
Liverpool 13088 
Tel: (315) 652-1000 
TWX: 710-545-0230 

tArrow Electronics, Inc 
20 Oser Avenue 

~:i~Pf5a16~e 21i'.18~00 
T'NX: 510-227-6623 

tHamilton/ Avnet Electronics 
333 Metro Park 
Rochester 14623 
Tel: (716) 475-9130 
nvx: 510-253-5470 

tHamilton/ Avnet Electronics 
16 Corporate Circle 
E. Syracuse 13057 
Tel: (315) 437-2641 
TWX: '710-541-1560 

tHamilton/ Avnet Electronics 
5 Hub Drive 
Melville, Long Island 11747 
Tel: (516) 454-6000 
TWX: 510-224-6166 

tPioneer Northeast Electronics 
1806 Vestal Parkway East 
Vestal 13850 
Tel: (607) 748-8211 
TWX: 510-252-0893 

tPioneer Northeast Electronics 
60 Crossway Park West 
Woodbury, Long Island 11797 
Tel: (516) 921-8700 
TWX: 510-221-2184 

tPioneer Northeast Electronics 
840 Fairport Park 14450 
Tel: (716) 381-7070 
TWX: 510-253-7001 

1~T~a~6~~eP~r~a~rive 
P.O. Box 271 
Port Washington 11050 

~:(5J~l-2~;~i:4°~ 

DOMESTIC DISTRIBUTORS 

NORTH CAROLINA 

tArrow Electronics, Inc 
5240 Greendairy Road 
Raleigh 27604 
Tel: (919) 876-3132 
TWX: 510-928-1856 

tHamilton/ Avnet Electronics 

~~J2ig~P~~~0:orest Drive 
Tel: (919) 878-0819 
TWX: 510-928-1836 

tPioneer Electronics 
9801 . A-Southern Pine Boulevard 
Charlotte 28210 
Tel: (704) 524-8188 
TWX: 810-621-0366 

OHIO 

tArrow Electronics, Inc 
7620 McEwen Road 
Centerville 45459 
Tel: (513) 435-5563 
TWX: 810-459-1611 

tArrow Electronics, Inc. 
6238 Cochran Road 
Solon 44139 
Tel: (216) 248-3990 
TWX: 810-427-9409 

tHamilton/ Avnet Electronics 
954 Senate Drive 
Dayton 45459 
Tel: (513) 433-0610 
TWX: 810-450-2531 

tHamilton/ Avnet Electronics 
4588 Emery Industrial Parkway 
Warrensville Heights 44128 
Tel: (216) 831-3500 
TWX: 810-427-9452 

tPioneer Electronics 
4433 lnterpoint Boulevard 
Dayton 45424 
Tel: (513) 236-9900 
TWX: 810-459-1622 

tPioneer Electronics 
4800 E. 131st Street 
Cleveland 44105 
Tel (216) 587-3600 
TWX: 810-422-2211 

OKLAHOMA 

tArrow f:lectronics, Inc 
4719 S. Memorial Drive 
Tulsa 74145 
Tel: (918) 665-7700 

OREGON 

tAlmac Electronics Corporation 
8022 S.W. Nimbus, Bldg. 7 
Beaverton 97005 
Tel: (503) 641-9070 
TWX: 910-467-8743 

tHarnilton/Avnet Electronics 
6024 S.W. Jean Road 
Bldg. C, Suite 10 
Lake Oswego 97034 
Tel: (503) 635-7848 
TWX: 910-455-8179 

PENNSYLVANIA 

tArrow Electronics, Inc 
650 Seco Road 
Monroeville 15146 
Tel: (412) 856-7000 

tpioneer Electronics 
259 Kappa Drive 
Pittsburgh 15238 
Tel: (412) 782·2300 
TWX: 710-795-3122 

PENNSYLVANIA (CGnfd) 

tpioneer Electronics 
261 Gibraltar Road 
Horsham 19044 
Tel: (215) 6'14-4000 
TWX: 510-665-6778 

TEXAS 

tArrow Electronics, Inc 
3220 Commander Drive 
Carrollton 75006 
Tel: (214) 380-6464 
TWX: 910-860-5377 

tArrow Electronics, Inc. 
~~1t~9 1 ~bnghurst 
Houston 77099 
Tel: (713) 530-4700 
TWX: 910-880-4439 

tArrow Electronics, Inc. 
2227 W. Braker Lane 
Austin 78758 
Tel: (512) 835-4180 
TWX: 910-874-1348 

tHamilton/ Avnet Electronics 
2401 Rutland 
Austin 78757 
Tel: (512) 837-8911 
TWX: 910-874-1319 

tHamilton/ Avnet Electronics 
2111 W. Walnut Hill Lane 
Irving 75062 
Tel: (214) 659-4100 
TWX: 910-860-5929 

tHamilton/ Avnet Electronics 
8750 West Pali< 
Hosuton 77063 
Tel: (713) 780-1771 
TWX: 910-881-5523 

tPioneer Electronics 
9901 Burnet Road 
Austin 78758 
Tel: (512) 835-4000 
TWX: 910-8"74·1323 

tPioneer Electronics 
13710 Omega Road 
Dallas '75234 
Tel: (214) 386-7300 
TWX: 910-850-5563 

tPioneer Electronics 
5853 Point West Drive 
Houston 77036 
Tel: (713) 988-5555 
TWX: 910-881-1606 

UTAH 

tHamilton/ Avnet Electronics 
1585 West 2100 South 
Salt Lake City 84119 

+v;,:X: (82116-9%~4~~~o 
Wyle Distribution Group 
1959 South 4130 West, Unit B 
Salt Lake City 84104 
Tel: (801) 974-9953 

WASHINGTON 

tAlmac Electronics Corporation 
14360 S.E. Eastgate Way 
Bellevue 9800'7 
Tel: {206) 643-9992 
TWX: 910-444-2067 

tArrow Electronics, Inc. 
14320 N.E. 21st Street 
Bellevue 98007 
Tel: (206) 643-4800 
TWX: 910-444-2017 

tHamilton/ Avnet Electronics 
14212 N.E. 21st Street 
Bellevue 98005 
Tel: (206) 453-5874 
TWX: 910-443"2469 

WISCONSIN 

tArrow Electronics, Inc 
430 W. Rausson Avenue 
Oakcreek 53154 
Tel: (414) 764-6600 
TWX: 910-262-1193 

tHamilton/ Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 
Tel: (414) 784-4510 
TWX: 910-262-1182 

CANADA 
ALBERTA 

tHammon/ Avnet ·Electronics 
2816 21st Street N.E. 
Calgary T2E 622 
Tel: (403) 230-3586 
TWX: 03-827-642 

Zentronics 

~bo N1°4th1 Avenue N.E. 
Calgary T2A 6J4 
Tel· (403) 272-1021 

BRITISH COLUMBIA 

Zentronics 

~~g;;~~g~ ~~~gW~rt Road 
Tel: (604) 273-5575 
TWX: 04-5077-89 

MANITOBA 

Zentronics 
590 Berry Street 
Winnipeg A3H OS1 
Tel: (204) 775-8661 

ONTARIO 

Hamilton/Avnet Electronics 
6845 Rexwood Road 
Units G & H 
Mississauga L4V 1R2 

~:{4Jf6"4~~'.a~i~2 
Hamilton/Avnet Electronics 
210 Colonnade Road South 
Nepean K2E ?LS 
Tel: (613) 226-1700 
TWX: 05-349-71 

Zentronics 
8 Tilbury Court 
Brampton L6T 3T4 
Tel: (416) 451-9600 
TWX: 06-976-78 

Zentronics 
564/10 Weber Street North 
Waterloo N2L 5C6 
Tel: (519) 884-5700 

Zentronics 
155 Colonnade Road 
Unit 17 
Nepean K2E 7K1 
Tel: (613) 225-8840 
TWX: 06-976· 78 

QUEBEC 

Hamilton/Avnet Electronics 
2670 Sabourin Street 
St. Laurent H4S ·1M2 
Tel: (514) 331-6443 
TWX: 610-421-3731 

Zentronics 
505 Locke Street 
St. Laurent H4T 1X7 
Tel: (514) 735-5361 
TWX: 05-827-535 

tMicrocomputer System Technical Demonstrator Centers 



intef 

BELGIUM 

Intel Corporation S.A 
Pare Sany 
Rue du Moulin a Pap1er 51 
Bo1te 1 
B-1160 Brussels 
Tel: (02)661 07 11 
TELEX· 24814 

DENMARK 

Intel Denmark A/S" 
Glenteve1 61 - 3rd Floor 
DK-2400 Copenhagen 
Tel: (01) 19 80 33 
TELEX. 19567 

FINLAND 

Intel Finland OY 
Hameentie 103 
SF - 00550 Helsinki 55 
Tel· 0/716 955 
TELEX: 123 332 

FRANCE 

lnlel Corl)<ln.1.tion, S.AR.L • 
5 Place de ta Balance 
Silic 223 

~!1~2~01~06H~ gm~f 
TELEX: 270475 

EUROPEAN SALES OFFICES 

FRANCE (cont'd) 

Intel Corporation. S A RL 
lmmeuble BBC 
4 Quai des Etro1ts 
69005 Lyon 
Tel: (7) 842 40 89 
TELEX. 305153 

WEST GERMANY 

Intel Semiconductor GmbH• 
Seidlstrasse 27 
D-8000 Munchen 2 
Tel. (89) 53891 
TELEX: 05-23177 INTL 0 

!ntel Sem1conductor GmbH0 

Meinzer Strasse 75 
D-6200 Wiesbaden 1 
Tel. (6121) 70 OB 74 
TELEX. 04186183 INTW D 

Intel Semiconductor GmbH 
Brueckstrasse 61 
7012 Feilbach 
Stuttgart 
Tel. (711) 58 00 82 
TELEX: 7254826 INTS 0 

ln!el Semiconductor GmbH0 

Hohenzollern Strasse 5° 
3000 Hannover 1 

i~tE~~11~2~t25401N~~ D 

ISRAEL 

Intel Semiconductor Ltd• 
P.0 Bo)( 1659 
Haifa 
Tel: 4/524 261 
TELEX 46511 

ITALY 

Intel Corpora11on Italia Spa• 
Milanofior1, Palazzo E 
20094 Assago (Milano) 
Tel· (02) 824 00 06 
TELEX· 315183 INTMIL 

NETHERLANDS 

Intel Sem1conducior Nederland B V. 0 

Ale)(anderpoort Building 
Marten Meesweg 93 
3068 Rotterdam 
Tel: (10) 21 23 77 
TELEX: 22283 

NORWAY 

Intel Norway A/S 
PO, Box 92 
Hvamveien 4 
N-2013 

f~/.ettmJ 742 420 
TELEX: 18018 

SPAIN 

Intel Iberia 
Calle Zurbaran 28 
Madrid 04 
Tel: (34) 1410 40 04 
TELEX: 46880 

SWEDEN 

Intel Sweden AB• 

~~17~86n S~~a 
Tel. (08) 734 01 00 
TELEX: 12261 

SWITZERLAND 

Intel Semiconductor AG • 
Talackerstrasse 17 
8152 Glattbrugg postfach 
CH·8065 Zurich 
Tel· (01) 829 29 77 
TELEX: 57989 IOH CH 

UNITED KINGDOM 

l~tel Corporation (U.K.) L\d, 0 

~:i;dort'8~1ltshire SN3 1RJ 
Tel: (0793) 488 388 
TELEX· 444447 !NT SWN 

"Field Application Location 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 

AUSTRIA 

Bacher Elektronische Geraete GmbH 

~ot~2be~?e~~ 26 
Tel: (222) 83 56 46 
TELEX: 11532 BASAT A 

BELGIUM 

lnelco Belg1u~ S A 
Ave. des Croix de Guerre 94 
B1120 Brussels 
Tel: (02) 216 01 60 
TELEX 25441 

DENMARK 

iTI MultiKomponent A/S 
Naverland 29 
DK-2600 Gloskrup 
Tel: (02) 45 66 45 
TX: 33355 

FINLAND 

Oy Fintrornc AB 
Melkonkatu 24 A 
SF-00210 
Helsinki 21 
Tel: (0) 692 60 22 
TELEX: 124 224 Ftron SF 

FRANCE 

Generim 
Z.I. de Courtaboeul 

~~94~r L~: 0~is B~~~~-B.P.88 
Tel: (1) 907 78 78 
TELEX: F691700 

~~~mX~en~:· Jean-Jaures 
94600 Choisy-Le-Roi 
Tel: {1) 853 12 00 
TELEX: 260967 

Metrolog1e 
La Tour d' Asnieres 
4, Avenue Laurent Cely 
92606-Asnieres 
Tel: (1) 790 62 40 
TELEX. 611-448 

Tekelec A1rtronic 
Cite des Bruyeres 
Rue Carle Vernet B.P 2 
92310 Sevres 
Tel: (1) 534 75 35 
TELEX· 204552 

WEST GERMANY 

Electronic 2000 Vertriebs AG 

~~~~bub~~~72h 1~2 
Tel: (89) 42 00 10 
TELEX 522561 EIEC D 

Jermyn GmbH 
Postfach 1180 
Schulstrasse 84 
D-6277 Bad Gamberg 
Tel: (06434) 231 
TELEX: 484426 JEAM 0 

CES Computer Electronics Systems 
GmbH 
Gutenbergstrasse 4 
2359 Henstedt-Ulzburg 
Tel: (04193) 4026 
TELEX: 2180260 

Metrolog1e GmbH 
Hansastrasse 15 
8000 Munich 21 
Te!: (89) 57 30 84 
TELEX: D 5213189 

Proelectron Vertnebs GmbH 
Max Planck Strasse 1-3 
6072 Dre1e1ch bei Frankfurt 
Tel: (6103) 33564 
TELEX 417983 

IAELAND 

~/~~~g~~ke&ff?ce Park 

g~~na8~~1~ 
Tel: (1) 85 62 88 
TELEX: 31584 

ISRAEL 

Eastrorncs Ltd 
11 Rozan1s Street 
P.O. Box 39300 
Tel Aviv 61390 
Tel: (3) 47 51 51 
TELEX. 33638 

ITALY 

Eledra 3S S P.A 
Viale Elvez1a, 18 
I 20154 Milano 
Tel. (2) 34 97 51 
TELEX: 332332 

lntesi 
Milanofiori Pal. E/5 
20090 Assago 
Milano 
Tel: (02) 82470 
TELEX: 311351 

NETHERLANDS 

Koning & Hartman 

~~e9~~ lf220 
2544 EN's Gravenhage 
Tel. 31 (70) 210.101 
TELEX: 31528 

NORWAY 

Nordisk Elektrornc (Norge) A/S 
Postofflce Box 122 
Smedsvingen 4 
1364 Hvalstad 
Tel: (2) 846 210 
TELEX: 17546 

PORTUGAL 

D1tram 
Componentes E Electronica LOA 
Av. Miguel Bombarda, 133 
P1000 Lisboa 
Tei· (19) 545 313 
TELEX: 14182 Bneks-P 

SPAIN 

Interface S.A 
Av. Pompeu Fabra 12 
08024 Barcelona 
Tel: (3) 219 80 11 
TELEX. 51508 

ITT SESA 
Miguel Angel 21, 6 P1so 
Madrid 10 
Tel (34) 14 1954 00 
TELEX: 27461 

SWEDEN 

AB Gosta Backstrom 
Box 12009 
Alstroemergatan 22 
S-10221 Stockholm 12 
Tel: (8) 541 080 
TELEX: 10135 

Nordisk Etectrornk AB 
Box 27301 
Sandhamnsgatan 71 
S-10254 Stockholm 
Tel· (8) 635 040 
TELEX- 10547 

Telko AB 
~~~ds1f~devagen 1 

S-161 26 Bromma 
Tel: {8) 98 08 20 
TELEX: 11941 

SWSTZERLAND 

lndustrade AG 
Herltstrasse 31 
CH"8304 Wallisellen 
Tel (01) 830 50 40 
TELEX. 56788 INDEL CH 

UNITED KINGDOM 

Bytech Ltd 
Unit 57 
London Road 

~~~lhir~eadlng 
Tel: (0734) 61031 
TELEX: 848215 

Comway Microsystems Ltd. 
Market S1reet 
UK-Bracknell, Berkshire 
Tel· 44 {344) 55333 
TELEX. 847201 

Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent 
Tel: (0732) 450144 
TELEX: 95142 

M.E.D.L 
East Lane Road 

~jd~e~:m~~ ?PP 
Tel: (190) 49307 
TELEX: 28817 

Rapid Recall, ltd 
Rapid House/Denmark St 
High W~combe 
~1'.ks(049~~1aj~ ~r111 2ER 

TELEX: 837931 

YUGOSLAVIA 

H. R. Mtcroelecironics Enterprises 
P.O. Box 5604 
San Jose, Caliiornia 95150 
Tel: 408/978-8000 
TELEX: 278-559 



intJ 

AUSTRALIA 

Intel Australia Pty Ltd." 
(Maillng Address) 
PO. Box 571 
North Sydney NSW, 2065 

~Shipping Address) 

28~~~ificBu~?~h~ay 
Level 6 
Crows Nest, NSW, 2065 
Tel: 011-61-2-957-2744 
TELEX: 790-20097 
FAX: 011-61-2-957-2744 

HONG KONO 

Intel Sem1conductor Ltd" 
1701-3 Connaught Centre 

t e1~00~,~~~~'.5~~~?311 
TWX: 60410 ITLHK 

INTERNATIONAL SALES OFFICES 

JAPAN 

Intel Japan K.K 
5-6 Tokodai, Toyosato-machi 
Tsukuba-gun, lbaraki-ken 300-26 
Tel: 029747-8511 
TELEX 03656-160 

Intel Japan K.K. 0 

2-1-15 Naka-machi 
Atsugi, Kanagawa 243 
Tel: 0462-23-3511 

Intel Japan K.K. 0 

2-51-2 Kojima-oho 
Chofu, Tokyo 182 
Tel: 0424-88-3151 

Intel Japan K.K. 0 

2-69 Hon-cho 

~~1~88ll~:24~~~;r'a 360 

Intel Japan K.K. 0 

2-4-1 Terauchi 
Toyonaka, Osaka 560 
Tel: 06-863-1091 

JAPAN (Cont'd) 

Intel Japan K.K. 
1-5-1 Marunouchi 
Chiyoda-ku, Tokyo 100 
Tel: 03-201-3621 

\~kt9JaE~rnm~~h~ 
~:1~g&r..;~~2Jg1kyo 154 

Intel Japan K.K. 0 

M1tsui-Seimei Musashi-Kosugl Bldg. 
915 Shinmaruko, Nakahara-ku 
Kawasaki-Shi, Kanagawa 211 
Tel· 044-733-7011 

Intel Japan l(.K. 
1-1 Shibahon-cho 
Mishima-sh1 
Shizuoka-Ken 411 
Tel: 0559-72-4121 

KOREA 

Intel Sem1conduc!or Asia Ltd. 
Singsong Bldg. 8th Floor #906 
25-4 Yoido-Dong, Youngdeungpo-Ku 
Seoul 150 
Tel: 011-82-2-784-8186 or 8286 
TELEX: K29312 INTELKO 

SINGAPORE 

Intel Semiconductor Ltd. 
101 Thomson Road 
21-06 GoldhiH Square 
Singapore 1130 
Tel: 011-65-2507811 
TWX: RS 39921 
CABLE: INTELSGP 

°FieldApplicatlonLocat1on 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 

ARGENTINA 

VLC S.R.L. 
Sarmiento 1630, 1 Piso 
1042 Buenos Aires 
Tel· 011-54-1-35-1201/9242 
TELEX: 17575 EDARG 

Agent 
Soimex International Corporation 
15 Park Row, Room #1730 
New York, New York 10038 
Tel: {212) 406-3052 
Attn: Gaston Briones 

AUSTRALIA 

Total Electronics 
{Malling Address) 
Private Bag 250 
Burwood, V1ctona 3125 

(Shipping Address) 
9 Harker Street 
Burwood 
Victoria 3125 
Tel· 011-61-3-288-4044 
TELEX: AA 31261 

Total Electronics 
P.O. Box 139 
Artarmon, N.S.W. 2064 
Tel. 011-61-02-438-1855 
TELEX: 26297 

BRAZIL 

lcotron S.A 
05110 Av. Mutinga 3650-6 Ander 
Piriluba Sao Paulo 
Tel. 011-55-11-833-2572 
TELEX: 1122274 ICOTBR 

CHILE 

DIN 
(Mailing Address) 
Av. VIC, MacKenna 204 
Casilla 6055 
San~ago 
Tel: 011-56-2-277-564 
TELEX: 352-0003 

(Shipping Address) 
A102 Greenville Center 
3801 Kennett Pike 
Wilmlng1on, Delaware 19807 

HONG KONG 

Novel Precision Machinery Co., Ltd. 

~!s~ 1202ti~~~fr~e:n~tr:~?9NT 
Tel: 011-852-5-0-223222 
TWX: 39114 JINMI HX 

Schmidt & Co Ltd 
18/F. Great Eagle Centre 
Wanchai 
Tel. 011-852-5-833-0222 
TWX· 74768 SCHMC HK 

INDIA 

Micronic Devices 
65 ARUN Complex 
DVGRoad 
Basavan Gud1 
Bangalore 560004 
Tel: 011-91-812-600-631 
TELEX 011-5947 MDEV 

M1cronic Devices 
104/109C Nirmal Industrial Estate 
Sion (E) 
Bombay 400022 
Tel: 011-91-22-48-61-70 
TELEX: 011-71447 MDEV IN 

Micronic Devices 

~~6!4 O~!~~ 1 ~0~1~ger Nager 

Ramlak International, Inc. (Agent) 
465 S. Mathilda Avenue 
Suite 302 
Sunnyvale, CA 94086 
Tel: (408) 733-8767 

t~~~llnlx~~%i~~~on 
Mauldin, South Carolina 29657 

(Shipping Address) 
308 Green Drive 
Liberty, South Carolina 29657 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. Room 407 
2-14-1 Asano, Kokurakita-Ku 
Kitakyushu City 802 
Tel· (093) 511-6471 
TELEX: AECKY 7126-16 

JAPAN (Cont'd) 

Hamilton-Avnet Electronics Japan Ltd. 
YU and YOU Bldg 1-5-7 Hondome
Cho 
Nlhonbashi Chuo-Ku, Tokyo 103 
Tel: (03) 662-9911 
TELEX 2523774 

Ryoyo Electric Corporation 
Konwa Bldg 
1-12-22, Tsukijt 
Chuo-Ku, Tokyo 104 
Tel: {03) 543-7711/541-7311 

Tokyo Electron Ltd. 
Shinjuku ~o~ura Bldg. 
26-2 Nish1-Shm1uku 1-Chome 
Shinjuku-Ku, Tokyo 160 
Tel. (03) 343-4411 
TELEX: 232-2220 LABTEL J 

KOREA 

J-TEK Corporation 
2nd Floor. Government Pension Bldg 
24-3, Yo1do-Dong 

~~~~pd1us'j?po-Ku 
Tel: 011-82-2-782-8039 
TELEX: KODIGIT K25299 

~4°~6 E~fl18~ir~~~n~A86~1~vard 
¥:tte(7i:) ~~g~~;Q.i CA 90670 

TWX: 194715 KORAM DIGIT LSA 

NEW ZEALAND 

Mclean Information TP.Chnology Ltd. 
459 Kyber Pass Road, Newmarket, 
P.O. Box 9464, Newmarket 
Auckland 1, New Zealand 
Tel: 011-64-9-501-219, 501-801, 587-
037 
TELEX: NZ21570 THERMAL 

PAKISTAN 

Computer Appllcations Ltd. 
7D Gizri Boulevard 
Defense 
Karachi-46 
Tel: 011-92-21-530-306/7 
TELEX: 24434 GAFAR PK 

PAKISTAN (Cont'd) 

HOfizon Training Co., Inc. (Agent) 
1 Lafayette Genier 
1120 20th Street NW 
Suite 530 

~T:shl~~n·8ri~9oi0036 
TWX: 248890 HORN 

SINGAPORE 

General Engineers Corporatton pty. 
Ltd. 
Units 1003-1008 Block 3 
10th Floor PSA Multi Storey Complex 
Telok Blangahl Pasir 
Pan Jang 
Singapore 5 
Tet: 011-65-271-3163 
TELEX: RS23987 GENERCO 
CABLE: GENERRCORP 

SOUTH AFRICA 

Electronic Bulldlng Elements, pty. Ltd. 
P.O. Box 4609 
Pretoria 0001 
Tel: 011-27-12-46-9221 
TELEX: 3-22786 SA 
TELEGRAM: ELBILEM 

TAIWAN 

Mitac Corporation 
3rd Floor #75, Section 4 
Nanking East Road 
Taipei 
Tel: 011-886-2-771-0940, 0941 
TELEX: 11942 TAIAUTO 

Mectel International, Inc. (Agent) 
3385 V1so Court 
Santa Clara, CA 95050 
Tel: (408) 988-4513 
TWX: 910-338-2201 
FAX: 408-980-9742 

YUGOSLAVIA 

H. A. Microeleclronics Enterprises 
P.O. Box 5604 
San Jose. California 95150 
Tel: (408) 978-8000 
TELEX: 278-559 

"Field Application Locatioo 




