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Reliability and Quality Control

NECEL Electronics Inc. is dedicated to the QCD principle of
providing the highest quality product at the lowest possible
cost with on-time delivery to our customers.

As large-scale integrated (LSI) circuits increase in den-
sity, the reliability of individual devices imposes a more
profound impact on system reliability. As a result, great
emphasis has been placed by LSI circuit manufactur-
ers on assuring device reliability.

Conventionally, performing reliability tests and using
feedback from the field have been the only methods of
monitoring and measuring reliability. As LS| density
increases, however, internal device circuit elements
have become more difficult to activate from external
terminals and to detect their degradation. Testing and
feedback alone cannot provide enough information to
ensure today’s demanding reliability requirements.

To guarantee and improve the reliability of LSI circuits,
a new philosophy and methodology are needed for
reliability assurance. Quality and reliability must not
only be monitored and measured but, most impor-
tantly, must be built into the product.

BUILT-IN TQC

NECEL introduced the concept of total quality control
(TQC) across its entire semiconductor product line to
implement this philosophy. Quality control is now an
integral part of each process step and requires produc-
tion, engineering, quality control staffs, and all man-
agement personnel to participate in TQC activities.
Figure 1 is a flowchart that shows how these activities
form a comprehensive quality control system at
NECEL.

In addition to TQC, NECEL introduced a pre-screening
method into the production line that eliminates poten-
tially defective units. This combination of building in
quality and screening out projected early failures has
resulted in superior quality and reliability.

Most LS| circuits use high-density MOS technology.
Their state-of-the-art high performance improved fine-
line generation techniques. When physical parameters
are reduced, circuit density and performance increase
and active circuit power dissipation decreases.The
information presented here will show that this ad-

10002-3

vanced technology combined with the practice of TQC
yields products as reliable as those from previous
technologies.

APPROACHES TO TQC

TQC activities are geared toward total customer satis-
faction. The success of these activities depends on
management’'s commitment to enhancing employee
development, maintaining a customer-first attitude,
and fulfilling community responsibilities.

TQC is implemented in the following steps. First, qual-
ity control is embedded into each process, allowing
early detection of possible failure mechanisms and
immediate feedback. Second, the reliability and quality
assurance policy is upheld through company-wide
quality control activities. Third, emphasis is placed on
research and development efforts to achieve even
higher standards of device quality and reliability.
Fourth, extensive failure analysis is performed period-
ically, and appropriate corrective actions are taken as
preventative measures.

Process control limits are based on statistical data
gathered from this analysis and used to determine the
effectiveness of the in-process quality control steps.

New standards are continuously upgraded, and the
iterative process continues. The goal is to maintain the
superior product quality and reliability that has be-
come synonymous with the NEC name.

Zero Defects Program

One of the quality control activities that involves every
staff level is the “Zero Defects” (ZD) program. The
purpose of the ZD program is to minimize, if not
prevent, defects due to controllable causes. These
activities are organized by groups of workers around
these four premises.

e A group must have a target or purpose to pursue.

Several groups can be organized to pursue a
common target.

Each group must have a responsible leader.
Each group is well supported by management.

11
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Figure 1. NECELs Quality Control System
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The group’s target is selected from items relating to
specifications, inspections, operation standards, etc.
When past data is available, a Pareto diagram is cre-
ated and reviewed to select an item most in need of
quality improvement. Target defects related to this item
are clearly defined. Records are analyzed to compute
numerical equivalents of the defects. Then, action is
taken to control these defects.

Statistical Approach

Another approach to quality control is statistical anal-
ysis. NECEL uses statistical analysis at each stage of
LS| product development, trial runs, and mass produc-
tion. These are some implementations of this statistical
approach:

e Process comparisons
e Control charts
e Data analysis
— Correlation, regression, multivariance, etc.
e Cp/Cpk studies
— Variables and attributes data (performed
monthly)

Process control sheets and other QC tools are used to
monitor important parameters such as Cp, Cpk, X, X-R,
electrical parameters, pattern dimensions, bond
strength, test percentage defects, etc. The results of
these studies are monitored by the production staff,
QC engineers, and other associated engineers. If any
out-of-control or out-of-specification limit is observed,
corrective procedures are quickly taken.

IMPLEMENTATION OF QUALITY CONTROL

Building quality into a product requires early detection
of possible failure mechanisms and immediate feed-
back to remove such problems. A fixed quality inspec-
tion station often cannot provide prompt and accurate
feedback about the process steps prior to the inspec-
tion. Quality control functions have therefore been
distributed into each process step including the con-
ceptual stage. These are the most significant areas
where quality control has been placed:

Product development

Incoming material inspection

Wafer processing

Chip mounting and packaging

Electrical testing and infant mortality screening
Outgoing material inspection

Reliability assurance tests

Process/product changes

Figure 2. New Product Development
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Product Development

New product development includes the product con-
cept, device proposal review, physical element design
and organization, engineering evaluation, and, finally,
product transfer to manufacturing. Quality and reliabil-
ity are considered at every step. The new product
development flow at NECEL is shown in figure 2.

Design is the first and most important step in new
product development. NECEL believes that the founda-
tion of device quality is determined at the design stage.
The four steps involved are circuit design, mask pattern
layout, package design, and the setting of process and
product manufacturing conditions. Design standards
have been established at NECEL to maximize quality
and reliability.

After completion of the design, a design review is
performed to check for conformity to design standards
and to consider other factors influencing reliability and
quality. At this stage, modification or re-design may be
necessary. NECEL believes that design reviews are
essential for product modifications as well as for newly
designed products.

Once a design successfully passes its review, atrial run
takes place in which the product’s electrical and me-
chanical characteristics, quality, and reliability are
evaluated.

Additional runs are performed in which process condi-
tions are varied deliberately, causing characteristic
factors to change in mass production. These samples
are evaluated to determine the best combination of
process conditions. Reliability tests are then con-
ducted to check the new product’s electrical and me-
chanical stress resistance. If no problems are found at
this stage, the product is approved for mass produc-
tion.

Mass production begins after the product design de-
partment prepares a schedule that includes reliability
and quality control steps. The standards for produc-
tion and control steps are continuously re-examined
for possible improvement, even after mass production
has started.

Incoming Material Inspection

NECEL has the following programs to control incoming
materials:

Vendor/material qualification system
Purchasing specifications for materials
Incoming materials inspection

Inspection data feedback

Meetings with vendors concerning quality
Vendor audits

If any parts or materials are rejected at incoming
inspection, they are returned to the vendor with a
rejection notification form specifying the failure items
and modes. The results of these inspections are used
to rate the vendors for future purchasing.

In-Process Quality Inspection

Typical in-process quality inspections performed at
wafer fabrication, chip mounting and packaging, and
device testing stages are listed in appendix 1A and
appendix 1B.

Electrical Testing and Screening

At the first electrical test, dc parameters are tested
according to electrical specifications on 100% of each
lot. This is a prescreening prior to any infant mortality
test. At the second electrical test, ac functional tests as
well as dc parameter tests are performed on 100% of
each lot. If the percentage of defective units in a lot is
unacceptably high in this test, the lot is subjected to an
infant mortality rescreen. During this time, any defec-
tive units undergo extensive failure analysis. The re-
sults of these analyses are fed back into the process
through corrective actions.

Figure 3 is a flowchart of the typical infant mortality
screening and electrical testing.

Outgoing Inspection

Prior to warehouse storage or shipment, lots are sub-
jected to an outgoing inspection according to the
following sampling plan:

e Electrical
— Dc parameters, lot tolerance parts defective
(LTPD) 3%
— Ac functional LTPD 3%
e Appearance
— Major LTPD 3%
— Minor LTPD 7%
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Figure 3. Electrical Testing and Screening
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Reliability Assurance Tests

Prior to shipment, representative samples from each
process family are taken on a regular basis and sub-
jected to monitoring reliability tests. This testing is
performed to confirm that NECELs products continu-
ally meet their field reliability targets.

Process/Product Changes

As mentioned previously, a design review occurs for
product changes as well as for new products. Once a
design is approved and processes are altered for max-
imum quality, qualification testing is performed to
check reliability. If the test results are acceptable, the
product is internally qualified for mass production.

The typical reliability qualification tests performed at
NECEL are listed in appendix 3.
RELIABILITY THEORY

Reliability is defined as a characteristic of an item
expressed by the probability that it will perform a
required function, under specific conditions, for a cer-

tain period of time. The concept of probability, the
definition of required function, and the knowledge of
how time affects the item of concern are therefore
necessary tools for the study of reliability.

Definition of a required function, by implication, treats
the definition of a failure. Failure of a device is defined
as the termination of a device’s ability to perform its
required function. A device has failed if it is unable to
meet guaranteed values given in its electrical specifi-
cations.

Failures are categorized by the period of time in which
they occur. The critical times used in the discussion of
device reliability and failure are the periods of early,
random, and wearout failures. Probability is used to
quantitatively estimate reliability levels during these
periods as well as overall reliability. The relevant theo-
ries and methods of calculation will be discussed later.

Regarding individual devices, specific failure mecha-
nisms seenin life tests and in infant mortality screening
tests are the parameters of concern in the determina-
tion of overall device failure rates, thus reliability levels.

Regarding systems, the sum of individual device failure
rates is the expected failure rate of the system hard-
ware.

Life Distribution

The fundamental principles of reliability engineering
predict that the failure rate of a group of devices will
follow the well-known bathtub curve in figure 4.

Figure 4. Reliability Life (Bathtub) Curve
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The curve is divided into three regions: infant mortality,
random failures, and wearout failures.

The infant mortality section of the curve, where the
failure rate is declining rapidly, represents the early-life
device failures. These failures are usually associated
with one or more manufacturing defects.

After a period of time, the failure rate reaches a low
value. This random failure area of the curve represents
the useful portion of a device’s life. During this random
failure period, a slight decline is observed due to the
depletion of potential random failures from the general
population. :

Wearout failures occur at the end of useful device life.
These failures are observed in the rapidly rising failure
rate portion of the curve; devices are wearing out both
physically and electrically.

Therefore, for a device that has a very long life expect-
ancy compared to the system that contains it, the
areas of concern will be the infant mortality and ran-
dom failure portions of the bathtub curve.

Failure Distribution at NECEL

To eliminate infant mortality failures, NECEL subjects
its products to production burn-in whenever necessary.
This burn-in is performed at an elevated temperature
on 100% of the devices involved and is designed to
remove potentially defective units.

After elimination of early device failures, a system will
be left to the random failures of its components. To
make proper projections of the failure rate of a system
in the operating environment, random failure rates
must be predicted for the system’s components.

To qualitatively study random failures, integrated cir-
cuits returned from the field, as well as in-house life
testing failures, undergo extensive failure analyses at
respective NEC manufacturing divisions. Failure mech-
anisms are identified and resulting data is fed back to
appropriate production and engineering groups. Long-
term failure rates are determined from this data to
quantitatively study this random failure population.

Infant Mortality Failure Screening

Establishing infant mortality screening requires knowl-

edge of likely failure mechanisms and their associated

activation energies.

Typical problems associated with infant mortality fail-
ures are manufacturing defects and process anoma-
lies, which consist of contamination, cracked chips,
wire bond shorts, or bad wire bonds. Since these
problems can result from a number of possible failure
mechanisms, the activation energy for infant mortality
can vary considerably. Correspondingly, the effective-
ness of an infant mortality screening condition (pref-
erably at some stress level to shorten the screening
time) varies greatly with the failure mechanism.

For example, failures due to ionic contamination have
an activation energy of approximately 1.0 eV. There-
fore, a 15-hour stress at 125°C junction temperature
would be the equivalent of approximately 314 days of
operation at a junction temperature of 55°C. On the
other hand, failures due to oxide defects have an
activation energy of approximately 0.3 eV. A 15-hour
stress at 125°C junction temperature in this case would
be the equivalent of approximately 4 days of operation
at 55°C junction temperature. The condition and dura-
tion of infant mortality screening is determined by the
economic factors involved in the screening and by the
allowable rate of component failure. A component
failure causes a system failure.

Empirical data gathered at NECEL indicates that any
early failures generally occur after less than 4 hours of
stress at 125°C ambient temperature. This fact is sup-
ported by the bathtub curve created from actual life
test results. The failure rate after 4 hours of such stress
testing shows random distribution as opposed to the
rapidly decreasing failure rate observedin the early life
portion of the curve.

Whenever necessary, NECEL has adopted this infant
mortality burn-in at 125°C as a standard production
screening procedure. NECEL believes it is imperative
that failure modes associated with such infant mortal-
ity screens be understood and fixed at the manufac-
turing level. Failure analysis is performed on all infant
mortality failures for this purpose. This in-line data
coupled with data accumulated from the field is used to
introduce corrective actions and quality improvement
measures. If the early-life failures of a device can be
minimized or eliminated and countermeasures appro-
priately monitored, then such screens can be elimi-
nated. The result of such practices is that field reliabil-
ity of NECEL devices is an order of magnitude higher
than NECEL'’s long-term failure rate goals.
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Table 1. Typical Reliability Test Results
Name Type HTB (1000H) TH (1000H) PCT (192H) T/C (300)
Micro NMOS 9/26169 3/15977 0/16928 0/3542
(Note 1) (13 FIM
cMos 7/29829 7/23123 0/23275 0/12238
(4.3 FIT)
Memory 1 Meg DRAM (Note 2) 44/38217 0/18210 0/6320 0/11300
(HTOL) (43 FIT)
4 Meg DRAM (Note 3) 12/8085 1/2866 0/2100 0/2020
(2.2 FIm
256K SRAM (Note 4) 1/2812 1/2562 0/1900 0/3232
(22 FIT)
1 Meg SRAM (Note 4) 0/2136 2/1959 0/1080 0/1375
(1.25 FIT)
Asic CMOs 7/8787 0/3577 5/13971 6/9693
(Note 5) (21 FIT)
BICMOS 3/2801 0/3601 0/4535 0/5825
(29 FIT)
Note:

Information in the table above has been extracted from NECEL report
numbers:

(1) IRQ-3Q-24163
(2) TRQ-93-01-0142
(3) TRQ-93-01-0141

(4) TRQ-93-07-0165
(5) TRQ-93-07-0163

Accelerated Reliability Testing

NECEL performs extensive reliability testing at both
pre-production and post-production levels to ensure
that all products meet NECEL's minimum expectations
and those of the field.

Assume an electronic system contains 1000 integrated
circuits and that 1% system failures per month can be
tolerated by this system. The allowable failure rate per
component is then calculated as follows:

% failures
1000 hours

1% failures
720 hours x 1000 pieces

(0.0014)

14 FITs

The rate of 14 FITs corresponds to one failure in 85
devices during an operating test of approximately
10,000 hours. To demonstrate this reliability level in a
reasonable amount of time, a test condition is appar-
ently required to accelerate the time-to-failure in a
predictable and understandable way.

The most common method for decreasing time-to-
failure is the use of high temperature to accelerate

physiochemical reactions that can lead to device fail-
ure. Other stressful environmental conditions are volt-
age, current, humidity, vibration, or some combination
of these. Appendix 2 lists typical accelerated reliability
assurance tests performed at NECEL on molded inte-
grated circuits. Table 1 shows the results of some of
these tests for various process types.

Reliability Assurance Tests

NECELSs life tests consist of the high-temperature
operating/bias life (HTOL/HTB), the high-humidity stor-
age life (HHSL), the high-temperature, high-humidity
(T/H = HHSL + bias), and the high-temperature storage
life (HTSL). Additionally, NECEL performs various envi-
ronmental and mechanical tests.

HTOL/HTB Test. These tests are used to accelerate
failure mechanisms by operating devices in a dynamic
(operating life) or static (bias) condition at an elevated
temperature of 125°C. The data obtained is translated
to a lower temperature to estimate device life expect-
ancy using the Arrhenius relationship explained later.

1-7
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HHSL and T/H Tests. Integrated circuits are extremely
sensitive to the effects of humidity such as electrolytic
corrosion between biased lines. The high-temperature
and high-humidity tests are performed to detect failure
mechanisms accelerated by temperature and humidity,
such as leakage related problems and drifts in device
parameters due to process instability.

HTSL Test. Another common test is the high-tempera-
ture storage life test in which devices are subjected to
elevated temperatures with no applied bias. This test is
used to detect process instability and stress migration
problems.

Environmental Tests. Other environmental tests such
as the pressure cooker test (PCT) or the temperature
cycling test (T/C) detect problems related to the pack-
age and/for interactions between materials as well as
the degradation of environmentally sensitive device
characteristics.

Failure Rate Calculation/Prediction

To predict the device failure rate from accelerated life
test data, the activation energies of the failure mecha-
nisms involved should be considered. In some cases,
an average activation energy is assumed to accom-
plish a quick first-order approximation. NECEL as-
sumes an average activation energy of 0.7 eV or 0.45eV
for most products (0.3 eV for high-density memory
devices). These values have been assessed from exten-
sive reliability test results and yield conservative failure
rates.

Since most semiconductor failures are temperature
dependent, the Arrhenius relationship is used to nor-
malize failure rate predictions at a system operation
temperature of 55°C. It assumes that temperature de-
pendence is an exponential function that defines the
probability of failure occurrence, and that degradation
of a performance parameter is linear with time. The
Arrhenius model includes the effects of temperature
and activation energies of the failure mechanisms in
the following Arrhenius equation:

A= exp EATu-T)
k(Tu1)(Ty2)

Where:

A(T) = Acceleration factor

Ea = Activation energy

Ty1 = Junction temperature (in K) at Tapy = 55°C

Ty2 = Junction temperature (in K) at Tao = 125°C

k = Boltzmann’s constant = 8.62 x 10-5 eV/K

1-8

Because the thermal resistance and power dissipation
of a particular device type cannot be ignored, junction
temperatures (Tyy and Typ) are used instead of ambient
temperatures (Ta1 and Tao). We calculate junction tem-
peratures using the following formula:

Ty = Ta + (thermal resistance)(power diss. at Ta)

With this information, a temperature acceleration fac-
tor can be calculated.

In some cases, the effect of voltage acceleration on

failure rate must also be considered. Voltage acceler-

ation can be characterized by the following equation:

A(V) = exp [-B(Vd - Vs)]

Where:

Vd = Operating voltage (5.5 V)

Vs = Life test stress voltage (7 V)

B = Empirically determined constant (dependent on
electric field constant and oxide thickness)

The constant 8 has been given the value = 1, which is
a conservative figure. Therefore, the overall accelera-
tion factor will be determined as the product:

A(TV) = A(T) * A(V)

To estimate long-term failure rate, the acceleration
factor must be multiplied by the actual time to deter-
mine the simulated test time. From the high-
temperature operating or bias life test results, failure
rates can then be predicted at a 60% confidence level
using the following equation:

Lo (105
2T
Where:

L = Failure rate in %/1000 hours
X2 = The tabular value of chi-squared distribution at a
given confidence level and calculated degrees of
freedom (2f + 2, where f = number of failures)
See note below.
T = # of equivalent device hours = (# of devices) x (#
of test hours) x (acceleration factor)

Note: Since the failures of concern here are the long-term
failures, notthe infant mortality failures (that is, the end
of the downward slope and the middle constant sec-
tion of the bathtub curve in figure 4), X2 is determined
by assuming a one-sided, fixed time test.

Another method of expressing failures is in FITs (fail-
ures in time). One FIT is equal to one failure in 109
hours. Since L is already expressed as %/1000 hours
(10-5 failure/hr), an easy conversion from %/1000 hours
to FIT would be to multiply the value of L by 104,
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To accurately determine this failure rate, a statistically

large sample size must be accumulated. Depending on

the accuracy needed, the following conditions should
be imposed:

e A minimum of 1.2 million device hours (equal to
sample size multiplied by test period) at 125°C
should be accumulated to accurately predict a fail-
ure rate of 0.02% per 1000 hours at 55°C, with a 60%
confidence level.

o A minimum of 3 million device hours at 125°C should
be accumulated to accurately predict a failure rate
of 0.01% per 1000 hours at 55°C, with a 60% confi-
dence level.

Failure Rate Calculation Example. As an example of
how this failure rate is calculated, assume a sample of
960 pieces was subjected to 1000 hours at 125°C burn-
in. One reject was observed. Given that the accelera-
tion factor was calculated to be 34.6 using the Arrhe-
nius equation, what is the failure rate normalized to
55°C using a confidence level of 60%. Express the
failure rate in FITs.

Table 2. NECEL Quality Targets

Solution:
Forn=2f+ 2= 2(1) + 2= 4, X2 = 4.046
2)105
ThenL = %T& (%/1000 hours)

_ (X2)105 (%/1000 hours)
2(# devices)(# test hours)(accel. factor)

(4.046)105

=221 TR o 0,0061 (%/1000 hours
2(960)(1000) (34.6) e/ )

Therefore, FIT = (0.0061)(104) = 61

Failure Rate Goals

Outgoing electrical and mechanical quality levels, as
well as mortality and long-term failure rates, are moni-
tored and checked against quality and reliability tar-
gets. Long-term failure rate goals are based on mask
and process designs. NECEL's quality and reliability
targets are listed in tables 2 and 3.

Outgoing Electrical (PPM) Outgoing Mechanical (PPM)
BiPolar BiPolar
System | CMOS ECL | BiCMOS System | CMOS ECL | BiCMOS
Year | Memory | Micro | Micro | ASIC | RAM | G/A G/A Memory | Micro | Micro ASIC | RAM | G/A G/A
1993 10 60 50 50 80 300 80 10 60 50 50 80 300 80
1994 3.4 40 40 10 80 300 80 3.4 40 40 10 80 300 80
1995 3.4 40 30 5 80 150 50 3.4 40 30 5 80 150 50
Table 3. NECEL Reliability Targets
Infant Mortality (FIT) Long-Term Reliability (FIT)
BiPolar BiPolar
System | CMOS ECL | BiCMOS System | CMOS ECL | BiCMOS
Year | Memory | Micro | Micro | ASIC | RAM | G/A G/A Memory | Micro | Micro ASIC | RAM | G/A G/A
1993 10 40 50 100 50 300 80 10 30 100 50 30 300 80
1994 3.4 30 40 50 50 | 300 80 3.4 20 100 10 30 300 80
1995 3.4 30 30 10 50 150 50 3.4 20 100 5 30 150 50

19
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FAILURE ANALYSIS

At NECEL, failure analysis is performed not only on
reliability testing and field failures, but also on prod-
ucts that exhibit defects during production. This data is
closely checked for correlation process quality infor-
mation, inspection results, and reliability test data.
Information derived from these failure analyses is fed
back into the process.

Since many failure mechanisms can be exhibited by
LS| devices, highly advanced analytical tools and
methodologies are required to investigate such LSI
failures in detail. The standard failure analysis flow-
chart relating to the returned products from customers
is shown in appendix 4.

Special Grade Devices

Some applications require a wider temperature range
and/or higher reliability than most, such as medical or
safety equipment, transportation control systems, etc.
For these requirements, NEC offers special grade de-
vices based on a mutual quality agreement. The typical
differences between special and standard grade de-
vices are shown in table 4. NEC’s quality and reliability
targets for grade (A) microprocessor/controller prod-
ucts are shown in table 5.

1-10

SUMMARY

Building quality and reliability into products by forming
atotal quality control system is the most efficient way
to ensure product success.

The combination of building quality into products,
effective prescreening of potential failures, and moni-
toring of reliability through extensive testing has estab-
lished a singularly high standard for NECEL’s large-
scale integrated circuits.

The company’s quality control program supports re-
search and development activities, failure analyses,
and process improvements. With this extensive pro-
gram, NECEL continuously sets and maintains higher
standards of quality and reliability.

Table 4. Standard Grade and Special Grade
Differences

Item Standard Grade

Special Grade

Reliability Evaluation

HTB, TH > 1000 hours > 2000 hours

HTS

TC > 100 cy > 300 cy

PCT > 96 hours >192 hous

Quality Standard quality Special control when

control steps necessary

Screening Standard burn-in Increased burn-in time
Electrical Standard Addition of high
testing temperature testing (if

not performed already)
Storage 3 years 5 years

life

Table 5. Grade (A) Micro Reliability and Quality

Targets
Quality/Rel. Item 1993 1994 1995
Outgoing electrical (PPM) 10 34 3.4
Outgoing mechanical (PPM) 10 3.4 3.4
Infant mortality (FIT) 10 5 5
Long term rel. (FIT) 10 5 5
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Appendix 1A. Typical QC Flow for CMOS Fabrication

Wafer Fabrication Process QC Flow (CMOS)
Flow Process Materlal In-process Inspection/quality Monitor
4 Sllicon Water
Resistivity (sampling by lot)
I:‘::&'g Dimension (sampling by lot)
Visual (sampling by lot)
Wall
Formation
Oxidation Oxlde thickness (sampling by lot)
Photo Lithography Alignment and etching accuracy (sampling by lot)
lon implantation Layer resistance (sampling by lot)
Fleld
Formation
Deposition Deposit thickness (sampling by lot)
Photo Lithography Alignment and etching accuracy (sampling by lot)
Oxidation Oxide thickness (sampling by lot)
Channel Stopper
Formation
Photo Lithography Alignment and etching accuracy (sampling by lot)
lon Implantation Layer resistance (sampling by lot)
Oxidation Oxide thickness (sampling by lot)
Gate
Formation
Deposition Depostt thickness (sampling by lot)
Doping Layer resistance (sampling by lot)
Photo Lithography Alignment and etching accuracy (sampling by lot)
Gate electrode width (sampling by lot)
C) p/n SD Formation
Photo Lithography Alignment and etching accuracy (sampling by lot)
lon Implantation Layer resistance (sampling by lot)
Anneal
Contact
Hole
Deposition Deposit thickness (sampling by lot)
Photo Lithography Alignment and etching accuracy (sampling by lot)
C) Metallization
Metal Deposition Metal thickness (sampling by lot)
Photo Lithography Alignment and etching accuracy (sampling by lot)
Alloy Parametric test (sampling by lot)
(::::) Passivation
Deposition Depostt thickness (sampling by lot)
Photo Lithography Alignment and etching accuracy (sampling by lot)
Wafer Sort Electrical test
Contact hole and metallization steps are repeated twice.
83RD-7509B
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Appendix 1B. Typical QC Flow for PLCC Assembly/Test
Inspaction of Manufacturing Conditions Inspection of Manufacturing Qualities
Process/Materlals Inspection Inspected| | i - . 1 ted
ey Frequency | Instrument p:yct v Frequency "SP:;
1 Sorted Wafers
2 Wafer Visual Wafer Visual 100% Naked Eye | Operator
Table Speed Every Indicators P.C. Sawing Before Microscope | Operator
° Dicing DI Water Shift Gauges Dimensions Running With Filter
Blade Height Eyeplece
Wafer Break Every Indicators P.C. Walfer Visual 100% Naked Eye | Operator
Conditions Shift Gauges
Break Expand
° reak and Expa Wafer Expand
Conditions
Die Every Lot Microscope | Operator
5 Die Visual Inspection Visual Sampling
(Or 100%)
A Lead Frames Die Attached Every Indicators | P.C. Die Visual Every Naked Eye | Operator
Conditions Shift Thermocouple, Epoxy Magazine
Potentiometer Coverage
Die Attached Temperature Every Shift | Microscope
Epoxy Cure Heat Every Indicators P.C. Shear Every Dynamometer | Operator
° (Not Done for Gold Temperature Shift Gauges Strength Shift
Die Attached product) N2 Flow
A Fine Wire Bonding Every Indicators P.C. Visual Every Microscope | Operator
Conditions Shift Magazine
° Wire Bonding Temperature Every | Thermocouple| P.C. Wire Pull Every Tenslon Operator
Week and Test Shift Gauge
Potentiometer
» Pro-Seal Visual WD, | Sreviot | Micscope | inspectr
Inspection (Or 100%)
"Temperature Every | Thermocouple| P.C.
Molding Compound of Pellet, Shift
Expiration Date
Temperature | Every Shift | Thermocouple,| P.C. Visual 100% Naked Eye | Operator
GD Molding Profile of Potentiometer
Die Set
Preheat
Temperature
Pressure
Cure Time
14 Mold Aging Temperature | Every Shift Indicator P.C.
Deflashing | Every Shift Indicators P.C. Visual Every Lot Naked Eye | Operator
Deflashing Conditions
Concentration | Every Week Titration Tech.
Density Every Week | Density Meter | Tach.
Water Jet Every Day Gauge Tech.
Pressure
Plating Every Day Indicators P.C.
Plating Conditions
Concentration | Every Week Titration Tech.
83RD-761568
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Appendix 1B. Typical QC Flow for PLCC Assembly/Test (cont)

Inspection of Manufacturing Conditions Inspection of Manufacturing Qualities
Process/Materials [ ti
roce: atel pect Freq y f lnspg;ted Insg::\tlon Frequency Instrument Insp:ycted
Visual Every Lot Naked Eye | Technician
17 Plating Inspection Plating
Thickness Every Lot X-ray Technician
Composition | Every Lot X-ray Techniclan
Solderabllity | Once/Day Naked Eye | Technician
Marking Ink Marking Every Shift Indicators P.C. Visual Every Lot Naked Eye | Operator
Conditions
19 Marking
Temperature Every Thermocouple| P.C. Marking Twice/Shift |  Automatic Operator
Mark Cure Shift Permanency Tester
Dimensions | Every Shift Test Jig. Operator Visual Every Lot Naked Eye | Operator
Lead Forming (Before Caliper
Running)
20 Final Assembly Inspection Visual Every Lot Maljg;\rlnf)")lng Operator
I P.M.Check | Every Day P.M. Jig. Operator
23 First Electrical Sorting Sample Before Test Operator Electrical 100% IC Tester Operator
Check Testing Samples Characteristics
24 Bum-n (When Necessary) | Burhin | Every Indicator P.C.
Every Day P.M. Jig. Operator
25 First Electrical Sorting Before Test Operator | gy trical 100% IC Tester | Operator
Testing Samples Characteristics
26 Rellabllity Assurance Test oy
Every Day P.M. Jig. Electrical Every Lot IC Tester Inspector
Characteristics
Before Test
27 In-Warehouse Inspection Testing Samples Visual (Major) | Every Lot Nakegd Eye | Inspector
al
Microscope
Visual (Minor) | Every Lot Naked Eye | Inspector
<287 Warehousing

83RD-7516B
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Appendix 2. Typical Reliability Assurance Tests:

MIL-STD-883C

Test Symbol Method Test Conditions

High-temperature operating/bias life (Note 1) HTOL/HTB 1005 Ta = 125°C; Vpp specified per device type

High-temperature storage life (Note 1) HTSL 1008 Ta = 150°C (175° or 200°C in some cases)

High-temperature/high-humidity (Note 1) TH Ta = 85°C; RH = 85%; Vpp = 55V

High-humidity storage life (Note 1) HHSL Ta = 85°C; RH = 85%

Pressure cooker (Note 1) PCT Ta = 125°C; P = 2.3 atm; RH = 100%

Temperature cycling (Note 1) TC 1010 —65°C to +150°C; 1 hour/cycle

Lead fatigue (Note 2) Cc3 2004 90-degree bends; 3 bends without breaking

Solderability (Note 3) C4 2003 230°C; 5 sec; rosin base flux

Soldering heat/temperature cycle/ C6 1010 10 sec @ 230°C; rosin base flux

thermal shock (Note 1) 1011 Ten 1-hour cycles @ -65°C to +150°C
(Note 4) Fifteen 10-minute cycles @ 0°C to +100°C

Notes:

(1) Electrical test per data sheet is performed. Devices that exceed

the data sheet limits are considered rejects.
(2) Broken lead is considered a reject.

Appendix 3. New Product/Process Change Tests

(3) Less than 95% coverage is considered a reject.
(4) MIL-STD-750A, method 2031.

Newly
Developed Shrink New
Test Sample Size Product Die Package  Wafer  Assembly Test Conditions
High-temperature 20 - 50 pieces; 0 0 0 0 0 See appendix 2;
operating/bias life 1 - lots 1000H
High-temperature 10 - 20 pieces; 0 0 0 0 0 T = 150°C (plastic);
storage life 1-3lots T = 175°C (ceramic);
1000H
High-temperature/ 20 - 50 pieces; 0 0 0 0 0 See appendix 2;
high-humidity bias life 1-3lots 1000H
(plastic package)
Pressure cooker 10 - 20 pieces; (o] 0 0 0 o] See appendix 2; 288H
(plastic package) 1-3lots
Thermal environmental 10 - 20 pieces; 0 X 0 X 0 See appendix 2
1-3lots
Mechanical environmental 10 - 20 pieces; [o] X 0 X 0 20G, 10 - 2000Hz;
(ceramic package) 1-3lots 1500G, 0.5 ms;
20000G, 1 min
Lead fatigue 5 pieces; 1-3 X - X - X See appendix 2
lots
Solderability 5 pieces; 1 -3 X - X - X See appendix 2
lots
ESD 20 pieces; 1-3 0 0 0 X (1)C=200pF, R=0
lots (2) C = 100 pF,
R= 15k
Long term T/C 10 - 50 pieces; 0 0 0 0 0 See appendix 2;
1-3lots 1000 cy

Notes:

0: Performed. X: Perform if necessary. -: Not performed.
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Appendix 4. Failure Analysis Flowchart |

Fallure
«——— Information requested
* Fallure situation:
where, how, when, why
NEC
Analysls of
Information
External
Inspection
Electrical » Dc/ac function testing
Characterlstic by tester/Curvetracer
No Stress
Fallure Test
Yes

Fallure | » Test correlation
Report may be needed

« Specific tests: X-ray fluoroscope,
N°“AD“'“I’°"V° hermetical test, dew-point test,
nalysis curvetracer check, etc.

« Decapsulation, Internal visual

Seml-Destructive check, electrical measurement,

Analysis

circuit analysis
Destructive « Etching the passivation, etc.
Analysis SEM, XMA, Cross-section, etc.
Fallure « Estimation of causes
Report » Countermeasures
« Corrective Action

83RD-7513A
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pPD78C00 Product Line
8-Bit, Single-Chip Microcontrollers

uPD78C14 Family 2-a
(uPD78C10A/C11A/C12A/C14/C14A/CP14)

8-Bit, Single-Chip Microcontrollers

With A/D Converter

pPD78C18 Family 2-b
(uPD78C17/C18/CP18)

8-Bit, Single-Chip Microcontrollers

With A/D Converter

uPD78C00 Product Line 2-c
Programming Reference
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puPD78C14 Family

(uPD78C10A/C11A/C12A/C14/C14A/CP14)

8-Bit, Single-Chip Microcontrollers
With A/D Converter
September 1993

Description

This family of microcontrollers integrates sophisti-
cated on-chip peripheral functions normally provided
by external components. Their internal 16-bit ALU and
data paths, combined with a powerful instruction set
and addressing, make the devices appropriate in data
processing as well as control applications.

The devices integrate a 16-bit ALU, 4K, 8K, or 16K-byte
ROM, 256-byte RAM, an eight-channel A/D converter, a
multifunction 16-bit timer/event counter, two 8-bit tim-
ers, a USART, and two zero-cross detect inputs on a
single die, allowing their use in fast, high-end process-
ing applications. This involves analog signal interface
and processing.

The uPD78C14 family includes: 4K, 8K, and 16K-byte
mask ROM devices, embedded with a custom cus-
tomer program; ROMless devices for use with up to
64K-bytes of external memory; and 16K-byte EPROM or
OTP ROM devices for prototyping and low-volume
production.. The uPD78C11A/C12A/C14A also have
mask optional pullup resistors available on ports A, B,
and C.

Features

0 CMOS technology
— 25 mA operating current
(78C10A/C11A/C12A)
— 30 mA operating current (78C14/C14A)
0 Complete single-chip microcontroller
— 16-bit ALU
— 4K, 8K, or 16K x 8 ROM
— 256-byte RAM
O 441/0 lines
O Mask optional pullup resistors
— Ports A, B, and C (uPD78C11A/C12A/C14A only)

0 Two zero-cross detect inputs
O Two 8-bit timers
0 Expansion capabilities
— 8085A-like bus
— B60K-byte external memory address range

O Eight-channel, 8-bit A/D converter
— Autoscan mode
— Channel select mode

O Full-duplex USART
— Synchronous and asynchronous

0 159 instructions
— 16-bit arithmetic, multiply, and divide
— HALT and STOP instructions

O 0.8-us instruction cycle time (15-MHz operation)

O Prioritized interrupt structure
— Three external
— Eight internal

O Standby function
0 On-chip clock generator



uPD78C14 Family

NEC

Ordering Information

Part Number (Note 1) Package Package Drawing Quality Grade (Note 3)
ROMless
UPD78C10ACW 64-pin SDIP P64C-70-750A, C Standard
AGF-3BE 64-pin QFP (Note 2) P64G’F-100;3B8, 3BE-1 Standard
AGF(A)-3BE Special
AGQ-36 64-pin QUIP P64GQ-100-36 Standard
AGQ(A)-36 Special
AL 68-pin PLCC P68L-50A1-1 Standard
AL(A) Special
4K Mask ROM
HPD78C11 ACW-xxx 64-pin SDIP P64C-70-750A, C Standard
AGF-xxx-3BE 64-pin QFP (Note 2) P64GF-100-3B8, 3BE-1 Standard
AGF (A)-xxx-3BE Special
AGQ-xxx-36 64-pin QUIP P64GQ-100-36 Standard
AGQ(A)-xxx-36 Special
AGQ-xxx-37 64-pin QUIP (straight) P64GQ-100-37 Standard
AL-xxx 68-pin PLCC P&8L-50A1-1 Standard
AL(A)-xxx Special
8K Mask ROM
uPD78C12ACW-xxx 64-pin SDIP P64C-70-750A, C Standard
AG-xxx-37 64-pin QUIP (straight) P64GQ-100-37 Standard
AG-xxx-36 64-pin QUIP P64GQ-100-36 Standard
AG(A)-xxx-36 Special
AGF-xxx-3BE 64-pin QFP (Note 2) P64GF-100-3B8, 3BE-1 Standard
AL-xxx 68-pin PLCC P68L-50A1-1 Standard
AL(A)-xxx Special
16K Mask ROM
uPD78C14AG-xxx-AB8 64-pin QFP P64GC-80-AB8-2 Standard
CW-xxx 64-pin SDIP P64C-70-750A, C
G-xxx-36 64-pin QUIP P64GQ-100-36
G-xxx-37 64-pin QUIP (straight) P64GQ-100-37
G-xxx-1B 64-pin QFP (Note 2) P64G-100-12, 1B-1
GF-xxx-3BE 64-pin QFP (Note 2) P64GF-100-3B8, 3BE-1
L-xxx 68-pin PLCC P68L-50A1-1
16K OTP ROM
uPD78CP14CW 64-pin SDIP P64C-70-750A, C Standard
G-36 64-pin QUIP P64GQ-100-36
G-37 64-pin QUIP (straight) P64GQ-100-37
GF-3BE 64-pin QFP (Note 2) P64GF-100-3B8, 3BE-1
L 68-pin PLCC P68L-50A1-1
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Ordering Information (cont)

Part Number (Note 1) Package Package Drawing Quality Grade (Note 3)
16K UV EPROM )
uPD78CP14DW 64-pin CER SDIP w/window P64DW-70-750A Standard
R 64-pin CER QUIP w/window P64RQ-100-A
16K OTP ROM
HPD78CP14G(A)-36 64-pin QUIP P64GQ-100-36 Special
Notes:

(1) xxx indicates ROM code suffix

(2) Engineering samples supplied in a ceramic QFP package
(3) Special grade devices have the symbol (A) embedded in the part
number

Pin Configurations

64-Pin QUIP or SDIP (Plastic or Ceramic)

paod1 sy
PA1 ]2 63 [1 STOP
PAo]3 62[1PD7
PA3E 4 611 PDg
PA4C]s 60 |1 PDg
PAs[] 6 59 [ 1PDy
PAg 7 58 [1PDg
PA7 Cls 57 1 PDp
PBo] 9 56 |1 PD4
PB4 10 55 |1 PDg
PBa 11 54 |1 PFy
PB3 ] 12 53 [ PFg
PB4 ] 13 521 PFg
PBg ] 14 511 PFy
PBg] 15 50 [1 PFg
PB, ] 16 49 [J PFp
PCo/MD [ 17 48 [1 PF4
PC4/RxD ] 18 47 1 PFg
PC2/SCK ] 19 as [ ALE
PC3/TUINT2 [ 20 45 [ WR
PC4/TO ] 21 441 RD
PCg5/CI ] 22 433 Avpp
PCg/CO0 ] 23 42 1 Vager
PC7/CO1[] 24 41 |1 AN7
NI O] 25 40 [ ANg
INT1 [ 26 39 {1 ANs
MODE1 [} 27 38 [ AN
RESET [] 28 372 ANg
MODEO [} 29 36 [ AN2
X2 a0 35 1 AN1
X1 a1 34 [ ANO
Vss [ 32 33 ] Avag
83YL-9251A -7/93
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Pin Configurations (cont)

64-Pin QFP (20mm x 14mm)

o
VYT ON™TO QO N~ ®©® v O
SEfffsPbEREER
nOonnnNoononoon
3885833588388
PA8E1 51 DPDZ
PA; 2 O 50 [1 PD4
PBo ] 3 49 [1 PDg
PB4 48 [1 PF
PBa 5 47 [ PFg
PB3z ] 6 46 [1 PFg
PBa 7 45 [1PFy
PBg ] 8 441 PFg
PBg 9 430 PFy
P8, ] 10 42 [1 PFq
PCo/TxD [} 11 410 PFy
PC4/RxD ] 12 40 [J ALE
PC,/SCK ] 13 39 A WR
PC3/iNT2 [} 14 38 [1RD
PC4 MO ] 15 37 [ Avpp
PCg/CI [} 16 36 :)VAREF
PCg/CO0 [} 17 35 [J AN7
PC,/CO1[] 18 34 [0 ANg
Nwmi O] 19 33 [0 ANs
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Pin Configurations (cont)

64-Pin QFP (14mm x 14mm)
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Pin Configurations (cont)
68-Pin PLCC

spjic

8[IPAg
7P PAs
8[JPA4
sPiPag
4[1PAp
3[0PA4
2[0PAg
1HVpp

®)

68[1STOP
67|1PD7
66[1PDg
65[1PDg
64 1PDy4
63[1PD3
62| 1PDy
siflic

£&58385882882882888

n PD4
[1PDg
1 PF7
1 PFg
(] PFg
[ PFy
) PRy
] PFp
] PFy
1 PFg

[ WR
[1RD

1 AVpp
(1i1c

I VAREF
) AN?

Ost

Nmi ] 28
INT1] 29
Mooeo'; 32

MODE1 [} 30

RESET

P07/021E 27

X233

x10]a4
Vss [ 35

ANO[] 37
AN1[] 38
AN2[] 39
AN3[] 40
AN4[] 41
ANs [] 42
AN6[] 43

AvVgg[]3s
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Pin Identification

Symbol Function

ALE Address latch enable output

ANO-AN7 A/D converter analog inputs 0-7

INT1 Interrupt request 1 input

MODEO Mode 0 input; I/O memory output

MODE1 Mode 1 input

NMI Nonmaskable interrupt input

PAg - PA7 Port A I/O

PBg - PB7 Port B I/O

PCo/TxD Port C I/O line 0; transmit data output

PC4/RxD Port C I/O line 1; receive data input

PCzlw Port C 1/O line 2; serial clock I/O

PC3/TI/IN—T§ Port C I/O line 3; timer input; interrupt request
2 input

PC4/TO Port C 1/O line 4; timer output

PCs/Cl Port C I/O line 5; counter input

PCg, PCy/ Port C I/O lines 6, 7; counter outputs 0, 1

C0(,CO4

PDgy - PD; Port D I/O; expansion memory address, data
bus (bits ADg - AD7)

PFo - PF7 Port F I/O; expansion memory address,
(bits ABg - AB4s)

RD Read strobe output

RESET Reset input

STOP Stop mode control input

VAREF A/D converter reference voltage

WR Write strobe output

X1, X2 Crystal connections 1, 2

AVpp A/D converter power supply voltage

AVgg A/D converter power supply ground

Vpp 5V power supply

Vss Ground

IC Internal connection

PIN FUNCTIONS

ALE (Address Latch Enable). The ALE output is
used to latch the address of PDg - PD7 into an external
latch.

ANO-AN7 (Analog Inputs). These are the eight analog
inputs to the A/D converter. AN4-AN7 can also be used
as a digital input for falling edge detection.

Cl (Counter Input).
event counter.

COg, CO, (Counter Outputs). Programmable wave-
form outputs based on timer/event counter.

External pulse input to timer/

INT1 (Interrupt Request 1). [INT1 is a rising edge
triggered, maskable interrupt input. It is also an ac-
input, zero-cross detection terminal.

If the optional pullup resistor is specified for this pin on
the uPD78C11A/C12A/C14A, the zero-cross detection
circuitry will not function.

INT2 (Interrupt Request 2). INT2 is a falling edge
triggered, maskable interrupt input. It is also an ac-
input, zero-cross detection terminal.

MODEO, MODE1 (Mode 0, 1). The MODEO and
MODET1 inputs select the amount of external memory.
MODEQO outputs the IO signal and MODE1 outputs the
M1 signal. An external pullup resistor to Vpp is required
if the input is to be a logic high.

The value of this pullup resistor, R, is dependent on
teoye andis calculated as follows: RinKQis4 < R< 0.4
tcyc where teyg is in ns units.

NMI - (Nonmaskable Interrupt). Falling
Schmitt-triggered nonmaskable interrupt input.

PAg - PA7 (Port A). Port A is an 8-bit three-state port.
Each bit is independently programmable as either
input or output. Reset makes all lines of port A inputs.
Mask optional pullup resistors are available on the
UPD78C11A/C12A/C14A.

PBg - PB7 (PortB). Port B is an 8-bit three-state port.
Each bit is independently programmable as either
input or output. Reset makes all lines of port B inputs.
Mask optional pullup resistors are available on the
uPD78C11A/C12A/C14A.

PCo-PC; (Port C). Port C is an 8-bit three-state
port. Eachbit is independently programmable as either
input or output. Alternatively, the lines of port C can be
used as control lines for the USART, interrupts, and
timer. Reset makes all lines of port C inputs. Mask
optional pullup resistors are available on the
uPD78C11A/C12A/C14A.

edge,
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PDg - PD7 (PortD). PortD is an 8-bit three-state port.
It can be programmed as either 8 bits of input or 8 bits
of output. When external expansion memory is used,
port D acts as the multiplexed address/data bus.

PFgo - PF7 (PortF). PortF is an 8-bit three-state port.
Each bit is independently programmable as either
input or output. When external expansion memory is
used, port F outputs the high-order address bits.

RD (Read Strobe). The three-state RD output goes
low to gate data from external devices onto the data
bus. RD goes high during reset.

RESET (Reset). When the Schmitt-triggered RESET
input is brought low, it initializes the device.

RxD (Receive Data). Serial data input terminal.

SCK (Serial Clock). Output for the serial clock when
internal clock is used. Input for serial clock when
external clock is used.

STOP (STOP Mode Control Input). A low-level input
on STOP . (Schmitt-triggered input) stops the system
clock oscillator.

Tl (Timer Input). Timer input terminal.

TO (Timer Output). The output of TO is a square
wave with afrequency determined by the timer/counter.

TxD (Transmit Data). Serial data output terminal.

Varer (A/D Converter Reference). Vager sets the
upper limit for the A/D conversion range.

WR (Write Strobe). The three-state WR output goes
low to indicate that the data bus holds valid data. Itis a
strobe signal for external memory or |/O write opera-
tions. WR goes high during reset.

X1, X2 (Crystal Connections). X1 and X2 are the
system clock crystal oscillator terminals. X1 is the
input for an external clock.

AVpp (A/D Converter Power). This is the power
supply voltage for the A/D converter.

AVgg (A/D Converter Power Ground). AVgg is the
ground potential for the A/D converter power supply.

Vpp (Power Supply). Vpp is the +5-voit power sup-
ply.
Vss (Ground). Ground potential.
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Block Diagram

x1—>|  Clock o] 2 8 - Port L™ PF7-PFg
x2 ——| Generator Latch F [AB45-ABg]
Increment/Decrement
— PC ||
PCy [TxD <—— P I

PC4/RxD ——>| Serlal VO

g ¢ & ¢

PC2/SCK <—> v A1 | man Port |5\, PD7-PDg
B [+ General D o
) € rneglster [AD7-ADg]
H L S—
] s S — g U
INTt ——>| Control |<— v A Al Program
B' c' r General Memory Data Port
AN7-ANS |[2)) o E_ | | Register Memory B c 8.> PC7-PCo
Y | Note ) [256-Byte]
PCz/ Buffer R
TVINT2 >
Timer 8 ]
Port
wosoi— 5 K8, PB7-PBg
5 | | Timer/Event d>
PCg/COp | Counter Inst, _—
PC7/CO1 <1 [ Register —
I—_—‘ | Inst.

AN7-ANO 9 Decoder Por k5™ papa
VAREF — > aD bo A <:> 7-PAg
AVpp —> Converter
AVgg ——> g ~

LReadlwme Control l System Control I Standby Control ]
RD WR  ALE MODE1 MODEO RESET Voo Vec  Vss
(STOP)  (Vpp)
Note:
1. On-Chip ROM
78C10A : 0

78C11A  : 4098 Bytes
78C12A  : 8192 Bytes
78C14/C14A: 16384 B

ytos
78CP14  : 16384 Bytes EPROM/OTP ROM
83YL-92668 (9/99)
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Figure 1. Memory Map

OH OH RESET
Internal Program Memory
4,096 Bytes: 78C11A —
& B192Bytes: 78C12A  J\ 4H M
16,384 Bytes: 78C14/
C14A/CP14
(External Memory on 78C10A) 8H INTTO/INTT
OFFFH
1000H
10H INT1/iNT2
Extemal Memory
61,184 Bytes: 78C11A _
IR 57,088 Bytes: 78C12A 18H INTEQ/INTET
48,896 Bytes: 78C14/
C14A/CP14
20H INTEIN/INTAD
FEFFH
FFOOH .
Internal RAM
256 Bytes x 8
28H INTSR/INTST
FFFFH
R A
60H SOFTI
A =
( soH Low ADDR reo
81H High ADDR
82H Low ADDR =1
83H High ADDR
Call Table <
X w
Low ADDR t=31
High ADDR
R User's Area A
83YL-9267B
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FUNCTIONAL DESCRIPTION
Memory Map

The uPD78C14 family can directly address up to 64K
bytes of memory. Except for the on-chip ROM (or
PROM) and RAM (F FOOH-F FFFH), any memory location
can be used as ROM or RAM. The memory map, figure
1, defines the 0 to 64K-byte memory space for the
UPD78C14 family.

The uPD78CP14 can be programmed in software to
have 4K, 8K, or 16K-bytes of internal program memory.
This programming is transparent to the ROM-based
device, allowing easy transfer of code to a ROM-based
device.

Input/Output

The uPD78C14 family has 44 digital I/O lines, five 8-bit
ports (ports A, B, C, D, F), and four digital input lines
(AN4-AN7).

Analog Input Lines. ANO-AN7 are configured as
analog input lines for the on-chip A/D converter. Lines
AN4-AN7 can be used as digital input lines for falling-
edge detection.

Port A, Port B, Port C, Port .  Each line of these
ports can be individually programmed as an input or
output. When used as I/O ports, all have latched out-
puts and high-impedance inputs. On the uPD78C11A/
C12A/C14A, mask optional pullup resistors are avail-
able for ports A, B, and C.

PortD. PortD canbe programmed as abyteinput or
a byte output.

Control Lines.  Under software control, each line of
port C can be configured individually as a control line
forthe serial interface, timer, and timer/counter or as an
1/0 port.

Memory Expansion. In addition to the single-chip
operation mode, the uPD78C14 family has four memory
expansion modes. Under software control, port D can
provide a multiplexed low-order address and data bus;
port F can provide a high-order address bus. Table 1
shows the relation between memory expansion modes
and the pin configurations of port D and port F.

Table 1. Memory Expansion Modes and Port
Configurations
Memory Expansion Port Port Configuration
None Port D 1/O port
Port F 1/O port
256 bytes Port D Multiplexed address/
data bus
Port F I/O port
4K bytes Port D Multiplexed address/
data bus
Port F (PFo-PF3) Address bus
Port F (PF4-PF7) I/O port
16K bytes Port D Multiplexed address/
data bus
Port F (PFg-PF5) Address bus
Port F (PFg-PFy) 1/O port
60K bytes Port D Multiplexed address/
data bus
Port F Address bus
Timers

The two 8-bit timers may be programmed indepen-
dently or cascaded as a 16-bit timer. The timer can be
software set to increment at intervals of four machine
cycles (0.8 us at 15-MHz operation) or 128 machine
cycles (25.6 us at 15 MHz), or to increment on receipt of
a pulse at Tl. Figure 2 is the block diagram for the timer.

Timer/Event Counter

The 16-bit multifunctional timer/event counter (figure 3)
can be used for the following operations:

Interval timer

External event counter

Frequency measurement

Pulse-width measurement

Programmable frequency and duty cycle waveform
output

e Single-pulse output

11
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8-Bit A/D Converter

e Eight input channels
e Four conversion result registers

Two powerful operation modes
— Autoscan mode
— Channel select mode

Successive approximation technique
Absolute accuracy: 0.6% FSR = 1/2 LSB
Conversion range: 0to 5V

Conversion time: 38.4 us

Interrupt generation

Figure 2. Timer Block Diagram

23
Tiher PC4TO
_______ —_———
r‘nmer ] _l ﬁmer 1 _}

PCyTI O—D ’ t } | | To Timer/Event Counter
| , L | | or Serial Clock Source
| _Cleary | | . Clear |

I ey se——— | [ |
012 I T p 9 | I v |
| | | |
i P IS I i
| | | I
: Comparator 0 1] : Comp 1 :
| | | |
: | | |
| | |
Timer Mode | |Timer Register0| | INTTO | | Timer Register 1| | INTT1
Register | (TMO) | | (T™M1) |
| | | |
I Y I [ i I
§ 1 1B \
o3 | ftal x 1/3
012 | taal x 112
2384 fxtal x 1/384
xtal | |nput crystal frequency
83RD-6368B (9/93)
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Figure 3. Block Diagram for the Timer/Event Counter

i

Timer/Event Counter
Capture Register
E

Intemal Bus

l————» ov
212 —>|
Timer/Event D o
Clock f Clear Output P
PCg/Cl Select Counter Up Control Control Ce/C00
(ECNT) —>
To Signal
from Intarval IR PC,/CO;
Timer F/F
Comparator Comp ¢ CPg [—— INTEO
Interrupt
N\ 2\ Control
CP4 ——> INTE1
Timer/Event Timer/Event
Counter Register 1 Counter Register 0 EIN ——> INTEIN
(ETM1) (ETMO)
AN AN
Mode
Registers
(ETMM,EOM)
) \
Internal Bus
Edge Detect

12 =1xtal x 1/12
fxtal: Input crystal frequency

83RD-86368 (8/83)
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Analog/Digital Converter

The uPD78C14 family features an 8-bit, high-speed,
high accuracy A/D converter. The A/D converter is
made up of a 256-resistor ladder and a successive
approximation register (SAR). There are four conver-
sion result registers (CR0-CRB3).

The eight-channel analog input may be operated in
either of two modes. In the select mode, the conversion
value of one analog input is sequentially stored in
CRO-CR3. In the scan mode, either the upper four
channels or the lower four channels may be specified.
Then those four channels will be consecutively se-
lected and the conversion results stored sequentially in
the four conversion result registers.

Figure 4 is the block diagram for the A/D converter. To
stop the operation of the A/D converter and thus
reduce power consumption, set Vaggr = O V.

Interrupt Structure

There are 12 interrupt sources in the uPD78C14 family
of chips. Three are external interrupts and nine are
internal. Table 2 shows 11 interrupt sources divided
into seven priority levels where IRQO is the highest and
IRQ6 is the lowest. See figure 5.

Table 2. Interrupt Sources

Figure 4. A/D Converter Block Diagram

AVpp
AvVgg
VAREF
ANO
AN1
AN2 = AD
AN3 é 1 Converter
AN4 2 8
ANS = J\/l
ANB
AN7 8 8 8 8
Icn0| lcn1| |0H2| |c&ql
§ \
Internal Bus
— [—> AN4
"— Edge [— ANS
Detect |—» ANg
—> AN7
83RD-6636A

Interrupt Request Interrupt Address Type of Interrupt Internal/External
IRQO 4 NMI (Nonmaskable interrupt) External
IRQ1 8 INTTO, INTT1 (Coincidence signals from timers Internal
0,1)
IRQ2 16 INT1, INT2 (Maskable interrupts) External
IRQ3 24 INTEQ, INTE1 (Coincidence signals from timer/ - Internal
event counter)
IRQ4 32 INTEIN (Falling signal of Cl or TO into the timer/ Internal or External
event counter)
INTAD (A/D converter interrupt) Internal
IRQ5 40 INTSR (Serial receive interrupt) Internal
INST (Serial send interrupt)
IRQ6 96 SOF Tl instruction Internal

14
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Figure 5. Interrupt Structure Block Diagram

NMI —¢
INTTO —
INTT1 —

INT1 —

INT2 —

> INTFNMI

Test

{} - 2 Control

[—> Skip Control

Request Mask
INTEQ —] Register <: Reglster

INTE1 —]
INTEIN —
INTAD —
INTSR —]

INTST™ >
Priority

> Control

I
B INTENMI —>
ER Test

EEEEEEERER

Flag
Reglster

INTFNMI

SOFTI
—| Interrupt

Generation

Enable

EI—Ss Q

DI—R

: intorupt >

Internal Bus

SOFTI —>

83RD-6637B (¥93)

Standby Functions

The uPD78C14 family has two standby modes: HALT
and STOP. The HALT mode reduces power consump-
tion to 50% of normal operating requirements, while
maintaining the contents of on-chip registers, RAM,
and control status. The system clock and on-board
peripherals continue to operate, but the CPU stops
executing instructions. The HALT mode is initiated by
executing the HLT instruction. The HALT mode can be
released by any nonmasked interrupt or by RESET.

The STOP mode reduces power consumption to less
than 0.1% of normal operating requirements. There are
two STOP modes: type A and type B.

Type A is initiated by executing a STOP instruction. If
Vpp is held above 2.5 V, the on-board RAM is saved. The
oscillator is stopped. The STOP mode can be released
by an input on NMI or RESET. The user can program
oscillator stabilization time up to 52.4 ms viatimer 1. By
checking the standby flag (SB), the user can determine
whether the processor has been in the standby mode
or has been powered up.

Type B is initiated by inputting a low level on the STOP
input. The RAM contents are saved if Vpp is held above
2.,5V. The oscillator is stopped. The STOP mode is
released by raising STOP to a high level. The oscillator
stabilization time is fixed at 524 ms; 52.4 ms after
STOP is raised, instruction execution will automati-
cally begin at location 0. The stabilization time can be
increased by holding RESET low for the required time
period.

Universal Serial Interface

The serial interface can operate in one of three modes:
synchronous, asynchronous, and I/O interface. The I/O
interface mode transfers data MSB first, for easy inter-
facing to certain NEC peripheral devices. Synchronous
and asynchronous modes transfer data LSB first. Syn-
chronous operation offers two modes of data recep-
tion: search and nonsearch. In the search mode, datais
transferred one bit at a time from the serial register to
the receive buffer. This allows a software search for a
sync character. In the nonsearch mode, data transfer
from the serial register to the transmit buffer occurs
eight bits at a time. Figure 6 shows the universal serial
interface block diagram.

15
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Figure 6.

Universal Serial Interface Block Diagram

£

it

5 i

Recelve
Serlal Mode Transmit Buffer
INTSR < Buh‘(e';'l 2eBg)lster Reglster (TxB) [ INTST
Serlal Reglster Serlal Reglster
PC4/RxD —-D— 13 —f%‘f‘ P—9)
Racelve Control  |—> ER Transmit Control
PCo/SCK l t
224 = 1
‘ prr 024 =fyta) X %
Timer F/F 1
0384 = fyta) X
SK1,2 384
fxtal : Osclllation frequency (MH2) of crystal
PCo/TxD <}
83RD-6839B (3/83)

Zero-Crossing Detector

The INT1 and INT2 terminals (used common to Tl and
PC3) can detect the zero-crossing point of low-
frequency AC signals. When driven directly, these pins
respond as a normal digital input. Figure 7 shows the
zero-crossing detection circuitry.

Figure 7. Zero-Crossing Detection Circuit
| | |
] /'\1 1
AC Input ! | 1
Signal ™ 7 i\/
| I ]
] ] 1
Internal
SIg\al___v |
To
AC Input it I >°—| >>0— Intemal
1uF INT1 <L Clreultry
o =
INT2

Self Blas
Clrcult Enable

83RD-6643B (7/83)
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The zero-crossing detection capability allows you to
make the 50-60 Hz power signal the basis for system
timing and to control voltage phase-sensitive devices.

To use the zero-cross detection mode, an AC signal of
1.0to 1.8 V (peak-to-peak) and a maximum frequency of
1 kHz is coupled through an external capacitor to the
INT1 and INT2 pins.

For the INT1 pin, the internal digital state is sensed as
a 0 until the rising edge crosses the average DC level,
when it becomes a 1 and an INT1 interrupt is gener-
ated.

For the INT2 pin, the state is sensed as a 1 until the
falling edge crosses the average DC level, when it
becomes a 0 and INT2 is generated.
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ELECTRICAL SPECIFICATIONS Capacitance
. . Ta = 25°C;Vpp = Vgg = OV
Absolute Maximum Ratings —
Ty = 25°C Parameter Symbol Max Unit Conditions
Power supply voltage, Vpp _0.5t0 +7.0V Input capacitance Ci 10 pF fo = 1 MHz; )
Output capacitance  C, 20 F unmeasured pins
Power supply voltage, AVpp AVgg to Vpp +0.5V P P o P returned to OV
Power supply voltage, AVsg -05t0 +05Vv O capacitance Cio 20 PF
Power supply voltage, Vpp (uPD78CP14 only) -0.5to +13.5V
Input voltage, V; -0.5to Vpp+.5V
STOP pin (uPD78CP14 only) -0.5t0 +135V
Output voltage, Vo -05toVpp+.5V
Output current, low; lo|.
Each output pin 4.0mA
Total 100 mA
Output current, high; loy
Each output pin -20mA
Total -50 mA
Reference input voltage, VARer -0.5to AVpp +0.3V
Operating temperature, Topg —40 to +85°C
fxtaL = 15 MHz
Storage temperature, TgTg -65 to +150°C

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits
specified under DC and AC Characteristics.

Oscillation Characteristics
Ta = —40 t0 85°C; Vpp = AVpp = 5V * 10% (+5% uPD78CP14); Vgg = AVgg = OV; Vpp - 0.8V < AVpp < Vpp; 3.4V =< Vaper < AVpp

Recommended
Resonator Circuit Parameter Min Typ Max Unit Conditions
Ceramic resonator (Note 1) or (Note 2) Oscillation frequency (fxx) 4 15 MHz  A/D converter not used
crystal oscillator (XTAL)(Note 4) 58 15 MHz  A/D converter used
15 MHz uPD78CP14 only
External clock (Note 3) X1 input frequency (fx) 4 15 MHz  A/D converter not used
58 15 MHz  A/D converter used
15 MHz  PD78CP14 only
X1 input, rise, fall time (t;, ;) 0 20 ns
X4 input low- and high-level 20 250 ns
width (i1, 1 H) 20 167 ns uPD78CP14
Notes:
(1) Refer to the Resonator and Capacitance Requirements table for (4) When using a crystal oscillator, it should be a parallel-resonant,
the recommended ceramic resonators. fundamental mode, “AT cut” crystal. Capacitors C1 and C2 are

required for frequency stability. The values of C1 and C2 (C1 =
C2) can be calculated from the load capacitance (Cy), specified
by the crystal manufacturer:

(@ For XTAL, see the Recommended XTAL or Ceramic Resonator
Oscillation Circuit Diagram.
(3) See the following recommended external clock diagram.
cL= Ci1xC2 +Cg
C1 + C2
Where Cg is any stray capacitance in parallel with the crystal
such as the uPD78C10A, uPD78C11A, or uPD78C14/14A input
capacitance between X1 and X2.
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Recommended XTAL or Ceramic Resonator
Oscillation Circuit Diagram

Recommended External Clock Diagram

Clock X1
HCMOS
Inverters
= X2
83RD-6946A
Extemnal osclllation circult should be as close to the
X1 and X2 pins as possible.
Do not place other signal lines In the shaded area.
83RD-6946A
Resonator and Capacitance Requirements
Tp = —40to +85°C
Manufacturer Product Number C1, C2 (pF) Conditions
Murata CSA15.0MX3 22 uPD78C14/C14A
CSA10.0MT 30
CST10.0MT Not required
CSA6.00MG 30
CST6.00MG Not required
CSA12.0MT 30 pPD78C10A/C11A/C12A/C14/C14A
CST12.0MT Not required
CSA15.00MX001 15 HPD78C10A/C11A/C12A
CSA7.37TMT 30
CST7.37MT Not required
TDK FCR12.9MC Not required uPD787C14/C14A

18
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DC Characteristics
Tp = -40 to +85°C; Vgg = OV; Vpp = +5.0 V *10% (uPD78C10A/C11A/C12A/C14/C14A); Vpp = +5.0V * 5% (uPD78CP14 only)

Parameter Symbol Min Typ Max Unit Conditions
Input voltage, low ViL1 0 0.8 v All except Note 1 inputs
ViL2 0 0.2Vpp v Note 1 inputs
Input voltage, high ViH1 22 Vpp \ All except X1, X2, and Note 1 inputs
ViH2 0.8 Vpp Voo \ X1, X2, and Note 1 inputs
Output voltage, low VoL 0.45 v loL = 20mA
Output voltage, high VoH Vpp-1.0 v loH = 1.0mA ‘
Vpp-0.5 v loy = =100 yA m
Data retention voltage VpDDR 25 v STOP mode ‘
Input current M *+200 A INT1 (Note 2); TI (PC3) (Note 3); 0V < V| =
Voo
Input current o +200 HA INT1 (Note 2); Tl (PC3) (Note 3); 0V =< V| =<
(uPD78C14 only) Vop
Input current li3 -300 HA lo-l7 (upper input pin); V; = 0
(uPD78C14 only)
Input leakage current K] +10 HA All except INT1, TI (PC3), 0V < V| = Vpp
+1 HA AN7-0,0V =< V4 < Vpp
(uPDC10A(A)/C11A(A)/C12A(A)/CP14A(A) only)
Output leakage current Lo *10 HA 0V = Vo= Vpp
AVpp supply current Alpp1 0.5 1.3 mA f=15MHz
Alpp2 10 20 HA STOP mode
Vpp supply current lbp1 13 25 mA Normal operation; f = 15 MHz;
(uPD78C10A/C11A/C12A only)
Ipp2 7 13 mA HALT mode; f = 15 MHz;
(uPD78C10A/C11A/C12A only)
lppa 16 30 mA  Normal operation; f = 15 MHz
(uPD78C14/C14A)
Ipba 32 mA Normal operation; f = 15 MHz;
(uPD78CP14 only)
Ipps 8 15 mA HALT mode; f = 15 MHz;
(uPD78C14/C14A/CP14 only)
Data retention current IppDR 1 15 LA Vpppr = 2.5V (Note 4)
300 (uPD78CP14 only-Note 4)
10 50 HA Vpppr = 5.0V *£10% (Note 4)
1 mA (uPD78CP14 only-Note 4)
Pullup resistor R 17 27 75 KQ Ports A, B, C; 35V < V\pp =< 55V;V,= 0V
(uPD78C11A/C12A/C14A only)
Notes: -
(1) Inputs RESET, STOP, NM|, SCK, INTP1, Tl, and AN4-AN7. (4) Hardware/software STOP mode and assuming ZCM register is

(2) Assuming ZCM register is set to self-bias. set to self-bias not selected.

(3) Assuming ZCM register is set to self-bias and the MCC register is
set to control mode.
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AC Characteristics .
Ta = -40 to +85°C; Vgg = OV; Vpp = +5.0V *£10% (uPD78C10A/C11A/C12A/C14/C19A); Vpp = +5.0V * 5% (uPD78CP14 only)

Parameter Symbol ‘Min Max Unit Conditions
RESET pulse width high, low thsH: tRSL 10 us
NMI pulse width high, low tNiH tNIH 10 us
X1 input cycle time teye 66 250 ns

‘ 167 ns (Note 1)
Address setup to ALE { taL 30 ns (Notes 2, 3)
Address hold to ALE { tiA 35 ns (Notes 2, 3)
Address to RD | delay time Y 100 ns (Notes 2, 3)
RD | to address floating tAFR 20 ns (Note 2)
Address to data input taD 250 ns (Notes 2, 3)
ALE { to data input tLDR 135 ns (Notes 2, 3)
RD  to data input tRD 120 ns (Notes 2, 3)
ALE { to RD | delay time tR 15 ns (Notes 2, 3)
Data hold time RD 1 tRDH 0 ns (Note 2)
RD 1 to ALE t delay time tRL 80 ns (Notes 2, 3)
RD width low tRR 215 ns Data read (Notes 2, 3)

‘ 415 ns Opcode fetch (Notes 2, 3)

ALE width high t 90 ns (Notes 2, 3)
M1 setup time to ALE ¢ M 30 ns (Note 3)
M7 hold time after ALE ¢ M 35 ns (Note 3)
1O/M setup time to ALE } t - 30 ns (Note 3)
IG/M hold time after ALE ¢ L 35 ns (Note 3)
Address to WR | delay taw 100 ns (Notes 2, 3)
ALE | to data output tLow 180 ns . (Notes 2, 3)
WR | to data output twp 100 ns (Note 2)
ALE ¢ to WR { delay time oy 15 ns (Notes 2, 3)
Data setup time to WR t tow 165 ns (Notes 2, 3)
Data hold time to WR twpH 60 ns (Notes 2, 3)
WR 1 to ALE * delay time twi 80 ns (Notes 2, 3)
WR width low tww 215 ns (Notes 2, 3)
Address to data input " tace 250 ns (Notes 2, 3)
Data hold time from address tin 0 ns (Note 2)
Notes: }
(1) Applies to uPD78CP14 only. (3) Values are for 15-MHz operation. For operation at other frequen-

(@) Load capacitance C = 150 pF. cies, refer to the Bus Timing Dependent on tcyk table.

Serial Operation

Parameter Symbol Min Max Unit . Conditions

SCK cycle time tovk 0.8 us SCK input (Notes 1, 3)
0.4 us SCK input (Note 2)
16 us SCK output (Note 3)
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Serial Operation (cont)

Parameter Symbol Min Max Unit Conditions
SCK width low kL 335 ns SCK input (Notes 1, 3)
160 ns SCK input (Note 2)
700 ns SCK output (Note 3)
SCK width tKKH 335 ns SCK input (Notes 1, 3)
high 160 ns . SCK input (Note 2)
700 ns SCK output (Note 3) :
RxD setup tRxK 80 ns (Note 1) !
time to SCK 1
RxD hold time tkRX 80 ns (Note 1)
after SCK 1
SCK + TxD tkrx 210 ns (Note 1)
delay time
Notes:
(1) 1 x baud rate in synchronous or I/O interface mode. 3) fxTaL = 15 MHz.
() 16 x baud rate or 64 x baud rate in asynchronous mode.
Zero-Cross Characteristics
Parameter Symbol Min Max Unit Condition
Zero-cross detection input Vzx 1 1.8 VACpp AC-coupled 60-Hz sine wave
Zero-cross accuracy Azx +135 mv
Zero-cross detection input frequency f2x 0.05 1 kHz
A/D Converter Characteristics
Ta = —40 to +85°C; Vpp = +5.0V *+10% (+5% on uPD78CP14); Vgg = AVgg OV;
Vpp -0.5V = AVpp =< Vpp; 3.4V =< VARer = AVpp
Parameter Symbol Min Typ Max Unit Conditions
Resolution 8 bits
Absolute accuracy +0.4 %FSR Ta = -10to +70°C; 66 ns < tcyc < 170 ns;
(Note 1) 40V = Vager < AVpp
%FSR 66 ns < tocyc < 170ns; 40V < Vager = AVpp
* %FSR 66ns < tcyc < 170 ns; 3.4V < Vaper < AVpp
Conversion time tconv 576 tove 66ns < toyc < 110ns
432 tove 110 ns < toyc < 170 ns
Sampling time tsamp 96 teve 66ns < toyc < 110ns
72 teye 110ns < teyc < 170 ns
Analog input voltage ViaN 0 VAREF \
Analog input impedance Ran 1000 MQ
Reference voltage VAREF 34 AVpp \)
VAREF current IAREF1 1.5 3.0 mA Operation mode
IAREF2 0.7 15 mA STOP mode
AVpp supply current Alpp1 05 1.3 mA Operation mode
Alpp2 10 20 HA STOP mode

Notes:
(1) Quantizing error (+1/2 LSB) is not included.

(2) FSR = Full-scale resolution.
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Bus Timing Dependent on tcyk

Symbol Min/Max (ns) Calculation Formula Symbol Min/Max (ns) Calculation Formula

trive triL Min 6T (Tl input - PC3) tn Min T-30

tenm tonL Min 6T (Tl input - PCs) taw Min 3T - 100

(Note 2) : : tLow Max T+ 110

t(ﬁgg, ;)cm_ Min 48T (Tl input - PCs) w Min T-80

—— Min 36T (INT1) tow Min 4T - 100

tizk oL Min 36T (INT2) twoH Min 2r-70

tANH: TANL Min 36T (AN4-AN7) twi Min 2T-50

taL Min 2T - 100 tww __Min aT-%0

A Min T-30 tevk Min 12T (SC_K input) (Note 1)

an in o100 Min 24T (SCK output

D Max 7T - 220 tkkL Min 5T+ 5 (SCK_input) (Note 1)

LR Max 5T - 200 Min 12T - 10(3§3K output)

thD Max 4T - 150 tKKH Min 5T+ 5 (SC—K_input) (Note 1)

R Min T-50 Min 12T - 100(SCK output)

taL Min 2T- 50 Notes:

tRR Min 4T - 50 (Data read) (1) 1x baud rate in'synchronous or l/O interface mode; T = tcyc =
Min 7T - 50 (Opcode fetch) ViXTAL:

tL Min oT - 40 frTI;::,t:nr:; not included in this list are independent of oscillator

tme Min 2T - 100 (2) Event counter mode.

v Min T-% (3) Pulse-width measurement mode.

th Min 2T - 100

Data Memory STOP Mode Data Retention Characteristics

Ta = -40 to 85°C

Parameter Symbol Min Typ Max Unit Conditions

Data retention power supply voltage VbDDR 25 5.5 \

Data retention power supply current IDDDR 1 15 HA VpppR = 25V

15 50 uA VDDpR = 5.0V *£10%
300 LA VpppR = 2.4V (UPD78CP14)
1 mA VpppR = 5.0V *5% (uPD78CP14)

Vpp rise, fall time tavD: tFvD 200 us

STOP setup time to Vpp tssTVD 12T+0.5 us

STOP hold time from Vpp tHVDST 12T+0.5 us




NEC puPD78C14 Family

Timing Waveforms

Data Retention
Vop 90%
10%  VDDDR
—>| le—teyp trRvD
tssTvD tHvDST
STOP ViH2
ViL2
B83RD-6947A
Read Operation
l< T >le T2 | T3 !
X1
teye
ABy5 -ABg f y
ADDR4g -ADDR
[PF7-PFp] K 18 8 7
- tap —>| < tRDH
AD7-ADg / \ s X
[PD7-PDg ] L ADDR7-ADDRq y I Data In 7
toR
L > et A—> tRL
> [<taFR
/ p
ALE N\ /
K 7
le—— tAL —>| trRD
1, |
(ala}
\ /
RD
Sc
tR
taR
MODEO [I0]
[Note 1]
tlL—Pl ty
Note:
[1] IO signal is output to the MODEO pin [if MODEQ Is pulled up to Vpp] during a
read or write of special registers sr-sr2 or a write to register MM or MF. Refer
to description of Port Emulation Mode [PEM] in the User's Manual for further
explanation. This signal Is not output on the uPD78CP14.
83YL-92538
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Timing Waveforms (cont)

Write Operation

} T >

X1

tove

> T3

ABy5 -ABg f
[PF7-PFg] K

ADDRy5 -ADDRg

«<— f pyy —>

AD7-ADg
[PD7-PDg ]

Data-out

twoH

tow

[ faL —>|

T?ﬁi@ |

twi

MODEQO [10]
[Note 1] /

Note:

explanation. This signal is not output on the uPD78CP14.

[1] iO signal Is output to the MODEO pin [if MODEQ Is pulled up to Vpp] during a
read or wiite of speclal registers sr-sr2 or a write to register MM or MF. Refer
to description of Port Emulation Mode [PEM] In the User's Manual for further

83YL-9254B
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Timing Waveforms (cont)

Opcode Fetch Operation

| T

YaVaVavaV,

Note:

[1] M1 signal Is output to the MODE? pin during every Opcode Fetch It MODE1
pin Is pufled up to Vppy. This signal Is not output on the xPD78CP14.

teve
ABy5 -ABg f \
ADDRqg -ADDR
[PF7PFp) k- 15 8 ;
< taD tRDH
AD5-ADg / " s —
[PD7-PDg ] )9 ADDR7-ADDRq L Opcode -
t pR —>|
t —>] [t a—> tRL-
->| |« tarR
4 p
ALE \ /
/ X 7
le— 1o —>| <——tnD—->l
- ‘HH
— )
b \L
R
tAH
MODE1 [M1] /‘
[Note 1]
tar—>! LY

83YL-82658
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Timing Waveforms (cont)

Serial Operation Transmit/Receive

26

tek
— AN
SCK \
<t ———>
. X
o jF(
fhxx—){ !‘ TKRX >|
83RD-69518
Timer Input Interrupt Input
tnH tniL tNIH — tNIL
T Nl
83YL-9266A
Timer/Event Counter Input: e tiL <—tiH
Event Counter Mode
INT1 \
teinH tene
c tioH — tioL
83YL-9267A —_—
INT2
Timer/Event Counter Input: o
Pulse-Width Measurement Mode
teizn temL
[¢]
B83YL-9268A
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Timing Waveforms (cont)

RESET Input AC Timing Test Points
Vpp-1.0
X :'::*) Test Points <I z::X
RESET 045V - -
83YL-9262A
AN4-AN7 Edge Detection
External Clock
—ton tANH—>] tANL—>]
X1 0.8Vpp Z / AN4-7
o2y B83RD-6956A
> ety > ty
tm—)
teve
83YL-9281A
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pPD78CP14 PROGRAMMING Table 3. Pin Functions during EPROM
. Programming

In the uPD78CP14, the mask ROM of the uPD78C14 Pin Function  Description

family is replaced by a one-time programmable ROM ——y A - y P,

(OTP ROM) or a reprogrammabile, ultraviolet erasable 0-7% Tofw owworder 8-bit address

ROM (UV EPROM). The ROM is 16,384 by 8 bitsand can ~ FPFo A8 High-order 7-bit address

be programmed using a general-purpose PROM writer ~ NMI Ag :

with a uPD27C256A programming mode. Refer to ta-  PFy-PFg  Ajp-Ay

bles 3 through 5 and the DC and AC Programming  pp,.pp; Dg-D; Data input/output
Characteristics tables for specific information applica- PBs CE
ble to programming the uPD78CP14.

Chip enable input

PBy OE Output enable input
RESET RESET PROM programming mode requires a
low voltage on this pin
Mode 0 Mode 0 Enter PROM programming mode by
applying a high voltage to this pin
Mode 1 Mode 1 Enter PROM programming mode by
: applying a low voltage to this pin
STOP Vpp High-voltage input (write/verify) high
level (read)

Table 4. Summary of Operation Modes for EPROM Programming

Operation Mode CE OE Vpp Vpp RESET MODEO MODE1 A
Program write L H +125V +6V L H L L
Program verify H L +125V +6V L H L L
Program inhibit H H +125V +6V L H L L
Read L L +5V +5V L H L L
Output disable L H +5V +5V L H L L
Standby H L/H +5V +5V L H L L
Notes:

(1) The CE, OE, Vpp: and Vpp pins are all compatible with the
uPD27C256A pins.

Caution: When Vpp is set to +12.5V and Vpp is set to +6V, you
cannot set both CE and OE to low level (L).
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Table 5. Recommended Connections for
Unused Pins (EPROM Programming
Mode)

Pin Recommended Connection Method

INT1 Connectto Vgg

X1 Connect to Vgg

X2 Leave this pin disconnected

ANO-AN7 Connect to Vgg

VARer Connect to Vgg

AVpp Connect to Vgg

AVgg Connect to Vgg

Remaining pins Connect each pin via a resistor to Vgg

PROM Write Procedure

(1) Connect the RESET pin, the MODE1 pin, and A4
pin to a low level and connect the MODEO pinto a
high level. Connect all unused pins as recom-
mended in Table 5.

2 Apply +6V to the Vpp pin and +12.5V to the Vp,
pin.

(8) Provide the initial address.

(4) Provide write data.

(5) Provide 1-ms program pulse (active low) to the CE
pin.

(6) Thisbit is now verified with a pulse (active low) to
the OE pin. If the data has been written, proceed to
step 8; if not, repeat steps 4 to 6. If the data cannot
be correctly written after 25 attempts, goto step 7.

(7) Classify as defective and stop write operation.

(8) Provide write data and supply program pulse (for
additional writing) for 3 ms times the number of
repeats performed between steps 4 to 6.

(9) Increment the address.
(10) Repeat steps 4 to 9 until the end address.

PROM Read Procedure

(1) Connect the RESET pin, the MODE1 pin, and A4
pin to a low level and connect the MODEO pinto a
high level.

(@ Apply +5V to the Vpp and Vpp, pins.
(3) Input the address of the data to be read to pins

Ao - Asa.
(4) Read mode is entered with a pulse (active low) on
both the CE and OE pins.

(5) Data is output to the Dg - D7 pins.

EPROM Erasure

Data in an EPROM is erased by exposing the quartz
window in the ceramic package to light having a wave-
length shorter than 400 nm, including ultraviolet rays,
direct sunlight, and fluorescent light. To prevent unin-
tentional erasure, mask the window.

Typically, data is erased by 254-nm ultraviolet rays. A
minimum lighting level of 15W-s/cm2 (ultraviolet ray
intensity x exposure time) is required to completely
erase written data. Erasure by an ultraviolet lamp rated
at 12 mW/cm?2 takes approximately 15 to 20 minutes.
Remove any filter on the lamp and place the device
within 2.5 cm of the lamp tubes.
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pPD78CP14 DC Programming Characteristics
Ta = 25 +5°C; MODE1 = V) ; MODEO = Vjy; Vgg = OV

Parameter Symbol Symbol* Min Typ Max Unit Condition
High-level input voltage Vi Vv 22 Vppp+ 0.3 \
Low-level input voltage ViL ViL -0.3 0.8 \
Input leakage current ILip I +10 HA 0 < Vy < Vppp
High-level output voltage ~ Vou VoH Vpp-1.0 v loy=-1.0mA
Low-level output voltage VoL VoL 0.45 V) loL = 20 mA
Output leakage current Lo *10 A 0 < Vo = Vppp; OE = Vjy
Vppp power voltage Vopp Vee 5.75 6.0 6.25 v Program memory write mode
45 5.0 55 v Program memory read mode
Vpp power voltage Vpp Vpp 122 125 12.8 v Program memory write mode
Vpp = Vppp v Program memory read mode
Vppp power current Ibp lcc 30 mA Program memory write mode
30 mA Program memory read mode;
CE = Vi, Vi = Viy
Vpp power current Ipp Ipp 30 mA Program memory read mode;
CE = V); OE = V|y
1 100 HA Program memory write mode

* Corresponding symbols of the uPD27C256A.

pPD78CP14 AC Programming Characteristics
Ta = 25 £5°C; MODE1 = V; Vgg = OV

Parameter Symbol Symbol* Min Typ Max Unit Condition
Address setup time to CE ¢ tsac tas 2 us

Data to OE | delay time tppoo toEs 2 us

Input data setup time to CE ¢ tsipc tps 2 Hs

Address hold time from CE * tHeA taH 2 us

Input data hold time from CE * tHeiD tpH 2 us

Output data hold time from OE * tHooD tpF 0 130 ns

Vpp setup time to CE tsvpc typs 2 us

Vppp setup time to CE ¢ tsvbc tvps 2 us

Initial program pulse width twit tpw 0.95 1.0 1.05 ms

Additional program pulse width twiLe topw 2.85 78.75 ms

MODEO/MODE?1 setup time vs. CE ¢ tsme 2 us MODE1 = V)_and MODEO = Viy
Address to data output time tpaoD tacc 2 us OE = VL
CE | to data output time tpcop toe 1 us

OE | to data output time tpoop toE 1 us

Data hold time from OE 1 or CE * thcoD toF 0 130 ns

Data hold time from address thaoD ton 0 ns OE = V).

* Corresponding symbols of the uPD27C256A.
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PROM Timing Diagrams
u#PD78CP14 PROM Write Mode

4
Ag-A14 >§ Effective Address
X
- e tsac —| |« tHooD tHea
s y \
y Data X 7 Data Data
Dp-D7 _§( npt A,  oupu ,?“ Input
t tHeID
—f [0 | tsipc e —> tHeip
Mode 1 VIH 4 Mode 1= Vg, 1
Mode0 v Mode 0 = Vi
tsmc
le—
Vpp
Vpp
Voor
tsvrc
f—
VDDP +1
Voop
Voop
tsvbc
e
_ VH  —— / 55 \ 4
CE N ,Z
toboo
viL —
twi1
twi
tpoop
[
_ v"" ‘ £C.
OE
viL
Notes:
(1)  Vppp must be applied before applying Vpp. It should be removed after removing Vpp.
(2 Vpp mustnot d +13 V, Including h aoD.coEn
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PROM Timing Diagrams (cont)
uPD78CP14 PROM Read Mode

Ag-Aqg X Effective Address )(

|<—toooo — + tHcoD
r¢———tDAOD ———» tHAOD >
HI-Z L HI-Z
DgD7 e e - - - ~ Data Output e — e e e - - -~

Notes:
(1) To read PROM within the tpap range, the detay of GE + from CE+ must be within t paop- t poop-
(2) tycop !s the time from the state In which either OE or CE first becomes V.
83RD-6949B

32




NEC

NEC Electronics Inc.

puPD78C18 Family
uPD78C17/C18/CP18

8-Bit, Single-Chip Microcontrollers
With A/D Converter

September 1993

Description

The uPD78C18 family is an expanded memory version
of the uPD78C14 family of 8-bit CMOS single-chip
microcontrollers.

These microcontrollers integrate sophisticated on-
chip peripheral functions normally provided by exter-
nal components. Their internal 16-bit ALU and data
paths, combined with a powerful instruction set and
addressing capability, make the devices appropriate in
data processing as well as control applications.

The devices integrate a 16-bit ALU, 32K-byte ROM,
1024-byte RAM, an eight-channel A/D converter, a mul-
tifunction 16-bit timer/event counter, two 8-bit timers, a
USART, and two zero-crossing detect inputs on a single
die, allowing their use in fast, high-end processing
applications.

The uPD78C18 family includes a 32K-byte mask ROM
device, embedded with a customer program, a ROM-
less device for use with up to 64K bytes of external
memory, and a 32K-byte EPROM or OTP ROM device for
prototyping and low-volume production. The uPD78C18
may also be ordered with pullup resistors that are
available as a mask option for ports A, B, and C.

Features

0 CMOS technology
O 30 mA operating current (uPD78C17/C18)
0 Complete single-chip microcontroller

— 16-bit ALU

— 32K-byte ROM

— 1024-byte RAM

0 401/0 lines

o

o o o o

Pullup resistors for the mask option
—Ports A, B, and C
— uPD78C18 device only

Two zero-crossing detect inputs
Two 8-bit timers
Four edge-detection inputs (AN4-AN7)

Expansion capabilities
— 8085A-like bus
— 64K-byte external memory address range

Eight-channel, 8-bit A/D converter
— Autoscan mode
— Channel select mode

Full-duplex USART (synchronous and
asynchronous)

159 instructions

— 16-bit arithmetic, multiply, and divide
— HALT and STOP instructions

0 0.8 us instruction cycle time (15 MHz operation)
O Prioritized interrupt structure

— Three external
— Eight internal

0 Standby function
0 On-chip clock generator
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Ordering Information

Part Number (Note 1) Package Package Drawing Quality Grade (Note 3)
ROMIess
uPD78C17CW 64-pin SDIP P64C-70-750A, C Standard
GF-3BE 64-pin QFP (Note 2) P64GF-100-3B8, 3BE-1 Standard
GF(A)-3BE Special
GQ-36 64-pin QUIP P64GQ-100-36 Standard
GQ(A)-36 Special
32K Mask ROM
uPD78C18CW-xxx 64-pin SDIP P64C-70-750A, C .Standard
GF-xxx-3BE 64-pin QFP (Note 2) P64GF-100-3B8, 3BE-1 Standard
GF(A)-xxx-3BE Special
GQ-xxx-36 64-pin QUIP P64GQ-100-36 Standard
GQ(A)-xxx-36 Special
32K OTP ROM
pPD78CP18CW 64-pin SDIP P64C-70-750A, C Standard
GF-3BE 64-pin QFP (Note 2) P64GF-100-3B8, 3BE-1 Standard
GF(A)-3BE Special
GQ-36 64-pin QUIP P64GQ-100-36 Standard
GQ(A)-36 Special
32K UV EPROM
uPD78CP18DW 64-pin SDIP w/window P64C-70-750A, C Standard
KB 64-pin ceramic LCC w/window X64KW-100A-1
Note:

(1) xxx indicates ROM code suffix.
(@ Engineering samples supplied in a ceramic QFP package
(3) Special grade devices have the symbol (A) embedded in the part

number
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Pin Configurations

64-Pin Plastic QUIP or Plastic Shrink DIP

rag]t ~ wp Vop
PA1 ]2 63 [ STOP
PA2[]3 621 PD7
PAaa 4 61[1PDg
PAsO5 60 |1 PDg
PAs 6 59 [1PDy
PAg]7 581 PDg
PA7]8 §7[1 PDy
PBo]9 56 |1 PD4
PB4 10 s5[1PDg
PBa ] 11 541 PF7
PBg ] 12 s3 [ PFg
PB4 13 52 [ PFg
PBs ] 14 s1 [ PFy
PBg] 15 50 [1 PFg
PB7 [ 16 493 PFo
PCq/TxD [} 17 48 [ PFq
PC 4/RxD [] 18 47 PFg
PC,/SCK ] 19 a0 ALE
PC3/TViNT2 [] 20 45 WR
PC4/TO [ 21 41 RrD
PCg/CI ] 22 431 avpp
PCg/CO0 O 23 423 VAREF
PC/CO1 0] 24 413 ANz
NMIC] 25 40 [J ANg
INT1 ] 28 39 |7 ANs
MODE1 [} 27 a8 [1 ANg
RESET [} 28 37 AN
MODEO (] 29 36 |1 AN2
x2 ] 30 357 ANt
X1 a1 34 |1 ANO
Vgs [ 32 337 Avss
B83YL-9261A - 7/93
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64-Pin Plastic QFP or Ceramic LCC

83ML-6180B

o -
seezsfp, . Sffbc
%2223 9x9=slksz=
nOooooOoooooopnn
§588K8RIQYER

SNV ] €€ 1 =
oNv [] ve 8 O tooit0a
INV [] se Jil n|
d43HVA ] 92 oL U“v%\wu\“on_
aaav ] 2& st 0 outng
ad ] se vaN._.ZS.:mUm
um O ee €t P yoer20d
Jv ov 2 0 papod
O4d O} 1w H B axu0d
bd O ey ([ s
2id [ v 6 P ogy
€a v 8 P ggy
Yid O] sv 2P pgy
Sid [ ov 9 P egq
94 [ 2v S P zgq
Lyd O] oF v B igy
Oad [ sv € [ ogyg
tad O os Ouuba
%ad O 1s FH ayy
PRI BBLEB3B385883
o000 ooooog
FIEEEp BT




NEC

HPD78C18 Family

Pin Identification

Symbol Function

ALE Address latch enable output

ANO-AN7 A/D converter analog inputs 0-7

INT1 Interrupt request 1 input

MODEO Mode 0 input; /O memory output

MODE1 Mode 1 input

NMi Nonmaskable interrupt input

PAg-PA7 Port A |/O lines 0-7

PBy-PB; Port B I/O lines 0-7

PCo/TxD Port C I/O line 0; transmit data output

PC4/RxD Port C I/O line 1; receive data input

PC,/SCK Port C |/O line 2; serial clock /O

PCy/TIINT2 Port C I/O line 3; timer input; interrupt request
2 input

PC4/TO Port C |/O line 4; timer output

PCs/Cl Port C |/O line 5; counter input

PCg and PC7/ Port C |/O lines 6 and 7;

COq and CO4 counter outputs 0 and 1

PDy-PD; Port D I/O; expansion memory address, data
bus (bits ADy-AD7)

PFo-PF7 Port F I/O; expansion memory address,
(bits ABg-AB4s)

RD Read strobe output

RESET Reset input

STOP Stop mode control input

VAREE A/D converter reference voltage

WR Write strobe output

X1 and X2 Crystal connections 1 and 2

AVpp A/D converter power supply voltage

AVgs A/D converter power supply ground

Vbp +5V power supply

Vss Ground

IC Internal connection

Pin Functions

ALE (Address Latch Enable). The ALE output is used
to strobe the address of PDg-PD7 into an external latch.

ANO-AN7 (Analog Inputs). ANO-AN7 are the eight an-
alog inputs to the A/D converter. AN4-AN7 can also be
used as digital inputs for falling edge detection.

CI1 (Counter Input). Clisthe external pulse input to the
timer/event counter.

COp and CO4 (Counter Outputs). COy and CO; are
programmable waveform outputs from the timer/event
counter.

INT1 (Interrupt Request 1).INT1 is a rising edge-
triggered, maskable interrupt input, as well as an ac-
input, zero-crossing detection terminal.

INT2 (Interrupt Request 2).INT2 is a falling edge-
triggered, maskable interrupt input, as well as an ac-
input, zero-crossing detection terminal. -.

If the optional pullup resistor is specified for this pin on
the uPD78C18, the zero-crossing detection circuitry will
not function.

MODEO and MODE1 (Mode). For the uPD78C17, the
size of the externally installed memory can be selected
as 4K, 16K, or 63K bytes by setting the MODEO and
MODET1 pins.

For the uPD78C 18, the MODEQO pinis set to 0 (logic low).
The MODE1 pin is pulled high with a pullup resistor.

For the uPD78C17/C18, an external pullup resistor to
Vpp is required, if the mode pinis to be a logic high. The
value of this pullup resistor, R, is dependent on tgyc
and is calculated as follows: RinkQis4 = R < 0.4
tcye, Where tgyg is in ns units.

NMI (Nonmaskable Interrupt). NMI is a falling edge,
Schmitt-triggered nonmaskable interrupt input.

PAo-PA; (Port A). Port A is an 8-bit three-state port.
Each bit is independently programmable as either
input or output. The reset signal causes all lines of port
Ato be inputs. Pullup resistors are available as a mask
option on the uPD78C18.

PBy-PB; (Port B). Port B is an 8-bit three-state port.
Each bit is independently programmable as either
input or output. The reset signal causes all lines of port
B to be inputs. Pullup resistors are available as a mask
option on the uPD78C18.

PCy-PC; (Port C). Port C is an 8-bit three-state port.
Each bit is independently programmable as either
input or output. Alternatively, the lines of port C can be
used as control lines for the USART, interrupts, and
timer. The reset signal causes all lines of port C to be
inputs. Pullup resistors are available as a mask option
on the uPD78C18.
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PDo-PD7 (Port D). Port D is an 8-bit three-state port. It
can be programmed as either 8 bits of input or 8 bits of
output. When external expansion memory is used, port
D functions as the multiplexed address/data bus.

PFo-PF7 (Port F). Port F is an 8-bit three-state port.
Each bit is independently programmable as either
input or output. When external expansion memory is
used, port F outputs the high-order.address bits.

RD (Read Strobe). The strobe signal, when output for
read operation of external memory, operates as fol-
lows. The signal is high, except during a data read
machine cycle. It becomes a high output impedance
when the RESET signal is low or when the device is in
hardware stop mode.

RESET (Reset). When the Schmitt-triggered RESET in-
put goes low, it initializes the device.

RxD (Receive Data). RxD is the serial data input ter-
minal.

SCK (Serial Clock). SCK is the serial clock output
whenthe internal clock is used. SCK is the input for the
serial clock when the external clock is used.

STOP (Stop Mode Control Input). A low-level input on
STOP (Schmitt-triggered input) stops the system clock
oscillator.

TI (Timer Input). Tl is the timer input terminal,

TO (Timer Output). The output of TO is a square wave
with a frequency determined by the timer/counter.

TxD (Transmit Data). TxD is the serial data output
terminal.

VareFr (A/D Converter Reference) . Vager functions as
an input pin for the A/D converter reference voltage
and as the control pin for A/D converter operation.

WR (Write Strobe). The strobe signal, when output for
the write operation of external memory, operates as
follows. The signal is high, except during a data write
machine cycle. It becomes a high output impedance
when the RESET signal is low or when the device is in
hardware stop mode.

X1 and X2 (Crystal Connections). X1 and X2 are the
system clock crystal oscillator terminals. X1 is also the
input for an external clock.

AVpp (A/D Converter Power). This is the power supply
voltage for the A/D converter.

AVgs (A/D Converter Ground). AVgg is the ground
potential for the A/D converter power supply.

Vpp (Power Supply). Vpp is the +5-volt power supply.

Vgs (Ground). Vgg is the ground potential for the +5-
volt device power supply.
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Block Diagram
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FUNCTIONAL DESCRIPTION
Memory Map -

The uPD78C18 family can directly address up to 64K
bytes of memory. Except for the on-chip ROM (or
PROM) and RAM (FCOOH-FFFFH), any memory loca-
tion can be used as ROM or RAM. The memory maps,
shown in figures 1 through 3, define the 0 to 64K-byte
memory space for the uPD78C18 family.

Figure 1. Memory Map (xPD78C17)

The uPD78CP18 can be programmed by software to
have 4K, 8K, 16K, or 32K bytes of internal program
memory. This programming is transparent to a ROM-
based device, allowing easy transfer of code.

0000H

L
£
£
224

L. External Memory
T ea512wxs

R

FBFFH
FCOOH *
On-Chip RAM Standby
1024 Wx 8 Area
FFFFH

* Can only be used when the RAE bit
of the MM register s 1.

0000H RESET
0004H NMI
0008H INTTO/INTT1
0010H INT1/INT2
0018H INTEO/INTE1

0020H INTEIN/INTAD

0028H INTSR/INTST

0080H SOFT!
B ®
(‘0080H | LowaDRS reo
0081H|  HighADRS
0082H Low ADRS te1
H
canTabia{ % High ADRS
= A
00BEH Low ADRS rost
\ 00BFH High ADRS B

83YL-965068
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Figure2. Memory Map (uPD78C18)

0000H 0000H RESET |
‘
Jy OnChpROM ] 0004H NMI
32768Wx8 T
|
0008H INTTO/INTT1 \
7FFFH \
8000H
0010H INT1/INT2

|, ExtemalMemory |
T s1,744wxs T 0018H INTEO/INTE1

0020H INTEIN/INTAD

FBFFH |
FCOOH * ‘
On-Chip RAM Standby
1024 Wx 8 Area
0028H INTSR/INTST
FFFFH
R R
0060H SOFTI
= w
( 0080H Low ADRS
t=0
0081H High ADRS
0082H Low ADRS t=1
Call Table] 0083H High ADRS
= w
O00BEH Low ADRS
t=31
L 00BFH High ADRS
00COH
= UsersArea R
* Can only be used when the RAE bit

of the MM registeris 1.

83YL-965068




pPD78C18 Family

NEC

Figure 3. Memory Map (sPD78CP18)
| 0000H 0000H RESET
£ ) ) _
83 § g 0004H NMI
g5
=98¢ ©On-Chip PROM
® ¥ & ¢
§ § § § 0008H INTTO/INTT1
866 8 Mode
& o oo D78C11A: 4,096 x 8
D78C12A: 8,192x8
D78C14/C14A: 16,384 8
D78C18: 32,7 —
8C18: 52,7688 0010H INT1/iNT2
OFFFH Vector | 0018H INTEO/INTE1
1000H Area
1FFFH
2000H
3FFFH 0020H INTEIN/INTAD
4000H
7FFFH
8000H
0028H INTSR/INTST
External Memory
Mode R A
R D78C11A: 61,148 X8 ¥
D78C12A: 57,088 X8 | 0o60H SOFTI
D78C14/14A: 48,986 X 8
D78C18: 31,744 X 8 o B
FBFFH 0080H Low ADRS t=0
FFOOH 0081H High ADRS N
FEFFH 0082H Low ADRS t=1
FFOOH Call Table | 0083H High ADRS
Area
S =
On-Chip RAM
. Low ADRS
Mode High ADRS t=31
83 D78C11A: 256X 8 o
z 38 D78C12A: 256 X8
P re D78C14/14A: 256 X 8
§ §< D78C18: 1,024 X 8 L User's Area AN
5 8 ~ Remalning R
& 53 On-chip PROM

83YL-96078
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Input/Output

The uPD78C18 family has 40 digital /O lines, consisting
of five 8-bit ports (ports A, B, C, D, and F), and four
digital input lines (AN4-AN7).

Analog Input Lines. AN0-AN7 are configured as ana-
log input lines for the on-chip A/D converter. Lines
AN4-AN7 can be used as digital input lines for falling
edge detection.

Port A, Port B, Port C, and Port F. Each line of these
ports can be individually programmed as an input or
output. When used as I/O ports, all have latched out-
puts and high impedance inputs. On the uPD78C18,
pullup resistors are available as a mask option for ports
A B,andC.

Port D. Port D can be programmed as a byte input or
a byte output.

Control Lines. Under software control, each line of
port C can be configured individually as a control line
for the serial interface, timer, and timer/counter or as an
1/0 port.

Memory Expansion. In addition to the single-chip op-
eration mocdle, the yPD78C18 family has four memory
expansion modes. Under software control, port D can
provide a multiplexed low-order address and data bus;
port F can provide a high-order address bus. Table 1
shows the relationship between the memory expansion
modes and the pin configurations of port D and port F.

Table 1. Memory Expansion Modes and Port

Configurations
Memory Expansion Port Port Configuration
None Port D I/O port ‘
Port F I/O port !
256 bytes Port D Multiplexed address/
data bus
Port F I/O port ‘
4K bytes Port D Multiplexed address/ ‘
data bus
Port F (PFg-PF3) Address bus
Port F (PF4-PF7)  I/O port

16K bytes Port D

Multiplexed address/
data bus

Port F (PF-PFs)

Address bus

Port F (PFg-PFy)

/O port

32K/48K/56K/60K bytes Port D
(Note 1)

Multiplexed address/
data bus

Port F

Address bus

Note:
(1) Set according to bits MM7 to MMS,

11
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Timers

The two 8-bit timers can be programmed indepen-
dently or cascaded as a 16-bit timer. The timer can be
set by software to increment at intervals of four ma-
chine cycles (0.8 us at 15 MHz operation) or 128 ma-
chine cycles (25.6 us at 15 MHz), or to increment on
receipt of a pulse at Tl. Figure 4 is the block diagram for
the timer.

Timer/Event Counter

The 16-bit multifunctional timer/event counter, shown
in figure 5, can be used for the following operations:

Interval timing

External event counting
Frequency measurement
Pulse-width measurement

Programmable frequency and duty cycle waveform
output

e Single-pulse output

8-Bit A/D Converter
The 8-bit A/D converter provides the following:

e Eight input channels
e Four conversion result registers

Two powerful operation modes
— Autoscan
— Channel select

Successive approximation technique
Absolute accuracy: 0.6% FSR +1/2 LSB
Conversion range: 0to 5V

Conversion time: 38.4 us

Interrupt generation

Figure 4. Timer Block Diagram
gl
a3
Timer PC4TO
r'l-1mer0 —|| I—Tlmen _l
PC. ° ' s

Tl O—% t t | | To Timer/Event Counter
L : Cbarr—_:—— r L : Clear : or Serfal Clock Source

| | | | g12— > | |

o12 l T Up 0 | T Upcounter 1 |

| | | |

w T T | e T

: | ! |

c o (- ' e or1 |

| i | | i |

| | | |

: | : |

|

Timer Mode | | Timer Register 0 I INTTO | |TimerRegister1] | INTT1

Reglster | (T™O0) | | (T™1) |

| | | |

T L i
3 Infernal Bus 3

23 | fxtal x 1/3

012 | fyal x 1/12

‘;384 fxtal x 1/384

xtal | input crystal frequency

83RD-6368B (8/83)
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Figure 5. Block Diagram for the Timer/Event Counter

| Bus
) Y
ﬂgngEvent Counter
ture Register
(ECPT)
r———————————) ov
712 ———>| |> o
Clock Cou“n;:ﬂ/.EVGm Clear Output PCg/COy
PC/C Select (ECKT) Control Control
To Signal
from Interval I | r PC7/C0O4
Timer F/F
Comparator Comp: : CPo —————— INTEO
Interrupt
AN AN Control
CP4q }-—— INTE1
Timer/Event Timer/Event
Counter Reglster 1 Counter Register 0 EIN *» INTFIN
(ETM1) (ETMO)
AN AN
Mode
Registers
(ETMM,EOM)
Y )
Internal Bus
Edge Detect
12 =fxtal x 1/12
fxtal: input crystal frequency
83RD-66368 (¥93)
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Analog/Digital Converter
The uPD78C18 family features an 8-bit, high-speed,

Figure 6. A/D Converter Block Diagram

. . AVbp
high accuracy A/D converter. The A/D converter is AVgg
comprised of a 256-resistor ladder and a successive VAREF
approximation register (SAR). There are four conver-
sion result registers (CRO-CR3). ANO
ANt
The eight-channel analog input can be operated intwo AN2 s AD
different modes. In the select mode, the conversion AN3 3 | Converter
value of one analog input is sequentially stored in AN4 £ @
CRO-CR3. In the scan mode, either the upper four ANS =
channels or the lower four channels may be specified. AN6
The four channels specified will be consecutively se- AN7 8 8 8 8
lected and the conversion resulits stored sequentially in | Cﬂol L°“1 J ICRZI I CHsI
the four conversion result registers. " @ @ ;"
Figure 6 is the block diagram for the A/D converter. To
stop the operation of the A/D converter and reduce the Intornal Bus
power consumption, set Vaggr = O V. L | L, ANG
—1 E [—> ANS
Interrupt Structure Detoe —> ANG
There are 12 interrupt sources in the uPD78C18 family. [ AN?
Three are external and nine are internal interrupt 83RD-6636A
sources. Table 2 shows 11 interrupt sources divided
into seven priority levels, where IRQO is the highest and
IRQ6 is the lowest. See figure 7.
Figure 7. Interrupt Structure Block Diagram
NMI ——> INTFNMI
INTTO — >
INTT1 > c.or:tsrt)l [—> Skip Control
INT1 77> {} TF—>]
iNT2 Roquest sk
INTEO —T=>|  Register <: Register INTENMI
INTE1 ——>| SOFTI
INTEIN _l
INTAD ——>| Interrupt
INTSR Generation
INTST ——>| Enable
L —> a—ls o
Prio
> Contﬂrgl DiI—|R
oV ——>| T
ER —>| Test INTFNMI —>
= e R
egister
)
AN7 -AN4|:> Interrupt :> E
Address b
SOFTI —>| =
83RD-6637B (¥/93)
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Table 2. Interrupt Sources
Interrupt Request Interrupt Address Type of Interrupt Internal/External
IRQO 4 NMI (nonmaskable interrupt) External
IRQ1 8 INTTO, INTT1 (coincidence signals from timers 0, 1) Internal
IRQ2 16 INT1, INT2 (maskable interrupts) External
IRQ3 24 INTEO, INTE1 (coincidence signals from timer/event counter) Internal
IRQ4 32 INTEIN (falling signal of Cl or TO into the timer/event counter) Internal or External
INTAD (A/D converter interrupt) Internal
IRQ5 40 INTSR (serial receive interrupt) Internal
INST (serial send interrupt)
IRQ6 96 SOF Tl instruction Internal
Standby Modes first, for ease of interfacing to certain NEC peripheral

The uPD78C18 family has two standby modes: HALT
and STOP.

HALT Mode. The HALT mode reduces power consump-
tion to 50% of normal operating requirements, while
maintaining the contents of on-chip registers, RAM,
and control status. The system clock and on-board
peripherals continue to operate, but the CPU stops
executing instructions. The HALT mode is initiated by
executing the HLT instruction and can be released by
any nonmasked interrupt or by RESET.

STOP Mode. The STOP mode reduces power con-
sumption to less than 0.1% of normal operating re-
quirements. There are two stop modes: type A and type
B.

Type A is initiated by executing a STOP instruction. If
Vpp is held above 2.5V, the contents of the on-board
RAM are saved. The oscillator is stopped. The stop
mode can be released by an input on NMI or RESET.
The user can program oscillator stabilization time up
to 52.4 ms via timer 1. By checking the standby flag
(SB), the user can determine whether the processor
has been inthe standby mode or has been powered up.

Type B is initiated by inputting a low level on the STOP
input. The RAM contents are saved if Vpp is held above
25V. The oscillator is stopped. The stop mode is
released by raising STOP to a high level. The oscillator
stabilization time is fixed at 52.4 ms; instructions will
automatically begin executing at location 0, 52.4 ms
after STOP is raised. You can increase the stabilization
time by holding RESET low for the required time period.

Universal Serial Interface

The serial interface can operate in one of three modes:
synchronous, asynchronous, and /O interface. 1/O in-
terface mode transfers data most significant bit (MSB)

devices. Synchronous and asynchronous modes trans-
fer data least significant bit (LSB) first. Synchronous
operation offers two modes of data reception: search
and nonsearch. In the search mode, datais transferred
one bit at a time from the serial register to the receive
buffer. This allows a software search for a synchronous
character. In the nonsearch mode, data going from the
serial register to the transmit buffer is transferred eight
bits at a time. Figure 8 shows the universal serial
interface block diagram.

Zero-Crossing Detector

The INT1 and INT2 (common to Tl and PC3) terminals
can detect the zero-crossing point of low-frequency AC
signals. When driven directly, these pins respond as a
normal digital input. Figure 9 shows the zero-crossing
detection circuitry.

The zero-crossing detection capability allows you to
make the 50-60 Hz power signal the basis for system
timing and to control voltage phase-sensitive devices.

To use the zero-crossing detection mode, an AC signal
of 1.0to 1.8 V (peak to peak) and a maximum frequency
of 1 kHz is coupled through an external capacitor to the
INT1 and INT2 pins.

For the INT1 pin, the internal digital state is sensed as
a 0 until the rising edge crosses the average DC level. It
then becomes a 1 and an INT1 interrupt is generated.

For the INT2 pin, the state is sensed as a 1 until the
falling edge crosses the average DC level. It then
becomes a 0 and INT2 is generated.

15
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Figure 8. Universal Serial Interface Block Diagram

4

ﬁ

- !

Recelve
Serial Mode Transmit Buffer
INTSR < Buff?alil:g)ls!er Reglster TxB) ——> INTST
Serlal Register Serlal Register
PC4/RxD —'D"" (S—P) P _:gs) —
Recelve Control |——> ER Transmit Control
POASTR 1 : !
024 = 1
< s 024 = fxtal X 34
l"“ Timer F/F "
En i
fxtal : Oscillation frequency (MHz) of crystal
PCy/TXD <
83RD-6829B (3/63)

Figure 9. Zero-Crossing Detection Circuit

AC Input
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AC Input 11 o— Intemal
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o =
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B83RD-6643B (7/93)
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ELECTRICAL SPECIFICATIONS Capacitance
. . Ta = 25°C; Vpp = Vgg = OV
Absolute Maximum Ratings, uPD78C17/C18 -
Ty = 25°C Parameter Symbol Max Unit Conditions
Power supply voltage, Vpp -0.5t0 +7.0V Input capacitance G 10 PF fo=1 MHZ; .
AVpp AVgstoVpp +0.5V  Output capacitance Co 20 pF ‘Nmeasurec pins
AVss _05t0 +0.5V - returned to OV
Vpp (UPD78CP18 only) -05t0 +135v VO capacitance Cio 2 FF
Input voltage, V| -0.5to Vpp+0.5V
Output voltage, Vo -0.5to Vpp+0.5V i
|
Output current, low; lo|. |
Each output pin 40mA |
Total 100 mA
Output current, high; loy
Each output pin -2.0mA
Total -50 mA
Reference input voltage, VARep -0.5to AVpp +0.3V
Operating temperature, Topp -40 to +85°C
(fx1AL = 15 MH2)
Storage temperature, TgTg -65 to +150°C

Exposure to Absolute Maximum Ratings for extended periods may 1
affect device reliability; exceeding the ratings could cause perma-

nent damage. The device should be operated within the limits

specified under DC and AC Characteristics.

Oscillation Characteristics
Ta = —-40 to +85°C; Vpp = AVpp = 5V * 10%; Vgg = AVgg = OV;Vpp -0.8V =< AVpp =< Vpp; 3.4V = Vaper s AVpp

Recommended
Resonator Circuit Parameter Min Typ Max Unit Conditions
Ceramic resonator (Note 1) or (Note 3) Oscillation frequency (fxx) 4 15 MHz  A/D converter not used |
crystal oscillator (XTAL) (Note 2) 5.8 15 MHz  A/D converter used
External clock (Note 4) X1 input frequency (fx) 4 15 MHz  A/D converter not used
5.8 15 MHz  A/D converter used
X1 input, rise, fall time (t;, tg) [o] 20 ns
X1 input low- and high-level 20 250 ns
width (g1, 1)
Notes: |
(1) Refer to the Resonator and Capacitance Requirements table for (8) For XTAL, see the Recommended XTAL or Ceramic Resonator ‘
the recommended ceramic resonators. Oscillation Circuit Diagram. |
(2 When using a crystal oscillator, it should be a parallel-resonant, (4) See the Recommended External Clock Diagram. ‘

fundamental mode, “AT cut” crystal. Capacitors C1 and C2 are
required for frequency stability. The values of C1 and C2 (C1 =
C2) can be calculated from the load capacitance (Cy), specified
by the crystal manufacturer:

CL= C1xC2 +C
C1 + C2

Where Cg is any stray capacitance in parallel with the crystal.

17
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Recommended XTAL or Ceramic Resonator

Oscillation Circuit Diagram

Extemnal osclllation circult should be as close to the
X1 and X2 pins as possible.

Do not place other signal lines In the shaded area.

B83RD-6946A
Recommended External Clock Diagram
Clock X1
HCMOS
Inverters
x2
B3RD-8946A

18

Resonator and Capacitance Requirements
Ta = —40 to +85°C

Manufacturer Product Number C1, C2 (pF)

Murata CSA15.00MX001 22
CST15.00MXWO001 * None required
CSA10.0MT 30
CST10.0MTW None required
CSA8.00MT 30
CST8.00MTW None required

TOK FCR15.0MC None required
FCR10.0 None required
FCR8.0 None required




NEC pPD78C18 Family

DC Characteristics
Ta = —40 to +85°C; Vpp = AVpp = +5.0V *10%; Vgg = AVgg = OV

Parameter Symbol Min Typ Max Unit Conditions
Input voltage, low ViL1 0 0.8 v All except the Note 1 inputs
ViL2 0 0.2Vpp \ Note 1 inputs
Input voltage, high ViH1 22 Vop \ All except X1, X2, and the Note 1 inputs
ViH2 0.8Vpp Vob \ X1, X2, and the Note 1 inputs
Output voltage, low VoL 0.45 \ lo = 20mA
Output voltage, high VoH Vpp-1.0 \ loh = -1.0mA
Vpp - 0.5 v loH = -100 LA
Input current It +200 LA INT1 (Note 2); Tl (PC3) (Note 3); 0V < V,
< Voo
Input leakage current I *10 HA All except INT1; Tl (PC3); 0V < V| < Vpp m
+1 KA AN7-0; 0V = V| = Vpp (uPD78C17(A)/
C18(A)/CP18(A) only)
Output leakage current Lo +10 HA 0V = Vo = Vpp
AVpp supply current Alpp1 0.5 1.3 mA f= 15 MHz
Alpp2 10 20 HA Stop mode
Vpp supply current Ibp1 16 30 mA Normal operation; f = 15 MHz
lbp2 7 13 mA Halt mode; f = 15 MHz
Data retention voltage VpbDR 25 % Stop mode
Data retention current IpDDR 1 15 A Vpppr = 2.5V (Note 4) '
10 50 LA VoDDR = 50V *10% (Noto 4)
Pullup resistor RL 17 27 75 kQ Ports A, B, C; 35V =< Vpp < 65 V
V= 0V (uPD78C18/C18(A) only)
Notes:

Inputs RESET, STOP, NMI, SCK, INT1, Tl, and AN4-AN7.
Assuming ZCM register is set to self-bias.

@
@
@

L DN =

Assuming ZCM register is set to self-bias and the MCC register is
set to the control mode.

@

=

Hardware/software stop mode and assuming ZCM register is set
so that self-bias is not selected.
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AC Characteristics

Ta = —40 to +85°C; Vpp = AVpp = +5.0V *10%; Vgg = AVgg = OV

Parameter Symbol Min Max Unit Conditions
RESET pulse width high, low tsH: tRSL 10 us
NMI pulse width high, low tiHs tNIH 10 us
X1 input cycle time teye 66 250 ns
167 ns (Note 1)

Address setup to ALE { taL 30 ns (Notes 2, 3)
Address hold from ALE { ta 35 ns (Notes 2, 3)
Address to RD ¢ delay time taR 100 ns (Notes 2, 3)
RD ¢ to address floating tAFR 20 ns (Note 3)
Address to data input taD 250 ns (Notes 2, 3)
ALE { to data input DR 135 ns (Notes 2, 3)
RD ! to data input tRD 120 ns (Notes 2, 3)
ALE | to RD ¢ delay time R 15 ns (Notes 2, 3)
Data hold time from RD t tRDH ) ns (Note 3)
RD 1 to ALE 1t delay time tRL 80 ns (Notes 2, 3)
RD width low tRR 215 ns Data read (Notes 2, 3)

415 ns Opcode fetch (Notes 2, 3)
ALE width high t 920 ns (Notes 2, 3)
M1 setup time to ALE ¢ L 30 ns (Note 3)
M1 hold time after ALE | tm 35 ns (Note 3)
IO/M setup time to ALE { e 30 ns (Note 3)
IO/M hold time after ALE ¢ t 35 ns (Note 3)
Address to WR | delay taw 100 ns (Notes 2, 3)
ALE { to data output tLow 180 ns (Notes 2, 3)
WR | to data output twp 100 ns (Note 3)
ALE { to WR | delay time tw 15 ns (Notes 2, 3)
Data setup time to WR t tow 165 ns (Notes 2, 3)

127 ns (Note 1)
Data hold time from WR twpH 60 ns (Notes 2, 3)
WR 1t to ALE 1 delay time twir 80 ns (Notes 2, 3)
WR width low tww 215 ns (Notes 2, 3)
Notes:

(1) uPD78CP18 only.
(@) Load capacitance C_ = 100 pF.

(3) Values are for 15 MHz operation. For operation at other frequen-
cies, refer to the table labeled Bus Timing Dependent on tcyc.
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uPD78C18 Family

Serial Operation

Parameter Symbol Min Max Unit Conditions

SCK cycle time tevk 0.8 us SCK input (Notes 1, 3)
0.4 us SCK input (Note 2)
1.6 us SCK output (Note 3)

SCK width low KL 335 ns SCK input (Notes 1, 3)
160 ns SCK input (Note 2)
700 ns SCK output (Note 3)

SCK width high tKKH 335 ns SCK input (Notes 1, 3)
160 ns SCK input (Note 2)
700 ns SCK output (Note 3)

RxD setup time to SCK tRXK 80 ns (Note 1)

RxD hold time after SCK t tyRx 80 ns (Note 1)

SCK ¢ TxD delay time trx 210 ns (Note 1)

Notes:

(1) 1 x baud rate in asynchronous, synchronous, and I/O interface

modes.

(@) 16 x baud rate or 64 x baud rate in asynchronous mode.

3) fxyaL = 15 MHz.

Zero-Crossing Characteristics

Parameter Symbol Min Max Unit Condition

Zero-crossing detection input Vzx 1 1.8 VACpp AC couplod 60 Hr sino \;:v:

Zero-crossing accuracy Azx *135 mV

Zero-crossing detection input frequency f2x 0.05 1 kHz

A/D Converter Characteristics

Ta = -40 to +85°C; VDD = +50V £10%; Vgg = AVgg = 0V; Vpp- 0.5V =< AVpp < Vpp; 34V = VaRer < AVpp

Parameter Symbol Min Typ Max Unit Conditions
Resolution 8 bits
Absolute accuracy *0.4 %FSR Ta = -10to +70°C; 66 ns < teye < 170 ns;
(Note 1) 4.0V =< VagRer = AVpp
%FSR 66 ns < toyc < 170 ns; 4.0V =< Vaper < AVpp
=+ %FSR 66 ns < toyc < 170ns; 3.4V = VaRer < AVpp
Conversion time tcony 576 teve 66 ns < tgyc < 110ns
432 teve 110ns < toyc < 170ns
Sampling time tsamp 96 teve 66ns < tcyc =< 110ns
72 teve 110ns < tgye < 170 ns
Analog input voltage Vian 0 VAREF v
Analog input impedance Ran 1000 MQ
Reference voltage VAREF 3.4 AVpp \
VAREF current IAREF1 1.5 3.0 mA Operation mode
lAREF2 07 1.5 mA Stop mode
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A/D Converter Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions

AVpp supply current Alppy 0.5 13 mA Operation mode; fxtaL = 15 MHz
Alpp2 10 20 HA Stop mode

Notes:

(1) Quantizing error (+1/2 LSB) is not included.

Bus Timing Dependent on tcyc

(@ FSR = full-scale resolution.

Symbol Min/Max (ns) Calculation Formula Symbol Min/Max (ns) Calculation Formula
trins tric Min 6T (T! input - PC3) tw Min T-50
tenw tent Min 6T (Tl input - PCs) tow Min 4T - 100/4T ~140 (Note 7)
(Note 2) twoH Min 2T-70
t(r?jﬁ';,st)cm Min 48T (Tl input - PCs) twi Min 2T - 50
——— Min 36T (INT1) tww Min aT-%0
tor toL Min 36T (NT) toyk Min 24T (ﬁ( output)
tanm TANL Min 36T (AN4-AN7) Min 12T (SCK input) (Note 1)
taL Min T - 100 Min 6T (Note 6)
A Min T-30 kKL Min 12T - 10(E?K output)
R Min aT - 100 Min 5T + 5 (SCK input) (Note 1)
o Max 7T - 220 Min 25T+ 5 (r\f 6)
LR Max 5T - 200 tKKH Min 12T - 100_(_SfK output)
o Max 4T - 150 Min 5T + 5 (SCK input) (Note 1)
'R Min T_50 Min 2.5T + 5 (Note 6)
taL Min 2T -50 s:
tRR Min 4T - 50 (Data read) (1) ‘ 1 x baud rate in asynchronous, synchronous, and I/O interface
Min 7T - 50 (Opcode fetch) modes.
L Min oT- 40 (@ Event counter mode.
L Min 2T - 100 (3) Pulse width measurement mode.
. i =0 @ T=tovc = VixtaL
(5) The items not included in this list are independent of oscillator
e Min 2T - 100 frequency (fxTaD-
1 Min T-30 (6) 16 x baud rate or 64 x baud rate in asynchronous mode
taw Min 3T -100 (7) uPD78CP18/CP18(A) only.
tLpw Max T+ 110

T + 130 (Note 7)
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Data Memory Stop Mode Data Retention Characteristics
Ta = —40 to +85°C
Parameter Symbol Min Typ Max Unit Conditions
Data retention power supply voltage VbpDR 25 55 v
Data retention power supply current IpppR 1 15 LA VpppR = 25V

15 50 HA Vpppr = 5.0V +£10%
Vpp rise, fall time trvD: tFvD 200 Hs
STOP setup time to Vpp tssTVD 12T+0.5 us
STOP hold time from Vpp thvpsT 12T+ 0.5 us
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Timing Waveforms

Data Retention
90%
7
DD 10%  VDDDR
—> trvD <— tRvD
tssTVD tHvDST
STOP Vl:.l;“z
83RD-6947A
Data Read Operation
i‘ T >| T2 >} T3 |
X1
teve
AByg -ABg f y
[PF7-PFo] ‘ ADDR{g5 -ADDRg j
) ->‘ tRDH
o700 i ADDR7-ADDR ) Data
[PD7-PDg ] 8 7 0 ; ata In
tLoR
< tL >| [t a—> tRL >
> tAFR

ALE _/l N

le—— AL —>

tRD

YR 5
AR >
MODEO [10] /‘
[Note 1]
L—>| [«
Note:

read or write of speclal registers sr-sr2.

[1] 1O signalis output to the MODEO pin [Iif MODEQO Is pulled up to Vppl during a

83YL-95118
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Timing Waveforms (cont)

Data Write Operation

le >l | |
r ™ 'r T2 > T3 >
X1
teve
ABy5 -ABg o
ADDR4s -ADDR
[PF7-PFg] L 15 8
|<—- 'ww————-)
AD7-ADg 4 ODAADOR \ s 5 \
[PD7-PDg ] s DR7-ADDRq 4 ' ata-out B
t
< te > A tow [e—— twpH —>
twp
4 X
AE [ \
K
le—— taL —> < tww > twi >|
\ y
WR
N 7
fw |
< taw
MODEO [10] /‘
[Note 1]
t|L-—>‘ -< tu
Note:

[1] 1O signal Is output to the MODEO pin [if MODEO Is pulled up to Vpplduring a
read or write of speclal registers sr-sr2.

83YL-95128
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Timing Waveforms (cont)

Opcode Fetch Operation
i T >l 3 >l i) le T4 |
YAVAVAVAY.
teve
AByg -ABg i ADDRyg -ADDR
[PF7-PFp] X wTe 7
tap l<——> tRDH
AD7-ADg 4 X : 4 \ _
{PD7-PDg] >§( ADDR7-ADDRg { Opcode 72— —-——
toR
t > [t A—> tRL
—>{ [« taAFR
4 p
ALE
_/ X f
le——taL—> | «— tno-——)l ‘
'Hﬂ
\ s
RD
\ ;
tR
tAR
MODE1 M1] /‘
[Note 1]
L —> I(—') tm
Note:
[1] M1 signal Is output to the MODE1 pin during every Opcode Fetch if MODE1
pin Is pulled up to Vppy. This signal Is not output on the pPD78CP14.
83YL-9256B
Timer/Event Counter Input: Timer/Event Counter Input:
Event Counter Mode Pulse Width Measurement Mode
toiH tenu teizH terL
c cl
83YL-9267A 83YL-9268A

26



NEC

puPD78C18 Family

Timing Waveforms (cont)

Serial Operation Transmit/Receive

SCK
<« X ———>|
<D X
RxD jF<
*tHXK')| ! TKRX |
83RD-6951B
Timer Input
tnH tno
m
83YL-92656A
AC Timing Test Points
Vpp-1.0 83YL-9261A
Koy =Tesrans = 2V X
045V - - Interrupt Input
83YL-9262A
. taiH—>] fe— taiL—>]
AN4-AN7 Edge Detection NH N
M /4
tANH—> tANL—> Xi——?
ANaT < tL—> < tH—>
83RD-6956A "\
INT1 \ / \
RESET Input
le— tioH [e—— tio —>
RESET — F—:\I
INT2 / 4
N
B83YL-9259A
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pPD78CP18 PROGRAMMING

In the yPD78CP18, the mask ROM of the uPD78C18
family is replaced by a one-time programmable ROM
(OTP ROM) or a reprogrammable, ultraviolet erasable
ROM (UV EPROM). The ROM is 32,768 by 8 bits and can
be programmed using a general-purpose PROM writer
with a uyPD27C256A programming mode. Refer to ta-
bles 3 through 5 and the DC and AC Programming
Characteristics tables for specific information applica-
ble to programming the uPD78CP18.

Table 3. Pin Functions during EPROM
Programming

Pin Function Description

PAg-PA7 Ag-Az Low-order 8-bit address

PFp Ag High-order 7-bit address

Nmi Ag

PF»-PFg Aqo-A14

PDgo-PD7 Do-D7 Data input/output

PBg CE Chip enable input

PB7 OE Output enable input

RESET RESET " PROM programming mode requires a
low voltage on this pin

Mode 0 Mode 0 Enter PROM programming mode by
applying a high voltage to this pin

Mode 1 Mode 1 Enter PROM programming mode by
applying a low voltage to this pin

STOP Vpp High-voltage input (write/verify) high

level (read)

Table 4. Summary of Operation Modes for EPROM Programming

Operation Mode CE OE Vpp Vbp RESET MODEO MODE1
Program write L H +125V +6V H L
Program verify H L +125V +6V H L
;;ogram inhibit H H +125V +6V H L
Read L L +5V +5V H L
Output disable L H +5V +5V H L
Standby H L/H +5V +5V H L
Notes:

(1) The CE, OE, Vpp: and Vpp pins are all compatible with the
1PD27C256A pins.

Caution: When Vpp is set to +12.5V and Vpp is set to +6V, you
cannot set both CE and OE to low level (L).

Table 5. Recommended Connections for
Unused Pins (EPROM Programming

Mode)
Pin Recommended Connection Method
INT1 Connect to Vgg
X1 Connect to Vgg
X2 Leave this pin disconnected
ANO-AN7 Connectto Vgg
VAREF Connectto Vgg
AVpp Connect to Vgg
AVgg Connect to Vgg
Remaining pins Connect each pin via a resistor to Vgg
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PROM Write Procedure

Q)

@

@
@
®

©®

™
®

©

Connect the RESET pin, the MODE1 pin, and A4
pin to a low level and connect the MODEO pinto a
high level. Connect all unused pins as recom-
mended in Table 5.

Apply +6 VtotheVpp pinand +12.5 Vtothe Vy,
pin.

Provide the initial address.

Provide write data.

Provide 1-ms program pulse (active low) to the CE
pin.

This bit is now verified with a pulse (active low) to
the OE pin. If the data has been written, proceed to

step 8; if not, repeat steps 4 to 6. If the data cannot
be correctly written after 25 attempts, goto step 7.

Classify as defective and stop write operation.

Provide write data and supply program pulse (for
additional writing) for 3 ms times the number of
repeats performed between steps 4 to 6.

Increment the address.

(10) Repeat steps 4 to 9 until the end address.

PROM Read Procedure

(1) Connectthe RESET pin andthe MODE1 pinto alow
level and connect the MODEO pin to a high level.

(2) Apply +5 V to the Vpp and Vy,, pins.

(8) Input the address of the data to be read to pins
Ag-A14.

(4) Read mode is entered with a pulse (active low) on
both the CE and OE pins.

(5) Datais output to the Dy-D7 pins.

EPROM Erasure

Data in an EPROM is erased by exposing the quartz
window in the ceramic package to light having a wave-
length shorter than 400 nm, including ultraviolet rays,
direct sunlight, and fluorescent light. To prevent unin-
tentional erasure, mask the window.

Typically, data is erased by 254-nm ultraviolet rays. A
minimum lighting level of 15W-s/cm2 (ultraviolet ray
intensity x exposure time) is required to completely
erase written data. Erasure by an ultraviolet lamp rated
at 12 mW/cm? takes approximately 15 to 20 minutes.
Remove any filter on the lamp and place the device
within 2.5 cm of the lamp tubes.

29




pPD78C18 Family

NEC

pPD78CP18 DC Programming Characteristics
Ta = 25 +5°C; MODE1 = Vj; MODEO = Vjy; Vgg = OV

Parameter Symbol Symbol* Min Typ Max Unit Condition
High-level input voltage Viy ViH 22 Vppp+0.3 V'
Low-level input voltage Vi Vi -0.3 0.8 A
Input leakage current ILip L *10 HA 0= Vy = Vppp
High-level output voltage VoH Vo Vpp-1.0 v loy = -1.0mA
Low-level output voltage VoL VoL 0.45 loL = 20mA
Output leakage current o *10 HA 0= Vo =< Vppp; OE = Vi
Vppp power voltage Vppp Vee 5.75 6.0 6.25 v Program memory write mode
45 5.0 5.5 \ Program memory read mode
Vpp power voltage Vpp Vpp 12.2 125 12.8 Program memory write mode
Vpp=Vppp Program memory read mode
Vppp power current Ibp Icc 5.0 50 mA Program memory write mode
5.0 50 mA Program memory read mode;
CE=ViLVi= Vi
Vpp power current Ipp Ipp 30 mA Program memory read mode;
CE = V); OE = V|
1 100 HA Program memory write mode
* Corresponding symbols of the uPD27C256A.
rPD78CP18 AC Programming Characteristics
Ta = 25 £5°C; MODE1 = V| ;Vgg = OV
Parameter Symbol Symbol* Min Typ Max Unit Condition
Address setup time to CE | tsac tas 2 us
Data to OE | delay time tppoo toEs 2 us
Input data setup time to CE ¢ tsipc tps 2 us
Address hold time from CE * tHeA taH 2 us
Input data hold time from CE 1 theiD tpH 2 us
Output data hold time from OE t tHooD tpF 0 130 ns
Vpp setup time to CE tsvpe tvps 2 us
Vppp setup time to CE ¢ tsvbc tvps 2 us
Initial program pulse width twi1 tpw 0.95 1.0 1.05 ms
Additional program pulse width twiz topw 2.85 78.75 ms
MODEO/MODE1 setup time vs. CE ¢ tsme 2 ps MODE1 = Vj and MODEO = Vi
Address to data output time tpaoD tace 2 us OE = vy
CE | to data output time tpcop tce 1 us
OE 4 to data output time tpooD toe 1 us
Data hold time from OE t or CE * tHcoD toF ] 130 ns
Data hold time from address tHaoD ton 0 ns OE = Vi

* Corresponding symbols of the uPD27C256A.
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PROM Timing Diagrams

1PD78CP18 PROM Write Mode

4
Ap-A1s X Effective Address
N
- |e— tsac —| |« tHooDp tHCA
/ \ 4 \
" Data N 7 Data Data
Do-D7 —_§t Input ; L  Output 7}"5 Input
t tHCID
—» u—s-mc - e tsipc le— —» tHeiD
v
Mode1 " X! Mode 1=V
Mode 0 Vi K Mode 0=V
tsme
> —
Vpp i
vVep /
VpopP
tsvpc
> |—
VDDP +1 s
Voop ]
Voop
tsvbc
> -—
_ VIH o r 55 \ s
CE N
tbboo
ViL —
la—tyyL 2
tpoop
-—
N ViH s 55
OE
viL
Notes:
(1)  Vppp must be applied before applying Vpp. It should be removed after removing Vpp.
(2) Vpp mustnot exceed +13 V, Including overshoot. 83RD-69488
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PROM Timing Diagrams (cont)

xPD78CP18 PROM Read Mode

4
Ap-Aqs >§( Effective Address ;z<

— Z‘
OE J
tpooD —+| tHcop
tpaop tHAOD —|
Hi-Z Hi-Z
DpD7 o m e e - ~ Data Output R
Notes:

(1) To read PROM within the tpaQp range, the delay of OE + from CE + must be within t paop- t pooD-
(2) tygop Is the time from the state In which etther OE or CE first becomes V.
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INSTRUCTION SET

Operand Symbols

Symbol Allowable Operands

Registers

r V,A,B,C,D,E H,L

4] EAH, EAL,B,C,D,E, H, L

2 A, B,C

Special Registers

sr PA, PB, PC, PD, PF, MKH, MKL, ANM,
SMH, SML, EOM, ETMM, TMM, MM,
MCC, MA, MB, MC, MF, TXB, TMO,
TM1, ZCM

sri PA, PB, PC, PD, PF, MKH, MKL, ANM,
SMH, EOM, TMM, RXB, CRO, CRt1,
CR2, CR3

sr2 PA, PB, PC, PD, PF, MKH, ANM, MKL,
SMH, EOM, TMM

sr3 ETMO, ETM1

sr4 ECNT, ECPT

Register Pairs

P SP,B,D,H

rp1 V,B,D, H, EA

p2 SP, B, D, H, EA

rp3 B,D,H

Register Pair Addressing

rpa B, D, H, D+, H+, D-, H-

rpal B,D,H

rpa2 B, D, H, D+, H+, D-, H-, D+ byte,
H+A, H+ B, H+EA, H+ byte

rpa3 D, H, D+ +, H+ +, D+ byte, H+A,
H+ B, H+EA, H+ byte

Flags

f CY, HC, Z

Interrupt Flags

irf INTFNMI, INTFTO, INTFT1, INTF1,

INTF2, INTFEO, INTFE1, INTFEIN,
INTFAD, INTFSR, INTFST, ER, OV,
AN4, AN5, AN6, AN7, SB

Immediate Data

wa 8-bit immediate data (low byte of
working register address)

word 16-bit immediate data

byte 8-bit immediate data

bit 3-bit immediate data (bo, by, bg)

50837

Operand Definitions

Special registers (sr-srd)

PA = PortA

PB = PortB

PC = PortC

PD = PortD

PF = PortF

MA = Mode A

MB = Mode B

MC = Mode C

MCC = Mode control C
MF = Mode F

MM = Memory mapping
TMO = Timer register 0
TM1 = Timer register 1
TMM = Timing mode
ETMO = Timer/ event
counter register 0
ETM1 = Timer/event
counter register 1
ZCM = Zero-cross mode
control register

ECNT = Timer/event counter
upcounter

ECPT = Timer/event counter capture

ETMM = Timer/event counter mode

EOM = Timer/event counter output m

mode

TXB = Transmit buffer

RXB = Receive buffer

SMH = Serial mode high

SML = Serial mode low

MKH = Mask high

MKL = Mask low

ANM = A/D channel mode

CRO to CR3 = A/D conversion result
0-3

Register Pairs (rp-rp3)

SP = Stack pointer
B=BC
D= DE

H= HL
V=VA
EA = Extended accumulator

Register Pair Addressing (rpa-rpa3)

B = (BC) D++ = (DE)+ +
D = (DE) H++ = HO++
H= (HY D+ byte = (DE+ byte)

= (DE)+ H+ byte = (HL+ byte)

= (HL+ H+A = (HL+A)
D- = (DE)- H+B = (HL+B)

= (HL)- H+EA = (HL+EA)
Flags (f)
CY = Carry ' HC = Half-carry Z = Zero

Interrupt Flags (Irf)

INTFNMI = NMI interrupt
flag

INTFTO = FTO

INTFT1 = FT1

INTF1 = F1

INTF2 = F2

INTFEO = FEO

INTFE1 = FE1

INTFEIN = FEIN

INTFAD = FAD

INTFSR = FSR

INTFST = FST

ER = Error

OV = Overflow

AN4 to AN7 = Analog input 4-7
SB = Standby
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Operand Codes
Registers (r, r2) Special Registers (sr3)
R, Ry Rg Reg Applicable to Ug Special Reg
0 0 0 v r 0 ETMO
0 0 1 A b2 1 ETM1
g : ? g Special Registers (sr4)
V Special Re
1 0 0 D r g ? s
1 0 1 E 0 ECNT
1 1 0 H 1 ECPT
! ! ! L Register Pairs (rp, rp2, rp3)
Register (r1) P, Py Py RegPair Applicable to
T Ti To Reg 0 o 0 sSP rp, rp2
0o 0 0 EAH o o 1 BC P, rp2, 1p3
o o 1 EAL 0 1 0 DE
0 1 0 B 0 1 1 HL
0 1 1 C
4 ) 0 D 1 0 0 EA rp2
1 o 1 E . . i
: : 0 H Register Pairs (rp1)
1 1 1 L Q; Qi Qg RegPair

Special Registers (sr, sr1, sr2) 0 0 0 VA
0 0 1 BC
Ss Sq¢ S3 S, Sy Sp Special Reg Applicable to o {1 o0 DE
0 o 0 0 O0 0 PA st sr, sr2 o 1 1 HL
o 0o 0 o0 o0 1 PB 10 0 EA
0 0 4] 0 1 0 PC . . .
0 o o o " 1 PD Register Pair Addressing (rpa, rpal, rpa2)
0 o o 1 0 1 PF Az Az Ag; Ap Addressing Applicable to
0 0 0 ! ! 0 MKH 0 0 0 0 — rpa, rpal, rpa2
0 0 0 1 1 1 MKL
o o o0 1 (BO
0 0 1 0 0 0 ANM
0o 0 1 0 0 1 SWH o o 1 0 05
0 0o 1 1 (H
0 0 ! 0 1 0 SML s 0 1 0 0 (DE)+ rpa, rpa2
0 0 1 0 1 1 EOM sr, sr1, sr2 [] 1 0 B (HL)+
o 1 1 0 (DE-
0 0 1 1 0 0 ETMM sr 0 4 4 1 (HD-
0 0 1 1 o 1 T™MM sr, sr1, sr2 ] 0 1 P (DE+ byte)  rpa2
0 1 0 0 0 0 MM sr 1 1 0 0 (HL+A)
o 1 0 0 0 1 Mcc 1 1 0 1 (HL+B)
0 1 0 0 1 0 MA 1 1 1 0 (HL+ EA)
o 1 0 o0 1 1 MB 11 1 1 " (HL+byte)
0 1 0 1 0 0 MC
0 10 1 4 4 ME Register Pair Addressing (rpa3)
0 1 1 0 0 0 TXB C3 C; Cy Cp Addressing
0 1 1 0 0 1 RXB sr1 0 0 1 0 (DE)
6 1 1 0 1 0  T™M st o o 1 1 (HY
o 1 1 0o 1 1 ™ o 1 0 0 ([OE++
0 1 0 1  (Hy++
1 0 0 0 0 0 CRO sri 1 0 1 1 (DE+ byte)
t 0 o o0 o0 1 CR1 1 1 .0 0 (HL+A)
1 0 0 0 1 0 CR2 1 1 0 1 (HL+ B)
1 o o0 o 1 1 CR3 1 1 1 0  (HL+EA)
1 0 1 0 0 ©0 ZCM st 11 1 1 (Hitbyty
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Operand Codes (cont) Graphic Symbols
Flags (f) Symbol Description
Fa Fy Fo Flag - Transfer direction, result
o o0 o — AN Logical product (logical AND)
0 1 0 cYy K .
1
0 1 4 HC \' Logical sum (logical OR)
1 0 0 z - Exclusive-OR
Interrupt Flags (irf) - Complement
Ig I3 1 & lp Flag ° Concatenation
o] 0 0 0 0 NMI
0 0 0 0 1 FTO
0 0 0 1 ] FT1
0 0 0 1 1 F1
0 0 1 0 0 F2
0 0 1 0 1 FEO
0 0 1 1 (o} FE1
0 0 1 1 1 FEIN
0 1 0 0 0 FAD
0 1 0 0 1 FSR
0 1 0 1 o] FST
0 1 0 1 1 ER
0 1 1 0 0 ov
1 (o] (o} 0 0 AN4
1 (o] 0 [o] 1 ANS
1 0 0 1 o] AN6
1 0 0 1 1 AN7
1 o] 1 [o] 0o SB
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Instruction Set

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditons 7 6 5 4 3 2 1 0
8-Bit Data Transfer
MOV 1, A M«A 1 4 0O 0 0 1 1 T2 Ty Tp
A A<n 1 0 0 0 1 T T T
*sr, A sre A 2 10 o 1 0 11 0 1
1 1 S S4 S3 S 81 S
*A, sri A < sl 2 10 0 1 0 o0 1 1 0 O
1 1 S5 S4 S3 S2 S1 §
r, word r < (word) 4 17 o 1 1 1 0 0 o0 o
0 1 1 0 1 R Ry Ry
Low addr
High addr
word, r (word) < r 4 17 11 1 0O 0o 0 O
1 1 1 1 R Ry Ry
Low addr
High addr
MV *1, byte r < byte 2 7 0 1 1 0 1 Ry Ry Ry
Data
sr2, byte sr2 <« byte 3 14 o1 1t 0 0 1 0 O
S3 0 0 0 0 S S S
Data
MVIW *wa, byte (Vawa) < byte 3 13 o 1 1 1 0o 0 o0 1
Offset
Data
MVIX *rpal, byte  (rpal) < byte 2 10 0O 1 0 0 1 0 Ay A
Data
STAW *wa (Vewa) « A 2 10 o 1 1t 0 o 0o 1 1
Offset
LDAW *wa A < (Vowa) 2 10 00 0 0 0 0 0 1
Offset
STAX *rpa2 (rpa2) < A 2 73 Az 0 1 1 1 Ay A Ay
(Note 3) Data (Note 2)
LDAX *rpa2 A < (rpa2) 2 7113 A3 0 1 0 1 Ay A A
(Note 3) Data (Note 2)
EXX BeB,CeC,DeD 1 4 0 0 o0 1 o o o 1
EeE,HeH, Lol
EXA Ve V,Ae A EA« EA 1 4 0 1
EXH HeH, Lol 1 4 1
BLOCK (DE) «~ (HL), DE«< DE + 1, HL<HL 1 13 x o 1 1 1
+1,CeC-1 (C+ 1)

End if borrow
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Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditions 7 6 5 4 3 2 1 0
16-Bit Data Transfer !
DMOV p3, EA rp3, « EAL, rp38y « EAH 1 1 0 1 1 o 1 :
EA, rp3 EAL « rp3(, EAH « rp3y 1 1 0 1 0 0 1
sr3, EA sr3 « EA 2 14 o 1 0 0 1 O
1t 1 0 1 0o o
EA, sr4 EA « sr4 2 14 6 1t 0 0 1 O
1t 1. 0 0 0 O
SBCD word {word) « C, (word + 1) < B 4 20 o 1 1 1 o o0
0 0 0 1 11 1
Low addr
High addr
SDED word (word) « E, (word + 1) « D 4 20 o 1 1 1 0o 0 O
o 1 0 1 1 1
Low addr
High addr
SHLD word {word) « L, (word + 1) « H 4 20 . o 1 1 1 o 0 0 o
o 1 1 1 1 1 0
‘ Low addr
High addr
SSPD word (word) « SP, (word + 1) « SPy 4 20 o 1 1 1 o 0 o0
o o o0 o 1 1 1
Low addr
High addr
STEAX rpa3 (rpa3) « EAL, (rpa3 + 1) « EAH 3 14/20 o 10 0 t 0 0 O
(Note 3) 1 0 0 1 C3 Cp G Go
Data (Note 4)
LBCD word : C « (word), B « (word + 1) 4 20 o 1 1 1 0O 0 0 O
o 0 1t 11 11
Low addr
High addr
LDED word E « (word), D « (word + 1) 4 20 o 1 1 1 0o 0 0 O
o 1 0 1 1 1 1
Low addr
High addr
LHLD word L « (word), H « (word + 1) 4 20 o 1 1 1 0o 0 0 O
o 1 1 1 1 1
Low addr
High addr




MPD78C00 Product Line

NEC

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditions 7 6 5 4 3 2 1 0
16-Bit Data Transfer (cont)
LSPD word SP « (word), SPy « (word + 1) 4 20 11 1 0 0 0 O
‘ 0 0 O 1 1 1 1
Low addr
High addr
LDEAX rpa3 EAL « (rpa3), 3 14/20 o1 0 0 1 0 0 O
EAH « (rpa3 + 1) (Note 3) 0 0 0 C; G C Co
. Data (Note 4)
PUSH p1 (SP - 1) « rp1y, 1 13 1.0 1 1 0 Q Q Q
(SP~2) « rp1, SP«SP-2 )
POP p1 1Pl + (SP), rply « (SP + 1) 1 10 1.0 1 0 0Q Q Q
SP « SP + 2
LXi *rp2, word  rp2 « word 3 10 0 P, Py, b 0 1 0 O
Low byte
. High byte
TABLE Ce« (PC+ 3+ A), 2 17 o 1t 0 0 1 0
Be-(PC+3+A+ 1) 1 0 1 0 1 o
8-Bit Arithmetic (Register)
ADD Ar A=A+ 2 8 o 1 1 0 0 0 0 O
1 1 0 0 0 Ry Ry Ry
n A rer+ A 2 8 o 1 t 0 0 0 0 O
0 1 0 0 0 R Ry Ry
ADC Ar A«A+r+CY 2 8 o 1t 1 0 0 0o o0 O
1 1 0 1 0 R Ry Ry
n A r—r+ A+ CY 2 8 o 1 1 0 0O 0 0 O
0 1 0 1 0 Ry Ry Ry
ADDDNC Ar A=A+ 2 8 Nocarry 0 1 1 O 0O 0 0 O
1 0 1 0 0 Ry Ri Ry
n A rer+ A 2 8 Nocary 0 1 1 0 0 0 0 O
) 0 0 1 0 0 Ry Ry Ry
suB Ar AeA-r 2 8 o 1 1 0 0 0 o0 O
) 1 1 1 0 0 Ry Ry Ry
n A rer-A 2 8 o 1 1t 0 0 0 0 O
0 1 1 0 0 Ry, Ry Ry
SBB Ar Ae—A-r-CY 2 8 o 1 1 0 0O 0 0 O
1 1 1 1 0 Ry Ry Ry
n A rer-A-CY 2 8 o 1 1 0 0 0 0 o
0 1 1 1 0 R Ry Ry




NEC uPD78C00 Product Line

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditions 7 6 5 4 3 2 1 0
8-Bit Arithmetic (Register) (cont)

SUBNB A r A<A-r 2 8 No o 1 1 0 0O 0 0 o
borrow 0 1 0 R, B Ro
r A rer-A 2 8 No o 1 1 O© 0O 0 0 0

borrow "5 1 1 o R, Ry

ANA Ar A« ANT 2 8 o 1 1 0 0O 0 0

1 0 0 0 1 Ry Ry
rn A rerN\A 2 8 o 1 1 0 0O 0 o0 o
0 0 0 0 1 Ry Ry Ry
ORA Ar A< AVr 2 8 o 1 1 0 0O 0 0 o
1 0 0 1 1 Ry Ry Ry
n A rerVA 2 8 o 1 1 0 0O 0 0 O
0 0 0 1 Ry Ry Ro
XRA Ar A< ANr 2 8 o 1 1 0 0O 0 0 o
1 0 0 1 0 Ry Ry Ry
LA rer¥A 2 8 o 1 1 0 0 0 0 ©O
0 0 0 1 0 Ry R Ry
GTA A r A-r-1 2 8 No 0 1 0 0 0 0 ©
borow T4 0 1 Ry Ry Ry
R A r-A-1 2 8 No o 1 1 0 0O 0 0 O
borrow 5754 0 1 R, Ry Rg
LTA Ar A-r 2 8 Borrow o 1 1 0o 0 O 0 O
1 0 1 1 1 Ry Ry Ry

n A r-A 2 8 Borrow o 1 1 0 o 0 O
0 0 1 1 1 Ry Ry Ry
NEA Ar A-r1 2 8 No zero o 1 1 0 0 O O O
1 1 1 0 1 R Ry Ry
n A r-A 2 8 No zero o 1 1 0 0O O O O
0 1 1 0 1 Ry By Ro
EQA A r A-r 2 8 Zero o 1t 1 0 0 0 0 O
1 1 1 1 1 Ry By Ry
T A r-A 2 8 Zero o 1 1 0 0O 0o 0 ©
0 1 1 1 1 Ry Ry Ry
ONA Ar AT 2 8 No zero o 1 1 0 0o 0 o0 o
1 1 0 0 1 Ry By Ry
OFFA A r ANT 2 8 Zero o 1t 1. 0 0 O O O
1t 1 0 1 1 Ry Ry Ry




HPD78CO00 Product Line

NEC

Instruction Set (cont)

Operation Code

States Skip

Mnemonic Operand  Operation Bytes (Note1) Conditons 7 6 5 4 3 2 1 0
8-Bit Arithmetic (Memory)

ADDX rpa A<« A+ (rpa) 2 1 o 1 1 1 0o 0 0 O

11 0 0 0 Ay Ay Ag

ADCX rpa A< A+ (rpa) + CY 2 11 01 1 1 0 0 0 0

11 0 1 0 Ay Ay Ay

ADDNCX rpa A< A+ (rpa) 2 1 Nocarry 0 1 1 1 0O 0 o0 o0

1.0 1 0 0 Ay A A

SUBX rpa A« A-(rpa) 2 1 o 1 1 1 0O 0 0 O

11 1 0 0 Ay A A

SBBX rpa A« A- (rpa) - CY 2 11 01 1 1 0 0 0 ©

11 1 1 0 Ay Al A

SUBNBX rpa A« A-(rpa) 2 1 No o 1 1 1 0O 0 0 o

borrow T T 1 0 A A Ao

ANAX rpa A« A/ (rpa) 2 1 o 1t 1.1 0 0 0 O

1 0 0 0 1 Ay Aj A

ORAX rpa A<« AV (rpa) 2 1 o 1 1 1 0O 0 0 o

1.0 0 1 1 Ay A A

XRAX rpa A « A N-(rpa) 2 11 01 1 1 0 0 0 0

0 0 1 0 Ay Ay A

GTAX rpa A - (rpa) - 1 2 1 No o 1 1 1 0O 0 0 O

borrow T 1 A A Ao

LTAX rpa A - (rpa) 2 1 Borrow o 1 1 1 0O 0 0 O

o 1 1 Ay Ay Ag

NEAX rpa A~ (rpa) 2 1 Nozero 0 1 1 1 0O 0 0 ©

11 1 0 1 Ay A Ag

EQAX rpa A - (rpa) 2 1 Zero o 1 1 1 0O 0 0 o

11 1 1 1 Ay Ay A

ONAX rpa AN (rpa) 2 1 Nozero 0 1 1 1 0 O O O

1 1 0 0 1 Ay A Ag

OFFAX rpa AN (rpa) 2 1 Zero o 1 1 1 0 0 0 O

11 0 1 1 Ay Ay Ag




NEC puPD78C00 Product Line

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note 1) Conditions 7 6 5 4 3 2 1 0
Immediate Data
ADI *A, byte A« A + byte 2 7 ot 0 0 0 1 1 0
Data
r, byte rer+ byte 3 1 o 1 1 1 o 1 0 O
1 0 0 0 Ry Ry Ry
Data
sr2, byte sr2 « sr2 + byte 3 20 o 1t 1 0 o 1 0 O
S3 1 0 0 0 S S84 S
Data
ACI *A, byte A« A + byte + CY 2 7 o 1 0 1 o 1t 1 0
Data
r, byte r<r+ byte + CY 3 1 o 1 1 1 o 1 0 O
1 0 1 0 Ry Ry Ry
Data
sr2, byte sr2 « sr2 + byte + CY 3 20 o 1 1 0 0o 1 0 0
Sg 1 0 1 0 S Sy S
Data
ADINC *A, byte A < A + byte 2 7 Nocarry 0 0 1 0 O0 1 1 0
Data
r, byte r<r+ byte 3 1 Nocarry 0 1 1 1 o 1 0 O
01 0 0 Ry R{ Ry
Data
sr2, byte sr2 « sr2 + byte 3 20 Nocarry 0 1 1 O 0 1 0 O
S3 0 1 0 0 8 S §
Data
sul *A, byte A « A - byte 2 7 o 1+ t 0 0 1 1 0
Data
r, byte I« r- byte 3 1 o 1 1 1 0o 1 0 O
0 1 1 0 0 Rz Ry Ry
Data
sr2, byte sr2 « sr2 - byte 3 20 o 1+ 1 0 0 1 0 O
S3 1 1 0 0 S S §
Data




pPD78C00 Product Line NEC

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note 1) Conditions 7 6 5 4 3 2 1
Immediate Data (cont)
SBI *A, byte A < A - byte - CY 2 7 o 1 1 1 o 1 1
Data
r, byte r< r—byte-CY 3 1 o 1t 1 1 o 1 0
o 1 1 1 Ry Ry Rg
Data
sr2, byte sr2 « sr2 — byte - CY 3 20 o 1 1 0 o 1 0
S3 1 1 1 0 S S S
Data
SUINB *A, byte A « A - byte 2 7 No o 0o 1 1 o 1 1
borrow Data
r, byte r < r- byte 3 1 No o 1 1 1 1 0
borrow o 1 1 0 Ry Ry Ro
Data
sr2, byte sr2 « sr2 - byte 3 20 No o 1t t 0 0 1 O
borow s 0 1 1 0 S, Sy So
Data
ANI *A, byte A < AN\ byte 2 7 0O 0 0 ©O o 1 1
Data
1, byte r < r/\ byte 3 1 o 1 1 1t 0 1 0
0 0 0 0 1 Ry Ry Ry
Data
sr2, byte sr2 « sr2 /\ byte 3 20 o1 1 0o 0 1 0
S3 0 0 0 1 S S S
Data
ORI *A, byte A < AV byte 2 7 0o 0 o0 1 o 1 1
Data
1, byte r< rV byte 3 11 o 1 1 1 o 1 0
0 0 0 1 1 Ry Ry Ry
Data
sr2, byte sr2 < sr2 V byte 3 20 o1 1.0 0 1 0
S 0 0 1 1 8 S S
Data

10



NEC puPD78C00 Product Line

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditions 7 6 5 4 3 2 1 0
Immediate Data (cont)
XRI *A, byte A < A M-byte 2 7 o 0 0 1 o 1 1 0
Data
r, byte r < r ¥-byte 3 1 o 1 1 1 o 1t 0 O
0o o0 1 0 Ry Ry Rp
Data
sr2, byte sr2 « sr2 ¥-byte 3 20 o 1 1 0 o 1 0 O
S3 0 0 1 0 S, Sy S
Data
GTI *A, byte A - byte - 1 2 7 No o 0 1t 0o 0 1 1 1
borrow Data
T, byte r—byte -1 3 1 No o 1t 1 1 0o 1 0 O
borrow 01 0 1 Ry Ry Ry
Data
sr2, byte sr2 - byte - 1 3 14 No o 1 1 0 o 1 0 O
borow s "0 1 0 1 S, 8y So
Data
LTI *A, byte A - byte 2 7 Borrow o o 1 1 o 1 1 1
Data
r, byte r— byte 3 1 Borrow o 1 1 1 0o 1 0 O
o 1 1 1 Ry Ry Ry
Data
sr2, byte sr2 - byte 3 14 Borrow o 1 1 0 0 1 0 O
S3 0 1 1 1 8 S §
Data
NEI *A, byte A - byte 2 7 No zero o 1 1 O o 1 1 1
Data
r, byte r— byte 3 1 No zero o 1 1t 1 o 1t 0 O
1 1 0 1 Ry By Ry
Data
sr2, byte sr2 — byte 3 14 No zero o 1t 1 0 o 1t 0 O
S3 1t 1 0 1t S 8§ S
Data

11



HPD78C00 Product Line

NEC

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note 1) Conditions 7 5 4 3 2 1 0
Immediate Data (cont)
EQI *A, byte A - byte 2 7 Zero 0 1 1 o 1 1 1
Data
I, byte r - byte 3 1 Zero 0 101 o 1 0 O
11 1 Ry Ry Ro
Data
sr2, byte sr2 - byte 3 14 Zero 0 1 0 o 1t 0 O
S3 11 1 8 8¢ S
Data
ONI *A, byte A/\ byte 2 7 nozero 0 o 0o o 1 1 1
Data
r, byte r/\ byte 3 1 nozero 0 1 1 0 1 0 O
0 0 0 1 Ry Ry Ry
Data
sr2, byte sr2 /\ byte 3 14 nozero 0 1 0o 1 0 O
S3 0 1 S 81 S
Data
OFFI *A, byte A\ byte 2 7 zero 0 o 1 o 1 1 1
Data
r, byte r/\ byte 3 11 zero 0 11 o 1 0 0
0 0 1 1 Ry Ry Ry
Data
sr2, byte sr2 /\ byte 3 14 zero 0 1 0 0 1 0 O
S3 [ 1 8 S81 S
Data
Working Register
ADDW wa A< A+ (Vewa) 3 14 0 1 1 o 1 (o}
1 0o o o0 0 O
Offset
ADCW wa A< A+ (Vewa) + CY 3 14 0 1 1 o 1 0
1 0 1 0O 0 O
Offset
ADDNCW wa A< A+ (Vewa) 3 14 Nocarry O 101 o 1 0
1 1 0 0O 0 0 ©
Offset
SuBwW wa A <« A - (Vewa) 3 14 0 11 o 1 0 O

1 0 0o 0 0 o

Offset

12



NEC HPD78C00 Product Line

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditons 7 6 5 4 3 2 1 0
Working Register (cont)
SBBW wa A < A- (Vewa) - CY 3 14 o1 1 1 0 1
L S | 0o 0
Offset
SUBNBW wa A < A- (Vewa) 3 14 No o 1 1 1 o 1 0
borow 4T 4 1 o0 o0 o
Offset
ANAW wa A< AN (Vowa) 3 14 o1 1 1 0 1 0 O
1t 0 0 O 1 0 0 O
Offset
ORAW wa A< AV (Vewa) 3 14 o 1t 1t 1t 0 1 0 O
1 0 0 1 1 0 0 0
Offset
XRAW wa A < A (Vewa) 3 14 o1 11 0 1 0 0
1 0 0 1 0o 0 0 O
Offset
GTAW wa A - (Vewa) — 1 3 14 No o 1 1 1 o 1 0
borow "5 1 o 1 0 0 o
Offset
LTAW wa A - (Vewa) 3 14 Borrow o 1t 1 1 o t 0 O
1 0 1 1 1 0 0 O
Offset
NEAW wa A - (Vewa) 3 14 No Zero o 1t 1 1 o 1t 0 O
1 11 0 1t 0 0 O
Offset
EQAW wa A~ (Vewa) 3 14 Zero o 1t 1 1 * 1 0 0
1 11 1 0 0 O
Offset
ONAW wa AN (Vewa) 3 14 Nozero 0 1 1 1 o 1 0 ©
1 1 0 O 1 0 0 O
Offset
OFFAW wa AN (Vewa) 3 14 Zero o 1 1 0o 1 0 O
1 1 0 1 1 0 0 O
Offset
ANIW *wa, byte (Vewa) « (Vewa) /\ byte 3 19 0o 0o 0o 0 0 t 0 1
Offset
Data
ORW *wa, byte (Vewa) < (Vewa) V byte 3 19 o 0 o 1 o 1 0 1
Offset
Data

13



puPD78C00 Product Line

NEC

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditions 7 6 5 4 3 2 1 0
Working Register (cont)
GTW *wa, byte (Vewa) - byte - 1 3 13 No o o 1 o o 1 0 1
borrow Offset
Data
LTIW *wa, byte (Vewa) - byte 3 13 Borrow o o0 1 1 o 1 0 1
Offset
Data
NEW *wa, byte (Vewa) — byte 3 13 No zero o 1t 1 0o o0 1 0 1
Offset
Data
EQW *wa, byte (Vewa) - byte 3 13 Zero o 1 1 1 o 1 o0 1
Offset
Data
ONIW *wa, byte (Vewa) /\ byte 3 13 Nozero 0 t 0 O O 1 0 1
Offset
Data
OFFIW *wa, byte (Vewa) /\ byte 3 13 Zero o 1 0 1 o 1 0 1
Offset
Data
16-Bit Arithmetic
EADD EA, 12 EA< EA+ 2 2 1 01 1 1 0 0 0 0
01 0 0 0 0 Ry Ry
DADD EA, rp3 EA < EA + rp3 2 1 01t 1 1 0 1 0 0
11 0 0 0 1 Py P
DADC EA, rp3 EA < EA+ p3 + CY 2 1 o 1t 1 1 0o 1 0 0
11 0 1 0 1 Py Py
DADDNC EA, rp3 EA <~ EA + rp3 2 1 Nocarry O 1 1 1 0O 1 0 0
1 0 1 0 0 1 Py Py
ESUB EA, r2 EA < EA-12 2 1 o 1 1 1 0O 0 o0 O
0 1 1 0 0 0 Ry Ry
DsuB EA, rp3 EA <« EA-rp3 2 11 o 1 1 1 o 1 0 O
1 1 1 0 0 1 Py Py
DsSBB EA, rp3 EA <~ EA-rp3-CY 2 1 o 1 1 1 o 1t 0 ©0
11 1 1 0 1 Py Py
DSUBNB EA, rp3 EA « EA-rp3 2 1 No o1 1 1 0 1 0 O
borrow TG 1 1 o0 1 Py Py
DAN EA, rp3 EA <« EA/Arp3 2 1 o 1t 1 1 0 1 0 O
0 0 0 1 1 Py Py
DOR EA, rp3 EA <« EAV rp3 2 11 0 11 0 1 0 0
1 0 0 1 1 1 Py Py

14



NEC puPD78C00 Product Line

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditions 7 6 5 4 3 2 1 0
16-Bit Arithmetic (cont)
DXR EA, rp3 EA « EA ¥ 1p3 2 1 o1 1 1 0 1t 0 O
1 0 o0 1 0 1 Py Py
DGT EA, rp3 EA-rp3-1 2 1 No o 1 1 1 o 1 0 O
borow 451 0 1 1 Py P
DLT EA, rp3 EA - rp3 2 11 Borrow o 1 1 1 o 1 0
10 1 1 1 1 Py
DNE EA, rp3 EA - p3 2 11 No zero o 1t 1 1 o 1 0 O
11 1 0 1 1 Py Py
DEQ EA, p3 EA - rp3 2 11 Zero o 1 1 1 o 1 0 O
11 1 1 1 1 Py Py
DON EA, rp3 EA /N rp3 2 1 Nozero 0 1 1 1 o 1 0 O
11 0 0 1 1 Py P
DOFF EA, rp3 EA/\ rp3 2 1 Zero o 1 1 1 0o 1 0 O
11 0 1 1 1 Py P
Multiply/Divide
MUL r2 EA <« Axn2 2 32 0o 1 0 O 1 0 0 O
0 0 1 0 1 1R Ry
DIV r2 EA « EA = r2, r2 < Remainder 2 59 0o 1 0 O© 1 0 0 O
0 0 1 1 1 1 Ry Ry
Increment/Decrement
INR r2 R«r2+ 1 1 4 Carry 0O 1 0 0 0 0 Ry Ry
INRW *wa (Vewa) < (Vewa) + 1 2 16 Carry 0o 0o t o0 0o 0 0 O
Offset
INX (] rperp+ 1 1 7 0 0Py Pph O O t O
EA EA < EA + 1 1 1 0 1 O 1 0 0 O
DCR r2 R«r2-1 1 4 Borrow 0o 1 0 1 0 0 Ry Ry
DCRW *wa (Vewa) < (Vewa) — 1 2 16 Borrow o 0o 1 1 0o o 0 o0
Offset
DCX P rperp-1 1 7 0 0Py Pp 0 O 1 1
EA EA < EA-1 1 7 1 0 1 O 1 0 0 1
Others
DAA Decimal Adjust Accumulator 1 ot 1t o o0 O O 1
sTC CY « 1 2 o 1t 0 O 1 0 0 O
o o 1 O 1 0 1 1
cLc CY«0 2 8 o 1 0o 0 1 0 0 O
o 0 1 O 1 0 1 0
NEGA A<A+1 2 8 01 0 0 1 0 0 O
0 0 1 1t 0 1 0

15



HPD78C00 Product Line

NEC

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditions 7 6 5 4 3 2 1 0
Rotate and Shift
RLD Rotate left digit Ag.g « (HL)7.4, 2 17 01 0 0 1 0 0 O
(HL)7.4 < (HU)30, (HD)3.0 < Ago o 0 1 1 1 0 0 o
RRD Rotate right digit (HL)7.4 < Ag.o, 2 17 o1 0 0 1 0 0 0
(HL)z0 < (HL)7.4, Ag.0 < (HL)3.0 5 0 1 1 1 0 o0 1
RLL 2 2m 4 1< P, 120 < CY, CY « 12, 2 8 01 0 0 1 0 0 O
0 0 1 1t 0 1 R Ry
RLR 2 2m - 1 < 2m, 127 < CY, CY « 12 2 8 01t 0 0 1 0 0 O
0 0 1 1 0 0 By Ry
SLL 2 2m 4 1< 2, 120 < 0, CY « 127 2 8 o1t 00 1 0 0 O
0 o0 0 0 1 Ry Ry
SLR 2 2 -1 < 2 127 < 0, CY « 12 2 8 01 00 1 0 0 O
0 01 0 0 0 Ry Ry
sLLC r2 2m 4 1< Ry 120 < 0, CY « 27 2 8 Cary 0 1 0 0 1 0 0 ©
0 0 0 0 0 1 Ry Ry
SLRC 7] 2 _ 1% 2m, 127 < 0, 2 8 Cary 0 1 0 0 1 0 0 O
CY <2 o 0 0 0 0 0 R Ry
DRLL EA EAn + 1< EAn EAg < CY, 2 8 01t 00 1 0 0 O
CY « EBAss 1 01 1 0 1 0 0
DRLR EA EA,_ 1 « EA,, EAss < CY, 2 8 o1t 00 1 0 0 0
CY < EAo 1 0 1 1 0 0 0 0
DSLL EA EAp + 1 < EAp, EAg + 0, 2 8 61 0 0 1 0 0 0
CY « BAss 1 01 0 0 1 0 0
DSLR EA EAp 1« EA,, EAgs < 0, 2 8 61 0 0 1 0 0 0
CY < EAo 1 0 0 0 0 0 0
Jump
JMP *word PC « word 3 10 o 1 0 1 o 1 0 ©°
Low addr
High addr
JB PCy < B,PC_ « C 1 4 o 01t 0 0 0 0 1
JR word PC « PC + 1 + jdisp1 1 10 1 1 jdisp1
JRE *word PC « PC + 2 + jdisp 2 10 0o 1 0 O 1 1 1
jdisp
JEA PC <« EA 2 8 1 0 O 1 0
o 1 0 1

16



NEC HPD78C00 Product Line

Instruction Set (cont)

States Skip Operation Code
Mnemonic Operand  Operation Bytes (Note1) Conditions 7 6 5 4 3 2 1 0
Call
CALL *word (SP - 1) « (PC + 3), 3 16 01 0 0 0 0 0 O
(SP -2) « (PC + 3),
PC « word, SP « SP - 2 Low Addr
High Addr
CALB (8P - 1) « (PC + 2, 2 17 01t 00 1 0 0 0
(SP-2) « (PC + 2), PCy <+ B,
PCL < C,SP <« SP-2 60 1t 0 1 0 0 1
CALF *word (SP-1) « (PC + 2), 2 13 o 1 1 1 1 fay
(SP-2) « (PC + 2),
PC15.11 < 00001, fa_
PC10_0 « fa, SP <« SP-2
CALT word (SP —1) « (PC + 1)p, 1 16 1 0 0 ta

(SP-2) « (PC + 1),
PC| <« (128 + 2ta),
PCy < (129 + 2ta), SP < SP -2

SOFTI word (SP = 1) « PSW, 1 16 o 1 1 1 0 0 1 0
(SP-2) « (PC + 1)y,
(8P -3) « (PC + 1), PC < 0060H,

SP <« SP-3
Return
RET PC| « (SP), PCy « (SP + 1), 1 10 10 1 1 1 0 0 ©
SP<SP+ 2
RETS PC_ « (SP), PCy « (SP + 1), 1 10 Unconditional 1 0 1 1 1 0 0 1
SP<«<SP+ 2,PC«<PC+ n Skip
RETI PC| « (SP), 1 13 ot 1 0 0 0 1 O
PCy < (SP + 1), PSW « SP + 2,
SP « SP +3
Skip
BIT *bit, wa Skip if (Vewa) bit = 1 2 10 BitTest 0 1 0 1 1 By By By
Offset
SK f Skip iff = 1 2 8 f=1 0o 1 0 O 1 0o 0 O
0 0 0 0 1 Fp Fy Fo
SKN f Skip iff = 0 2 8 f=0 o1 0 0 1 0 0 O
0 0 0 1 1 Fp Fq Fg
SKIT irf Skip if irf = 1, then reset irf 2 8 irf =1 0o 1 0 O 1 0 0 O
0 1 0 g 3 b 14 T
SKNIT irf Skip if irf = 0; Reset irfif irf = 1 and 2 8 irf=0 o -t 0 O i 0 0 O0
dont skip 001 1 14 kb b 14 I

17



puPD78C00 Product Line

NEC

Instruction Set (cont)

States Skip Operation Code

Mnemonic Operand  Operation Bytes (Note1) Conditons 7 6 5 4 3 2 1 0
CPU Control
NOP ' No operation 1 o 0 o 0 0 O O O
El Enable interrupt 1 4 1 0 1 0 1 0 1 0
DI Disable interrupt 1 1 0 1 1 1 0 1 0
HLT Set HALT mode 2 12 0 1 0 O 1 0 0 O

o o 1 1 1 0 1t 1
STOP Set STOP mode 2 12 0 1 0 O 1 0 0 ©

1 0 1 1 1 0 1 1
Notes:

(1) For the skip condition, the idle states are as follows:
1-byte instructions: 4 states
2-byte instructions: 8 states
3-byte instructions: 11 states
2-byte instructions with*: 7 states
3-byte instructions with*: 10 states
4-byte instructions: 14 states

(@) B2 (Data): rpa2 = D+ byte or H+ byte.

(3) Right side of slash (/) in states indicates the case when rpa2
or rpa3 = D+ byte, H+ A, H+ B, H+ EA, or H+ byte.

(4) B3 (Data): rpa3 = D+ byte or H+ byte.

18
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Section 3
1PD78K0 Product Line
8-Bit, K-Series Microcontrollers

pPD78002 Family
(uPD78001B/002B/P014)

8-Bit, K-Series Microcontrollers
General Purpose

3-a

uPD78002Y Family
(uPD78001BY/002BY/P014Y)
8-Bit, K-Series Microcontrollers
General Purpose with 12C Bus

3-b

pPD78014 Family
(uPD78011B/012B/013/014/P014)
8-Bit, K-Series Microcontrollers
General Purpose with A/D Converter

3-c

pPD78014Y Family
(uPD78011BY/012BY/013Y/014Y/P014Y)

8-Bit, K-Series Microcontrollers

General Purpose with A/D Converter and 12C
Bus

uPD78044 Family
(uPD78042/043/044/P044)

8-Bit, K-Series Microcontrollers

With FIP (VP) Controller/Driver and A/D
Converter

pPD78054 Family
(uPD78052/053/054/P054)

8-Bit, K-Series Microcontrollers
With UART, A/D and D/A Converters

3-f

pPD78064 Family
(uPD78062/063/064/P064)

8-Bit, K-Series Microcontrollers

With LCD Controller/Driver, UART, and A/D
Converter

3-g

uPD78KO0 Product Line
Programming Reference
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8-Bit, K-Series Microcontrollers
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September 1993

Description

The uPD78001B, uPD78002B, and uPD78P014* are
members of the K-Series® of microcontrollers. The
uPD78P014 is used for prototyping since the uPD78014
family is pin and function compatible with, and the
features are a superset of, the uPD78002 family. The
features of the uPD78002 family include bit manipula-
tion instructions, four banks of main registers, an
advanced interrupt handling facility, and a powerful set
of memory-mapped on-chip peripherals. On-board
data memory includes 256, 384, or 1024 bytes of inter-
nal high-speed RAM. Program memory options include
8K or 16K bytes of mask ROM, or 32K bytes of internal
UV EPROM or one-time programmable (OTP) ROM.

The uPD78002 family operates over a wide voltage
range: 2.7 to 6.0 volts. Timing is generated by two
built-in oscillators. A main oscillator normally drives
the CPU and most peripherals and at 10 MHz provides
a minimum instruction time of 0.4 us. A subsystem
oscillator at 32.768 kHz provides time keeping, and
optionally a slow clock for the CPU. Since CMOS power
dissipation is directly proportional to clock rate, the
uPD78002 family provides a software variable CPU
clock. The HALT and STOP modes are two additional
power saving features that turn off parts of the micro-
controller to reduce power consumption. A data reten-
tion mode permits RAM contents to be saved downto 2
volts.

The range of peripherals, including timers and a serial
port, makes these devices ideal for applications in
portable battery-powered equipment, office automa-
tion, communications, consumer electronics, home
appliances, and fitness equipment.

Features

0 One-channel serial communication interface
— 8-bit clock synchronous interface 0
— Full-duplex, three-wire mode
— NEC serial bus interface (SBI) mode
— Half-duplex, two-wire mode

* See the uPD78014 family data sheet for the uPD78P014
electrical and functional specifications.

K-Series is a registered trademark of NEC Electronics, Inc.
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Timers

— Watchdog timer

— Two 8-bit timer/event counters usable as one
16-bit timer/event counter

— Clock (watch) timer (time of day tick from either
oscillator)

53 1/O lines

— Two CMOS input-only lines

— 47 CMOS 1/O lines

— Four n-channel, open-drain |/O lines at 15V
maximum

1/0 port pullup resistors
— Software controllable on 47 lines
— Mask option on four lines on ROM versions

Program memory

— uPD78001B: 8K bytes ROM

— uPD78002B: 16K bytes ROM

— uPD78P014: 32K bytes EPROM/OTP

Internal high-speed data memory
—puPD78001B: 256 bytes RAM
—uPD78002B: 384 bytes RAM
— uPD78P014: 1024 bytes RAM

External memory expansion
— 64K byte total memory space

Powerful instruction set
— 16-bit arithmetic and data transfer instructions
— 1-bit and 8-bit logic instructions

Minimum instruction execution times:

— 0.4/0.8/1.6/3.2/6.4 us program selectable using
10-MHz main system clock

— 122 us selectable using 32.768-kHz subsystem
clock

Memory-mapped on-chip peripherals (special
function registers)

Programmable priority, vectored-interrupt
controller (two levels)

O Buzzer and clock outputs
O Power saving and battery operation features

— Variable CPU clock rate
— HALT mode
— STOP mode
— 2-V data retention mode

CMOS operation; Vpp from 2.7 to 6.0V




puPD78002 Family

NEC

Ordering Information

Pin Configurations

Package
Part Number ROM (Facks?ge Dwg.) 64-Pin Plastic Shrink DIP
pPD78001BCW-xxx 8K mask ROM 64-pin plastic
shrink DIP rod1 ~ &pics
PD78002BCW-0xx 16K mask ROM  (Pg4C.70-750 A, C) Pz‘: d. o 102
uPD78001BGC-xxx-AB8 8K mask ROM 64-pin plastic QFP P22 03 621 P17
PD78002BGCxxx-AB8 16K mask ROM  ( 04GC-80-AB8-2) :‘:E : :; H ::
uPD78P014GC-AB8 32K OTP ROM P25/S10/SB0 (] 6 59 E Pig
(Note 3) P2g/SO0/SB1 (] 7 581 P13
UPD78P014DW (Note 3) 32K UV EPROM  64-pin ceramic P27/SCK0 (] 8 57 [1 P12
shrink DIP w/window P3g 9 56 [1 P14
(P64DW-70-750A) P34/TO1 [ 10 551 P1g
Notes: P3,/T02 (] 11 54 711
P3y/T [] 12 §3 [ PO4/XT1
(1) xxx indicates ROM code suffix P34/TI2 [] 13 52 [0 xT2
2) All devices listed are standard quality grade P35/PCL [ 14 517 Ico
(3) See the uPD78014 family data sheet for the uPD78P014 electrical P3g/BUZ L1 15 501 x1
and functional specifications P37 L] 18 4o x2
veg O 17 48 1 vpp
P4g/ADg ] 18 47 [ POS/INTP3
P44/AD4 ] 19 48 [ POL/INTP2
P4o/AD, [] 20 45 [ PO4/INTP1
P4g/ADg [] 21 44 {1 POG/INTPO
Pa4/AD4 [} 22 43 7] RESET
P4g/ADs [ 23 42 [ Pe/ASTB
Pag/ADg [] 24 41 [ Peg/WAIT
P47/ADy ] 25 40 [ P6g/WR
P5o/Ag [} 26 39 {1 P64/RD
P54/Ag [} 27 38 [1 Pé3
Pso/A10 [] 28 37 [1 Pep
P5g/A11.[] 29 36 [J P64y
P54/A12 [} 30 35 [J P8g
P5g/Aq3 [] 31 34 [ P57/A45
vgs [ 32 33 [ P5g/A14

(2) Connect IC2 to Vpp.

Notes:
(1) Connect ICO, IC1, and IC3 (Internally connected) pins to Vgs.

83RD-9476A (7/93)
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Pin Configurations (cont)

64-Pin Plastic QFP

o8 8
SESTPSTfoessesss
000000 0no00n0nnnnrn
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P31 O 48 [1 P14
P34/TO1 [ 2 47 O Pp
P3x/TO2 [ 3 48 [ 1C1
P33T ] 4 45 [ Pog/XT1
P3yT2 [} 5 44 [ XT2
P3g/PCL [] 6 43 [J1C0
P3g/BUZ [} 7 421 X1
P37} 8 41 Ox2
ves O 9 40 [1Vpp
P4y/ADg (] 10 39 [ PO3/INTP3
Pa4/AD4 [ 11 38 [ POL/INTP2
P4p/AD2 [ 12 37 [J PO4{/INTP1
P43/AD3 [} 13 36 [1 POY/INTPO
P44/AD4 ] 14 35 [1 RESET
P4g/ADs [] 15 34 [1 P67/ASTB
P4g/ADg [] 16 33 [ Peg/WAIT
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
232G e PR E
5Pz eER
TEEREEESEE 2%
Notes:
(1) Connect ICO, IC1, and IC3 (Intemally connected)
pins to Vgg.
(2) Connect IC2 to Vpp.

83RD-84768
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Pin Functions; Normal Operating Mode

Symbol First Function Symbol Alternate Function
POg Port 0; 5-bit, bit selectable |/O port INTPO External maskable interrupt
P04 (Bits 0 and 4 are input only) INTP1
PO, INTP2
P03 INTP3
POy XT1 Crystal oscillator or external clock input for
subsystem clock
Pig-Piy Port 1; 8-bit, bit-selectable |/O port —_
P2q - P2, Port 2; 8-bit, bit-selectable I/O port —
P25 sio Serial data input 3-wire serial /O mode
SBO 2/3-wire serial I/O mode
P2g SO0 Serial data output 3-wire serial I/O mode
SBt1 2/3-wire serial I/O mode
P27 SCKo Serial clock I/O for serial interface 0
P3p Port 3; 8-bit, bit-selectable I/O port —_
- P34 . TO1 Timer output from timer 1
P3s TO2 Timer output from timer 2
P33 T External count clock input to timer 1
P34 TI2 External count clock input to timer 2
P35 PCL Programmable clock output
P3g BUZ Programmable buzzer output
P3; —
P4 - P4y Port 4; 8-bit I/O port ADg - AD7 Low-order 8-bit multiplexed address/data bus
for external memory
P5q - P57 Port 5; 8-bit, bit selectable I/O port Ag-Aqs High-order 8-bit address bus for external
memory
P6g - P63 Port 6; 8-bit, bit selectable (P6y to P63 n-channel —
open-drain I/O with mask option pullup resistors; =
P64 P64 - P6; 1/0). See note. E!E External memory read strobe
P65 WR External memory write strobe
P6g WAIT External memory wait signal input
P67 ASTB Address strobe used to latch address for
external memory
RESET External system reset input
X1 Crystal/ceramic resonator connection or external
clock input for main system clock
X2 Crystal/ceramic resonator connection or inverse of
external clock for main system clock
XT2 Crystal oscillator or left open when using external
clock for subsystem clock
Vop Power supply input
Vss Power supply ground
ICO to IC3 Internal connection

Note: See table 3 and figure 4 for details.
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Block Diagram

TO1/P31 <— 8-bit Timer/ <:> ]
Ti1/P3g —>| Event Counter 1

K e
Program Counter <:::> K> PPty
TO2/P32 <«  g-bit Timer/ @ .
TI2/P34 —>| Event Counter 2 J, l

[soarare || K[ ronz [0 peorar

Internal
Program Memory [—\f Decode Internal -

and
ROM! — Data Memory
g&ote‘l) Control (RAM) <::> P3g-P3;
Note 1
W{} ANy e K o
AU fe>] psw sP
ek o

Watchdog Timer <::|'>

Watch Timer <::>

Buzzer | Programmable | Clock | Clock Generator | gangpy 2370/";20‘
Output | Clock Output | Divider Control 7
SI/SBO/P2g <> P sub_| Man AglP5q-
S001581/P2g <—>| Sertal Interface 0 l l T ' T Extemal Ats/PS7
SCKO/P27 <—> @ Access [<—> RD/P64
BUZIP3g  PCLP35 PO4/XT1 XT2 X1 X2 <> WRIPEs
<—> WAIT/P6g
T l ‘ | <> ASTE/PE;
INTPO/POg- Interrupt <:"> RESET V| V. 1co-
INTP3/P03 Controller oo Tss 1c3
Notes:

(1) The intemal ROM and RAM size dependent on the device.
83RD-94778
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uPD78002 and pPD78014 Family Differences

The uPD78002 family is pin compatible with the
uPD78014 family and shares the same programmable
device, the uPD78P014. The uPD78002 family offers a
reduced set of features. Table 1 lists only the differ-
ences between the two families. All other features not
listed are identical for both.

Table 1. Differences Between uPD78002 and
u#PD78014 Families

Item pPD78002 Family uPD78014 Family

Maximum internal ROM 16K bytes 32K bytes

Maximum internal high- 384 bytes 1024 bytes

speed RAM

Buffer RAM None 32 bytes

Multiply/divide None Available

instructions

16-bit timer/event counter  None One

Serial interface 1 (3-wire None One

and 3-wire with automatic

transmit/receive)

Vectored internal 7 10

interrupts

A/D converter None 8-bit, 8 channels

FUNCTIONAL DESCRIPTION
Central Processing Unit

The central processing unit (CPU) of the uPD78002
family features 8- and 16-bit arithmetic.

A CALLT vector table and a CALLF area decrease the
number of bytes in the call instructions for commonly
used subroutines. A 1-byte call instruction can access
up to 32 subroutines through their addresses con-
tained in the CALLT vector table (40H to 7FH). A 2-byte
call instruction can access any routine beginning in a
specific CALLF area (0800H to OF FFH).

Internal System Clock Generator

The internal system clocks of the uPD78002 family are
derived from either the main system or the subsystem
oscillator. See figure 1. The clocks for the watch timer
and programmable clock output are derived from either
the subsystem clock (fx7) or the main system clock. The
clocks for all other peripheral hardware are derived
from the main system clock.

The CPU clock (¢) can be supplied from either the main
system clock (fy) or the subsystem clock (fxy). Using
the processor clock control register (PCC), a CPU clock
frequency equal to fx, fx/2, fx/4, fx/8, fx/16 or the sub-
system clock fxr can be selected. The CPU clock
selected should be based on the power supply voltage
available and the desired power consumption. On
power up, the CPU clock defaults to the lowest speed
from the main system clock and can be changed while
the microcontroller is running.

Since the shortest instruction takes four CPU clocks to
execute, the fastest minimum instruction execution
time (tcy) of 0.4 us is achieved when using a main
system clock at 10 MHz (Vpp equals 4.5 to 6.0 V).
However, if the clock timer must generate an interrupt
every 0.5 or 0.25 seconds, tgy is 0.48 us at 8.38 MHz.
The fastest minimum instruction execution time avail-
able across the full voltage range of 2.7 to 6.0 V is 0.96
us when using a main system clock of 8.38 MHz. For the
lowest power consumption, the CPU can be operated
from the subsystem clock and the minimum instruction
execution time is 122 us at 32.768 kHz.
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Figure 1. Internal System Clock Generator

From
PCC

!

XT1/PO4 —>| Subsystem

i:) Clocks to Peripheral Hardware

[——> CPU Clock 0

(PCC)

Processor Clock Control Register

8

S rnal B

Clock fr > Watch Timer
x12 —  Osdittator Programmable Clock Output Function
X1 —>{ Maln System fx
Clock > !
X2 ——  Osclllator
S| & | &
3
2 | 22| 28| 2¢ s
> & Standby Walt
k] Control ' Control
& Circuit l Cireuit
INTPO
Sampling Clock
To Subsystem
Clock Oscillator
STOP
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Memory Space

The uPD78002 family has a 64K-byte address space.
Some of this address space (0000H-FFFFH) can be
used as both program and data memory as shown in

figure 2.

Figure 2. Memory Map

0000H 0000H A
Internal Interrupt Vector
Pi A Table Al
Mr:gmr:m 003FH ddress Table Area
ry
(ROM) 0040 - - p LT Table Area
(1) Relative NN NN 007FH
Addressing 1T 1T 0080H |
3~ ProgramArea R
(2) Immediate 07EFH g Program
Addressing 0800H Memo
(3) Table Indirect CALLF Entry S w;V
Addressing X Area P
() Register Note 1 FFFH: ~ oA
Addressing Extemal g
1000H
R Memory . Program Area X
1) Direct Addressing T T T
2) Reglster Indirect Note 1
Addressing FA7FH
3) Based Addressing FA80H Use
4) Based Index
Prohibited
Addressing Note 2 saddr Addressing
Internal . FE20H A
High-Speed
i R RAM R General RAM
FEDFH Short Direct
1 FEDFHY} _ ]
Reglster FEEOH General | FEEOH é%zr:lsystlens%
General Registers
Addressing  pepry| Registers | FEFFH] gses |
FFOOH Spoctal FFOOH SSZF?ayt:s of
SFR Function FFIFH i
Addressing Register
(SFR)
FFFFH
Notes:
(1) 1FFFH on pPD78001
3FFFH on uPD78002
(2) FDFFH on uPD78001
FD7FH on uPD78002

83RD-9479B
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Internal Program Memory

All devices in the yPD78002 family have internal pro-
gram memory. The uPD78001B contains 8K bytes while
the uPD78002B contains 16K bytes of internal ROM. The
uPD78P014 contains 32K bytes of UV EPROM or one
time programmable ROM. To allow the uPD78P014 to
emulate the mask ROM devices, the amount of internal
program memory available in the uPD78P014 can be
selected using the memory size switching register
(IMS).

Internal RAM

The uPD78001B contains 256 bytes (FEOOH to FEFFH)
while the uPD78002B contains 384 bytes (FD80OH to
FEFFH) of high-speed Internal RAM. The high-speed
Internal RAM contains the general register banks and
the stack. The remainder of the high-speed Internal
RAM and any unused register bank locations are avail-
able for general storage.

To allow the uPD78P014 to emulate the mask ROM
devices, the amount of high-speed Internal RAM in the
uPD78P014 can also be selected using the IMS.

External Memory

The uPD78002 family can access 0, 256, 4K, 16K or all
available bytes of external memory. The puPD78002
family has an 8-bit wide external data bus and a 16-bit
wide external address bus. The low-order 8 bits of the
address bus are multiplexed and also provide the 8-bit
data bus and are supplied by port 4. The high-order
address bits of the 16-bit address bus are taken from
port 5 as required. The address latch, read, and write
strobes, and the external WAIT signal are supplied by
port 6.

The memory expansion mode register (MM) controls
the size of external memory. It can be programmed to
use 0, 4, 6, or 8 bits from port 5 for the high-order
address. Any remaining port 5 bits can be used for I/O.
The MM register also can be used to specify one
additional wait state or the use of the external WAIT
signal for low-speed external memory or external pe-
ripheral devices.

When only internal ROM and RAM are used and no
external memory is required, ports 4, 5 and 6 are
available as general purpose 1/O ports.

CPU Control Registers -

Program Counter. The program counter is a 16-bit
binary counter register that holds the address of the
next instruction to be executed. During reset, the
program counter is loaded with the address stored in
locations 0000H and 0001H.

Stack Pointer. The stack pointer is a 16-bit register that
holds the address of the last item pushed onto the
stack. It is decremented before new data is pushed
onto the stack and incremented after data is popped
off the stack.

Program Status Word. The program status word
(PSW) is an 8-bit register that contains flags that are
set or reset depending on the results obtained during
the execution of an instruction. This register can be
written to or read from 1 bit or 8 bits at a time. The
assignment of PSW bits follows.

7 0
| € | z [mes1| ac [mBso| o | P | o |
cY Carry flag

ISP In-service (interrupt) priority flag

RBSO, RBS1  Register bank selection flags
AC Auxiliary carry flag

Z Zero flag

IE Interrupt request enable flag

General Registers

The general-purpose registers (figure 3) consist of four
banks of registers located at addresses FEEOH to
FEFFH in Internal RAM. Each bank consists of eight
8-bit general registers that can also be used in pairs to
function as four 16-bit registers. Two bits in the PSW
(RBSO0 and RSB1) specify which of the register banks is
active at any time and are set under program control.

Registers have both functionalnames A, X, B, C, D, E, H
or L for 8-bit registers and AX, BC, DE, and HL for 16-bit
registers) and absolute names (like R1, RO, R3, R2, R5,
R4, R7, or R6 for 8-bit registers and RPO, RP1, RP2 or
RP3 for 16- bit registers). Either the functional or abso-
lute register names can be used in instructions that
use the operand identifiers r and rp.
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Figure 3. General Registers
FEEOH [ Register
Bank
3 For 8-Bit For 16-Blt
2 Processing Processing
) s~ T 7 7 7 FeFeH](mnA| (Ro)X | FEFEH (RPO) AX | FEF8H
(R3)B | (R2)C (RP1) BC | FEFAH
FEFFH] o0 (R5)D | (R4 E (RP2) DE | FEFCH
\ FerrH | POH | ROL lpepen (RP3)HL | FEFEH
( )=Absolute Name
83YL-9522B
Addressing Special Function Registers

The program memory addressing (ROM) modes pro-
vided are relative, immediate, table indirect, and regis-
ter addressing. The operand addressing modes pro-
vided are implied, register, direct, short direct (saddr),
special function (SFR), register indirect, based, based
indexed, and stack addressing.

The ‘SFR addressing’ and ‘saddr addressing’ modes
use direct addressing and require only 1 byte in the
instruction to address RAM. Normally a 65K byte ad-
dress space requires 2 bytes to address it. One-byte
addressing results in faster access times, since the
instructions are shorter. SFR addressing addresses the
entire 256-byte SFR address space from FFOOH to
FFFFH. Saddr addressing ( see figure 2) addresses the
256-byte address space FE20H to FF1FH. FE20H to
FEFFH are composed of 224 bytes of internal high
speed RAM; FFOOH to FF1FH contain the first 32 bytes
in the special function register area.

One-byte addressing is accomplished by using the first
byte of the instruction for the opcode (and one oper-
and if register A or AX is used) and the second byte of
the instruction as an address (offset) into the 256-byte
area. If register A or AX is used, the instructions are 2
bytes long, thereby providing fast access times. If
immediate data is used, the instruction will be 3 or 4
bytes long depending upon whether the immediate
data is a byte or a word. Many 16-bit SFRs are in the
space FFOOH to FF1FH. Using AX as an operand to
these SFRs will provide fast access, since the instruc-
tions will be only 2 bytes long.

10

The input/output ports, timers, capture and compare
registers, and mode and control registers for both the
peripherals and CPU are collectively known as special
function registers. They are all memory-mapped be-
tween FFOOH and FFFFH and can be accessed either
by main memory addressing or by SFR addressing.
FFOOH to FF1FH can also be accessed using saddr
addressing. They are either 8 or 16 bits as required, and
many of the 8-bit registers are bit addressable.

Locations FFDOH through FFDFH are known as the
external access SFR area. Registers in external cir-
cuitry interfaced and mapped to these addresses can
only be addressed by main memory addressing. Table
2 lists the special function registers.
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Table 2. Special Function Registers

Access Units (Bits)

Address Register (SFR) Symbol R/W 1 8 16 State After Reset
FFOOH Port 0 PO RW X X — 00H
FFO1H Port 1 P1 RW X X - OOH
FFO2H Port 2 P2 RW X X — 00H
FFO3H Port 3 P3 RW X X —_ O0H
FFO4H Port 4 P4 RW X X — Undefined
FFOSH Port & P5 RW X X — Undefined
FFO6H Port 6 Pé RW X X —_ Undefined
FF16H Compare register 10 CR10 RW —_ x - Undefined
FF17H Compare register 20 CR20 RW — X — Undefined
FF18H 8-bit timer register 1 T™1 R X X — O00H
FF1oH 8-bit timer register 2 T™2 R X X — 00H
FF18H-FF19H 16-bit timer register T™S R — — X 0000H
FF1AH Serial I/O shift register 0 SIO0 RW — X — Undefined
FF20H Port mode register 0 PMO RW x X — 1FH
FF21H Port mode register 1 PM1 RW X X —_ FFH
FF22H Port mode register 2 PM2 RW X X — FFH
FF23H Port mode register 3 PM3 RW X X — FFH
FF25H Port mode register 5 PM5 RW X X — FFH
FF26H Port mode register 6 PMeé RW X x — FFH
FF40H Timer clock select register 0 TCLO RW X X — 00H
FF41H Timer clock select register 1 TCL1 RW — X — 00H
FF42H Timer clock select register 2 TCL2 RW — X — 00H
FF43H Timer clock select register 3 TCL3 RW —_ X — 88H
FF47H Sampling clock select register SCs RW — X — 00H
FFagH 8-bit timer mode control register TMC1 RW x X — 00H
FF4AH Watch timer mode control register T™MC2 RW X X — 00H
FF4FH 8-bit timer output control register TOC1 RW x X — 00H
FF60H Serial operating mode register 0 CcsiMo RW X b3 — 00H
FF61H Serial bus interface control register SBIC RW x X — 00H
FF62H Slave address register SVA RW — X —_ Undefined
FF63H Interrupt timing specify register SINT R/W X X — 00H
FFDOH-FFDFH External SFR access area(Note 1) —_ RW X X — Undefined
FFEOH Interrupt flag register L IFOL RW X X — 00H
FFE1H Interrupt flag register H IFOH RW X X — 00H
FFEOH-FFE1H Interrupt flag register IFO RW - — X 0000H
FFE4H Interrupt mask flag register L MKOL RW X X —_ FFH
FFESH Interrupt mask flag register H MKOH RW X X — FFH
FFE4H-FFESH Interrrupt mask flag register MKO RW — — X FFFFH
FFESH Priority order specify flag register L PROL RW x X — FFH
FFEOH Priority order specify flag register H PROH RW X X — FFH .

1
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Table 2. Special Function Registers (cont)

Access Units (Bits)

Address Register (SFR) Symbol R/W 1 8 16 State After Reset
FFE8H-FFESH Priority order specify flag register PRO RW —_ — x FFFFH
FFECH External interrupt mode register INTMO RW - x - 00H
FFF6H Key return mode register KRM RW X X — 02H
FFF7TH Pullup resistor option register PUO RW X X - 00H
FFF8H Memory expanded mode register MM RW X X - 10H
FFFOH Watchdog timer mode register WDTM RW X X — 00H
FFFAH Oscillation stabilization time select register OSsTS RW — X —_ 04H
FFFBH Processor clock control register PCC RW X X — 04H
Note: The external access area cannot be accessed using SFR

addressing. It can only be accessed using main memory

addressing.
Input/Output Ports
The uPD78002 family has up to 53 port lines. Table 3
lists the features of each port and figure 4 shows the
structure of each port pin.
Table 3. Digital Port Functions

Software Pullup Resistor Connection

Port Operational Features Configuration Direct Drive Capability (Note 1)
Port 0 (Note 2) 5-bit input or output Bit selectable Byte selectable, input bits only
Port 1 8-bit input or output Bit selectable Byte selectable, input bits only
Port 2 8-bit input or output Bit selectable Byte selectable, input bits only
Port 3 8-bit input or output Bit selectable Byte selectable, input bits only
Port 4 8-bit input or output Byte selectable Byte selectable, input bits only
Port § 8-bit input or output Bit selectable LED Byte selectable, input bits only
Port 6 8-bit input or output Bit selectable 15V max (P6g - P63) Byte selectable, input bits only

(P6g - P63 n-channel)

P8g - P63 - mask option only (Note 3)
P64 - P67 - software

Notes:

(1) Software pullup resistors can be internally connected (only on a
port-by-port basis) to port bits set to input mode. Pullup resis-
tors are not connected to port bits set to output mode.

=

2

POy and PO, are input only and do not have a software pullup
resistor.

(3) All devices except uPD78P014.

<

12
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Figure 4. Pin Input/Output Circuits

Type 1(P04) Type 8-A (P04 - P03, P33-P3y)
Voo Vob
—]P Pen
IN o pullup enable {>c } P-ch
< nen
— IN/OUT
Type 2 (P0y, RESET)
output disable
IN % >
Schmitt trgger Input with hysteresls characteristics 3@
Type S-A (P1g - P17, P2g - P24, P3g - P32, P35- P33 PSq - P57, P64 - P67) Type 10-A (P25- P27)
Vob Voo
|
pullup enable —————Dc»————| P-ch pullup enable > |B>= Pcn
Vob
data data ——1:D__| Pech
INOUT INOUT
put disable open drain
output disable N-ch
Input enable ’@
Type 5-B (P49 - P47) Type 13-B (P8 - P63)
Yoo VoD
——
[Mask Option] 3
pultup enable ——————————>o———|F> pon 3
Yoo ——o INJOUT
] >
data ———-—¢ N-ch
P-ch output disable
INOUT
output disable
& ——| pen
Input enable <
Middle-High Voltage Input Buffer
83CL-9481B (9/93)

13




HPD78002 Family

NEC

Serial Interface

The pyPD78002 family has one serial interface. Serial
interface O is an 8-bit clock synchronous serial inter-
face (figure 5). It can be operated in either a three-wire
serial I/O mode, NEC serial bus interface (SBl) mode, or
two-wire serial I/O mode. The serial clock can be pro-
vided from one of eight internal clocks, the output of
8-bit timer register 2, or the external clock line SCKO.

Figure 5. Serial Interface 0
) Internal Bus (
Serlal Operation Mode Slave Address Serlal Bus Interface
Register 0 (CSIMO) Reglster (SVA) Control Reglster (SBIC)
b
Match

Control Clrcult
Sio/
SBO/ @——b i L
P25 Selector

] Serialuosnit | fOLR SET

P2 Reglster 0 (SIO0) A

N From P25
soor Output Latch jtjt::j:j:j:‘:j: f‘
SB1/ @——%
P2g |

y Sel Busy/Acknowledge
*—Q Output Clrcuit
Bus Release/
From P2g Ag:ntzmiedga —
Output Latch Detector
—_ Interrupt Signal
SCKO/ (5)—9 Serlal Counter INTCSI0
P2
j G__—| i—‘* TO2
Serlal Clock aal ’
Control Circult <:| fx/2"(n=2-9)
~ ‘1
CSIMO — L CSiMO0
Port 2, Bit 7 Interrupt Timing Timer Clock Select
Output Latch Specify Reglster (SINT) Register 3 (TCL3)
) Internal Bus S
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In the three-wire serial I/O mode, the 8-bit shift register
(S100) is loaded with a byte of data and eight clock
pulses are generated. The falling edge of these eight
pulses shifts the byte of data out of the SOO0 line (either
MSB or LSB first) while the rising edge of these puises
shifts the data in from the SI0 line providing full-duplex
operation. The INTCSIO interrupt is generated after
each 8-bit transfer.

The NEC SBI mode is atwo-wire high-speed proprietary
serial interface available on most devices in the NEC
uPD75xxx and uPD78xxx product lines. Devices are
connected in a master/slave configuration (see figure
6). There is only one master device at a time; all others
are slaves. The master sends addresses, commands,
and data over one of the serial bus lines (SB0 or SB1)
using afixed hardware protocol synchronized with the
SCKaO line . Each slave device of the uPD78002 family
can be programmed to respond in hardware to any one
of 256 addresses set in its slave address register (SVA).
There are also 256 commands and 256 data types.
Since all commands are user definable, many software
protocols, simple or complex, can be defined. It is even
possible to develop commands to change aslave into a
master and the previous master into a slave.

Figure 6. SBI Mode Master/Slave Configuration

Voo

Master CPU Slave CPU

(SB1), SBO SBO, (SB1)
Address 1

SCK ScK

Slave CPU

SBO, (SB1)
Address 2

SCK

-
o
fr

2

Slave IC

SBO, (SB1)
Address N

SCK

83YL-9347A (9/93)

The two-wire serial /0 mode provides half-duplex op-
eration using either the SB0 or SB1 line and the SCKO
line. Communication format and handshaking can be
handled in software by controlling the output levels of
the data and clock lines between transfers. For data
transmission, the 8-bit shift register (SI00) is loaded
with a byte of data and eight clock pulses are gener-
ated. The falling edge of these eight pulses shifts the
byte of data out of either the SBO or SB1 line MSB first.
In addition, this byte of data is also shifted back into
S100 on therising edge of these pulses providing a way
of verifying that the transmission was correct.

For data reception, the SIO0 register is preloaded with
the value FFH. As this data value is shifted out on the
falling edge of the serial clock, it disables the n-channel
open-drain driver. This allows the receive data to be
driven on to the serial line and shifted into the SIO0
register on the rising edge of the serial clock. The
INTCSIO interrupt is generated after each 8-bit transfer.

Timers

The pPD78002 family has two 8-bit timer/event
counters that can be combined for use as a 16-bit
timer/event counter, a watch timer, and a watchdog
timer. All of these can be programmed to count a
number of prescaled values of the main system clock.
In addition, the watch timer can also count the sub-
system clock. The two timer/event counters can count
external events.

8-Bit Timer/Event Counters 1 and 2. Timer/event
counters 1 and 2 (figure 7) each consist of an 8-bit
timer (TM1 or TM2), an 8-bit compare register (CR10 or
CR20), and a timer output control logic (TO1 or TO2).
The timers are controlled by registers TCL1, TMC1, and
TOC1 viafive seletors. Timer/event counters 1 and 2 can
each be used as an 8-bit interval timer, to count
external events on the timer input pins (TI1 or TI2), or to
output a programmable square wave. In addition, tim-
ers 1 and 2 also can be combined as a 16-bit timer/
event counter and used as a 16-bit interval timer, to
count external events on Ti1, or to output a program-
mable square wave on TO2.
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Figure 7. 8-Bit Timer/Event Counters 1 and 2
> Bus (
U INTTM1
N
8-Bit Compare 8-Bit Compare
Register (CR10) Register (CR20)
G 8-Bit
Colncidence Timer/Event
Selector [—#-> Counter2 |—>TO2/P3y
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Control Logic
aal 8-Bit Timer
> A
Register 1 1
il m A Bl-Blt T;mar >
Coar egister 2 (TM2)
INTTM2
Clear
Selactor L—<
Selector [—
8-Bit Timer/Event
—> Counter 1 Output TO1/P34
: Control Logic
[ l____
Timer Clock Select 8-Bit Timer Mode 8-Bit Timer Output
Reglster 1 (TCL1) Control Reglster (TMC1) Control Register (TOC1)
Bus (
83YL-83508

* Rising or falling edge can be salected.
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Watch Timer. The watch timer (figure 8) is a 5-bit timer
that can be used as a time source to keep track of time
of day, to release the STOP or HALT modes at regular
intervals, or to initiate any other task that must be ;
performed at regular intervals. When driven by the \
subsystem clock, the watch timer continues to operate
in the STOP mode. 1

The watchtimer can function as both awatch timer and . |
aninterval timer simultaneously. When used as awatch ‘
timer, interrupt request INTWT (not a vectored inter-

rupt) can be generated using a main system clock or a

subsystem clock every 0.5 or 0.25 seconds.

When used as an interval timer, vectored interrupt
request INTTMS3 is generated at preselected time inter-
vals. With a main system clock of 8.38 MHz or a
subsystem clock of 32.768 kHz, the following time
intervals can be selected: 489 us, 978 us, 1.96 ms, 3.91
ms, 7.82 ms or 15.6 ms.

Figure 8. Watch Timer

fw/214
‘ 5-Bit
Selector |—> Timer fw/21a Selector |—> INTWT
fyy/2? y Clear
fyy/28
fxfza —>| fil27
fw W Sl
s Prascaler | 1 126 INTTM3
fxr —> fw/25
fy/2%
Clear L___
Timer Clock Select Watch Timer Mode
Register 2 (TCL2) Control Register (TMC2)
) Internal Bus ( ‘
83CL-94808 (7/93) 1
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Watchdog Timer. The watchdog timer (figure 9) can be
used as either a watchdog timer or an interval timer.
When used as a watchdog timer, it protects against
program run-away. It can be selected to generate a
nonmaskable interrupt (INTWDT), which vectors to ad-
dress 0004H, or to generate an internal reset signal,
which vectors to the restart address 0000H if the timer
is not cleared by the program before it overflows. Eight
program-selectable intervals based on the main sys-
tem clock are available. With a main system clock of
8.38 MHz, the program selectable intervals are 0.489,
0.978, 1.96, 3.91, 7.82, 15.6, 31.3, and 125 ms. Once the
watchdog timer is initialized and started, the timer's
mode cannot be changed and the timer can only be
stopped by an external reset.

When used as an interval timer, maskable interrupts
(INTWDT), which vector to address 0004H, are gener-
ated repeatedly at a preset interval. The time intervals
available are the same as in the watchdog timer mode.

Figure 9. Watchdog Timer
) I Bus ¢
Interrupt
Mask Flag |—
TMMK4
Run
fxl25 ¢ |ntermg: :D—’
Req a
tx/28 TaiFa 0
27 | o o &8t »| Control
fx/23 Counter Loglc >
tyl/2% P X
fX/210 A L
ty/212
Timer Clock Select Watchdog Timer Mode
Register 2 (TCL2) Register (WDTM)
) | Bus (

INTWDT
Maskable
Interrupt
Request

RESET

INTWDT
Nonmaskable
Interrupt
Request

83YL-0352B (8/93)
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Programmable Clock Output

The uPD78002 family has a programmable clock output
(PCL) that can be used for carrier output for remote
controlled transmissions or as a clock output for pe-
ripheral devices. The main system clock (fy) divided by
8, 16, 32, 64, 128, or 256 or the subsystem clock (fx7)
can be output on the PCL pin. Frequencies of 1050, 524,
262, 131, 65.5 and 32.7 kHz are available with a main
system clock of 8.38 MHz. See figure 10.

Figure 10. Programmable Clock Output

Buzzer Output

The uPD78002 family also has a programmable buzzer
output (BUZ). The buzzer output frequency can be
programmed to be equal to the main system clock (fy)
divided by 1024, 2048, or 4096. With a main system
clock of 8.38 MHz, the buzzer can be sett0 8.2,4.1 or 2.0
kHz. See figure 11.
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Figure 11. Buzzer Output
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Interrupts

The uPD78002 family has 11 maskable hardware inter-
rupt sources (5 external and 6 internal). Of these 11
interrupt sources, 9 cause a vectored interrupt while
the 2 testable inputs only generate an interrupt re-
quest. All of the 11 maskable interrupts can be used to
release the HALT mode except INTPO. INTPO cannot be
used to release the STOP mode and cannot release the

Table 4. Interrupt Sources and Vector Addresses

HALT mode when register SCS = 0. In addition, there is
one nonmaskable interrupt from the watchdog timer,
one software interrupt, and a RESET interrupt. The
watchdog timer overflow interrupt (interrupt vector
table address 0004H) can be initialized to be a non-
maskable interrupt or the highest default priority mask-
able interrupt. The software interrupt, generated by the
BRK instruction, is not maskable. See table 4 and figure
12.

Type of Default Vector Interrupt
Request Priority Signal Name Interupt Source Location Address Configuration
Restart — RESET RESET input pin External 0000H —
— INTWDT Watchdog timer overflow (when reset mode Internal
selected)
Nonmaskable — INTWDT Watchdog timer overflow Internal 0004H A
(when nonmaskable interrupt selected)
Maskable [¢] INTWDT Watchdog timer overflow Internal 0004H B
(when interval timer selected)
1 INTPO External interrupt edge detection External 0006H (o]
2 INTP1 External interrupt edge detection External 0008H D
3 INTP2 External interrupt edge detection External 000AH D
4 INTP3 External interrupt edge detection External 000CH D
5 INTCSI0 End of clocked serial interface 0 transfer Internal 000EH B
6 INTTM3 Watch timer reference time interval signal Internal 0012H B
7 INTTM1 8-bit timer/event counter 1 coincidence signal Internal 0016H B
8 INTTM2 8-bit timer/event counter 2 coincidence signal Internal 0018H B
Software — — BRK instruction Internal 003EH E
Test input — INTWT Watch timer overflow Internal — F
—_ INTPT4 Port 4 falling edge detection External —_ F

Interrupt Servicing. The uPD78002 family provides
two levels of programmable hardware priority control
and services all interrupt requests, except the two
testable interrupts (INTWT and INTPT4). Using vec-

tored interrupts, the programmer can choose the prior- -

ity of servicing each maskable interrupt by using the
interrupt control registers.

Interrupt Control Registers. The uPD78002 family has
three 16-bit interrupt control registers. The interrupt
request flag register (IF0) contains an interrupt request
flag for each interrupt except INTPT4. The interrupt
mask register (MKO) is used to enable or disable any
interrupt except INTPT4. The priority flag register (PR0)
can be used to specify a high or a low priority level for
each interrupt except the two testable interrupts.

Four other 8-bit registers are associated with interrupt
~ processing. The key return mode register (KRM) con-
tains the KRIF interrupt request flag associated with

20

falling-edge detection on port 4 and the KRMK mask
flag used to enable or disable clearing of the standby
mode if a falling edge is detected on port 4. The
external interrupt mode register (INTMO) is used to
select a rising, falling, or both edges as the valid edge
for each of the external interrupts INTPO to INTP2
(INTP3 is always falling edge). The sampling clock
select register (SCS) is used to select a sampling clock
for the noise eliminator circuit on external interrupt
INTPO.

The IE and the ISP bit of the program status word are
also used to control interrupts. If the IE bit is 0, all
maskable interrupts are disabled. The IE bit can be set
or cleared using the El and DI instructions, respec-
tively, or by directly writing to the PSW. The IE bit is
cleared each time an interrupt is accepted. The ISP bit
is used by hardware to hold the priority level flag of the
interrupt being serviced.
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Figure 12. Interrupt Configurations ‘
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Figure 12. Interrupt Configurations (cont)
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Abbreviations:

IF: Interrupt request flag

IE: Interrupt enable flag

ISP: In-service priority flag

MK: Interrupt mask flag

PR: Prority specify flag
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Interrupt Priority. If the watchdog timer overflow inter-
rupt (INTWDT) has been initialized to be a nonmask-
able interrupt, it has priority over all other interrupts.
Two hardware-controlled priority levels are available
for all maskable interrupts that generate a vectored
interrupt (i.e., all except the two testable interrupts).
Either a high or a low priority level can be assigned by
software to each of the maskable interrupts. Interrupt
requests of the same priority or a priority higher than
the processor’s current priority level are held pending
until interrupts in the current service routine are en-
abled by software or until one instruction has been
executed after returning from the current service rou-
tine. Interrupt requests of a lower priority are always
held pending until one instruction has been executed
after returning from the current service routine.

The default priorities listed in table 4 are fixed by
hardware and are effective only when it is necessary to
choose between two interrupt requests of the same
software-assigned priority. For example, the default
priorities would be used after the completion of a
high-priority routine, if two interrupts of the same
software priority were pending.

The software interrupt, initiated by the BRK instruc-
tion, is executed regardless of the processor’s priority
level and the state of the IE bit. It does not alter the
processor’s priority level.

Vectored Interrupt Servicing. When a vectored inter-
rupt is acknowledged, the program status word and
the program counter are saved on the stack, the pro-
cessor’s priority is set to that specified for the interrupt,
the IE bit in the PSW is set to zero, and the routine
whose address is in the interrupt vector table is en-
tered. Atthe completion of the service routine, the RETI
instruction (RETB instruction for the software inter-
rupt) reverses the process and the uPD78002 family
microcontroller resumes the interrupted routine.

Standby Modes

HALT, STOP, and data retention modes are provided to
reduce power consumption when CPU action is not
required.

The HALT mode is entered by executing a HALT in-
struction while the CPU is operating from the main
system or subsystem clock. In HALT mode, the CPU
clock is stopped while the main system and the sub-
system clock continue to run. The HALT mode is re-
leased by any unmasked interrupt request (except
INTPO if register SCS=0), a nonmaskable interrupt
request, an unmasked test input, or an external reset
pulse.

Power consumption may be further reduced by using
the STOP mode. The STOP mode is entered by execut-
ing a STOP instruction while operating from the main
system clock. In STOP mode, the main system clock
input pin X1 is internally grounded stopping both the
CPU and the peripheral hardware clock. The STOP
mode is released by any unmasked interrupt request
except INTPO, a nonmaskable interrupt request, an
unmasked test input, or an external reset pulse. Any
peripheral using the main oscillator as a clock source
will also be disabled in the STOP mode and interrupts
from such a peripheral cannot be used to exit the STOP
mode. Table 5 summarizes both the HALT and STOP
standby modes.

Table 5. Standby Mode Operation Status

Item HALT Mode STOP Mode

Setting HALT instruction STOP instruction

instruction

System Main system or Main system clock

clock when subsystem clock

setting

Clock Main system and Subsystem clock can

oscillator subsystem clocks can oscillate; CPU clock
oscillate; CPU clock is and main system
stopped. clock are stopped.

CPU Operation stopped Operation stopped

Ports Maintain previous Maintain previous
state state

8-bit timer/ Operational from main Operational only with

event system clock TH and TI2 as count

counters clock

Watch timer Operational from main Operational only with
system clock or with fxT as count clock
fxT as count clock

Watchdog Operational from main Operation stopped

timer system clock

Serial Operational from main Operational only with

interface 0 system clock external clock

External Operational except for INTPO not operational;

interrupts INTPO when its INTP1 to INTP3

sampling clock is
based on the CPU
clock

operational

When exiting the STOP mode, await time occurs before
the CPU begins execution to allow the main system
clock oscillator circuit to stabilize. The oscillator stabi-
lization time is selected by programming the OSTS
register with one of five values before entering the
STOP mode. The values range from 0.98 msec to 31.3
msec at fy=8.38 MHz.
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Once in the STOP mode, power consumption can be
further minimized by lowering the power supply volt-
age Vpp to as little as 2 V. This places the device in the
data retention mode. The contents of Internal RAM and
the registers are retained. This mode is released by first
raising Vpp to the proper operating range and then
releasing the STOP mode.

External Reset

The uPD78002 family is reset by taking the RESET pin
low or by an overflow of the watchdog timer (if en-
abled). The RESET input pin is a schmitt-trigger input
with hysteresis characteristics to protect against spu-
rious system resets caused by noise. On power-up, the
RESET pin must remain low for a minimum of 10 us after
the power supply reaches its operating voltage.

There is no functional difference between an external
reset and an internal reset caused by the overflow of
the watchdog timer. In both cases, the main system
clock oscillation is stopped and the subsystem clock
oscillation continues. During reset, the program
counter is loaded with the address contained in the
reset vector (addresses 0000H, 0001H). Once the reset
is cleared and the oscillation stabilization time of 218/fy
has elapsed, program execution starts at that address.
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ELECTRICAL SPECIFICATIONS Capacitance
Tao= +25°C;Vpp = Vgg = 0V

Parameter Symbol Max Unit Conditions

The following specifications are for the uPD78001B/
002B devices only. Refer to the yPD78014 data sheet for

. - Input [of 15 F E t P6g to P63 f = 1 MHz;
uPD78P014 device specifications. :a‘:;c"ame IN P ExceptT®o 0 ™8 unmeasurzed
. . 20 pF Pgyto P63 .
Absolute Maximum Ratings pins returned
Ta = +25°C Output Coutr 15 pF Except Pgy to P63 to ground
capacitance

Supply voltage, Vpp 0310 +7.0V 20 pF Péyto Py
Input voltage, Vjy (except P8 to P63) -0.3to Vpp+0.3V :‘a%‘:é ﬁi‘npcl:: Cio 15 __PpF_ Except PGy to PG,
Input voltage, Vo (P6q to P63; open -0.3to +16 V 20 pF P6ytoPes

drain)
Output voltage, Vo -0.3to Vpp+0.3V
Output current, high; loy

Each output pin -10 mA

Total: ports 1to 3 -15 mA

Total: ports 0 and ports 4 to 6 -15 mA
Output current, low, Ig 1

Each output pin 30 mA peak, 15 mA rms

Total: P4g to P47 and 100 mA peak, 70 mA rms

P5p to P55
Total: PO¢ to PO, P5g, P57, and P6g 100 mA peak, 70 mA rms
to P67

Total: PO4 to PO3 and P64 to P67 50 mA peak, 20 mA rms

Total: ports 1 to 3 50 mA peak, 20 mA rms
Operating temperature, TopT —-40 to +85°C
Storage temperature, TgTg -85 to +150°C

t rms value = peak value x (duty cycle) 12

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits
specified under DC and AC characteristics.

Main System Clock Oscillator
Ta = —40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 13.

Type Parameter Symbol Min Typ Max Unit Conditions

Ceramic resonator Oscillation frequency (Note 1) fx 1.0 10.0 MHz Vpp = oscillator voltage range

(Figure 13A) Oscillation stabilization time (Note 2) 40 ms After Vpp reaches oscillator operating voltage

Crystal resonator  Oscillation frequency (Note 1) fx 1.0 838 100 MHz

(Figure 134) Oscillation stabilization time (Note 2) 10 ms Vpp=45t06.0V

30 ms

External clock X1 input frequency (Note 1) fx 1.0 10.0 MHz

(Figure 138) X1 input highflow-level width i L 50 500 ns

Notes:

(1) Oscillator and X1 input frequencies are included only to show the (2) Time required for the oscillator to stabilize after reset or STOP
oscillator characteristics. Refer to the AC Characteristics table mode is released. The values shown are for the recommended
for actual instruction execution times. resonators. Values for resonators not shown in this data sheet

should be obtained from the manufacturer's specification sheets.
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Subsystem Clock Oscillator
Ta = —40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 14.

Type Parameter Symbol Min Typ Max Unit Conditions
Crystal resonator Oscillation frequency (Note 1) xT 32 32.768 35 kHz
(Figure 14A) Oscillation stabilization time (Note 2) 12 2 s Vpp = 4510 60V
10 s
External clock XT1 input frequency (Note 1) fxt 32 100 kHz
(Figure 148) XT1 input high/low-level width tTH tXTL 5 15 us
Notes:
(1) The oscillator and XT1 input frequencies are included only to
show the oscillator characteristics. Refer to the AC Characteris-
tics table for actual instruction execution times.
(@) Time required for the oscillator to stabilize after reset or STOP
mode is released. The values shown are for the recommended
resonators. Values for resonators not shown in this data sheet
should be obtained from the manufacturer's specification sheets.
Figure 13. Main System Clock Configurations Figure 14. Subsystem Clock Configurations

A. Ceramic/Crystal Resonator

X1

B. External Clock

X1

wPD74HCUO4

Note: When the Input Is an external clock, the STOP
mode can not be set because the X1 pin Is connected

to system ground (Vgg)- .

26

A. Crystal Resonator

XT1

B. External Clock
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Recommended Main System Clock Ceramic Resonators
Ta = -40 to +85°C; refer to figure 13A

Part Numb Recommended Circuit Constant Oscillator Voltage Range Freq v
(Notes 1 and 2) C1 (pF) C2 (pF) R1 (kD) Min (V) Max (V) (MHz)
CSB1000J 100 100 6.8 27 6.0 1.00
CSBxxxxJ 100 100 4.7 27 6.0 1.01 to 1.25
CSAX. oMK 100 100 0 27 6.0 1.26 to 1.79
CSAx.xxMG 100 100 0 27 6.0 1.80 to 2.44
CSTx.xxMG (Note 3) (Note 3) 0 27 6.0 1.80 to 2.44
CSAX.xxMG 30 30 0 27 6.0 2.45 t0 4.18
CSTX.XxMGW (Note 3) (Note 3) 0 2.7 6.0 2.45 to 4.18
CSAx.xxMG 30 30 0 27 6.0 4.19 to 6.00
CSTx.XxxMGW (Note 3) (Note 3) 0 27 6.0 4.19 t0 6.00
CSAX.xxMT 30 30 0 27 6.0 6.01 to 10.0
CSTx. xxMTW (Note 3) (Note 3) 0 2.7 6.0 6.01 to 10.0
Notes: |
(1) Manufactured by Murata Mfg. Co., Ltd. (8) C1 and C2 are contained in the ceramic resonators.

(@ x.xx indicates frequency

Recommended Subsystem Clock Crystal Resonators
Ta = —40 to +60°C; refer to figure 14A

- Recommended Circuit Constant Oscillator Voltage Range
ey ¥
Part Number 1 (kHz) C3 (pF) C4 (pF) R2 (k@) Min (V) Max (V)
DT-38 (1TA252 E00, load capacitance 6.3 pF) 32.768 12 12 100 2.7 6.0

1 Manufactured by Daishinku
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DC Characteristics
Ta = —40 to +85°C; Vpp = +2.7 to 6.0 V; refer to figures 15-20

Parameter Symbol Min Typ Max Unit Conditions
High-level input voltage ViH1 0.7 Vpp Vbp \ Other than below
ViH2 0.8 Vpp Vpbp \ POg to P04, P29, P25, P24 to P27,

P3g, P3,, RESET

ViHg 0.7 Vpp 15 \ P6g to P63; open-drain
ViHa Vpp-0.5 Vbp \ X1, X2
ViHs Vpp-0.5 Vpp v Vpp = 4.5106.0V; XT1, XT2
Low-level input voltage VL1 0 0.3Vpp \ Other than below
ViL2 0 0.2Vpp \ POg to POy, P2y, P25, P24 to P27,
P3g, P34, RESET
ViLs 0 0.3Vpp \ P6g to P63; Vpp = 4.5t0 6.0V
0 0.2Vpp v P8y to P63
ViLa 0 0.4 \ X1, X2
ViLs ] 0.4 ) XT1, XT2; Vpp = 45t0 6.0V
0 0.3 \Y XT1, XT2
High-level output voltage VoH1 Vpp-1.0 A Vpp = 45t06.0V,loy = -1.0mA
Vpp-0.5 \ loy = —100 pA
Low-level output voltage VoL1 0.4 2.0 v P5q to P57, P6g to P63;
Vpp = 45t06.0V,lg. = 15mA
0.4 \ Other than above; Vpp = 4.5t0 6.0V,
lop = 1.6 mA
VoL2 0.2Vpp v $B0, SB1, SCKO; Vpp = 4.5t0 6.0V,
open-drain, pullup resistance = 1 kQ
Vor3 0.5 \ loL = 400 A
High-level input leakage fLiHd 3 HA Vin = Vpp; except X1, X2, XT1, XT2
ourrent L2 20 A Viy = Vpp: X1, X2, XT1, XT2
ILHa 80 LA ViN = 15V; P6g to P63
Low-level input leakage ILiLt -3 LA Vin = 0V, except X1, X2, XT1, XT2
ourrent L2 20 LA Viy = OV X1, X2 XT1, XT2
ILiLs -3 HA Vin = 0V; P6j to P63 (Note 1)
Output leakage current high ILoH1 3 LA Vout = Vbp
Output leakage current low oL -3 LA Voutr = 0V
Mask option pullup resistor Ry 20 40 90 kQ ViN = 0V; P to P63
Software pullup resistor Ro 15 40 90 kQ Vpp = 45t06.0V; V)y = 0V, P04 to P03,
ports 1 to 5, P64 to P67
20 500 kQ Vpp = 2710 4.5V; Vjy = OV, P04 to POg,

ports 1 to 5, P64 to P67
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DC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
Power supply current Ibpt 75 225 mA 8.38 MHz crystal oscillation operating mode;
Vpp = 5.0V *£10% (Note 2)
0.8 2.4 mA 8.38 MHz crystal oscillation operating mode;
Vpp = 3.0V £10% (Note 3)
Ibp2 1.4 4.2 mA 8.38 MHz crystal oscillation HALT mode;
Vpp = 5.0V £10%
550 1650 HA 8.38 MHz crystal oscillation HALT mode;
VDD = 3.0V £10%
lbp3 60 120 HA 32.768 kHz crystal oscillation operating mode;
Vpp = 5.0V £10%, X1 STOP mode, CPU
operating from subsystem clock
35 70 HA 32.768 kHz crystal oscillation operating mode;
Vpp = 3.0V %£10%, X1 STOP mode, CPU
operating from subsystem clock
IpDa 25 50 LA 32,768 kHz crystal oscillation HALT mode; ',
Vpp = 5.0V *£10%, X1 STOP mode
5 10 HA 32,768 kHz crystal oscillation HALT mode;
Vpp = 3.0V £10%, X1 STOP mode
IpDs 1 20 HA XT1 = 0V STOP mode when feedback resistor
is connected; Vpp = 5.0V *10%
0.5 10 HA XT1 = 0V STOP mode when feedback resistor
is connected; Vpp = 3.0V +10%
Ibpe 0.1 20 HA XT1 = 0V STOP mode when feedback resistor
is disconnected; Vpp = 5.0V =10%
0.05 10 HA XT1 = 0V STOP mode when feedback resistor
is disconnected; Vpp = 3.0V =10%
Notes:

(1) P& to P63 become —200 pA (max.) for only 1 clock cycle during
input instruction execution (no wait) and -3 pA (max.) during
instruction other than input.

(2) When operated in the high-speed mode with the processor clock
control register set to O0H.

(3) When operated in low-speed mode with the processor clock
control register set to 04H.

29



pPD78002 Family

NEC

Figure 15. Ipp vs Vpp (fx = 8.38 MHz2) Figure 16. Ipp vs Vpp (Tx = 4.19 MHz)
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Figure 17. Ig, vs Vo (Ports 0, 2-5, P64 - P67) Figure 19. Igy vs Vg (P6g - P63)
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30 4 %0 L
Vpp=6V Vpbp=6V, Vpp=4V
/ Vpp=3V / DD
Vpp=3V
g 20 A % 20 /
= z // —
< <
- -
o °
“ 10 10 /
i b
2
0 8 0 3
0 05 1.0 0 05 1.0
VoL (V) VoL ()
Figure 18. Ig; vs Vo (Port 1) Figure 20. Igy vs Vpp — Vou (Ports 0-5, P64 - P637)
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AC Characteristics

Ta = -40 to +85°C; Vpp = 2.7 to 6V ; refer to figures 21 through 26

Parameter Symbol Min Typ Max Unit Conditions
Cycle time tey 0.4 64 s Vpp = 4.5 t0 6.0 V; operating on main system
(Min. instruction clock
execution time) 0.96 64 us Operating on main system clock
114 122 125 us Operating on subsystem clock
Tl input 11 0 4 MHz Vpp = 4510 6.0V
frequency 0 275 kHz
Ti input high/ i trie 100 ns Vpp = 45t06.0V
low-level width
1.8 Hs
Interrupt input UNTH, UINTL 8/fsam (Note 1) Hs INTPO
high/low-level
width 10 us INTP1 to INTP3
10 us KRO to KR7 (Note 2)
RESET low-level width tRsT 10 us

Notes:

(1) By using bits 0 and 1 of the sampling clock select (SCS) register
in conjunction with bits 0 to 2 of the processor clock control
(PCC) register, fsam can be set to f,/2N+1 (where N = 0 to 4),

1x/64, or f,/128.
(@ Port 4 falling-edge detection input.
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Figure 21. Main System Clock Operation;
tey vs Vpp
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Figure 24. TI Timing
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Figure 25. Interrupt Input Timing
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Figure 26. RESET Input Timing
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Read/Write Operation

Ta = —40to +85°C, Vpp = 2.7 to 6.0 V; refer to figures 27 through 30

Parameter Symbol Min Max Unit Conditions

ASTB high-level width tASTH 0.5 toy ns

Address setup time to ASTB { taps 0.5 tgy —30 ns

Address hold time from ASTB { tADH 10 ns Load resistor = 5 kQ

Data input time from address tADD1 (@+2n)tcy — 50 ns Instruction fetch
taDD2 5 (3+2njtcy —- 100 ns Data access

Data input time from RD ¢ tRDD1 (1+2n)tgy - 25 ns Instruction fetch
trDD2 (2.5+2n)tcy — 100 ns Data access

Read data hold time tRDH 0 ns

RD low-level width tRDL1 (1.5+2n)tgy - 20 ns Instruction fetch
tRDL2 (2.5+2n)tcy ~ 20 ns Data access

WAIT | input time from RD ¢ tROWT1 0.5 tgy ns Instruction fetch
tRowT2 1.5 toy ns Data access

WAIT | input time from WR ¢ twRWT 0.5 toy ns

WAIT low-level width twrL (0.5+2n)tey + 10 (2+2n)tcy ns

Write data setup time to WR twps 100 ns

Write data hold time from WR twDH 5 ns

WR low-level width twRL1 (2.5+2n)tgy - 20 ns

RD | delay time from ASTB | tASTRD 0.5 tcy — 30 ns

WR { delay time from ASTB ¢ tASTWR 1.5 toy - 30 ns

ASTB t delay time from RD t (external fetch) tRDAST tcy-10 toy + 40 ns

Address hold time from RD t (external fetch) tRDADH toy tcy + 50 ns

Write data output time from RD t tRDWD 10 ns

WR { delay time from write data twDpwR 0.5 tgy — 120 0.5 tgy ns Vpp = 45t0 6.0V

0.5 toy - 170 0.5 toy ns
Address hold time from WR t tWRADH toy toy + 60 ns Vpp = 45t0 6.0V
toy toy + 100 ns

RD * delay time from WAIT * tWTRD 0.5 tgy 25ty + 80 ns

WR 1 delay time from WAIT twWTWR 0.5 toy 251ty + 80 ns

Notes:

(1) toy = tov/4
(@) n indicates number of waits.
(3) CL = 100 pF
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Figure 27. Read Operation; External Feich (No Wait)
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Figure 28. Read Operation; External Fetch (Wait Insertion)
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Figure 29. Read/Write Operation; External Data Access (No Wait)
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Figure 30. Read/Write Operation; External Data Access (Wait Insertion)
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Serial Interface, 3-Wire, 1/0 Mode; Internal SCK Output
Ta = -40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 31

Parameter Symbol Min Typ Max Unit

Conditions

SCK cycle time tkeys 800 ns Vpp = 45t0 6.0V

3200 ns
SCK high- and low-level width tkH1, kL1 tkcy1/2 ~ 50 ns Vpp = 45t06.0V

tycy1/2 - 150 . ns
Sl setup time to SCK t tsiK 100 ns
Sl hold time from SCK tksit 400 ns
SO output delay time from SCK | tkso1 300  ns Vpp = 4510 6.0 V; C = 100 pF (Note 1)

1000  ns C = 100 pF (Note 1)

Note 1: C is the load capacitance of the SO output line.

Serial Interface, 3-Wire 1/0 Mode; External SCK Input
Ta = -40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 31

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkeya 800 ns Vpp = 45t06.0V
3200 ns
SCK high- and low-level width tkH2 tKL2 400 ns Vpp = 45t0 6.0V
1600 ns
Sl setup time to SCK * ts ik 100 ns
Sl hold time from SCK tksi 400 ns
SO output delay time from SCK 4 tkso2 300 ns Vop = 45t06.0V; C = 100 pF (Note 1)
1000 ns C = 100 pF (Note 1)

Note 1: C is the load capacitance of the SO output line.

Serial Interface, SBI Mode; Internal SCK Output
Ta = —40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 32

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkcya 800 ns Vpp = 451060V
3200 ns
SCK high- and low-level width tKHa: tkL3 tkoya/2 - 50 ns Vpp = 45t0 6.0V
txcya/2 - 150 ns
SBO, SB1 setup time to SCK * tsiK3 100 ns Vpp = 45t0 6.0V
300 ns
SBO, SB1 hold time from SCK t txsi3 tkoya/2 ns
SBO,SB1 output delay time from SCK ¢ tkso3 (] 250 ns Vpp = 45t06.0V;R = 1kQ,
C = 100 pF (Note 1)
0 1000 ns R = 1kQ C = 100 pF (Note 1)
SBO, SB1 | from SCK ¢ tksB tkeys ns
SCK ¢ from SBO, SB1 | tspK tkoys ns
SBO, SB1 high-level width tsBH tkeya ns
SBO, SB1 low-level width tsBL tkcys ns

Note 1: R and C are the load resistance and load capacitance of the
SBO and SB1 output lines.
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Serial Interface, SBI Mode; External SCK Input
Ta = —40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 32

Parameter Symbol Min Typ Max Unit  Conditions
SCK cycle time tkcys 800 ns Vpp = 45t06.0V
3200 ns
SCK high- and low-level width tkHa tkLa 400 ns Vpp = 45t06.0V
1600 ns
SBO, SB1 setup time to SCK t tsiKa 100 ns Vpp = 45t06.0V
300 ns
SBO, SB1 hold time from SCK tksia toyal2 ns
SBO, SB1 output delay time from SCK ¢ tkso4 0 300 ns Vpp = 45t06.0V; R = 1kQ C = 100 pF.
(Note 1)
0 1000 ns R=1kQ C= 100 pF (Note 1)
SBO, SB1 | from SCK * tksB tkeya ns
SCK | from SBO, SB1 | tsBK tkoya ns
SBO, SB1 high-level width tsBH tkcya ns
SBO, SB1 low-level width tsBL tkcya ns

Note 1: R and C are the load resistance and load capacitance of the
SBO and SB1 output lines.

Serial Interface, 2-Wire, /O Mode; Internal SCK Output
Ta = -40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 33

Parameter Symbol Min Typ Max Unit Conditions ‘
SCK cycle time tkeys 1600 ns Vpp = 4510 6.0V |

3800 ns ‘
SCK high-level width tkHs tkcys /2 - 50 ns I
SCK low-level width s tkeys /2 - 50 ns
SBO, SB1 setup time to SCK t tsiks 300 ns
SBO, SB1 hold time from SCK tksis 600 ns
SBO, SB1 output delay time from SCK | tksos 0 250 ns Vpp = 45t0 6.0V

R = 1kQ C = 100 pF (Note 1)
0 1000 ns R = 1kQ C = 100 pF (Note 1)

Note 1: R and C are load resistance and load capacitance of the
SCKO, SB0, and SB1 output lines.
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Serial Interface, 2-Wire, 1/0O Mode; External SCK Input

Ta = -40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 33

Parameter B Symbol Min Typ Max Unit Conditions
SCK cycle time tkeve 1600 ns Vpp = 45t0 6.0V
3800 ns
SCK high-level width tkHe 650 ns
SCK low-level width tkLe 800 ns
SBO, SB1 setup time (to SCK 1) tsike 100 ns
SBO, SB1 hold time (from SCK 1) tksie toye/2 ns
SBO, SB1 output delay time from SCK | tksos 0 300 ns Vpp = 45t0 6.0V
R = 1kQ C = 100 pF (Note 1)
0 1000 ns R = 1kQ C = 100 pF (Note 1)

Note 1: R and C are load resistance and load capacitance of the

SCKO, SBO, and SB1 output lines.

Figure 31. Serial Interface Timing;
3-Wire Serial I/O Mode
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Figure 32. Serial Interface Timing; SBI Mode
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Figure 33. Serial Interface Timing;
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Data Memory STOP Mode; Low-Voltage Data Retention
Ta = —40 to +85°C; refer to figure 34

Parameter Symbol Min Typ Max Unit Conditions
Data retention supply voltage VppbR 20 6.0 \
Data retention power supply current lpppr 0.1 10 HA VpppR = 2.0 V; subsystem clock stop and
feedback resistor disconnected
Release signal set time tSREL 0 us
Oscillation stabilization wait time twarr 218ty ms Release by RESET
(Note 1) ms Release by interrupt

Note: 213/fy, 215/fy, 216/fy, 217/fy or 218/fy can be chosen by using
bits 0 to 2 of the oscillation stabilization time select (OSTS)
register.
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Figure 34. Data Retention Timing
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NEC Electronics Inc.

Preliminary

HPD78002Y Family
(uPD78001BY/002BY/P014Y)
8-Bit, K-Series Microcontrollers
General Purpose With 12C Bus
September 1993

Description

The uPD78001BY, uPD78002BY, and uPD78P014Y* are
members of the K-Series® of microcontrollers. The
uPD78002Y family is a variation of the uPD78002 family
with the addition of an I2C bus mode in serial interface
0. The uPD78P014Y is used for prototyping since the
uPD78014Y family is pin and function compatible with,
and the features are a superset of, the uPD78002Y
family. The uPD78002Y features include bit manipula-
tion instructions, four banks of main registers, an
advanced interrupt handling facility, and a powerful set
of memory-mapped on-chip peripherals. On-board
data memory includes 256, 384, or 1024 bytes of inter-
nal high-speed RAM. Program memory options include
8K or 16K bytes of mask ROM, or 32K bytes of internal
UV EPROM or one-time programmable (OTP) ROM.

The uPD78002Y family operates over a wide voltage
range: 2.7 to 6.0 volts. Timing is generated by two
built-in oscillators. A main oscillator normally drives
the CPU and most peripherals and at 10 MHz provides
a minimum instruction time of 0.4 us. A subsystem
oscillator at 32.768 kHz provides time keeping, and
optionally a slow clock for the CPU. Since CMOS power
dissipation is directly proportional to clock rate, the
uPD78002Y family provides a software variable CPU
clock. The HALT and STOP modes are two additional
power saving features that turn off parts of the micro-
controller for additional power saving. A data retention
mode permits RAM contents to be saved down to 2
volts.

The range of peripherals, including timers and a serial
port, makes these devices ideal for applications in
portable battery-powered equipment, office automa-
tion, communications, consumer electronics, home
appliances, and fitness equipment.

* See the uPD78014Y family data sheet for the uPD78P014Y electrical
and functional specifications.

K-Series is a registered trademark of NEC Electronics, Inc.
Purchase of NEC [2C components conveys a license under the Philips
I2C Patents Right to use these components in an 12C system,
provided that the system conforms to the I12C specification as defined
by Philips.

Features

O One-channel serial communication interface
— 8-bit clock synchronous interface 0
—I2C bus mode
— Full-duplex, three-wire mode
— NEC serial bus interface (SBI) mode
— Half-duplex, two-wire mode

0O Timers
— Watchdog timer
— Two 8-bit timer/event counters usable as one
16-bit timer/event counter
— Clock (watch) timer (time of day tick from either
oscillator)

O 531/0 lines
— Two CMOS input-only lines
— 47 CMOS I/0 lines
— Four n-channel, open-drain /O lines at 15V
maximum

0 1/O port pullup resistors
— Software controllable on 47 lines
— Mask option on four lines on ROM versions

o Program memory
— uPD78001BY: 8K bytes ROM
— uPD78002BY: 16K bytes ROM
— uPD78P014Y: 32K bytes EPROM/OTP

O Internal high-speed data memory
— uPD78001BY: 256 bytes RAM
— uPD78002BY: 384 bytes RAM
— uPD78P014Y: 1024 bytes RAM

0 External memory expansion
— 64K byte total memory space

O Powerful instruction set
— 16-bit arithmetic and data transfer instructions
— 1-bit and 8-bit logic instructions

0 Minimum instruction execution times:
— 0.4/0.8/1.6/3.2/6.4 us program selectable using
10-MHz main system clock
— 122 us selectable using 32.768-kHz subsystem
clock

o Memory-mapped on-chip peripherals (special
function registers)

© Programmable priority, vectored-interrupt
controller (two levels) -
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Features (cont)

O Buzzer and clock outputs

O Power saving and battery operation features
— Variable CPU clock rate

— HALT mode
— STOP mode

— 2-V data retention mode
0 CMOS operation; Vpp from 2.7 to 6.0 V

Ordering Information

Package
Part Number ROM (Package Dwg.)
uPD78001BYCW-xxx 8K mask ROM 64-pin plastic
shrink DIP
uPD78002BYCW-xxx 16K mask ROM (P64C-70-750 A, C)
uPD78001BYGC-xxx-AB8 8K mask ROM 64-pin plastic QFP
LPD78002BYGCxxx-AB8 16K mask ROM  ( 04GC-80-AB8-2)
HPD78P014YGC-ABS8 32K OTP ROM
(Note 3)
uPD78P014YDW (Note 3) 32K UV EPROM  64-pin ceramic

shrink DIP w/window
(P64DW-70-750A)

Notes:

(1) xxx indicates ROM code suffix

(2) All devices listed are standard quality grade

(3) See the uPD78014Y family data sheet for the uPD78P014Y
electrical and functional specifications

Pin Configurations

64-Pin Plastic Shrink DIP

o1~ eafics
P24 =P 631 1c2
P23 62[1 P17
P23 []4 611 P1g
P24 5 601 P15
P25/SI0/SB0/SDAO [ 6 591 Py
P2g/SOW0/SB1/SDA1 [} 7 58 [ P13
P2,/SCKO/SCL [ 8 57 [0 P12
P34} 9 56 |1 P14
P34/TO1 ] 10 551 P1g
P3/T02 [] 11 547 1C1
PagTi1 [} 12 53 [ POg/XT1
P34/TI2 ] 13 s2 {1 xT2
P3g/PCL [] 14 s1[71c0
P3g/BUZ O] 15 50 [1 X1
P37 ] 16 49 x2
vsgs O 17 481 Vpp
Pag/ADg (] 18 47 [ POZ/INTP3
P44/ADq [] 19 46 {1 POA/INTP2
P4o/ADy [ 20 45 [ PO4/INTP1
Pag/ADg [] 21 44 [1 POQ/INTPO
P44/ADg [} 22 43 ] RESET
P4g/ADg [] 23 42 [1 Pe7/ASTB
P4g/ADg [] 24 41 [ Peg/WAIT
P47lAD7 (] 25 40 [1 P85/WR
P5o/Ag [ 26 39 [1 P6y/RD
P51/Ag [} 27 38 [ Peg
P5p/A10 ] 28 37 {1 P6p
Ps3/A11 [} 29 36 [1 P64
P54/A12 [] 30 35 [1 P6g
P5g/A13 ] 31 34 [ P57/A4s5
vgg [} 32 33 [ PSg/A14

Notes:

(2) Connect IC2to Vpp.

(1) Connect ICO, IC1, and IC3 (Internally connected) pins to Vgg.

83YL-8490A
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Pin Configurations (cont)

64-Pin Plastic QFP

z o
.85
H
SEFISSsfoasLesss
OO0OO000000000000n0
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P3p ﬁ 10 48 [0 P14
P34/TO1 [} 2 47 P1g
P3/TO2 [} 3 48 [11C1
P33 [ 4 45 [ P0g/XT1
P3yT2 5 44 [ xT2
P3s/PCL (] 6 43[11c0
P3g/BUZ ] 7 4211
P3; 8 a1 [Ox2
vgs [ 8 40 1 vpp
P4g/ADg [] 10 39 [J POy/INTP3
P44/ADq ] 11 38 Epoznmpz
P4p/ADp [ 12 37 [ PO4/INTP1
Pag/AD3 (] 13 36 [J POG/INTPO
P4g/AD4 ] 14 35 |1 RESET
P4g/ADs [] 15 34 [1 Pe7/ASTB
Pag/ADg [] 16 33 [J Peg/WAIT
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
P A
g%%gggzg:g&&?;%%
f i n"?l 4 ? ? n'}? o £
Notes:
(1) Connect ICO, IC1, and IC3 (Internally connected) pins to Vgg.
(2) Connect IC210 Vpp.
83YL-9491B
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Pin Functions; Normal Operating Mode

Symbol First Function Symbol Alternate Function
POg Port 0; 5-bit, bit selectable I/O port INTPO External maskable interrupt
POy (Bits 0 and 4 are input only) INTP1
PO, INTP2
P03 INTP3
P04 XT1 Crystal oscillator or external clock input for
subsystem clock
P1g-P17 Port 1; 8-bit, bit-selectable I/O port —_
P2y - P24 Port 2; 8-bit, bit-selectable I/O port —
P25 SIo Serial data input 3-wire serial I/O mode
SBO 2/3-wire serial I/O mode
SDAO Serial data bus 0 for I2C bus mode
P2g SO0 Serial data output 3-wire serial [/O mode
SB1 2/3-wire serial /O mode
SDA1 Serial data bus 1 for I2C bus mode
P27 SCKO Serial clock I/O for serial interface 0
. SCL Serial clock I/O for 12C bus mode
P3g Port 3; 8-bit, bit-selectable /O port —
P34 TO1 Timer output from timer 1
P35 TO2 Timer output from timer 2
P33 T External count clock input to timer 1
P34 TI2 External count clock input to timer 2
P3s PCL Programmable clock output
P3g BUZ Programmable buzzer output
P3; —
P4 - P47 Port 4; 8-bit I/O port ADg - ADy Low-order 8-bit multiplexed address/data bus
for external memory
P5; - P57 Port 5; 8-bit, bit selectable /O port Ag-Ass High-order 8-bit address bus for external
memory
P6; - P63 Port 6; 8-bit, bit selectable (P6g to P63 n-
channel open-drain I/O with mask option pullup
P6, resistors; P, - P6; 1/0). See note. E External memory read strobe
Pésg WR External memory write strobe
Pég WAIT External memory wait signal input
P67 ASTB Address strobe used to latch address for
external memory
RESET External system reset input
X1 Crystal/ceramic resonator connection or
external clock input for main system clock
X2 Crystal/ceramic resonator connection or inverse
of external clock for main system clock
XT2 Crystal oscillator or left open when using
external clock for subsystem clock
Vpp Power supply input
Vss Power supply ground
ICO to IC3 Internal connection

Note: See table 3 and figure 4 for details
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Block Diagram

8-bit Timer/
<
TOUP34 B K <';> POg-POg
Th/P3g Counter 1
Program Counter <_—_> Pig-Pl7

8-bit Timer/ ‘
TO2/P3; <— <:> .
E Reg. .
Ti2/P3, —> 001::::: 2 | Goneral Reg. @“ P20-P27

Internal
Program Memory Decode - Intemal
(ROM) and Data Memory <:>
Noto 1 Convol ||y KDL pona Ko paoer

Watchdog
Timer ® il @ M P4p-Pa7
@ @ ““ PS5p-P57

Watch <:_‘_:> AW et paw sP
Timer
> o
Buzzer | P ble | Clock | Clock Generator | giangpy ADg/P4q-
Output | Clock Output | Divider Control AD7/P47
siorsBosDAYP2s<—>l P p sub | Main o7
8/PSo-
SO0/SBUSDANP2g<—> | So& <';> l l T . T oo A
SCKO/SCL/P27<—> <::> na Pes
BUZIP3g  PCLP35 PO4/XT1 XT2 X1 X2 Acce e
<—> WAIT/P6g
T ‘ 1 ‘ <—> ASTB/P87
INTPO/POg- Interrupt RESET
INTPA/PO3 Controller <::> RESET Vpp Vss 1C0-
L IC3
Notes:

(1) The intemal ROM and RAM size dependent on the device.
83YL-94928
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pPD78002Y and pPD78014Y Family Differences

The uPD78002Y family is pin compatible with the
uPD78014Y family and shares the same programmable
device, the uPD78P014Y. The uPD78002Y family offers a
reduced set of features. Table 1 lists only the differ-
ences between the two families. All other features not
listed are identical for both families.

Table 1. Differences Between uPD78002Y and

4#PD78014Y Families
Item pPD78002Y Family pPD78014Y Family
Maximum internal ROM 16K bytes 32K bytes
Maximum internal high- 384 bytes 1024 bytes
speed RAM
Buffer RAM None 32 bytes
Multiply/divide None Available
instructions
16-bit timer/event counter  None One
Serial interface 1 (3-wire None One

and 3-wire with automatic
transmit/receive)

Vectored internal 7 10
interrupts
A/D converter None 8-bit, 8 channels

FUNCTIONAL DESCRIPTION
Central Processing Unit

The central processing unit (CPU) of the uPD78002Y
family features 8- and 16-bit arithmetic.

A CALLT vector table and a CALLF area decrease the
number of bytes in the call instructions for commonly
used subroutines. A 1-byte call instruction can access
up to 32 subroutines through their addresses con-
tained in the CALLT vector table (40H to 7FH). A 2-byte
call instruction can access any routine beginningin a
specific CALLF area (0800H to OFFFH).

Internal System Clock Generator

The internal system clocks of the uPD78002Y family are
derived from either the main system or the subsystem
oscillator. See figure 1. The clocks for the watch timer
and programmable clock output are derived from either
the subsystem clock (fxt) or the main system clock. The
clocks for all other peripheral hardware are derived
from the main system clock.

The CPU clock (¢b) can be supplied from either the main
system clock (fx) or the subsystem clock (fxt). Using
the processor clock control register (PCC), a CPU clock
frequency equal to fy, fx/2, fx/4, fx/8, fx/16 or the sub-
system clock fxt can be selected. The CPU clock
selected should be based on the power supply voltage
available and the desired power consumption. On
power up, the CPU clock defaults to the lowest speed
from the main system clock and can be changed while
the microcontroller is running.

Since the shortest instruction takes four CPU clocks to
execute, the fastest minimum instruction execution
time (tcy) of 0.4 us is achieved when using a main
system clock at 10 MHz (Vpp equals 4.5 to 6.0 V).
However, if the clock timer must generate an interrupt
every 0.5 or 0.25 seconds, tcy is 0.48 us at 8.38 MHz.
The fastest minimum instruction execution time avail-
able across the full voltage range of 2.7 to 6.0 V is 0.96
us when using a main system clock of 8.38 MHz. For the
lowest power consumption, the CPU can be operated
from the subsystem clock and the minimum instruction
execution time is 122 us at 32.768 kHz.
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Figure 1. Internal System Clock Generator

From
PCC

!

XT1/P0g4 —>| Subsystem
Clock
XT2 ——|  Oscllator

fxr

> Watch Timer

Programmable Clock Output Function

X1 —>| Maln System
Clock
X2 —— Osclllator

x

P

Fresceler ,l_:-> Clocks to Peripheral Hardware

—> CPU Clock 0

STOP

1

Processor Clock Control Reglster
(PCC)

i

Y Internal Bus S

LERSNSR'S
2 | 22| 28| 24 5
g Standby Walt
2 Control > Control
3 Circult l Clrcuit
7 INTPO
Sampling Clock
To Subsystem
Clock Oscilllator

83RD-94788
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Memory Space

The uPD78002Y family has a 64K-byte address space.
Some of this address space (0000H-FFFFH) can be
used as both program and data memory as shown in

figure 2.
Figure 2. Memory Map
Y 0000! 0000H
T H Internal Interrupt Vector
Program Address Table Area
v vkt
(1) Relative (ROM) CALLT Table Area
Addressing & J; 007FH
9 N 0080H
(2) Immediate R ProgramArea
Addressing 07FFH Program
(3) Table Indirect 0800H ™ GAl i F ey Nomory
Addressing X Area X P
(4) Reglster Note 1 OFFFH T
(1) Direct Addressing External 1000H
Addressing L Memory | X Program Area
(2) Register Indirect T T T T
Addressing FATFH Note 1
(3) Based FA80H
Addressing Use
Prohibited
(4) Based Index Note 2 saddr Addressing
Addressing Internal / FESOH 7
High-Speed
R RAM R General RAM
FEDFH Short Direct
FEDFH
—————————— I
Register A*ddresslng e g:;i:::lvs FEEOH General Reglsters 2‘2"5‘;"‘;5;:39)
Y FEFFH FEFFH| _ "~ |
FFOOH Spedel FFOOH 32 Bytes of
SFR Area
SFR Function i
Addressing Reglster
(SFR)
FFFFH
Notes:
(1) 1FFFH on uPD78001Y
3FFFH on 1PD78002Y
(2) FDFFH on uPD78001Y
FD7FH on pPD78002Y
83YL-9493B
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Internal Program Memory

All devices in the uPD78002Y family have internal pro-
gram memory. The uPD78001BY contains 8K bytes
while the uPD78002BY contains 16K bytes of internal
ROM. The uPD78P014Y contains 32K bytes of UV
EPROM or one time programmable ROM. To allow the
uPD78P014Y to emulate the mask ROM devices, the
amount of internal program memory available in the
uPD78P014Y can be selected using the memory size
switching register (IMS).

Internal RAM

The uPD78001BY contains 256 bytes (FEOOH to FEFFH)
while the uPD78002BY contains 384 bytes (FD80H to
FEFFH) of high-speed Internal RAM. The high-speed
Internal RAM contains the general register banks and
the stack. The remainder of the high-speed Internal
RAM and any unused register bank locations are avail-
able for general storage.

To allow the uPD78P014Y to emulate the mask ROM
devices, the amount of high-speed Internal RAM in the
uPD78P014Y can also be selected using the IMS.

External Memory

The uPD78002Y family can access 0, 256, 4K, 16K or all
available bytes of external memory. The uPD78002Y
family has an 8-bit wide external data bus and a 16-bit
wide external address bus. The low-order 8 bits of the
address bus are multiplexed and also provide the 8-bit
data bus and are supplied by port 4. The high-order
address bits of the 16-bit address bus are taken from
port 5 as required. The address latch, read, and write
strobes, and the external WAIT signal are supplied by
port 6.

The memory expansion mode register (MM) controls
the size of external memory. It can be programmed to
use 0, 4, 6, or 8 bits from port 5 for the high-order
address. Any remaining port 5 bits can be used for |/O.
The MM register also can be used to specify one
additional wait state or the use of the external WAIT
signal for low-speed external memory or external pe-
ripheral devices.

When only internal ROM and RAM are used and no
external memory is required, ports 4, 5 and 6 are
available as general purpose 1/O ports.

CPU Control Registers

Program Counter. The program counter is a 16-bit
binary counter register that holds the address of the
next instruction to be executed. During reset, the

program counter is loaded with the address stored in
locations 0000H and 0001H.

Stack Pointer. The stack pointer is a 16-bit register that
holds the address of the last item pushed onto the
stack. It is decremented before new data is pushed
onto the stack and incremented after data is popped
off the stack.

Program Status Word. The program status word
(PSW) is an 8-bit register that contains flags that are
set or reset depending on the results obtained during
the execution of an instruction. This register can be
written to or read from 1 bit or 8 bits at a time. The
assignment of PSW bits follows.

7 0
| B | z |mest| ac |mBso| o | sp | ov |

cY Carry flag

ISP In-service (interrupt) priority flag
RBSO, RBS1  Register bank selection flags
AC Auxiliary carry flag

z Zero flag

IE Interrupt request enable flag

General Registers

The general-purpose registers (figure 3) consist of four
banks of registers located at addresses FEEOH to
FEFFH in Internal RAM. Each bank consists of eight
8-bit general registers that can also be used in pairs to
function as four 16-bit registers. Two bits in the PSW
(RBS0 and RSB 1) specify which of the register banks is
active at any time and are set under program control.

Registers have both functional names (A, X, B, C, D, E,
H or L for 8-bit registers and AX, BC, DE and HL for
16-bit registers) and absolute names (R1, RO, R3, R2,
R5, R4, R7, or R6 for 8-bit registers and RPO, RP1, RP2,
or RP3 for 16-bit registers). Either the functional or
absolute register names can be used in instructions
that use the operand identifiers r and rp.

Addressing

The program memory addressing (ROM) modes pro-
vided are relative, imediate, table indirect and register
addressing. The operand addressing modes provided
are implied, register, direct, short direct (saddr),
special-function (SFR), register indirect, based, based
indexed, and stack addressing.

The ‘SFR addressing’ and ‘saddr addressing’ modes
use direct addressing, and require only 1 byte in the
instruction to address RAM. Normally a 65K byte ad-

9
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Figure 3. General Registers
FEEOH | Reglster
Bank
3 For 8-Blt For 16-Bit
2 Processing Processing
, / FEFSH | (R1) A | (RO) X | FEF8H (RPO) AX | FEF8H
(R3)B | (R2)C (RP1) BC | FEFAH
FEFFH] 0 (R5)D | (R4 E (RP2) DE | FEFCH
\ rerFH | A7)V H | (RE)L | pepEn (RP3)HL | FEFEH
( )=Absolute Name
83YL-9622B

dress space requires 2 bytes to address it. One-byte
addressing results in faster access times, since the
instructions are shorter. SFR addressing addresses the
entire 256-byte SFR address space from FFOOH to
FFFFH. Saddr addressing (see figure 2) addresses the
256 byte address space FE20H to FF1FH. FE20H to
FEFFH are composed of 224 bytes of internal high
speed RAM; FFOOH to FF1FH contain the first 32 bytes
in the special function register area.

One byte addressing is accomplished by using the first
byte of the instruction for the opcode (and one oper-
and if register A or AX is used) and the second byte of
the instruction as an address (offset) into the 256-byte
area. If register A or AX is used, the instructions are 2
bytes long, thereby providing fast access times. If
immediate data is used, the instruction will be 3 or 4
bytes long depending upon whether the immediate
data is a byte or a word. Many 16-bit SFRs are in the
space FFOOH to FF1FH. Using AX as an operand to
these SFRs will provide fast access, since the instruc-
tions will be only 2 bytes long.

10

Special Function Registers

The input/output ports, timers, capture and compare
registers, and mode and control registers for both the
peripherals and CPU are collectively known as special
function registers. They are all memory-mapped be-
tween FFOOH and FFFFH and can be accessed either
by main memory addressing or by SFR addressing.
FFOOH to FF1FH can also be accessed using saddr
addressing. They are either 8 or 16 bits as required, and
many of the 8-bit registers are bit addressable.

Locations FFDOH through FFDFH are known as the
external access SFR area. Registers in external cir-
cuitry interfaced and mapped to these addresses can
only be addressed by main memory addressing. Table
2 lists the special function registers.
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Table 2. Special Function Registers

Access Units (Bits)

Address Register (SFR) Symbol RW 1 8 16 State After Reset

FFOOH Port 0 PO RW X X — 00H

FFO1H Port 1 P1 RW X X — 00H

FFO2H Port 2 P2 RW X X —_ 00H

FFO3H Port 3 P3 RW X X — 00H

FFO4H Port 4 P4 RW X X — Undefined

FFO5H Port 5 P5 RW X X - Undefined

FFO6H Port 6 P6 RW X X — Undefined

FF16H Compare register 10 CR10 RW — X — Undefined

FF17H Compare register 20 CR20 RW —_ X — Undefined

FF18H 8-bit timer register 1 ™1 "R X X — 00H

FF19H 8-bit timer register 2 ™2 R X X —_ O0H

FF18H-FF19H 16-bit timer register T™S R — — X 0000H

FF1AH Serial I/O shift register 0 SI100 RW — X — Undefined

FF20H Port mode register 0 PMoO RW X X — 1FH

FF21H Port mode register 1 PM1 R/W X X —_ FFH .
FF22H Port mode register 2 PM2 RW X X — FFH }
FF23H Port mode register 3 PM3 RW X X — FFH ;
FF25H Port mode register 5 PM5 RW X X — FFH ;
FF26H Port mode register 6 PM6 RW X X — FFH ‘
FF40H Timer clock select register 0 TCLO RW X X — 00H

FF41H Timer clock select register 1 TCL1 RW — X — 00H :
FF42H Timer clock select register 2 TCL2 RW — x —_ 00H

FF43H Timer clock select register 3 TCL3 RW — X — 88H

FF47H Sampling clock select register SCS RW — X — O00H

FF49H 8-bit timer mode control redi ster TMC1 RW X X — 00H

FF4AH Watch timer mode control register TMC2 RW X X — O0H

FF4FH 8-bit timer output control register TOC1 RW X X — 00H

FF60H Serial operating mode register 0 CSsIMo RW X X — 00H

FF61H Serial bus interface control register SBIC RW X X —_ O0H

FF62H Slave address register SVA RW — X — Undefined

FF63H Interrupt timing specify register SINT RW x X — 00H

FFDOH-FFDFH External SFR access area(Note 1) — RW X X — Undefined

FFEOH Interrupt flag register L IFOL RW X X — O00H

FFE1H Interrupt flag register H IFOH R/W X X - OOH

FFEOH-FFE1H Interrupt flag register IFO RW — — X 0000H

FFE4H Interrupt mask flag register L MKoL RW X X — FFH

FFESH Interrupt mask flag register H MKOH RW X X — FFH

FFE4H-FFESH Interrrupt mask flag register MKO RW — — X FFFFH

FFE8H Priority order specify flag register L PROL RW X X — FFH

FFESH Priority order specify flag register H PROH RW X X — FFH

1
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Table 2. Special Function Registers (cont)

Access Units (Bits)

Address Register (SFR) Symbol R/W 1 8 16 State After Reset
FFE8H-FFE9H Priority order specify flag register PRO RW — — X FFFFH

FFECH External interrupt mode register INTMO RW — X — 00H

FFF6H Key return mode register KRM RW X X — 02H

FFF7H Pullup resistor option register PUO R/W X X — 00H

FFF8H Memory expanded mode register MM RW X X — 10H

FFFOH Watchdog timer mode register WDTM RW X X — O0H

FFFAH Oscillation stabilization time select register OSsTs RW — X — 04H

FFFBH Processor clock control register PCC RW X X — 04H

Note: The external access area cannot be accessed using SFR
addressing. It can only be accessed using main memory
addressing.

Input/Output Ports

The uPD78002Y family has up to 53 port lines. Table 3
lists the features of each port and figure 4 shows the
structure of each port pin.

Table 3. Digital Port Functions

Software Pullup Resistor Connection

Port Operational Features Configuration Direct Drive Capability (Note 1)

Port 0 (Note 2) 5-bit input or output Bit selectable Byte selectable, input bits only
Port 1 8-bit input or output Bit selectable Byte selectable, input bits only
Port 2 8-bit input or output Bit selectable Byte selectable, input bits only
Port 3 8-bit input or output Bit selectable Byte selectable, input bits only
Port 4 8-bit input or output Byte selectable Byte selectable, input bits only
Port 5 8-bit input or output Bit selectable LED Byte selectable, input bits only
Port & 8-bit input or output Bit selectable 15V max (P6q - P63) Byte selectable, input bits only

(P6g - P63 n-channel)

P8g - P63 - mask option only (Note 3)

P64 - P67 - software

Notes:

It

tors are not connected to port bits set to output mode.
@

@

POy and PO, are input only and do not have a software pullup
resistor.

(3) All devices except uPD78P014Y.

12

Software pullup resistors can be internally connected (only on a
port-by-port basis) to port bits set to input mode. Pullup resis-
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Figure 4. Pin Inpui/Output Circuits
Type 1(P04) Type 8-A (P0¢ - P03, P33-P3g)
Vbp Vop
J-—I P-ch
IN o pullup enable Dc E P-ch
I VoD
N-ch
e [ S o
pE— INJOUT
Type 2 (P0g , RESET)
N-ch
output disable
IN o b
Schmitt trigger input with hysteresis characteristics a
Type 5-A (P1g - P17, P2 - P24, P3g - P32, P35- P37, PS5 - P57, P64- P67) Type 10-A (P25- P27)
Vob Vob
|
pullup enable —————————>o————|F> p.cn pullup enable > | e
Vob Vbb
§ d) INOUT
N-ch
output disable open drain Nech
output disable
Type5-B (Pdg- Pag) Type 13-B (P6g- P63)
VoD Vop
T
lask Option] 3
pullup enable Dc | Pon Mask Option] 3
Vbp p——o INOUT
b— D
data —_—__D’—'I P-ch output disable
INJOUT
Vop
output disable N-ch
i | i b ———|p> Pen
Input enable <
Middle-High Voitage Input Buffer
83CL-9481B (9/93)
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Serial Interface

The uPD78002Y family has one serial interface. Serial
interface 0 is an 8-bit clock synchronous serial inter-
face (figure 5). It can be operated in either a three-wire
serial /0 mode, NEC serial bus interface (SBI) mode,
two-wire serial I/O mode, or 12C bus mode. The serial
clock can be provided from one of eight internal clocks,
the output of 8-bit timer register 2, or the external clock
line SCKO (SCL for 12C bus mode).

Figure 5. Serial Interface 0

In the three-wire serial I/O mode, the 8-bit shift register
(S100) is loaded with a byte of data and eight clock
pulses are generated. The falling edge of these eight
pulses shifts the byte of data out of the SO0 line (either
MSB or LSB first) while the rising edge of these pulses
shifts the data in from the S10 line providing full-duplex
operation. The INTCSIO interrupt is generated after
each 8-bit transfer.

) Internal Bus 4@

U

-

U
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T Match
Control Circult
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P%s ] Serial VO Shift oR SE&
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Busy/Acknowledge
—q Output Circult
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From P2g Command/ |
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P27
oo || s [ amoor K ] szn0-2-
]
CSiMo — — CSIMO
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Output Latch Specify Register (SINT) Register 3 (TCL3)
N Internal Bus Q

83YL-9698B
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The NEC SBI mode is atwo-wire high-speed proprietary
serial interface available on most devices in the NEC
UPD75xxx and uPD78xxx product lines. Devices are
connected in a master/slave configuration (see figure
6). There is only one master device at a time; all others
are slaves. The master sends addresses, commands,
and data over one of the serial bus lines (SB0O or SB1)
using afixed hardware protocol synchronized with the
SCKO line . Each slave device of the uPD78002Y family
can be programmed to respond in hardware to any one
of 256 addresses set in its slave address register (SVA).
There are also 256 commands and 256 data types.
Since all commands are user definable, many software
protocols, simple or complex, can be defined. It is even
possible to develop commands to change aslave into a
master and the previous master into a slave.

Figure 6. SBI Mode Master/Slave Configuration

Vop

Master CPU Slave CPU

(SB1), SBO SBO, (SB1)
Address 1

SCK

§cK

Slave CPU

SBO, (SB1)
Address 2

SCK

(r
el

Slave IC

SBO, (SB1)
Address N

SCK

83YL-9347A (9/93)

The two-wire serial /0 mode provides half-duplex op-
eration using either the SB0 or SB1 line and the SCKO
line. Communication format and handshaking can be
handled in software by controlling the output levels of
the data and clock lines between transfers. For data
transmission, the 8-bit shift register (S100) is loaded
with a byte of data and eight clock pulses are gener-
ated. The falling edge of these eight pulses shifts the
byte of data out of either the SB0 or SB1 line MSB first.
In addition, this byte of data is also shifted back into
S100 on therising edge of these pulses providing a way
of verifying that the transmission was correct.

For data reception, the SIOQ register is preloaded with
the value FFH. As this data value is shifted out on the
falling edge of the serial clock, it disables the n-channel
open-drain driver. This allows the receive data to be
driven on to the serial line and shifted into the SIO0
register on the rising edge of the serial clock. The
INTCSIO interrupt is generated after each 8-bit transfer.

The 12C bus is a two-wire, high-speed serial bus devel-
oped by Philips. The 12C bus configuration has a single
master and up to 128 slave devices (see figure 7). The
master sends the start condition, 7-bit slave address,
one bit indicating the direction of the upcoming data
transfer, and the stop condition over one of the serial
bus lines (SDAO or SDA1) using a fixed hardware
protocol synchronized with the serial clock line (SCL).

Each slave device of the uPD78002Y family can be
programmed to respond in hardware to any one of 128
addresses set in its slave address register (SVA). De-
pending onthe state of the transfer direction bit, either
the master or the slave device places additional dataon
the 12C bus. The device receiving the data returns an
acknowledge signal each time it receives 8 bits of data.
The slave device can also notify the master device
when it is busy by holding SCL low.

Figure 7. [2C Bus Master/Slave Configuration

Master CPU Slave CPU1

Serial Clock
SCL >| SCL

Serial
Data Bus

A

SDAO (SDAT) SDAO (SDAT)

Slave CPU2

SCL

SDAO (SDA1)

Slave IC

>| SCL

SDA

83RD-8447A

15




pPD78002Y Family

NEC

Timers

The wPD78002Y family has two 8-bit timer/event
counters that can be combined for use as a 16-bit
timer/event counter, a watch timer, and a watchdog
timer. All of these can be programmed to count a
number of prescaled values of the main system clock.
In addition, the watch timer can also count the sub-
system clock. The two timer/event counters can count
external events.

8-Bit Timer/Event Counters 1 and 2. Timer/event
counters 1 and 2 (figure 8) each consist of an 8-bit

Figure 8. 8-Bit Timer/Event Counters 1 and 2

timer (TM1 or TM2), an 8-bit compare register (CR10 or
CR20), and a timer output control logic (TO1 or TO2).
The timers are controlled by registers TCL1, TMC1, and
TOCH1 via five selectors. Timer/event counters 1 and 2
can each be used as an 8-bit interval timer, to count
external events onthe timer input pins (TI1 or TI2), orto
output a programmable square wave. In addition, tim-
ers 1 and 2 also can be combined as a 16-bit timer/
event counter and used as a 16-bit interval timer, to
count external events on Tl1, or to output a program-
mable square wave on TO2.

> Internal Bus (
U INTTM1
8-Blt Compare 8-Bit Compare
Register (CR10) Reglster (CR20)
U 8-Bit
Colncidence Timer/Event
Selector [~#->| Counter2 [—>TO2/P3;
N\ Colncldence Output
. Control Logic
8-Bit Timer
Selector {—>
Reglster 1 1
o mn a A 8|-Blt T;mer
egister 2 (TM2
Clear. 9 (™z)
A INTTM2
Clear
Selactor [«<—¢
Selector |—
8-Bit Timer/Event
—> Counter 1 Output > TO1/P34
Control Logic
Timer Clock Select 8-Bit Timer Mode 8-Bit Timer Output
Register 1 (TCL1) Control Register (TMC1) Control Register (TOC1)
Internal Bus S
*
Rising or falling edge can be selected.
*] ng edg avL
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Watch Timer. The watch timer 3 (figure 9) is a 5-bit |
timer that can be used as atime source to keep track of :
time of day, to release the STOP or HALT modes at

regular intervals, or to initiate any other task that must

be performed at regular intervals. When driven by the

subsystem clock, the watch timer continues to operate

in the STOP mode.

The watch timer can function as both watch timer and
an interval timer simultaneously.

When used as a watch timer, interrupt requests INTWT
(not a vectored interrupt) can be generated using the
main system or subsystem clock every 0.5 or 0.25
seconds. When used as an interval timer, vectored
interrupt request INTTMS3 is generated at preselected
time intervals. With a main system clock of 8.38 MHz or
a subsystem clock of 32.768 kHz, the following time
intervals can be selected: 489 us, 978 us, 1.96 ms, 3.91
ms, 7.82 ms or 15.6 ms.

Figure 9. Watch Timer

14
Selector |—>| 5Bt , 1213 Selector |—> INTWT
Timer fw/2™®
fyy/29 Clear
fyy/28
fx/28 —> to/27
fw W >
Selact >|p /28 > INTTM3
fr = 1,125
ty/24
Clear L________
Timer Clock Select Watch Timer Mode
Reglster 2 (TCL2) Control Register (TMC2)
) Internal Bus S
83CL-5460B (7/83)
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Watchdog Timer. The watchdog timer (figure 10) can
be used as either a watchdog timer or an interval timer.
When used as a watchdog timer, it protects against
program run-away. It can be selected to generate a
nonmaskable interrupt (INTWDT), which vectors to ad-
dress 0004H, or to generate an internal reset signal,
which vectors to the restart address 0000H if the timer
is not cleared by the program before it overflows. Eight
program-selectable intervals based on the main sys-
tem clock are available. With a main system clock of
8.38 MHz, the program selectable intervals are 0.489,
0.978, 1.96, 3.91, 7.82, 15.6, 31.3, and 125 ms. Once the
watchdog timer is initialized and started, the timer's
mode cannot be changed and the timer can only be
stopped by an external reset.

When used as an interval timer, maskable interrupts
(INTWDT), which vector to address 0004H, are gener-
ated repeatedly at a preset interval. The time intervals
available are the same as in the watchdog timer mode.

Figure 10. Watchdog Timer

>

N Bus ¢
Interrupt
Mask Flag |—
TMMK4
i Run
fx/28 i Interrupt
—>| Request Flag -———33——)
tx/28 | T™IF4
27 | o »| 8Bit »| Control
fx/28 Counter Loglc
tx/2% P X
1y /210 1
fy /212
Timer Clock Select Watchdog Timer Mode
Register 2 (TCL2) Reglster (WDTM)
5 | Bus (

INTWDT
Maskable
Interrupt
Request

RESET

INTWDT
Nonmaskable
Interrupt
Request

83YL-9352B (/93)
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Programmable Clock Output

The uPD78002Y family has a programmable clock out-
put (PCL) that can be used for carrier output for remote
controlled transmissions or as a clock output for pe-
ripheral devices. The main system clock (fx) divided by
8, 16, 32, 64, 128, or 256 or the subsystem clock (fxT)
can be output on the PCL pin. Frequencies of 1050, 524,
262, 131, 65.5 and 32.7 kHz are available with a main
system clock of 8.38 MHz. See figure 11.

Figure 11. Programmable Clock Output

Buzzer Output

The uPD78002Y family also has a programmable buzzer
output (BUZ). The buzzer output frequency can be
programmed to be equal to the main system clock (fy)
divided by 1024, 2048, or 4096. With a main system
clock of 8.38 MHz, the buzzer canbe sett0 8.2, 4.1 or 2.0
kHz. See figure 12.

ty/28 — >
fyf2% ———>

fy/28 —— >

1x/28 —————>{ Salector " Circuit ] > ™~ (© PCLP3
tyf2? —— > y K
fyf28 — >
fxr —— >
Timer Clock Select Port 3, Bit5 Port Mode Register 3
Register 0 (TCLO) Output Latch (PM3, Bit5)
) Internal Bus IS
83Y1-93538
Figure 12. Buzzer Output
fy/210 ———>|
11 Qnl,
/2 __)_/\ N © BuzIP3g
fy/212 ————> K
Timer Clock Select Port 3, Bit 8 Port Mode Register 3
Reglster 2 (TCL2) Output Latch (PM3, Bit6)
Yy Internal Bus q
83YL-9354B
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Interrupts

The uPD78002Y family has 11 maskable hardware inter-
rupt sources (5 external and. 6 internal). Of these 11
interrupt sources, 9 cause a vectored interrupt while
the 2 testable inputs only generate an interrupt re-
quest. All of the 11 maskable interrupts can be used to
release the HALT mode except INTPO. INTPO cannot be
used to release the STOP mode and cannot release the
HALT mode when regiser SCS = 0. In addition, there is

one nonmaskable interrupt from the watchdog timer,
one software interrupt, and a RESET .interrupt. The
watchdog timer overflow interrupt (interrupt vector
table address 0004H) can be initialized to be a non-
maskable interrupt or the highest default priority mask-
ableinterrupt. The software interrupt, generated by the
BRK instruction, is not maskable. See table 4 and figure
13.

Table 4. Interrupt Sources and Vector Addresses
Type of Default Vector Interrupt
Request Priority Signal Name Interupt Source Location Address Configuration
Restart — RESET RESET Input Pin External 0000H -
— INTWDT Watchdog timer overflow Internal
(when reset mode selected)
Nonmaskable — INTWDT Watchdog timer overflow Internal 0004H A
(when nonmaskable interrupt selected)
Maskable 0o INTWDT Watchdog timer overflow Internal 0004H B
: (when interval timer selected)
1 INTPO External interrupt edge detection External 0006H C
2 INTP1 External interrupt edge detection External 0008H D
3 INTP2 External interrupt edge detection External 000AH D
4 INTP3 External interrupt edge detection External 000CH D
5 INTCSI0 End of clocked serial interface O transfer Internal 000EH B
6 INTTM3 Watch timer reference time interval signal Internal 0012H B
7 INTTM1 8-bit timer/event counter 1 coincidence signal Internal 0016H B
8 INTTM2 8-bit timer/event counter 2 coincidence signal Internal 0018H B
Software — — BRK instruction Internal 003EH E
Test input — INTWT Watch timer overflow Internal — F
—_ INTPT4 Port 4 falling edge detection External —_ F

Interrupt Servicing. The uPD78002Y family provides
two levels of programmable hardware priority control
and services all interrupt requests, except the two
testable interrupts (INTWT and INTPT4). Using vec-
tored interrupts, the programmer can choose the prior-
ity of servicing each maskable interrupt by using the
interrupt control registers.

Interrupt Control Registers. The uPD78002Y family
has three 16-bit interrupt control registers. The inter-
rupt request flag register (IFO) contains an interrupt
request flag for each interrupt except INTPT4. The
interrupt mask register (MKO) is used to enable or
disable any interrupt except INTPT4. The priority flag
register (PRO) can be used to specify a high or a low
priority level for each interrupt except the two testable
interrupts.

Four other 8-bit registers are associated with interrupt
processing. The key return mode register (KRM) con-
tains the KRIF interrupt request flag associated with
falling-edge detection on port 4 and the KRMK mask
flag used to enable or disable clearing of the standby
mode if a falling edge is detected on port 4. The
external interrupt mode register. (INTMO) is used to
select a rising, falling, or both edges as the valid edge
for each of the external interrupts INTPO to INTP2
(INTP3 is always falling edge). The sampling clock
select register (SCS) is used to select a sampling clock
for the noise eliminator circuit on external interrupt
INTPO.

The IE and the ISP bit of the program status word are
also used to control interrupts. If the IE bit is 0, all
maskable interrupts are disabled. The IE bit can be set
or cleared using the El and DI instructions, respec-
tively, or by directly writing to the PSW. The IE bit is
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cleared each time an interrupt is accepted. The ISP bit
is used by hardware to hold the priority level flag of the
interrupt being serviced.

Figure 13. Interrupt Configurations

Type A: Internal nonmaskable interrupt
) [ | Bus. (
p! Priority Vector Table
Request Control Circuit 1 Address Generator
Standby
Release
Signal
Type B: Internal maskable Interrupt
) Intemal Bus Q
f L4 ‘
MK IE PR ISP
Priority Vector Table
Interrupt ___ o | ¢ Control Clrcult | Address Generator
Request
Standby
Release
Signal
Type C: External maskable Interrupt (INTPO)
Y | Bus (
Vs L | Lo ‘
Sampling Clock Select External Interrupt
Reglster (SCS) Mode Regster (INTTMO) MK IE PR 5P |
| s%ﬂ g oo Moty Vector Table
interrupt > pl e ntrol Circult Address Generator
Request Clock Detector IF —
Standby
Release
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83YL-9366B (1)
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Figure 13. Interrupt Configurations (cont)

Type D: External maskable interrupt (except INTP0)

Abbreviations:

IF: Interrupt request flag
IE: Interrupt enable flag
ISP: In-service priority flag
MK: Interrupt mask flag
PR: Prority specify flag
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Interrupt Priority. If the watchdog timer overflow inter-
rupt (INTWDT) has been initialized to be a nonmask-
able interrupt, it has priority over all other interrupts.
Two hardware-controlled priority levels are available
for all maskable interrupts that generate a vectored
interrupt (i.e., all except the two testable interrupts).
Either a high or a low priority level can be assigned by
software to each of the maskable interrupts. Interrupt
requests of the same priority or a priority higher than
the processor’s current priority level are held pending
until interrupts in the current service routine are en-
abled by software or until one instruction has been
executed after returning from the current service rou-
tine. Interrupt requests of a lower priority are always
held pending until one instruction has been executed
after returning from the current service routine.

The default priorities listed in table 4 are fixed by
hardware and are effective only when it is necessary to
choose between two interrupt requests of the same
software-assigned priority. For example, the default
priorities would be used after the completion of a
high-priority routine, if two interrupts of the same
software priority were pending.

The software interrupt, initiated by the BRK instruc-
tion, is executed regardless of the processor’s priority
level and the state of the |E bit. It does not alter the
processor’s priority level.

Vectored Interrupt Servicing. When a vectored inter-
rupt is acknowledged, the program status word and
the program counter are saved on the stack, the pro-
cessor’s priority is set to that specified for the interrupt,
the IE bit in the PSW is set to zero, and the routine
whose address is in the interrupt vector table is en-
tered. At the completion of the service routine, the RETI
instruction (RETB instruction for the software inter-
rupt) reverses the process and the yPD78002Y family
microcontroller resumes the interrupted routine.

Standby Modes

HALT, STOP, and data retention modes are provided to
reduce power consumption when CPU action is not
required.

The HALT mode is entered by executing a HALT in-
struction while the CPU is operating from the main
system or subsystem clock. In HALT mode, the CPU
clock is stopped while the main system and the sub-
system clock continue to run. The HALT mode is re-
leased by any unmasked interrupt request (except
INTPO if register SCS = 0), a nonmaskable interrupt
request, an unmasked test input, or an external reset
pulse.

Power consumption may be further reduced by using
the STOP mode. The STOP mode is entered by execut-
ing a STOP instruction while operating from the main
system clock. In STOP mode, the main system clock
input pin X1 is internally grounded stopping both the
CPU and the peripheral hardware clock. The STOP
mode is released by any unmasked interrupt request
except INTPO, a nonmaskable interrupt request, an
unmasked test input, or an external reset pulse. Any
peripheral using the main oscillator as a clock source
will also be disabled in the STOP mode and interrupts
from such a peripheral cannot be used to exit the STOP
mode. Table 5 summarizes both the HALT and STOP
standby modes.

Table 5. Standby Mode Operation Status
Item HALT Mode STOP Mode

Setting HALT instruction STOP instruction

instruction

System Main system or Main system clock

clock when subsystem clock

setting

Clock Main system and Subsystem clock can

oscillator subsystem clocks can oscillate; CPU clock
oscillate; CPU clock is and main system
stopped. clock are stopped.

CPU Operation stopped Operation stopped

Ports Maintain previous Maintain previous
state state

8-bit timer/ Operational from main Operational only with

event system clock TIt and TI2 as count

counters clock

Watch timer Operational from main Operational only with
system clock or with fxT as count clock
fxT as count clock

Watchdog Operational from main Operation stopped

timer system clock

Serial Operational from main Operational only with

interface 0 system clock external clock

External Operational except for INTPO not operational;

interrupts INTPO when its INTP1 to INTP3

sampling clock is
based on the CPU
clock

operational

When exiting the STOP mode, await time occurs before
the CPU begins execution to allow the main system
clock oscillator circuit to stabilize. The oscillator stabi-
lization time is selected by programming the OSTS
register with one of five values before entering the
STOP mode. The values range from 0.98 msec to 31.3
msec at fy = 8.38 MHZ.
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Once in the STOP mode, power consumption can be
further minimized by lowering the power supply volt-
age Vpp to as little as 2 V. This places the device in the
data retention mode. The contents of Internal RAM and
the registers are retained. This mode is released by first
raising Vpp to the proper operating range and then
releasing the STOP mode.

External Reset

The uPD78002Y family is reset by taking the RESET pin
low or by an overflow of the watchdog timer (if en-
abled). The RESET input pin is a schmitt-trigger input
with hysteresis characteristics to protect against spu-
rious system resets caused by noise. On power-up, the
RESET pin must remain low for a minimum of 10 us after
the power supply reaches its operating voltage.

There is no functional difference between an external
reset and an internal reset caused by the overflow of
the watchdog timer. In both cases, the main system
clock oscillation is stopped and the subsystem clock
oscillation continues. During reset, the program
counter is loaded with the address contained in the
reset vector (addresses 0000H, 0001H). Once the reset
is cleared and the oscillation stabilization time of 218/fy
has elapsed, program execution starts at that address.
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ELECTRICAL SPECIFICATIONS

The following specifications are for the uPD78001BY/
002BY devices only. Refer to the uPD78014Y data sheet

Capacitance
Ta = +25°C;Vpp = Vgg = 0V

Parameter Symbol Max Unit Conditions

. e Input Cin 15 pF  ExceptP6y; f= 1 MHz
for uPD78P014Y device specifications. capacitance to P6; unmeasured
Absolute Maximum Ratings 20 pF  PetoPe;  Pinsreturned
Ta = +25°C 0 3 to ground

A Output Cout 15 pF Except P6p
Supply voltage, Vpp -03to +7.0V capacitance to P63
Input voltage, V| (except P to P63) -0.3to Vpp+0.3V 20 pF  P6gto P63
Input voltage, V) (P6g to P63; open -0.3to +16 V Input/output  Cio 15 pF  Except P6g

drain) capacitance to P63
Output voltage, Vo -0.3to Vpp+0.3V 20 pF  P6gto P63
Output current, high; loy

Each output pin -10 mA

Total: ports 1 to 3 -15 mA

Total: port 0 and ports 4to 6 -15 mA
Output current, low, g

Each output pin 30 mA peak, 15 mA rms

Total: P4q to P47 and 100 mA peak, 70 mA rms

P5q to P55
Total: POy to P03, P5g, P57, and P6g 100 mA peak, 70 mA rms
to P67

Total: PO4 to PO3 and P64 to P67 50 mA peak, 20 mA rms

Total: ports 1 to 3 50 mA peak, 20 mA rms
Operating temperature, Topt —40 to +85°C
Storage temperature, TgTg -65 to +150°C
t rms value = peak value x (duty cycle) 1/2
Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits
specified under DC and AC characteristics.

Main System Clock Oscillator
Ta = -40 to +85°C; Vpp = 2.7 t0 6.0 V; refer to figure 14,

Type Parameter Symbol Min Typ Max Unit Conditions
Ceramic resonator Oscillation frequency (Note 1) fx 1.0 100 -+ MHz Vpp = oscillator voltage range
(Figure 14A) Oscillation stabilization time 4.0 ms After Vpp reaches oscillator

(Note 2)

operating voltage

Crystal resonator Oscillation frequency (Note 1) fx

1.0 8.38 10.0 MHz

(Figure 14A)

Oscillation stabilization time 10 ms Vpp = 4.5t06.0V
(Note 2)
30 ms
External clock X1 input frequency (Note 1) fx 1.0 10.0 MHz
(Figure 148) X1 input high/low-level width  tgyp, g, 50 50 s

Notes:

(1) Oscillator and X1 input frequencies are included only to show the
oscillator characteristics. Refer to the AC Characteristics table
for actual instruction execution times.

(@) Time required for the oscillator to stabilize after reset or STOP
mode is released. The values shown are for the recommended
resonators. Values for resonators not shown in this data sheet
should be obtained from the manufacturer's specification sheets.
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Subsystem Clock Oscillator
Ta = —40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 15.

Type Parameter : Symbol Min Typ Max Unit Conditions

Crystal resonator Oscillation fréquency (Note 1) xT $ 32 32.768 35 kHz '

(Figure 154) Oscillation stabilization time (Note 2) 12 2 s Vpp = 45t0 6.0V

10 s

External clock XT1 input frequency (Note 1) fxT 32 ' 100 kHz

(Figure 158) XT1 input high/low-level width XTH, IXTL 5 15 us

Notes:

(1) The oscillator and XT1 input frequencies are included only to (@ Time required for the oscillator to stabilize after reset or STOP
show the oscillator characteristics. Refer to the AC Characteris- mode is released. The values shown are for the recommended
tics table for actual instruction execution times. resonators. Values for resonators not shown in this data sheet

should be obtained from the manufacturer’s specification sheets.

Figure 14. Main System Clock Configurations Figure 15. Subsystem Clock Configurations

A. Ceramlc/Crystal Resonator A. Crystal Resonator
X1 XT1
c1 . l c3 <
ll){ = II% =
c2 T——I—'wv‘ 4 '\'_L,W\,_
x2 XT2
R1 R2
B. External Clock B. External Clock
X1 XT1
wPD74HCUO4
x2 XT2
83YL-9367A
Note: When the input Is an external clock, the STOP
mode can not be set because the X1 pin Is connected
to system ground (Vgg)-
B83YL-9366A
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Recommended Main System Clock Ceramic Resonators
Ta = —40 to +85°C; refer to figure 14A.

Part Number R ded Circuit Constant Oscillator Voltage Range Frequency
(Notes 1 and 2) C1 (pF) C2 (pF) R1 (kD) Min (V) Max (V) (MHz)
CSB1000J 100 100 6.8 2.7 6.0 1.00
CSBxxxxd 100 100 4.7 27 6.0 1.01 to 1.25
CSAx.x0xMK 100 100 0 2.7 6.0 1.26 to 1.79
CSAx.xxMG 100 100 0 27 6.0 1.80 to 2.44
CSTxxxMG (Note 3) (Note 3) 0 27 6.0 1.80 to 2.44
CSAx.xxMG 30 30 0 27 6.0 2.45t0 4.18
CSTx.xxMGW (Note 3) (Note 3) 0 27 6.0 24510 4.18
CSAx.xxMG 30 30 0 2.7 6.0 4.19 to 6.00
CSTx.xxMGW (Note 3) (Note 3) 0 27 6.0 4.19 t0 6.00
CSAx.xxMT 30 30 0 27 6.0 6.01 to 10.0
CSTx.xXxMTW (Note 3) (Note 3) 0 27 6.0 6.01 to 10.0

Notes:
(1) Manufactured by Murata Mfg. Co., Ltd.

(@ x.xx indicates frequency

Recommended Subsystem Clock Crystal Resonators
Ta = —40 to +60°C; refer to figure 15A.

(8) C1 and C2 are contained in the ceramic resonators.

e R ded Circuit C Oscillator Voltage Range
riey Y
Part Number t (kH2) C3 (pF) C4 (pF) R2 (kQ) Min (V) Max (V)
DT-38 (1TA252 E00, load capacitance 6.3 pF) 32.768 12 12 27 6.0

1 Manufactured by Daishinku
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DC Characteristics

Ta = —40 to +85°C; Vpp = +2.7 to 6.0 V; refer to figures 16-21

Parameter Symbol Min Typ Max ° ~ Unit Conditions
High-level input voltage Vini 0.7 Vpp Vbo v Other than below
ViH2 0.8 Vpp Vop \ POg to POy, P2y, P25, P24 to P27,
' P33, P34, RESET
Vi3 0.7Vpp 15 \ P6g to P63; open-drain
ViHa Vpp-05 Vpp \Y X1, X2
ViHs Vpp-0.5 Vop \ Vpp = 4510 6.0V; XT1, XT2
Low-level input voltage ViLt 0 0.3Vpp v Other than below
ViL2 0 0.2Vpp v POy to P04, P2g, P25, P24 to P27,
. P33, P34, RESET
ViLs 0 0.3 Vpp v P6y to P63; Vpp = 4.5t0 6.0V
0 0.2Vpp \% P6g to P63 .
ViLa 0 0.4 \ X1, X2
ViLs 0 0.4 v XT1,XT2; Vpp = 45t0 6.0V
0 0.3 v XT1, XT2
High-level output voltage VoH1 Vpp-1.0 \ Vpp = 45t06.0 v, loy = -1.0 mA
Vpp-05 v lop = —100 A
Low-level output voltage VoL1 0.4 20 \' P5q to P57, P6g to P63;
Vpp = 451t06.0V, lg. = 15mA
0.4 \ Other than above; Vpp = 4.5t0 6.0V,
) loL= 1.6 mA
Vo2 0.2Vpp v SBO, SB1, SCKO; Vpp = 4.5t0 6.0V,
. : open-drain, pullup resistance = 1 kQ
VoL3 0.5 \Y loL = 400 pA
High-level input leakage ILiH1 3 LA ViN = Vpp; except X1, X2, XT1, XT2
current Lz 20 pA Vi = Vpp: X1, X2, XT1, XT2
ILIH3 80 A Vin = 15V, P6g to P63
Low-level input leakage Lt -3 HA Vin = 0V; except X1, X2, XT1, XT2
ourrent iz 20 WA V= OV; X1, X2, XT1, XT2
ILiLs -3 HA Vin = OV; P8y to P63 (Note 1)
Output leakage current high ILoH1 3 LA Vout = VbD
Output leakage current low lLoL -3 HA Vout = 0V
Mask option pullup resistor Ry 20 40 90 kQ ViN = 0V; P6j to P63
Software pullup resistor Ro 15 40 90 kQ Vpp = 45t06.0V;V)y = 0V, P04 to P03,
ports 1 to 5, P6, to P67
20 500 kQ Vpp = 2710 4.5V; Viy = 0V, P04 to P03,

ports 1 to 5, P64 to P67
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DC Characteristics (cont) .
Parameter Symbol Min Typ Max Unit Conditions

Power supply current Ibp1 75 225 mA 8.38.MHz crystal oscillation operating mode;
Vpp = 5.0V *10% (Note 2)
0.8 2.4 mA 8.38 MHz crystal oscillation operating mode;
Vpp = 3.0V =10% (Note 3)
lpp2 1.4 4.2 mA 8.38 MHz crystal oscillation HALT mode;
Vpp = 5.0V =10%
550 1650 LA 8.38 MHz crystal oscillation HALT mode;

Vpp = 3.0V *£10%

Ippa 60 120 HA 32.768 kHz crystal oscillation operating mode;
Vpp = 5.0V £10%, X1 STOP mode, CPU
operating from subsystem clock

35 70 HA 32.768 kHz crystal oscillation operating mode;
Vpp = 3.0V £10%, X1 STOP mode, CPU
operating from subsystem clock

IbDa 25 50 HA 32.768 kHz crystal oscillation HALT mode;
Vpp = 5.0V £10%, X1 STOP mode
5 10 HA 32.768 kHz crystal oscillation HALT mode;
Vpp = 3.0V £10%, X1 STOP mode
lbps 1 20 HA XT1 = 0V STOP mode when feedback resistor
is connected; Vpp = 5.0V *10%
0.5 10 HA XT1 = 0V STOP mode when feedback resistor
is connected; Vpp = 3.0V *10%
Ippe 0.1 20 KA XT1 = 0V STOP mode when feedback resistor
is disconnected; Vpp = 5.0V *10%
0.05 10 HA XT1 = 0V STOP mode when feedback resistor

is disconnected; Vpp = 3.0V £10%

Notes:

(1) P6g to P63 become —200 uA (max.) for only 1 clock cycle during
input instruction execution (no wait) and -3 pA (max.) during
instruction other than input.

(@ When operated in the high-speed mode with the processor clock
control register set to 00H.

(3) When operated in low-speed mode with the processor clock
control register set to 04H.
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Figure 16. Ipp vs Vpp (fx = 8.38 MH2) Figure 17. Ipp vs Vpp (fx = 4.19 MHz)
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Figure 18. lg; vs Vg (Ports 0, 2-5, P64-P6;) Figure 20. Ig, vs Vo (P6p-P63)

Vpp=5V|Vpp=4V TA=25'C 2 Ta=25'C Vpp=5V
Vpp=6V 4

VpD=8Y, @ Vpp=4V
Vpp=3V
/ VDD=3V
A

loL (mA) Typlcal
8

-
o

83RAD-9362A

A

0 05 1.0 0 0. 0
voL (V) VoL ()
Figure 19. Ig; vs Vg (Port 1) Figure 21. Iloy vs Vpp — Vou (Ports 0-5, P64-P67)
Vpp=5V TA=25C Ta=26C
30 Vpbp=86YV, Vpp=4V —10 Vpp=56V }DD=4V
Vpp=86V, Vpp=3V
3 v | | |3
S 20 / é
- 7 E—
g E
3 74 5
2 £
8 g
: :
0 2 0 2
0 05 1.0 0 05 1.0
VoL (V) Vo =VoH (V)
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AC Characteristics
Ta = —40 to +85°C; Vpp = 2.7 to 6V ; refer to figures 22 through 27

Parameter Symbol Min Typ Max Unit Conditions
Cycle time . toy 0.4 64 Hs Vpp = 4.5 to 6.0 V; operating on
(Min. instruction main system clock
exeoution time) 0.96 64 Hs Operating on main system clock
14 122 125 Hs Operating on subsystem clock
Tlinput fr1 0 4 MHz Vpp = 45t06.0V
frequency 0 275 kHz
Tl input high/ trin trie 100 ns Vpp = 45to 6.0V
low-level width
1.8 Hs
Interrupt input tiNTHS tINTL 8/fsam (Note 1) us INTPO
high/low-level
width 10 us INTP1 to INTP3
10 us KRO to KR7 (Note 2)
RESET low-level width trsT 10 Hs
Notes:

(1) By using bits 0 and 1 of the sampling clock select (SCS) register
in conjunction with bits 0 to 2 of the processor clock control
(PCC) register, fsam can be set to f,/2N+1 (where N = 0 to 4),
/64, or £,/128.

(2) Port 4 falling-edge detection input.
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Figure 22. Main System Clock Operation Figure 24. Clock AC Timing Points X1 and XT1
tcy vs Vop
]
[e—IXL—> |[€—1Ixy
64
€0 X1 Input \ VDD-0.5V
X 7 X 04V
¥ & R EY £ ¥ o X
30
e
Guaranteed [€«—IXTL—>| [€—1IXTH
nort
= 20 P
3, Range XT1 Input 5 Vpp-05V
5 N ROo4v
"E’ Ta=-40° 10 +85° C
2 83CL-9367A
g, 1.0 \
Figure 25. TI Timing
\ | 1ty >|
05
\\ <—TIL tim
04 g TI0-TI2
S T A e T L
o"r' ~ ~ ~ I~ ~ % 83CL-0368A
1 2 3 4 5 8 ) .
Supply Voltage Vpp (V) Figure 26. Interrupt Input Timing
Figure 23. AC Timing Measurement Points tNTL | le—tnTH |
(except X1 and XT1)
INTPO- \
INTP2
>¢ 08 VDD~ Measurement -~ 0.8 VoD
0.2Vpp Points 0.2Vpp < NTL >
83CL-8366A
INTP3 \
83CL-8369A

Figure 27. RESET Input Timing

< tmsL

83CL-9370A
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Read/Write Operation

Ta = ~40to +85°C, Vpp = 2.7 to 6.0 V; refer to figures 28 through 31

Unit

Parameter Symbol Min Max Conditions

ASTB high-level width tASTH 0.5 tcy ns

Address setup time to ASTB ¢ taDs 0.5 tcy - 30 ns

Address hold time from ASTB | tADH 10 ns Load resistor = 5 kQ

Data input time from address tADD1 (2+2n)tcy - 50 ns Instruction fetch
taADD2 5 (3+2n)tcy — 100 ns Data access

Data input time from RD ¢ tRDD1 (1+2n)toy - 25 ns Instruction fetch
tRDD2 (2.5+2n)tcy ~ 100 ns Data access

Read data hold time tRDH o] ns

RD low-level width tRDL1 (1.5+2n)tcy - 20 ns Instruction fetch
tRDL2 (2.5+2n)tcy — 20 ns Data access

WAIT | input time from RD ¢ tRDWT1 0.5 toy ns Instruction fetch
tRowT2 151cy ns Data access

WAIT ¢ input time from WR ¢ tWRWT 05 toy ns

WAIT low-level width twTL (0.5+2n)tcy + 10 (2+2n)tey ns

Write data setup time to WR 1 twbs 100 ns

Write data hold time from WR * twDH 5 ns

WR low-level width twRL1 2.5+ 2n)tgy_n0 ns

RD ¢ delay time from ASTB tASTRD 0.5 tey - 30 ns

WR | delay time from ASTB | tASTWR 1.5 toy - 30 ns

ASTB 1 delay time from RD * (external fetch) tRDAST tey - 10 toy + 40 ns

Address hold time from RD 1 (external fetch) tRDADH tey tcy + 50 . ns

Write data output time from RD 1 tRDwD 10 ns

WR | delay time from write data tWDWR 0.5 tgy - 120 0.5 tcy ns Vpp = 451060V

0.5tcy-170 0.5 tgy ns
Address hold time from WR 1 tWRADH toy toy + 60 ns Vpp = 45t06.0V
tey tcy + 100 ns
RD 1 delay time from WAIT 1 tWTRD 0.5 toy 25tgy + 80 ns
WR t delay time from WAIT # twTWR 0.5 toy 25 toy + 80 ns

Notes:

(1) tey = tev/4

(@) n indicates number of waits.
(3) CL = 100 pF



NEC

pPD78002Y Family

Figure 28.

Read Operation; External Fetch (No Wait)

y \
Ag-A1s X( Upper 8-Bit Address 7§<
tADD1 >
A Y Hi-Z A X X
Lower 8-Bit
ADg-AD7 >§ ----------------- Operation Code §< §<
. Address _g( pe - 4
tADS—>| |<— {RDADH
1ASTH [<—1ADH—>| 1RDD1 > tRDAST
ASTB
K
— L
D \ 7]Z
[<€—1ASTRD—>] 1RDL1 | RDH
83FM-8371B
Figure 29. Read Operation; External Fetch (Wait Insertion)
y
Ag-A1s . Upper 8-Blt Address
tADD1
& HI-Z / \
Lower 8-Bit
AD2 X FUTYTIYTER M cmmc e ——-
ADg-AD7 >§F e —Z( Operation Code 7§<
taps—>| |<— {RDADH |
1ASTH [<—tADH—>| 1RDD1 1RDAST
ASTB
N
_ /
AD \
K
<—1ASTRD tRDL1 | RDH
WAIT
tROWT1 >« wrL | [<'WTRD—>|

83FM-83728
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Figure 30. Read/Write Operation; External Data Access (No Wait)

\
Ag-Ats )Et Upper 8-Bit Address 72
tADD2 >
4 A A -
Lower 8-Bl| HI-Z HI-Z
AD7 0000 YTV e ———- Py
ADg-AD7 _ >§( Addross —g( Read Data I Write Data )
tADS — 'ADH
1ASTH — [<——tRDD2—>| tRDH
e/
N
ASTRD —j<€
5 \ 7lg
N
RDL2 >~ ROWD
(—-——————-—1WDS———>‘ ftpr*
> twDwR WRADH—>
WR ]
tASTWR T WRL1 >
83FM-93738
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Figure 31. Read/Write Operation; External Data Access (Wait Insertion)

Ag-Ats

A

AD(-AD7

WAIT

Upper 8-Bit Address
K 7
tADD2
s - s Y N His
Lower 8-BI Hi-Z HI-Z
>§( dress -g( Read Data I Write Data ]
ADs > — 'ADH
1ASTH <«<—tRDD2—>| tRDH —
[<tASTRD>|
\ /
N
[«<——1RDL2 >| >—1RDWD
< twDS <twDH>|
—> <— twpwR
\ —
N 7Z
tASTWR tWAL1 <—IWRADH—>|
tRDWT2 —] < twTL—> <—tWTHD_A tWRWT —] <—twTL—>| [€—>—twTwR

83FM-9374B
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Serial Interface, 3-Wire, 1/0 Mode; Internal SCK Output

Ta = —-40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 32

Parameter Symbol Min Typ  Max Unit Conditions
SCK cycle time ticoy 800 ns Vpp = 4510 6.0V
3200 ns
SCK high- and low-level width tkH1, KU1 tkcy1/2 - 50 ns Vpp = 45t0 6.0V
tkey1/2 - 150 ns
Sl setup time to SCK 1 tsiki 100 ns
S! hold time from SCK txsi 400 ns
SO output delay time from SCK tkso1 300 ns Vpp = 45t06.0V; C = 100 pF (Note 1)
1000 ns C = 100 pF (Note 1)
Note 1: C is the load capacitance of the SO output line.
Serial Interface, 3-Wire, 1/0 Mode; External SCK Input
Ta = —40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 32
Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkoy2 800 ns Vpp = 45t0 6.0V
3200 ns
SCK high- and low-level width tkH2 tKL2 400 ns Vpp = 45t06.0V
1600 ns
Sl setup time to SCK * tgike 100 ns
Sl hold time from SCK tksi2 400 ns
SO output delay time from SCK ¢ tkso2 300 ns Vpp = 45t06.0V; C = 100 pF (Note 1)
1000 ns C = 100 pF (Note 1)
Note 1: C is the load capacitance of the SO output line.
Serial Interface, SBI Mode; Internal SCK Output
Ta = —40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 33
Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkeya 800 ns Vpp = 45t 6.0V
3200 ns
SCK high- and low-level width tiHas tkLa toya/2 - 50 ns Vpp = 45t 6.0V
tkcya/2 - 150 ns
SBO, SB1 setup time to SCK t tsiKa 100 ns Vpp = 45t0 6.0V
300 ns
SBO, SB1 hold time from SCK t tsia tkoya/2 ns
SB0,SB1 output delay time from SCK ¢ tkso3 0 250 ns Vpp = 45t06.0V; R = 1kQ
C = 100 pF (Note 1)
[} 1000 ns R = 1kQ C = 100 pF (Note 1)
SBO, SB1 | from SCK 1 txsB tkeya ns
SCK 4 from SBO, SB1 | tsBK tkeys ns
SBO, SB1 high-level width tsBH tkeys ns
SBO, SB1 low-level width tsBL tkcys ns

Note 1: R and C are the load resistance and load capacitance of the

SBO and SB1 output lines.
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Serial Interface, SBI Mode; External SCK Input
Ta = —40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 33
Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkeoya 800 ns Vpp = 451060V
3200 ns
SCK high- and low-level width tkH4 tKL4 400 ns Vpp = 45t06.0V
1600 ns
SBO, SB1 setup time to SCK 1 tsiKe 100 ns Vpp = 45t0 6.0V
300 ns
SBO, SB1 hold time from SCK t tksia tkoya/2 ns
SBO, SB1 output delay time from SCK tkso4 0 300 ns Vpop = 45t06.0V;R = 1kQ C= 100 pF.
(Note 1)
0 1000 ns R = 1kQ C = 100 pF (Note 1)
. SBO, SB1 { from SCK tksB tkeva ns
SCK | from SBO, SB1 ¢ tsBK tkeys ns
SBO, SB1 high-level width tsBH tkcys ns
SBO, SB1 low-level width tsBL tkoya ns

Note 1: R and C are the load resistance and load capacitance of the
SBO and SB1 output lines.

Serial Interface, 2-Wire, 1/0 Mode; Internal SCK Output
Ta = —40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 34

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkeys 1600 ns Vpp = 451060V
3800 ns
SCK high-level width tkHs tycys /2 - 50 ns
SCK low-level width kL5 tkeys /2 - 50 ns
SBO, SB1 setup time to SCK t tsiks 300 ns
SBO, SB1 hold time from SCK t tysis 600 ns
SBO, SB1 output delay time from SCK { tks05 0 250 ns Vpp = 4510 6.0V
R= 1kQ C = 100 pF (Note 1)
0 1000 ns R = 1kQ C = 100 pF (Note 1)

Note 1: R and C are load resistance and load capacitance of the
SCKO, SBO, and SB1 output lines.
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Serial Interface, 2-Wire, 1/0 Mode; External SCK Input

Ta = —40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 34
Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkevs 1600 ns Vpp = 45t0 6.0V
3800 ns
SCK high-level width tkHe 650 ns
SCK low-level width tkLe 800 ns
SBO, SB1 setup time (to SCK t) tsike 100 ns
SBO, SB1 hold time (from SCK 1) tksie tkeoye/2 ns
SBO, SB1 output delay time from SCK tksoe 0 300 ns Vpp = 45t0 6.0V
R = 1kQ C = 100 pF (Note 1)
0 1000 ns R = 1kQ, C = 100 pF (Note 1)

Note 1: R and C are load resistance and load capacitance of the

SCKO, SBO, and SB1 output lines.

Figure 32. Serial Interface Timing;
3-Wire Serial I/O Mode

<

tkeyt,2 >
[ €e—tKL1,2—> r€—tKH1,2—>

s\

1SIK1,2 —1< > tgsi,2
sl { " Input Da
{_ Input Data
tkso1,2
L
S0 >§( Output Data

83CL-8376A
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Figure 33. Serial Interface Timing; SBI Mode

SBI Bus Release Signal Transfer Timing

tkCY3,4
tki34,_ | | tKH3.4

tksB tsBL tsBH tSBK

[/ 4
SBO,1 .

tks03,4

SBI Bus Command Signal Transfer Timing

tkeyaa
tki34 | | tkH34

= N\

tkss tspk tsikae

SBo,1 ' /

tKksI3,4—>

<
)
()

83CL-9378B

Figure 34. Serial Interface Timing;
2-Wire Serial I/O Mode

le——tkcys,e—*
|
tkise >— tys,g
N—
tksos,6 —tksis6
Y

'—4—' tsiKs,6

83CL-8377A
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Serial Interface, 12C Bus
Refer to figure 35

Parameter Symbol Min typ Max Unit Conditions
SCL input clock frequency fscL 0 100 kHz
Bus release time before start of transfer tBUF 47 Hs
Start condition hold time tHDSTA 4.0 Hs
SCL low-level time tLow 4.7 us
SCL high-level time tHIGH 4.0 - us
Start condition setup time tsusTA 4.7 ps
Data hold time tHDDAT 0 s SCL fall time: data retention
Data setup time ts UDAT 250 ns
SDA, SDAO, SDA1, SCL signal rise time R 1 us
SDA, SDAO, SDA1, SCL signal fall time tF 300 ns
Stop condition setup time tsusTo 4.7 us
Figure 35. Serial Interface Timing; I2C Bus Mode
Y\
SCL ,
tF—> <—| tSUSTA —>| [<—
<—> —>} <— tSUDAT <>—tHDSTA  SUSTO —>| [<—
tHIGH >¢ -

N
SDAO, SDA1 7

4
el

L\

83RD-94468
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Data Memory STOP Mode; Low-Voltage Data Retention

Ta = —40 to +85°C; refer to figure 36

Parameter Symbol Min Typ Max Unit Conditions
Data retention supply voltage VDDDR 20 6.0 \
Data retention power supply current IbpDR 0.1 10 LA Vpppr = 2.0 V; subsystem clock stop and
feedback resistor disconnected
Release signal set time tsREL 0 s
Oscillation stabilization wait time twam 218ty ms Release by RESET
(Note 1) ms Release by interrupt

Note: 213/fy, 215/fy, 216/fy, 217/fy or 218/f can be chosen by using
bits 0 to 2 of the oscillation stabilization time select (OSTS)

register.
Figure 36. Data Retention Timing
A. STOP mode is released by RESET input
Internal reset
operation
! HALT mode
|——$5————————— STOP mode >«
|«——— Data retention mode ————» < Lo ggg;atlon
%
Db T VDDDR
Execution of
STOP Instruction
—_ 4
RESET \ /
N/
t
< tgREL e VAT,
B. STOP mode is released by interrupt signal
HALT mode
.. | Operatl
< STOP mode > e
(«&—— Data retention mode ———»|
£
7
b T VDDDR
Execution of tSREL
STOP Instruction
Standby release signal ¢
(Interrupt request) /
tWAIT |
83RD-6466B
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NEC Electronics Inc.

pPD78014 Family
(uPD78011B/012B/013/014/P014)
8-Bit, K-Series Microcontrollers

General Purpose With A/D Converter

September 1993

Description

The uPD78011B, uPD78012B, uPD78013, uPD78014, and
uPD78P014 are members of the K-Series® of microcon-
trollers. These 8-bit, single-chip microcontrollers have
an A/D converter, two serial interface ports, 8-bit hard-
ware multiply and divide instructions, bit manipulation
instructions, four banks of main registers, an advanced
interrupt handling facility, and a powerful set of
memory-mapped on-chip peripherals.

On-board data memory includes 512 or 1024 bytes of
internal high-speed RAM plus 32 bytes of serial buffer
RAM. Program memory optionsinclude 8K, 16K, 24K, or
32K bytes of mask ROM, or 32K bytes of UV EPROM or
one-time programmable (OTP) ROM.

The uPD78014 family operates over a wide voltage
range: 2.7 to 6.0 volts. Timing is generated by two
built-in oscillators. A main oscillator normally drives
the CPU and most peripherals and at 10 MHz provides
a minimum instruction time of 0.4 usec. A subsystem
oscillator at 32.768 kHz provides time keeping, and
optionally a slow clock for the CPU. Since CMOS power
dissipation is directly proportional to clock rate, the
uPD78014 family provides a software variable CPU
clock. The HALT and STOP modes are two additional
power saving features that turn off parts of the micro-
controller to reduce power consumption. A data reten-
tion mode permits RAM contents to be saved downto 2
volts.

The range of peripherals, including an A/D converter,
timers, and two serial ports makes these devices ideal
for applications in portable battery-powered equip-
ment, office automation, comunications, consumer
electronics, home appliances, and fitness equipment.

Features

o Eight-channel 8-bit A/D converter
— Operates from 2.7 to 6.0 V

B Two-channel serial communication interface

— 8-bit clock-synchronous interface 0
Full-duplex, three-wire mode
NEC serial bus interface (SBl) mode
Half-duplex, two-wire mode

— 8-bit clock-synchronous interface 1
Full-duplex, three-wire mode with automatic

transmit/receive

Half-duplex, two-wire mode

K-Series is a registered trademark of NEC Electronics, Inc.

50605

a

Timers

— Watchdog timer

— 16-bit timer/event counter

— Two 8-bit timer/event counters usable as one
16-bit timer event/counter

— Clock (watch) timer (time of day tick from either
oscillator)

53 I/O lines

— Two CMOS input-only lines

— 47 CMOS /O lines

— Four n-channel, open-drain I/O lines at 15V
maximum

1/0 port pullup resistors

— Software controllable on 47 lines

— Mask option on four lines on ROM version
Program memory

— uPD78011B: 8K bytes ROM

— uPD78012B: 16K bytes ROM

— uPD78013: 24K bytes ROM

— uPD78014: 32K bytes ROM

— pPD78P014: 32K bytes EPROM/OTP

Internal high-speed data memory RAM
— uPD78011B/012B: 512 bytes
— uPD78013/014/P014: 1024 bytes

Specialized memory
— Serial buffer RAM: 32 bytes

External memory expansion
— 64K bytes total memory space

Powerful instruction set

— 8-bit unsigned multiply and divide

— 16-bit arithmetic and data transfer instructions
— 1-bit and 8-bit logic instructions

Minimum instruction times:

— 0.4/0.8/1.6/3.2/6.4 us program selectable using 10
MHz main system clock

— 122 ps selectable using 32.768-kHz subsystem
clock

Memory-mapped on-chip peripherals (special
function registers)

Programmable priority, vectored-interrupt
controller (two levels)

Buzzer and clock outputs
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Features (cont)

O Power saving and battery operation features
— Variable CPU clock rate
— HALT mode
— STOP mode
— 2-V data retention mode
— CMOS operation; Vpp from 2.7 to 6.0V

Ordering Information

Part Number ROM Package Package Drawing
HPD78011BCW-xxx 8K mask ROM 64-pin plastic shrink DIP P64C-70-750A, C
uPD78012BCW-xxx 16K mask ROM

HPD78013CW-xxx 24K mask ROM

pPD78014CW-xxx 32K mask ROM

pPD78P014CW 32K OTP ROM

nPD78011BGC-xxx-AB8 . 8K mask ROM 64-pin plastic QFP P64GC-80-AB8-2
©PD78012BGC-xxx-AB8 16K mask ROM

pPD78013GC-xxx-AB8 24K mask ROM

HPD78014GC-xxx-AB8 32K mask ROM

uPD78P014GC-AB8 32K OTP ROM

pPD78P014DW 32K UV EPROM 64-pin ceramic shrink DIP w/window P64DW-70-750A

xxx indicates ROM code suffix
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Pin Configurations

64-Pin Plastic or Ceramic Shrink DIP

P2y/st1
P2¢/SO1 [
P2,/5CK1 ]
P2y/STB [
P24/BUSY [}
P25/S10/SBO [}
P25/SO0/SB1 []
P27/SCKO L]
P3q/TOO [}
P34/TO1 [
P3T02 O
P3yTH []
PayTi2 O
P35/PCL [
P3g/BUZ [}
P37 O
vss O
P4g/ADg [}
P44/AD¢ ]
Pa,/AD, [
P43/ADg [}
Pa4/ADg 5
P45/AD5
Pag/ADg [}
Pa7/ADy [}
P5p/Ag O
P5¢/Ag O}
P55/A10 [
PSg/A11 O
P54/A12 O
P55/A13 O

1 ~ 64
2 63
3 62
4 61
5 60
6 59
7 58
8 57
9 56
10 55
1 54
12 53
13 52
14 51
15 50
16 49
17 48
18 47
19 48
20 45
21 44
22 43
23 42
24 41
25 40
26 39
27 38
28 37
29 36
30 35
31 34
32 33

Vss

[ AVREF
AVpp

g P17/ANI7

] P1g/ANIB

[ P15/ANIS

[ P14/ANI4

] P13/ANIS

[ P1p/ANI2

[ P14/ANI

[ P1g/ANIO

[1 Avss

[ PO4/XT1

] xT2

|1 1IC(Vpp)

[ X1

[ x2

3 VoD

[J POg/INTP3

1 POL/INTP2

] PO4/INTP1

1 POY/INTPO/TIO

[ RESET

) P67/ASTB

[] Peg/WAIT

] Pes/WR

] Pey/RD

1 P63

] P62

] P84

1 Peo

[ P57/A15

] P5g/A14

Note:

Connect IC (Internally connected) pin (V pp on uPD78P014) to Vgs.

83RD-9330A
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Pin Configurations (cont)

64-Pin Plastic QFP

Notes:

Connect IC (Intemally connected) pin (V pp on uPD78P014) to Vgs.

Eg
@%%“gﬁg—u EEEEE
2 22 §8%

CReIERiREsIi

AnOaaOonOoanoaonnoannir

64 63 62 61 80 59 58 57 56 55 54 53 52 51 50 49
P3yTO0 L} 1 O 48 [J P14/ANI
P34/TO1 g2 47 3 Pio/ANlo
P3TO2 [} 3 46 [0 Avgg
P33T O} 4 45 |1 PO4/XT1
P3ym2 5 44 [ xT2
P3g/PCL s 43 [J IC(Vpp)
P3g/BUZ [ 7 a2 [3x1

P37 8 41X
vss o 40 O Vpp

Pag/ADg [] 10 39 [ PO/INTP3
P44/AD4 [] 11 38 [J POo/INTP2
P4o/AD, [] 12 37 [0 POY/INTP1
Pag/AD3 [] 13 38 [ POQ/INTPO/TIO
Pag/AD4 [] 14 35 [1 RESET
P4g/ADs [] 15 34 [0 Pez/ASTB
Pag/ADg [] 16 33 [1 Peg/WAIT

17 18 19 20 21 22 23 24 25 28 27 28 29 30 31 32

A

SRERRERHTTG

f [ o 5 g

83RD-83408
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Pin Functions; Normal Operating Mode

Symbol First Function Symbol Alternate Function
POg Port 0; 5-bit, bit selectable |/O port INTPO External maskable interrupt
(Bits 0 and 4 are input only) Tlo External count clock input to timer 0

P04 INTP1 External maskable interrupt

PO, INTP2

P03 INTP3

P04 XT1 Crystal oscillator or external clock input for
subsystem clock

P1p- P17 Port 1; 8-bit, bit-selectable I/O port ANIO-ANI7 Analog input to A/D converter

P2y Port 2; 8-bit, bit-selectable I/O port Si Serial data input three-wire serial /O mode

P24 SO1 Serial data output three-wire serial /O mode

P2, SCK1 Serial clock 1/O for serial interface 1

P23 STB Serial interface automatic transmit/receive
strobe output

P2, BUSY Serial interface automatic transmit/receive busy
input |

P25 Slo Serial data input three-wire serial I/O mode

SBo 2/3-wire serial I/O mode
P2g S{eld] Serial data output three-wire serial I/O mode
SB1 2/3-wire serial I/O mode

P27 SCKO Serial clock l/O for serial interface 0

P3g Port 3; 8-bit, bit-selectable I/O port TOO Timer output from timer 0

P34 TO1 Timer output from timer 1

P3s TO2 Timer output from timer 2

P33 ™ External count clock input to timer 1

P34 TI2 External count clock input to timer 2

P35 PCL Programmable clock output

P3g BUZ Programmable buzzer output

P3; —

P4g - P47 Port 4; 8-bit I/O port ADg - AD;7 Low-order 8-bit multiplexed address/data bus
for external memory

P5q - P57 Port 5; 8-bit, bit selectable I/O port Ag - A1s High-order 8-bit address bus for external
memory

P6o-P63 Port 6; 8-bit, bit selectable (P6g to P63 n- —_

channel open-drain I/O with mask option pullup ==

P64 resistors; P64-P67 l/O). See note. E External memory read strobe

P65 WR External memory write strobe

Pég WAIT External memory wait signal input

Pé7 ASTB Address strobe used to latch address for

external memory
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Pin Functions; Normal Operating Mode (cont)

Symbol First Function Symbol " Alternate Function

RESET External system reset input

X1 Crystal/ceramic reaonator connection or
external clock input for main system clock

X2 Crystal/ceramic resonator connection or
inverse of external clock for main system clock

XT2 Crystal oscillator or left open when using
external clock for subsystem clock

AVREF A/D converter reference voltage

AVpp A/D converter power supply input

AVgg A/D converter ground

Vop Power-supply input

Vpp uPD78P014 PROM programming power-supply
input

Vss Power-supply ground

IC Internal connection

Note: See table 2 and figure 4 for details
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Block Diagram

TowP3g <—| 16t Timer F
TIOINTPO/POg ——>| Event Counter 0

TO1/P31 <—{  8-bit Timer/
Ti1/P33 —>| Event Counter 1

TO2/P33 <—{  8-bit Timer/
Ti2/P34 —>| Event Counter 2

7

Program Counter P1g-P17
Fro%s

G | Reg.
nte =]
nal Decode
Watchdog Timer Program Memo! :'1> Internal
nowpnom;y and Data Memory <::>
( Control
Note 1 (RAM Memory) )| pota K> PagP3;
e

Clock Timer 3

il i
{8

SI0/SBO/P25 <—>
SO0/SB1/P2g <—>| Serlal Interface 0
SCK0/P27 <—>]

S I R R VY

AU S| Psw sP
SH/P2g —>|
SO1/P2y <—]
SCK1/P25 <«—>| Serial Interface 1
STB/P23 <«—]
BUSY/P24 —> Buzzer | Prog Clock | Clock Generator Standby ADg/P4q-
Output | Clock Output | Divider | g | Main | Control AD7/P47
ANIOIP10-:> Ag/PSo-
ANI7/P17 l l T I T Extemal A515/P57
AVDD —>| ap converter K> Ko oo | <> e
Avgg —> BUZ/P3g  PCUP35 PO4/XT1 XT2 X1 X2 Wr/P6s
AVREfF —> <—> W/PSG
F s
INTPO/POg- Interrupt <:> SEaET
RESET Vpp V ic
INTP3/PO3 Controller S >TSS (Vep)
L L

Note 2

Notes:
(1) The intemal ROM and RAM size dependent on the device.
(2) Pin name in parentheses for the uPD78P014 only.

83RD-9341B
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FUNCTIONAL DESCRIPTION
Central Processing Unit

The central processing unit (CPU) of the uPD78014
family features 8- and 16-bit arithmetic including an 8 x
8-bit unsigned multiply and 16 x 8-bit unsigned divide
(producing a 16-bit quotient and an 8-bit remainder).
The multiply executes in 3.2 us and the divide in 5 us
using the fastest clock cycle with a main system clock
of 10 MHz.

A CALLT vector table and a CALLF area decrease the
number of bytes in the call instructions for commonly
used subroutines. A 1-byte call instruction can access
up to 32 subroutines through their addresses con-
tained in the CALLT vector table (40H to 7FH). A 2-byte
call instruction can access any routine beginningin a
specific CALLF area (0800H to OFF FH).

Figure 1. Internal System Clock Generator

Internal System Clock Generator

The internal system clocks of the uPD78014 family are
derived from either the main system or the subsystem
oscillator. See figure 1. The clocks for the clock timer
and programmabile clock output are derived from either
the subsystem clock (fxT) or the main system clock. The
clocks for all other peripheral hardware are derived
from the main system clock.

The CPU clock (¢) can be supplied from either the main
system clock (fx) or the subsystem clock (fxt). Using
the processor clock control register (PCC), a CPU clock
frequency equal to fx, fx/2, fx/4, fx/8, fx/16 or the sub-
system clock fxt can be selected. The CPU clock
selected should be based on the power supply voltage
available and the desired power consumption. On
power up, the CPU clock defaults to the lowest speed
from the main system clock and can be changed while
the microcontroller is running.

From
PCcC
XT1/P0g —>| sug‘scystem fer ok 3
XT2 — Osdl::or Programmable Clock Output Function
X1 —>| Malin System 1,
Clock “4> P % Clocks to Peripheral
X2 — Osclilator Hardware
S| B &
2 | 22| 23| 2 5
> Standby Watt
> Control +>| Control [—> CPU Clock
| e Clrcult l Circult
INTPO
Sampling Clock
To Subsystem
Clock Oscillator
| T \
STOP Procassor Clock Control Register
(PCC)
S nfemalBus 9
83RD-93428
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Since the shortest instruction takes four CPU clocks to
execute, the fastest minimum instruction execution
time (tcy) of 0.4 us is achieved when using a main
system clock at 10 MHz (Vpp equals 4.5 to 6.0 V).
However, if the clock timer must generate an interrupt
every 0.5 or 0.25 seconds, tcy is 0.48 us at 8.38 MHz.
The fastest minimum instruction execution time avail-
able across the full voltage range of 2.7 to 6.0 V is 0.96
us when using amain system clock of 8.38 MHz. For the
lowest power consumption, the CPU can be operated
from the subsystem clock and the minimum instruction
execution time is 122 us at 32.768 kHz.

Memory Space

The pPD78014 family has a 64K-byte address space.
Some of this address space (0000H-FFFFH) can be
used as both program and data memory as shown in
figure 2.

Figure 2. Memory Map
H H
L 0000 Internal 0000 Interrupt Vector
Program Address Table Area
Momo 003FH
1- Relative (ROMIPR%M) 0040H
CALLT Table Area
Addressing & 4 007FH
1 1 0080H
2 - Immediate R Program Area ~A
Addressing O7FFH Program
0800H Memory
3 Table Indirect CALLE =nty Space
Addressing b A
Note 1 oFFFHT T
4 - Reglster External 1000 program Area
Addressing NN Memory NN J, Froos N
Note 1T T
1= Direct Addressing FA7FH
FA80H
2~ Register Indirect A80 Use
A Prohibited
ddressing FABFH
- FACOH
3-Based Addressing co Buffer
4 - Based Indexed FADFH RAM
Addressing FAEOH
Use
Prohiblted
Note 2 saddr Addressing
tnternal FE20H 4
High-Speed
R RAM R General RAM
FEDFH Short Direct
1 FEDFH| _ |
Register FEEOH General | FEEOH General Registo ?z?sr%s;:g
neral Reglsters
Addressing FerEn | Pegisters | FEFFH| oo e
A FFOOH FFOOH 32 Bytes of
Addressing Raglster
(SFR)
FFFFH
Notes:
(1) 1FFFH on uPD78011
3FFFH on nPD78012
SFFFH on pPD78013
7FFFH on 1PD78014/P014
(2) FCFFH on uPD78011/012
FAFFH on uPD78013/014/P014 83RD-93438
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Internal Program Memory

All devices in the uPD78014 family have internal pro-
gram memory. The uPD78011B/012B/013/014 contain
8K, 16K, 24K, and 32K bytes of internal ROM, respec-
tively. The uPD78P014 contains 32K bytes of UV EPROM
or one time programmable ROM. To allow the
uPD78P014 to emulate the mask ROM devices, the
amount of internal program memory available in the
uPD78P014 can be selected using the memory size
switching register (IMS).

Internal RAM

The pPD78011B/012B have 544 bytes and the
uPD78013/014/P014 have 1056 bytes of Internal RAM.
This Internal RAM consists of two types: high-speed
Internal RAM and buffer RAM.

The pPD78011B/012B contain 512 bytes (FDOOH to
FEFFH) while the puPD78013/014/P014 contain 1024
bytes (FBOOH to FEFFH) of high-speed Internal RAM.
The high-speed Internal RAM contains the general
register banks and the stack. The remainder of the
high-speed Internal RAM and any unused register bank
locations are available for general storage.

All devices also contain 32 bytes of buffer RAM (FACOH
to FADFH). The buffer RAM is accessed at the same
speed as external memory and is used as the buffer
areafor the automatic transfer mode of serial interface
1 or for general storage.

To allow the yPD78P014 to emulate the mask ROM
devices, the amount of high-speed Internal RAM avail-
able in the uPD78P014 can also be selected using the
IMS.

External Memory

The uPD78014 family can access 0, 256, 4K, 16K or all
available bytes of external memory. The uPD78014
family has an 8-bit wide external data bus and a 16-bit
wide external address bus. The low-order 8 bits of the
address bus are multiplexed to provide the 8-bit data
bus and are supplied by port 4. The high-order address
bits of the 16-bit address bus are taken from port 5 as
required. The address latch, read, and write strobes,
and the external WAIT signal are supplied by port 6.

The memory expansion mode register (MM) controls
the size of external memory. It can be programmed to
use 0, 4, 6, or 8 bits from port 5 for the high-order
address. Any remaining port 5 bits can be used for I/O.
The MM register also can be used to specify one

10

additional wait state or the use of the external WAIT
signal for low-speed external memory or external pe-
ripheral devices.

When only internal ROM and RAM are used and no
external memory is required, ports 4, 5 and 6 are
available as general purpose I/O ports.

CPU Control Registers

Program Counter. The program counter is a 16-bit
binary counter register that holds the address of the
next instruction to be executed. During reset, the
program counter is loaded with the address stored in
locations 0000H and 0001H.

Stack Pointer. The stack pointer is a 16-bit register
that holds the address of the last item pushed onto the
stack. It is decremented before new data is pushed
onto the stack and incremented after data is popped
off the stack.

Program Status Word. The program status word
(PSW) is an 8-bit register that contains flags that are
set or reset depending on the results of an instruction.
This register can be written to or read from 8 bits at a
time. The individual flags can also be manipulated ona
bit-by-bit basis. The assignment of PSW bits follows.

7 0
| E | z [mest] ac [meso| o | P [ ov |
CcY Carry flag

ISP In-service (interrupt) priority flag
RBSO, RBS1  Register bank selection flags

AC Auxiliary carry flag

p4 Zero flag

IE Interrupt request enable flag

General Registers

The general-purpose registers (figure 3) consist of four
banks of registers located at addresses FEEOH to
FEFFH in Internal RAM. Each bank consists of eight
8-bit general registers that can also be used in pairs to
function as four 16-bit registers. Two bits in the PSW
(RBS0 and RBS1) specify which of the register banks is
active at any time and are set under program control.

Registers have both functional names (like A, X, B, C, D,
E, H or L for 8-bit registers and AX, BC, DE and HL for
16-bit registers) and absolute names (like R1, RO, R3,
R2, R5, R4, R7 or R6 for 8-bit registers and RPO, RP1,
RP2 or RP3 for 16-bit registers). Either the functional or
absolute register names can be used in instructions
that use the operand identifiers r and rp.
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Figure 3. General Registers
FEEOH [Register
Bank
3 For 8-Blit For 16-Bit
2 Processing Processing
; s T 7 7 7 FersH[@mnA | (Rox |FEFEH ~ T T T T T (RPO) AX | FEF8H
(R3)B | (R C (RP1)BC | FEFAH
FEFFH| 0 R5)D | (RA)E (RP2) DE | FEFCH
N reren|GDH PO pgpew (RP3) HL | FEFEH
() =Absolute Name
83YL-96938
Addressing the instruction as an address (offset) into the 256-byte

The program memory addressing (ROM) modes pro-
vided are relative, immediate, table indirect and regis-
ter addressing. The operand addressing modes pro-
vided are relative, immediate, table indirect and
register addressing. The operand addressing modes
provided are implied, register, direct, short direct
(saddr), special function (SFR), register indirect,
based, based indexed, and stack addressing.

The ‘SFR addressing’ and ‘saddr addressing’ modes
use direct addressing, and require only 1 byte in the
instruction to address RAM. Normally, a 65K byte ad-
dress space requires 2 bytes to address it. One-byte
addressing results in faster access times, since the
instructions are shorter. SFR addressing addresses the
entire 256-byte SFR address space from FFOOH to
FFFFH. Saddr addressing (see figure 2) addresses the
256-byte address space FE20H to FF1FH. FE20H to
FEFFH are composed of 224 bytes of internal high
speed RAM; FFOOH to FF1FH contain the first 32 bytes
in the special function register area.

One-byte addressing is accomplished by using the first
byte of the instruction for the opcode (and one oper-
and if register A or AX is used) and the second byte of

area. If register A or AX is used, the instructions are 2
bytes long, thereby providing fast access times. If
immediate data is used, the instruction will be 3 or 4
bytes long depending upon whether the immediate
data is a byte or a word. Many 16-bit SFRs are in the
space FFOOH to FF1FH. Using AX as an operand to
these SFRs will provide fast access, since the instruc-
tions will be only 2 bytes long.

Special Function Registers

The input/output ports, timers, capture and compare
registers, and mode and control registers for both the
peripherals and CPU are collectively known as special
function registers. They are all memory-mapped be-
tween FFOOH and FFFFH and can be accessed either
by main memory addressing or by SFR addressing.
FFOOH to FF1H can also be accessed using saddr
addressing. They are either 8 or 16 bits as required, and
many of the 8-bit registers are bit addressable.

Locations FFDOH through FFDFH are known as the
external SFR area. Registers in external circuitry inter-
faced and mapped to these addresses can only be
addressed by main memory addressing. Table 1 lists
the special function registers.

Table 1. Special Function Registers
Access Units (Bits)
Address Register (SFR) Symbol R/W 1 8 16 State After Reset
FFOOH Port 0 PO RW b3 X — 00H
FFO1H Port 1 P1 RW X X — 00H
FFO2H Port 2 P2 RW X X — 00H
FFO3H Port 3 P3 RW X X — 00H
FFO4H Port 4 P4 RW b3 X — Undefined
FFOSH Port 5 P5 RW X X —_ Undefined
FFO6H Port 6 P& RW X X — Undefined

11
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Table 1. Special Function Registers (cont)

Access Units (Bits)

Address Register (SFR) Symbol R/W 1 8 16 State After Reset
FF10H-FF11H Compare register 00 CRo0O RW — - x Undefined
FF12H-FF13H Compare register 01 CRoO1 — — X Undefined
FF14H-FF15H 16-bit timer register T™MO0 —_ — X 00H
FF16H Compare register 10 CR10 RW —_— X — Undefined
FF17H Compare register 20 CR20 RW - X _ Undefined
FF18H 8-bit timer register 1 TM1 R x x - 00H
FF19H 8-bit timer register 2 T™2 R X X — 00H
FF18H-FF19H 16-bit timer register 1 T™S R - —_ X 0000H
FF1AH Serial I/O shift register 0 Sloo RW — X —_ Undefined
FF1BH Serial /O shift register 1 SIo1 RW — X — Undefined
FF1FH A/D conversion result register ADCR R _— X — Undefined
FF20H Port mode register 0 PMO RW X X — 1FH
FF21H Port mode register 1 PM1 RW X X —_ FFH
FF22H Port mode register 2 PM2 RW X X — FFH
FF23H Port mode register 3 PM3 RW X X — FFH
FF25H Port mode register 5 PM5 RW X X — FFH
FF26H Port mode register 6 PMe RW X X - FFH
FF40H Timer clock select register 0 TCLO RW x X - O00H
FF41H Timer clock select register 1 TCL1 RW — X —_ O00H
FF42H Timer clock select register 2 TCL2 RW — X — 00H
FF43H Timer clock select register 3 TCL3 RW — X — 88H
FF47H Sampling clock select register SCS RW — X — 00H
FF48H 16-bit timer mode control register TMCO RW X X - 00H
FF49H 8-bit timer mode control register TMCH RW X X —_ 00H
FF4AH Watch (clock) timer mode control register TMC2 RW X X —_ O00H
FF4EH 16-bit timer output control register TOCO0 RW X X — O00H
FF4FH 8-bit timer output control register TOC1 RW X X — 00H
FF60H Serial operating mode register 0 CsIMo RW X X -—_ 00H
FF61H Serial bus interface control register SBIC RW X X —_ 00H
FF62H Slave address register SVA RW — X — Undefined
FF63H Interrupt timing specify register SINT RW X X —_ 00H
FF68H Serial operation mode register 1 CsiMt RW X — 0oH
FF69H Automatic data transmit/receive control register ADTC RW X X - O00H
FF6AH Automatic data transmit/receive address pointer ADTP RW — X — 00H
register
FF80H A/D converter mode register ADM RW x X —_ (al]
FF84H A/D converter input select register ADIS RW — X — O0H
FFDOH-FFDFH External SFR access area(Note 1) — RW X X — Undefined
FFEOH Interrupt flag register L IFOL RW X b3 —_ 00H
FFE1H Interrupt flag register H IFOH RW X X —_— 00H

12



NEC puPD78014 Family

Table 1. Special Function Registers (cont)

Access Units (Bits)

Address Register (SFR) Symbol R/W 1 8 16 State After Reset
FFEOH-FFE1H Interrupt flag register IFO RW _ - X 0000H
FFE4H Interrupt mask flag register L MKoL RW X X - FFH
FFESH Interrupt mask flag register H MKOH . RW X X — FFH
FFE4H-FFESH Interrrupt mask flag register MKO RW — — X FFFFH
FFE8SH Priority order specify flag register L PROL RW X X - FFH
FFESH Priority order specify flag register H PROH RW X X — FFH
FFE8H-FFESH Priority order specify flag register PRO RW — - X FFFFH
FFECH External interrupt mode register INTMO RW — X —_ 00H
FFFOH Memory size switch register (Note 2) IMS w - X —_ C8H
FFFéH Key return mode register KRM RW X X — 02H
FFF7H Pullup resistor option register PUO RW X X _ 00H
FFF8H Memory expanded mode register MM RW X X — 10H
FFFOH Watchdog timer mode register WDTM RW X X - 00H
FFFAH Oscillation stabilization time select register OSsTS RW - X - 04H
FFFBH Processor clock control register PCC RW X X —_ 04H
Notes:

(1) The external access area cannot be accessed using SFR address-
ing. It can only be accessed using main memory addressing.

(2) uPD78P014 only.

13
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Input/Output Ports

The uPD78014 family has up to 53 port lines. Table 2
lists the features of each port and figure 4 shows the

structure of each port pin.

Table 2. Digital Port Functions

Port Operational Features

Configuration

Direct Drive Capability

Software Pullup Resistor Connection
(Note 1)

Port 0 (Note 2) 5-bit input or output

Bit selectable

Byte selectable, input bits only

Port 1 8-bit input or output Bit selectable Byte selectable, input bits only
Port 2 ' 8-bit input or output Bit selectable Byte selectable, input bits only
Port 3 8-bit input or output Bit selectable Byte selectable, input bits only
Port 4 8-bit input or output Byte selectable Byte selectable, input bits only
Port 5 8-bit input or output Bit selectable LED Byte selectable, input bits only
Port 6 8-bit input or output Bit selectable 15V max (P6q - P63) Byte selectable, input bits only

(P6q - P63 n-channel)

P6 - P63 - mask option only (Note 3)
P84 - P67 - software

Notes:
(1

Software pullup resistors can be internally connected (only on a

port-by-port basis) to port bits set to input mode. Pullup resis-
tors are not connected to port bits set to output mode.

@

resistor.

(3) All devices except uPD78P014

14

POy and PO, are input only and do not have a software pullup
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Figure 4. Pin Input/Output Circuits
Type 1 (P0g) Type 8-A (P04 - P03, P2g, P23, P24, P33- P34)
Vop Vop
—]> pen
IN o pullup enable De I P-ch
< Nch
e 1O
— IN/OUT
Type 2 (P0q, RESET)
output disable
IN o %
4@
Schmitt trigger Input with hysteresis characteristics
Type 5-A (P24, P23, P3¢- P35, P3g-P37,P5¢-P57, P64-P67) Type 9-B (P15 -P17)
Vob Vbb
pullup enable l P-ch pullup enable ————DO———‘H P-ch
Vop
data —————4 data P-ch
—o0 IN/OUT
INOUT
output ! >°—| output disable
Comparator
p
f -
!
Input enable x N-ch
Type 5-B (P4q-Pd7) VREF (Threshold Voltage)
Input enable
pullup enable >o | Pen
VoD
- 1D
INOUT
N-ch
output disable A
—— |
83YL-9344B (1)
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Figure 4. Pin Input/Output Circuits (cont)

Type 10-A (P25- P27)

Type 13-B (P6g- P83: 1.PD7801x)

Vob
pullup enable —————DO—l P-ch
Vop

data "—‘:D—l Pch

INOUT
open drain
output disable N-ch
Typa 13 (P6g- P63: 1PD78PO14)

—o INOUT

data
ouptasn ] e

Middle-High Voltage input Buffer

Voo
—-
hY
[Mask Option] ;
——o INOUT
data
output disable :D°_| N-ch
Vob

—<

Middle-High Voitage Input Buffer

83YL-9344B (2)
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Analog-to-Digital (A/D) Converter

The uPD78014 family A/D converter (see figure 5) uses
the successive-approximation method for converting
one of eight multiplexed analog inputs into 8-bit digital
data. The conversion time per input is 19.1 us at 8.38
MHz operation.

The A/D converter input select register (ADIS) selects
the number of inputs that are used in A/D conversion.
The remaining inputs are used as ports. The A/D input
to be converted is selected by programming the A/D

converter mode register (ADM). A/D conversion is
started by external interrupt INTP3, or by writing to
ADM. When the conversion is completed, the results are
stored in the A/D conversion result register (ADCR) and
an INTAD interrupt is generated.

If the A/D converter was started by an external inter-
rupt, the A/D converter stops after the interrupt is
generated. If the A/D converter was started by soft-
ware, the A/D converter repeats the conversion until
new data is written to the ADM register.

Figure 5. A/D Converter
Internal Bus (
A/D Converter Input
Select Register (ADIS)
ADM
¢ { From Resistor String
ANIO/P1g —> I !
ANI/P1y —> Sample and ! ' II
ANIZ/P1, —>] nout "_""L" E"&“‘El : : AVer
ANIYP13 —>] Input —\| s oot Lo o | ] | % |
Selector o
AP >y ] @ | L Voltage ! I | |
ANIS/P1g —> | | Comparator | | | :
| | Tap |
ANIg/P1g —> L Jl | Selector | ! |
ANI7/P1; —> - | | ! I
(note 1) (note 2) Successive Approximation | | | |
Register (SAR) | | H |
I | % :
—| |——l | AV,
| | | 8s
INTPI/PO3 —>| Fag'e"tgggrge Conversion Trigger Control | _ I | :
Circuit el
t————> INTAD
——l————————> INTP3
Trigger Enable
To Input Selector (2) 8
N
A/D Converter Mode A/D Conversion Result
Reglster (ADM) Register (ADCR)
8
| Bus (
Notes:
(1) Selects number of port 1 inputs to be used for A/D conversion.
(2) Selects the channel for A/D conversion.
£3YL-93468
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Serial Interfaces

The uPD78014 family has two independent serial inter-
faces: serial interface 0 and serial interface 1.

Serial Interface 0. Serial interface 0 is an 8-bit clock
synchronous serial interface (figure 6). It can be oper-
ated in either a three-wire serial I/O mode, NEC serial
bus interface (SBI) mode, or two-wire serial I/O mode.
The serial clock can be provided from one of eight
internal clocks, the output of 8-bit timer register 2, or
the external clock line SCKO.

In the three-wire serial I/O mode, the 8-bit shift register
(S100) is loaded with a byte of data and eight clock
pulses are generated. The falling edge of these eight
pulses shifts the byte of data out of the SO0 line (either
MSB or LSB first) while the rising edge of these pulses
shifts the data in from the SI0 line providing full-duplex
operation. The INTCSIO interrupt is generated after
each 8-bit transfer.

Figure 6. Serial Interface 0
3 Bus (
Serlal Operation Mode Slave Address Serial Bus Interface
Register 0 (CSIMO) Register (SVA) Control Register (SBIC)
T > Match

Control Circult
Shy ﬁ\ —-]J
P2g v Selector =

B Seralvoshit | _JStR SET

P Register 0 (SIO0) A

N From P25
soor }\ Output Latch ::j‘j:!:j ]t“‘l: f‘
SBY/
P2g vl

L Sel Busoylekrgwledge
utput Circuit
~N G:’
| BusRelease/
From P2g Command/ |
Output Latch “'g‘e':;'c't';‘:g"
>
R Interrupt Signal
SCKo/ © # Serlal Counter > INTCSI0
P2,
Y TO2
a ! o
Serlal Clock Sl ol Nineo.
>  Control Circult < <::| fx/2"(n=2-9)
: —
CSImo — — CSIMO
Port 2, Bit 7 Interrupt Timing Timer Clock Select
Output Latch Specify Register (SINT) Register 3 (TCL3)

g 4

| Bus

83YL-93468
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The NEC SBI mode is atwo-wire high-speed proprietary
serial interface available on most devices in the NEC
uPD75xxx and uPD78xxx product lines. Devices are
connected in a master/slave configuration (see figure
7). There is only one master device at a time; all others
are slaves. The master sends addresses, commands,
and data over one of the serial bus lines (SBO or SB1)
using a fixed hardware protocol synchronized with the
SCKO line . Each slave device of the uPD78014 family
can be programmed to respond in hardware to any one
of 256 addresses set in its slave address register (SVA).
There are also 256 commands and 256 data types.
Since all commands are user definable, many software
protocols, simple or complex, can be defined. It is even
possible to develop commands to change a slave into a
master and the previous master into a slave.

Figure 7. SBI Mode Master/Slave Configuration

Voo
Master CPU ;

(SB1), SBO

Slave CPU

SBO, (SB1)
Address 1

SCK SCK

Slave CPU

$BO, (SB1)
Address 2

§CK

e

Slave IC

SBO, (SB1)
Address N

83YL-9347A (9/83)

The two-wire serial I/O mode provides half-duplex op-
eration using either the SBO or SB1 line and the SCKO0
line. Communication format and handshaking can be
handled in software by controlling the output levels of
the data and clock lines between transfers. For data
transmission, the 8-bit shift register (SIO0) is loaded
with a byte of data and eight clock pulses are gener-
ated. The falling edge of these eight pulses shifts the
byte of data out of either the SBO or SB1 line (MSB first).
In addition, this byte of data is also shifted back into
SI00 on therising edge of these pulses providing a way
of verifying that the transmission was correct.

For data reception, the SIO0 register is preloaded with
the value FFH. As this data value is shifted out on the

falling edge of the serial clock, it disables the n-channel
open-drain driver. This allows the receive data to be
driven on to the serial line and shifted into the SIO0
register on the rising edge of the serial clock. The
INTCSIO0 interrupt is generated after each 8-bit transfer.

Serial Interface 1. Serial interface 1 is also an 8-bit
clock synchronous serial interface (figure 8). It can be
operated in either a three-wire serial /O mode, or
three-wire serial /O mode with automatic transmit/
receive. The serial clock can also be provided from one
of eight internal clocks (common clock for both inter-
faces), the output of 8-bit timer register 2, or the
external clock line SCK1.

In the three-wire serial /O mode, the 8-bit shift register
(SIO1) is loaded with a byte of data and eight clock
pulses are generated. The falling edge of these eight
pulses shifts the byte of data out of the SO1 line (either
MSB or LSB first) while the rising edge of these pulses
shifts the data in from the Sl1 line providing full-duplex
operation. The INTCSI1 interrupt is generated after
each 8-bit transfer.

In the three-wire serial I/O mode with automatic
transmit/receive, up to 32 bytes of data can be trans-
ferred with minimal CPU overhead. The data to be
transmitted and received is stored in the buffer RAM.
Handshaking using either the BUSY input line, the
strobe (STB) output line, or both, can be selected by
the program. Error detection of bit drift due to noise is
available for each byte transferred when using the
BUSY input line. This automatic transmit/receive mode
is ideally suited for transferring data to/from external
peripheral devices such as onscreen display (OSD) and
LCD controller/driver devices.

While in three-wire serial interface mode with auto-
matic data transfer, the interface can be operated as
either a full-duplex interface or a transmit-only inter-
face in single or repetitive operation mode. In the full-
duplex mode, a byte of datais transferred from the first
location in the buffer RAM and shifted out of the SO1
line (either MSB or LSB first) while the received data is
shifted into the SI1 Iine and stored back in the first
buffer location. After the preset number of bytes has
been transferred, the INTCSI1 interrupt is generated.

In single-operation transmit mode, the preset number
of bytes from the buffer RAM are transmitted out of the
SO1 line (either MSB or LSB first) and the INTCSI1
interrupt is generated after all bytes are transferred. In
the repetitive operation transmit mode, data in the
buffer is transmitted repeatedly.
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Figure 8. Serial Interface 1
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Timers

The uPD78014 family has one 16-bit timer/event
counter, two 8-bit timer/event counters that can be
combined for use as a 16-bit timer/event counter, a
clock timer, and a watchdog timer. All of these can be
programmed to count a number of prescaled values of
the main system clock. In addition, the clock timer can
also count the subsystem clock. All of the timer/event
counters can count external events.

16-Bit Timer/Event Counter 0. Timer/event counter
0 (figure 9) consists of a 16-bit counter (TMO0), a 16-bit
compare register (CR00), a 16-bit capture register
(CRO1), and a timer output (TOO0). Timer 0 can be used
as an interval timer, to count external events on the
timer input (TI0) pin, to output a programmable square
wave, a 14-bit pulse width modulated output, or to
measure pulse widths.

Figure 9. 16-Bit Timer/Event Counter 0
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8-Bit Timer/Event Counters 1 and 2. Timer/event
counters 1 and 2 (figure 10) each consist of an 8-bit
timer (TM1 or TM2), an 8-bit compare register (CR10 or
CR20), and timer output control logic (TO1 or TO2). The
timers are controlled by registers TCL1, TMC1, and
TOCH via five selectors. Timer/event counters 1 and 2
can each be used as an 8-bit interval timer, to count
external events onthe timer input pins (Tl1 or TI2), orto
output a programmable square wave. In addition, tim-
ers 1 and 2 also can be combined as a 16-bit timer/
event counter and used as a 16-bit interval timer, to
count external events on Tl1, or to output a program-
mable square wave on TO2.

Figure 10. 8-Bit Timer/Event Counters 1 and 2
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Clock Timer 3. Clocktimer 3 (figure 11) is a 5-bittimer
that can be used as a time source to keep track of time
of day, to release the STOP or HALT modes at regular
intervals, or to initiate any other task that must be
performed at regular intervals. When driven by the
subsystem clock, the clock timer continues to operate
in the STOP mode.

The clock timer can function as both an interval timer
and a clock timer simultaneously. When used as a clock
timer, interrupt request INTWT (not a vectored inter-
rupts) can be generated using the main system or
subsystem clock every 0.5 or 0.25 seconds.When used
as an interval timer, vectored interrupt request INTTM3
is generated at preselected time intervals. With amain
system clock of 8.38 MHz or a subsystem clock of
32.768 kHz, the following time intervals can be se-
lected: 489 us, 978 us, 1.96 ms, 3.91 ms, 7.82 ms or 15.6
ms.

Watchdog Timer. The watchdog timer (figure 12) can
be used as either awatchdog timer or an interval timer.
When used as a watchdog timer, it protects against
inadvertent program run-away. It can be selected to
generate a nonmaskable interrupt (INTWDT), which
vectors to address 0004H, or to generate an internal
reset signal, which vectors to the restart address 0000H
if the timer is not cleared by the program before it
overflows. Eight program-selectable intervals based
on the main system clock are available. With a main
system clock of 8.38 MHz, the program selectable
intervals are 0.489, 0.978, 1.96, 3.91, 7.82, 15.6, 31.3, and
125 ms. Once the watchdog timer is initialized and
started, the timer's mode cannot be changed and the
timer can only be stopped by an external reset.

When used as an interval timer, maskable interrupts
(INTWDT), which vector to address 0004H, are gener-
ated repeatedly at a preset interval. The time intervals
available are the same as in the watchdog timer mode.
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Figure 11. Clock Timer 3
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Programmable Clock Output

The uPD78014 family has a programmable clock output
(PCL) that can be used for carrier output for remote
controlled transmissions or as a clock output for pe-
ripheral devices. The main system clock (fx) divided by
8, 16, 32, 64, 128, or 256 or the subsystem clock (fxT)
can be output on the PCL pin. Frequencies of 1050, 524,
262, 131, 65.5 and 32.7 kHz are available with a main
system clock of 8.38 MHz. See figure 13.

Figure 13. Programmable Clock Output

Buzzer Output

The uPD78014 family also has a programmable buzzer
output (BUZ). The buzzer output frequency can be
programmed to be equal to the main system clock (fx)
divided by 1024, 2048, or 4096. With a main system
clock of 8.38 MHz, the buzzer can be sett0 8.2,4.1 or 2.0
kHz. See figure 14.
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Figure 14. Buzzer Output
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Interrupts

The uPD78014 family has 14 maskable hardware inter-
rupt sources (5 external and 9 internal). Of these 14
interrupt sources, 12 cause a vectored interrupt while
the 2 testable inputs only generate an interrupt re-
quest. All of the 14 maskable interrupts can be used to
release the HALT mode except INTPO. INTPO cannot be
used to release the STOP mode and cannot release the
HALT mode when register SCS = 0. In addition, there is

Table 3. Interrupt Sources and Vector Addresses

one nonmaskable interrupt from the watchdog timer,
one software interrupt, and a reset interrupt. The
watchdog timer overflow interrupt (interrupt vector
table address 0004H) can be initialized to be a non-
maskable interrupt or the highest default priority mask-
ableinterrupt. The software interrupt, generated by the
BRK instruction, is not maskable. See table 3 and figure
15.

Type of Default Vector Interrupt
Request Priority Signal Name Interupt Source Location Address Configuration
Restart — RESET RESET input pin External 0000H —
- INTWDT Watchdog timer overflow Internal
(when reset mode selected)
Nonmaskable —_ INTWDT Watchdog timer overflow Internal 0004H A
(when nonmaskable interrupt selected)
Maskable 0 INTWDT Watchdog timer overflow Internal 0004H B
(when interval timer selected)
1 INTPO External interrupt edge detection External 0006H C
2 INTP1 External interrupt edge detection External 0008H D
3 INTP2 External interrupt edge detection External 000AH D
4 INTP3 External interrupt edge detection External 000CH D
5 INTCSI0 End of clocked serial interface 0 transfer Internal 000EH B
6 INTCSH End of clocked serial interface 1 transfer Internal 0010H B
7 INTTM3 Clock timer reference time interval signal Internal 0012H B
8 INTTMO 16-bit timer/event counter coincidence signal Internal 0014H B
9 INTTM1 8-bit timer/event counter 1 coincidence signal Internal 0016H B
10 INTTM2 8-bit timer/event counter 2 coincidence signal Internal 0018H B
1 INTAD End of A/D Conversion Internal 001AH B
Software —_ — BRK instruction Internal 003EH E
Test input — INTWT Clock timer overflow Internal —_ F
— INTPT4 Port 4 falling edge detection External — F

Interrupt Servicing. The uPD78014 family provides
two levels of programmable hardware priority control
and services all interrupt requests, except the two
testable interrupts (INTWT and INTPT4) using vectored
interrupts. The programmer can choose the priority of
servicing each maskable interrupt by using the inter-
rupt control registers.

Interrupt Control Registers. The uPD78014 family
has three 16-bit interrupt control registers. The inter-
rupt request flag register (IFO) contains an interrupt
request flag for each interrupt except INTPT4. The
interrupt mask register (MKO) is used to enable or
disable any interrupt except INTPT4. The priority flag
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register (PRO) can be used to specify a high or a low
priority level for each interrupt except the two testable
interrupts.

Four other 8-bit registers are associated with interrupt
processing. The key return mode register (KRM) con-
tains the KRIF interrupt request flag associated with
falling-edge detection on port 4 and the KRMK mask
flag used to enable or disable clearing of the standby
mode if a falling edge is detected on port 4. The
external interrupt mode register (INTMO) is used to
select arising, falling, or both edges as the valid edge
for each of the external interrupts INTPO to INTP2
(INTP3 is always falling edge). The sampling clock
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select register (SCS) is used to select a sampling clock
for the noise eliminator circuit on external interrupt
INTPO.

The IE and the ISP bit of the program status word are
also used to control interrupts. If the IE bit is 0, all
maskable interrupts are disabled. The IE bit can be set

Figure 15. Interrupt Configurations

or cleared using the El and DI instructions, respec-
tively, or by directly writing to the PSW. The IE bit is
cleared each time an interrupt is accepted. The ISP bit
is used by hardware to hold the priority level flag of the
interrupt being serviced.
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Figure 15. Interrupt Configurations (cont)
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Interrupt Priority. If the watchdog timer overflow
interrupt (INTWDT) has been initialized to be a non-
maskable interrupt, it has priority over all other inter-
rupts. Two hardware-controlled priority levels are avail-
able for all maskable interrupts that generate a
vectored interrupt (i.e., all except the two testable
interrupts). Either a high or a low priority level can be
assigned by software to each of the maskable inter-
rupts. Interrupt requests of the same priority or a
priority higher than the processor's current priority
level are held pending until interrupts in the current
service routine are enabled by software or until one
instruction has been executed after returning from the
current service routine. Interrupt requests of a lower
priority are always held pending until one instruction
has been executed after returning from the current
service routine.

The default priorities listed in table 3 are fixed by
hardware and are effective only when it is necessary to
choose between two interrupt requests of the same
software-assigned priority. For example, the default
priorities would be used after the completion of a
high-priority routine, if two interrupts of the same
software priority were pending.

The software interrupt, initiated by the BRK instruc-
tion, is executed regardless of the processor’s priority
level and the state of the IE bit. It does not alter the
processor’s priority level.

Vectored Interrupt Servicing. When a vectored in-
terrupt is acknowledged, the program status word and
the program counter are saved on the stack, the pro-
cessor’s priority is set to that specified for the interrupt,
the IE bit in the PSW is set to zero, and the routine
whose address is in the interrupt vector table is en-
tered. Atthe completion of the service routine, the RETI
instruction (RETB instruction for the software inter-
rupt) reverses the process and the uPD78014 family
microcontroller resumes the interrupted routine.

Standby Modes

HALT, STOP, and data retention modes are provided to
reduce power consumption when CPU action is not
required.

The HALT mode is entered by executing a HALT in-
struction while the CPU is operating from the main
system or subsystem clock. In HALT mode, the CPU
clock is stopped while the main system and the sub-
system clock continue to run. The HALT mode is re-
leased by any unmasked interrupt request (except

INTPO if register SCS = 0), a nonmaskable interrupt
request , an unmasked test input, or an external reset
pulse.

Power consumption may be further reduced by using
the STOP mode. The STOP mode is entered by execut-
ing a STOP instruction while operating from the main
system clock. In STOP mode, the main system clock
input pin X1 is internally grounded stopping both the
CPU and the peripheral hardware clock. The STOP
mode is released by any unmasked interrupt request
except INTPO, a nonmaskable interrupt request, an
unmasked test input, or an external reset pulse. Any
peripheral using the main oscillator as a clock source
will also be disabled in the STOP mode and interrupts
from such a peripheral cannot be used to exit the STOP
mode. Table 4 summarizes both the HALT and STOP
standby modes.

Table 4. Standby Mode Operation Status

Item

HALT Mode

STOP Mode

Setting instruction

HALT instruction

STOP instruction

System clock when
setting

Main system or
subsystem clock

Main system clock

Clock oscillator

Main system and
subsystem clocks can
oscillate; CPU clock is
stopped.

Subsystem clock can
oscillate; CPU clock
and main system
clock are stopped.

CPU

Operation stopped

Operation stopped

Ports

Maintain previous
state

Maintain previous
state

16-bit timer/event
counter

Operational from main
system clock

Operation stopped

8-bit timer/event
counters

Operational from main
system clock

Operational only with
TH and TI2 as count
clock

Clock timer

Operational from main
system clock and with
fxT as count clock

Operational only with
fxT as count clock

Watchdog timer

Operational from main
system clock

Operation stopped

Serial interface 0

Operational from main
system clock

Operational only with
external clock

Serial interface 1

Operational from main
system clock; no
automatic transmit/
receive mode

Operational only with
external clock; no
automatic transmit/
receive mode

A/D converter

Operational from main
system clock

Operation stopped

External interrupts

Operational except for
INTPO when its
sampling clock is
based on the CPU
clock

INTPO not operational;
INTP1 to INTP3
operational
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When exiting the STOP mode, await time occurs before
the CPU begins execution to allow the main system
clock oscillator circuit to stabilize. The oscillator stabi-
lization time is selected by programming the OSTS
register with one of five values before entering the
STOP mode. The values range from 0.98 msec to 31.3
msec at fy = 8.38'MHz. Once in the STOP mode, power
consumption can be further minimized by lowering the
power supply voltage Vpp to 2 V. This places the device
in the data retention mode. The contents of internal
RAM and the registers are retained. This mode is
released by first raising Vpp to the proper operating
range and then releasing the STOP mode.

External Reset

" The uPD78014 family is reset by taking the RESET pin
low or by an overflow of the watchdog timer (if en-
abled). The RESET input pin is a schmitt-trigger input
with hysteresis characteristics to protect against spu-
rious system resets caused by noise. On power-up, the
RESET pin must remain low for a minimum of 10 us after
the power supply reaches its operating voltage.

There is no functional difference between an external
reset and an internal reset caused by the overflow of
the watchdog timer. In both cases, the main system
clock oscillation is stopped. and the subsystem clock
oscillation continues. During reset, the program
counter is loaded with the address contained in the
reset vector (addresses 0000H, 0001H). Once the reset
is cleared and the oscillation stabilization time of 218/fx
has elapsed, program execution starts at that address.
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings
Ta = +25°C

Supply voltage, Vpp

-0.3to +7.0V
-03to +135V
-0.3to Vpp+0.3V
-0.3to Vpp+0.3V

Supply voltage, Vpp

Supply voltage, AVpp

Supply voltage, AVRgf

Supply. voltage, AVgg -03to +0.3V
Input voltage, V|y (except P6qy to P63) -0.3to Vpp+0.3V
Input voltage, Vjy (P6p to P63; open -0.3to +16 V

drain)

Output voltage, Vo ~-0.3 to Vpp+0.3V

AVgg ~0.3 to AVRefF+0.3 V

Analog input voltage, Van
(port 1; analog input pin)

Output current, high; loy

Each output pin -10 mA
Total: ports 2 and 3 -15 mA
Total: port 0 and ports 4t0 6 -15 mA

Output current, low, lgp T

Each output pin

Total: P4g to P47 and
P50 to P55

Total: PO to POg, P5g, P57, and P6g
to P67

Total: POy to PO3 and P6, to P67

Total: ports 2 and 3

30 mA peak, 15 mA rms
100 mA peak, 70 mA rms

100 mA peak, 70 mA rms

50 mA peak, 20 mA rms
50 mA peak, 20 mA rms
—40 to +85°C

-65 to +150°C

Operating temperature, Topt

Storage temperature, TgTg

t rms value = peak value x (duty cycle) 1/2

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits
specified under DC and AC characteristics.

Capacitance

Ta = +25°C;Vpp = Vgg = OV

Parameter Symbol Max Unit Conditions

Input CiN 15 pF  ExceptPg; f= 1MHz

capacitance to P63 unmeasured

pins returned

20 pF P60 to P63 to ground

Output Cout 15 pF Except P6g

capacitance. to P63
20 pF P6g to P63

Input/output Cio 15 pF Except Py

capacitance to P63

' 20 pF  P6p to P63
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Main System Clock Oscillator
Ta = —40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 16.

Type Parameter Symbol Min Typ Max Unit Conditions

Ceramic resonator Oscillation frequency (Note 1) fx 1.0 10.0 MHz Vpp = oscillator voltage range

(Figure 164) Oscillation stabilization time (Note 2) 40 ms After Vpp reaches oscillator operating voltage

Crystal resonator  Oscillation frequency (Note 1) fx 1.0 838 100 MHz

(Figure 16) Oscillation stabilization time (Note 2) 10 ms Vpp=45t06.0V

30 ms

External clock X1 input frequency (Note 1) fx 1.0 10.0 MHz

(Figure 168) X1 input high/low-level width txp tx, 50 500 ns

Notes:

(1) Oscillator and X1 input frequencies are included only to show the (2) Time required for the oscillator to stabilize after reset or STOP
oscillator characteristics. Refer to the AC Characteristics table mode is released. The values shown are for the recommended
for actual instruction execution times. resonators. Values for resonators not shown in this data sheet

should be obtained from the manufacturer's specification sheets.

Subsystem Clock Oscillator
Ta = —40 to +85°C; Vpp = 2.7 t0 6.0 V; refer to figure 17.

Type Parameter Symbol Min Typ Max Unit Conditions

Crystal resonator Oscillation frequency (Note 1) T 32 32.768 35 kHz

(Figure 174) Oscillation stabilization time (Note 2) 1.2 2 s Vpp = 451060V

10 s

External clock XT1 input frequency (Note 1) Xt 32 100 kHz

(Figure 178) XT1 input high/low-level width T Tl 5 15 s

Notes:

(1) The oscillator and XT1 input frequencies are included only to (@) Time required for the oscillator to stabilize after reset or STOP
show the oscillator characteristics. Refer to the AC Characteris- mode is released. The values shown are for the recommended
tics table for actual instruction execution times. resonators, Values for resonators not shown in this data sheet

should be obtained from the manufacturer's specification sheets.
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Figure 16. Main System Clock Configurations

Figure 17. Subsystem Clock Configurations

A. Ceramic/Crystal Resonator

B. External Clock

X1

1PD74HCU04

Note: When the Input Is an external clock, the STOP
mode can not be set because the X1 pin Is connected
to system ground (Vgg).

83YL-9356A

A.- Crystal Resonator

f_II

B. External Clock

_ 83YL-9367A
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Recommended Main System Clock Ceramic Resonators
Ta = —40 to +85°C, refer to figure 16a

Recommended Circuit Constant

Oscillator Voltage Range

Part Number Frequency

(Notes 1 and 2) C1 (pF) C2 (pF) R1 (k@) Min (V) Max (V) (MH2)

CSB1000J 100 100 6.8 2.7 (Note 3) 6.0 1.00
2.8 (Note 4)

CSBxxxxJ 100 100 4.7 2.7 (Note 3) 6.0 1.01 to 1.25
2.8 (Note 4)

CSAX.xxxMK 100 100 0 2.7 (Note 3) 6.0 1.26 to 1.79
2.8 (Note 4)

CSAx.xxMG (Note 3) 100 100 0 27 6.0 1.8t0 2.44

CSAx.xxMG093( Note 4) 100 100 0 27 6.0

CSTx.xxMG (Note 3) (Note 5) (Note 5) 0 27 6.0

CSTx.xxMG093 (Note 4) 0 (Note 5) 0 (Note 5) 0 27 6.0

CSAx.xxMG 30 30 (o} 27 6.0 2.45t0 4.18

CSTx.xxMGW (Note 5) (Note 5) 0 27 6.0

CSAx.xxMG (Note 3) 30 30 0 27 6.0 4.19 to 6.00

CSAx.xxMGU( Note 4) 30 30 0 27 6.0

CSTx.xxMGW (Note 3) (Note 5) (Note 5) 0 27 6.0

CSTx.xxMGWU (Note 4) 0 (Note 5) 0 (Note 5) 0 27 6.0

CSAX.xxMT 30 30 0 2.7 (Note 3) 6.0 6.01 to 10.0
3.0 (Note 4)

CSTx.xxMTW (Note 5) (Note 5) 0 2.7 (Note 3) 6.0
3.0 (Note 4)

Notes:

(1) Manufactured by Murata Mfg. Co., Ltd.

(@ x.xx indicates frequency

(3) uPD7801x only

(4) uPD78P014 only

(5) C1 and C2 are contained in the ceramic resonators.

Recommended Subsystem Clock Crystal Resonators (uPD7801x)
Ta = —40 to +60°C , refer to figure 17a

Recommended Circuit Constant

Oscillator Voltage Range

Frequency
Part Number t (kH2) C3 (pF) C4 (pF) R2 (kQ) Min (V) Max (V)
DT-38 (1TA252 EOQO, load capacitance 6.3 pF) 32.768 12 12 100 27 6.0
1 Manufactured by Daishinku
DC Characteristics '
Ta = —40 to +85°C; Vpp = +2.7 to 6.0 V; refer to figures 18-23
Parameter Symbol Min Typ Max Unit Conditions
High-level input voltage ViH1 0.7 Vpp Vppo ' Other than below
Vitz 0.8 Vpp Vpp  V POg to PO, P2g, P23, P24 to P27,
P33, P34, RESET
ViH3 0.7Vpp 15 ' P8g to P63; open-drain
Ving Vpp-0.5 Voo v X1, X2
Vius Vpp-0.5 Vpp v Vpp = 4510 6.0V; XT1, XT2
Vpp-0.3 Vbp v pPD7801x; XT1, XT2
Vpp-0.2 Vop v uPD78P014

33



pPD78014 Family

NEC

DC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
Low-level input voltage ViL1 0 0.3Vpp v Other than below
VIL2 0 0.2 VDD \" POO to p04, P20, P22, F'24 to P27,
P33, P34, RESET
ViLs 0 0.3 Vpp \ P6g to P63; Vpp = 4.5t0 6.0V
0 0.2Vpp \ P6g to P63
ViLa 0 04 \ X1, X2
V"_5 0 0.4 \ XT1, XT2; VDD = 45t06.0V
0 0.3 v XT1, XT2
High-level output voltage VoH1 Vpp-1.0 v Vpp = 451t06.0V, oy = -1.0mA
Vpp-0.5 \ loy = —100 LA
Low-level output voltage VoL1 0.4 20 \ P5q to P57, P6g to P6g;
VDD = 45t06.0V, IOL = 15 mA
0.4 v Other than above; Vpp = 4.5t0 6.0V,
lop = 1.6 MA
VoL2 0.2Vpp Vv SBO, SB1, SCKO; Vpp = 45t0 6.0V,
open-drain, pullup resistance = 1 kQ
V0L3 0.5 \ |0|_ = 400 }IA
High-level input leakage ILIH1 3 HA Vin = Vpp; except X1, X2, XT1, XT2
current Lz 20 WA Vi = Vpo: X1, X2, XT1, XT2
ILHa 80 HA ViNn = 15V, P§j to P63
Low-level input leakage it -3 HA ViN = 0V; except X1, X2, XT1, XT2
current L2 20 pA V= 0V;X1, X2, XTi, XT2
ILiLs -3 HA ViN = 0V; P6p to P63 (Note 1)
Output leakage current high ILoH1 3 A Vout = Vpp
Output leakage current low oL -3 HA Vout = 0V
Mask option pullup resistor Ry 20 40 90 kQ Vin = 0V; P6g TO P63, uPD7801x only
Software pullup resistor Ry 15 40 90 kQ Vpp = 45t06.0V; V|y = 0V, P04 to P03,
ports 1 to 5, P64 to P67
20 500 kQ Vpp = =2.71t045V; Viy = 0V, POy to PO,
ports 1 to 5, P64 to P67
Power supply current loby 75 225 mA 8.38 MHz crystal oscillation operating mode;
(uPD7801x) Vpp = 5.0V £10% (Note 2)
0.8 2.4 mA 8.38 MHz crystal oscillation operating mode;
Vpp = 3.0V +10% (Note 3)
Ibp2 1.4 4.2 mA 8.38 MHz crystal oscillation HALT mode;
Vpp = 5.0V £10%
550 1650 HA 8.38 MHz crystal oscillation HALT mode;
Vpp = 3.0V =10%
Ibps 60 120 UA 32,768 kHz crystal oscillation operating mode;
Vpp = 5.0V *10%, X1 STOP mode, CPU
operating from subsystem clock
35 70 HA 32.768 kHz crystal oscillation operating mode;

Vpp = 3.0V +10%, X1 STOP mode, CPU
operating from subsystem clock
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DC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
Power supply current Ippa 25 50 HA 32.768 kHz crystal oscillation HALT mode;
(uPD7801x) (cont) Vpp = 5.0V *10%, X1 STOP mode
5 10 UA 32.768 kHz crystal oscillation HALT mode;
Vpp = 3.0V £10%, X1 STOP mode
Ibps 1 20 HA XT1 =0V STOP mode when feedback resistor
is connected; Vpp = 5.0V £10%
0.5 10 HA XT1 =0V STOP mode when feedback resistor
is connected; Vpp = 3.0V £10%
Ippe 0.1 20 HA XT1 =0V STOP mode when feedback resistor
is disconnected; Vpp = 5.0V *=10%
0.05 10 HA XT1 =0V STOP mode when feedback resistor
is disconnected; Vpp = 3.0V *10%
Power supply current Ipp1 9 27 mA 8.38 MHz crystal oscillation operating mode;
(uPD78P014) Vpp = 5.0V *£10% (Note 2)
1 3 mA 8.38 MHz crystal oscillation operating mode;
Vpp = 3.0V +10% (Note 3)
Ipp2 1.4 4.2 mA 8.38 MHz crystal oscillation HALT mode; Vpp =
5.0V *10%
550 1650 HA 8.38 MHz crystal oscillation HALT mode; Vpp =
3.0V £10%
Ibpa 90 180 HA 32,768 kHz crystal oscillation operating mode;

Vpp = 5.0V =10%, X1 STOP mode, CPU
operating from subsystem clock

50 100 HA 32.768 kHz crystal oscillation operating mode;
Vpp = 3.0V *10%, X1 STOP mode, CPU
operating from subsystem clock

Ibpa 25 50 pA 32.768 kHz crystal oscillation HALT mode;
Vpp = 5.0V £10%, X1 STOP mode
5 10 HA 32.768 kHz crystal oscillation HALT mode;
Vpp = 3.0V £10%, X1 STOP mode
Ibps 1 30 LA XT1 = 0V STOP mode when feedback resistor
is connected; Vpp = 5.0V =10%
0.5 10 HA XT1 = 0V STOP mode when feedback resistor
is connected; Vpp = 3.0V *10%
lops 0.1 30 HA XT1 = 0V STOP mode when feedback resistor
is disconnected; Vpp = 5.0V =10%
0.05 10 HA XT1 = 0V STOP mode when feedback resistor

is disconnected; Vpp = 3.0V *10%

Notes:

(1) P86g to P63 become -200 piA (max.) for only 1 clock cycle during
input instruction execution (no wait) and -3 pA (max.) during
instruction other than input.

(2) When operated in the high-speed mode with the processor clock
control register set to 00H.

(3) When operated in low-speed mode with the processor clock
control register set to 04H.
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Figure 18. Ipp vs Vpp (uPD7801x)
10.0 ——= PCC = 00H (tcy=.48ys)"
Z——|PCC=01H (tcy=95us)"
5.0 = |PCC=02H (toy=1 .sms;'
A+~ | _—]PCC=03H (tgy=3.81s)*
— Ipp1 P e _ree- o RN
P AT ov=
10 =
g 0.5 Z
§ ’ 1bD2
‘é Ta=25°C; fx=8.38 MHz; |
a fxT = 32.768 kHz
g o1
g — PCC = BOH (tgy=122us)**
(4] (X1 STOP)
> 0.05
| = HALT (X1 STOP)
| § = X )
: 1bD3™ Y
| 8 A
H v
0.01 —
Z
7
0.005
1ppa” g
* GPU Clock from maln system clock. - §
** CPU Clock from subsystem clock.
0.001 L5§ | | | | l §
0 2 3 4 5 6 7 8
Power Supply Voltage Vpp (V)
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Figure 19. Ipp vs Vpp (uPD78P014)

10.0 —=PCC = 00H (tcy=.48us)"
= = PCC = 01H (tgy=95u8)"
5.0 — PCC = 02H (tgy=1.91ps)*
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1DD1Y A A :25: 04H (tcy=7.63us)"
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7
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3 ~
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o 01 — |
§ == |
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]
H Iop3 p- | |
Qa _~|STOP (XT1 ilation)
v / and reset
0.01 ,/ ,/
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Figure 20. Ig, vs Vg (Ports 0, 2-5, P64-P67)

Figure 22. Ig, vs Vg (P6og-P63)

Vpp=5V |Vpp=4V Ta=25C TA=25C Vpp=5V

30 7 30 7

Vpp=8V Vpp=6V, Vpp=4V
Vpp=3V

3 g / Voo=3V

20 A 20 ]
< <
H H /
- -
3 3 /

10 10 /

§ g
0 3 0 3
0 0.5 1.0

0 05 1.0
VoL (v)

VoL )

Figure 21. Io, vs Vg, (Port 1)

Figure 23. Igy vs Vpp — Vou (Ports 0-5, P64+P67)
TA=25'C o
Vop=5V TA=25C
30 Vpp=6V, Vpp=4V 10 Vpp=5V }DD=4V
g //vw; 3 Vop=8V, /’DD=3V
20 74 [
g / H
ol .5
o kel
10 /
<
0 g 0 é
0 05 1.0

0 0.5 1.0
VoL (V)

VpD=VOoH (V)
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AC Characteristics
Ta = -40 to +85°C; Vpp = 27to 6V ; refer to flgures 24 through 30

Parameter Symbol Min Typ Max Unit Conditions
Cycle time - tey 0.4 64 Hs Vpp = 4.5 to 6.0V; operating on main system
{Min. instruction clock (UPD7801x)
execution time) 0.96 64 us Operating on main system clock (uPD7801x)
0.48 64 us Vpp = 4.5to 6.0V; operating on main system
clock (UPD78P014)
1.91 64 s Operating on main system clock (uPD78P014)
0.4 64 us Ta = —40 to +40°C, Vpp = 4.75t0 6.0V;
operating on main system clock (UPD78P014)
0.96 64 us Ta = —40 to +40°C; operating on main system
clock (uPD78P014)
114 122 125 us . Operating on subsystem clock
Tl input 1 ¢} 4 MHz Vpp = 45t0 6.0V
frequency 0 275 kHz
Tl input high/ trim triL 100 ns Vpp = 45t0 6.0V
low-level width
1.8 us
Interrupt input HNTHY UINTL 8/fsam (Note 1) us INTPO
high/low-level
width 10 us INTP1 to INTP3
10 us KRO to KR7 (Note 2)
RESET low-level width tpsT 10 us
Notes:

(1) By using bits 0 and 1 of the sampling clock select (SCS) register
in conjunction with bits 0 to 2 of the processor clock control
(PCC) register, fsam can be set to f,/2N+1 (where N = 0 to 4),
1x/64, or f,/128.

(2) Port 4 falling-edge detection input.
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Main System Clock Operation tcy vs
Vpp (uPD78P014)

Figure 24. Main System Clock Operation tcy vs  Figure 25.
Vpp (uPD7801x)

64 64
€0 60
o Ju A ’Ju ~ A J; ~ ~ »J., A ~ ~ J.' ~
" s Y (a2 e o o s %2 (2% N - (2% L Y2 Y Yl e % o (atd
3.0 3.0
Guaranteed Guaranteed
Operating Operating
7 20 Range 7 20 Range
> >
o ° |\ (TA == 40to +85°C)
3
£ : :
s |
@ 2
B
g0 c &0 NT—\
\
\
\ \
05 05 A N
N\ g AN g
04 s 04 -_ g
) 1 J Lo :
~ N ~ ~ L ~ ~ Ldy L ~ [ ~ - L ~ L
o 1T T T T T T 7% T T T T T 7%
1 2 3 4 5 6 1 2 3 4 5 6
Supply Voltage Vpp (V) Supply Voltage Vpp (V)
Note:
When Tp = 40 to +40°C, guaranteed operating range
Is extended to the dotted line.
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Figure 26. AC Timing Measurements Points
(except X1 and XT1)

0.8 VpD=<-Measurement > 0.8 Vpp
0.2Vpp* Points  ““0.2Vpp

83CL-9386A

Figure 27. Clock AC Timing Points X1 and XT1

1/
X

X1 Input \

Vpp-05V

Figure 29. Interrupt Input Timing

[€e——tUNTL—> INTH—>|

INTPO-  \[
NTP2 X 7

[ NTL—>

INTP3 _\ /

) W
83CL-9369A
Figure 30. RESET Input Timing
< tRsL
RESET
83CL-9370A

Wr———>
E—IXTL AXTH:
XT1 Input S Vpp=-05V 04V
83CL-9367A
Figure 28. TI Timing
|« 1Ty >|
<—ITIL: l<—tTiH
TI0-TI2

83CL-9368A
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Read/Write Operation
Ta = -40to +85°C, Vpp = 2.7 to 6.0 V; refer to figures 31 through 34 I

Parameter Symbol Min Max Unit Conditions

ASTB high-level width tASTH 0.5 tey ns

Address setup time to ASTB { taDs 0.5 tgy —- 30 ns

Address hold time from ASTB | tADH 10 ns Load resistor = 5 kQ

Data input time from address tADD1 (2+2n)tcy - 50 ns Instruction fetch
taDD2 5 (3+2n)tcy - 100 ns Data access

Data input time from RD ¢ tRDD1 (1+2n)tcy - 25 ns Instruction fetch
trDD2 (2.5+2n)tcy - 100 ns Data access

Read data hold time tRDH 0 ns

RD low-level width tRoL1 (1.5+2n)tey - 20 ns Instruction fetch
tRDL2 (2.5+2n)tcy - 20 ns Data access

WAIT ¢ input time from RD | thowT1 0.5 toy ns Instruction fetch
tRowT2 1.5 toy ns Data access

WAIT | input time from WR | WRWT 0.5 toy ns

WAIT low-level width twTL (0.5+2n)tcy+10 2+2n)tey ns

Write data setup time to WR t twps 100 ns

Write data hold time from WR t twpH 5 ns

WR low-level width twRL1 (2.5+2n)tgy — 20 ns

RD | delay time from ASTB + tASTRD 0.5 toy - 30 ns

WR | delay time from ASTB tasTWR 1.5 toy - 30 ns |

ASTB * delay time from RD 1 (external fetch) tRDAST tey - 10 tey+40 ns :

Address hold time from RD t (external fetch) tRDADH toy tey+50 ns

Write data output time from RD t tRowD 10 ns

WR { delay time from write data twDwR 0.5 tcy — 120 0.5 tcy ns Vpp = 45t0 6.0V

0.5 tgy - 170 0.5 toy ns
Address hold time from WR tWRADH toy toy+60 ns Vpp = 45t 6.0V
tey tcy+100 ns

RD t delay time from WAIT t tWTRD 0.5 toy 2.5 tgy+80 ns

WR t delay time from WAIT t tWTWR 05 tey 2.5 toy+80 ns

Notes:

(1) toy = tev/4
(@) n indicates number of waits.
(3 Cp = 100 pF
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Figure 31. Read Operation; External Fetch (No Wait)
Y
Ag-Ats s Upper 8-Blt Address
{ADD1 >
/ s \
Lower 8-Bit HI-Z
AD@-AD7 >§( Address ST T mmm———- - —Z( Operation Code j
tAps—> <— {RDADH >|
1ASTH <—1ADH—>] 1RDD1 > {RDAST
ASTB
K
_ s
RD \
N
[<—1ASTRD tRDL1 | >— IRDH
83FM-93718
Figure 32. Read Operation; External Fetch (Wait Insertion)
s
Ag-A1s >§( Upper 8-Bit Address
1ADD1
/ s \
Lower 8-Bit HI-Z
ADg-AD7 >§( drens —Z( Operation Code 7§<
tADs—>| |<— 'RDADH >|
1ASTH —j<—>| <€«—1ADH—> tRDD1 {RDAST
ASTB
N
_ s
RD \ .
K
<—!ASTRD tRDL1 >| IRDH
WAIT
tRDWT1 —] <—WTL——>| [<-IWTRD—>|
83FM-93728
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Figure 33. Read/Write Operation; External Data Access (No Wait)

y
Ag-A1s >§( Upper 8-Blt Address ,
tADD2 >
Lo HI-Z 4 XA Hi-Z|
Lower 8-Bli
ADg-AD ——— HI-Z
0-AD7 X( Addiess —Z( Read Data 72( Wtte Data
tADsS >— 1ADH
1ASTH <€—tRDD2—> tRDH
ASTB
K
1ASTRD —€ >
_ s
RD 7’2
K
RDL2 | 'ROWD
T~ !"LID
—> twDwR
WR
tASTWR WRL1

83FM-8373B




HPD78014 Family

Figure 34. Read/Write Operation; External Data Access (Wait Insertion)
' X
Ag-A1s >§( Upper 8-Bit Address 4
tADD2 >
s 4 4 5
Lower 8-Bl HZz H-z
ADQ-AD7 >§( Address -Z( Read Data k Write Data p
tADS >— 1ADH
1ASTH —f<—>| |«——tRpD2—>] tRDH T
Aste N\
<tASTRD >
_ '
AD \ ’IZ
N
<«<—RDL2 | 'RDWD
twps > [<€IWDH>|
—>| < 'wDwR
—
WA \ /
tASTWR tWRL1 >| |[€—1WRADH—>|
tROWT2 > twTL > tWTRD—>| tWRWT — < twTL—>! [€«—>—twTwR
WAIT \
83FM-9374B
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Serial Interface, 3-Wire, 1/0 Mode; Internal SCK Output
Ta = -40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 35

Parameter Symbol - Min Typ Max Unit Conditions
SCK cycle time tkoy1 800 ns Vpp = 45t06.0V

3200 ns
SCK high- and low-level width tkH1, tKL1 tkcy1/2 - 50 ns Vpp = 45t06.0V

tkcy1/2 — 150 ns
Sl setup time to SCK t [ 100 ns
81 hold time from SCK t tisit 400 ns
SO output delay time from SCK 1 tkso1 300 ns Vpp = 45t06.0V; C = 100 pF (Note 1)

1000 ns C = 100 pF (Note 1)
Note 1: C is the load capacitance of the SO output line.
Serial Interface, 3-Wire, 1/0 Mode; External SCK Input
Ta = —40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 35
Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkoy2 800 ns Vpp = 45t0 6.0V
3200 ns
SCK high- and low-level width tkH2, tkL2 400 ns Vpp = 45t06.0V
1600 ns
S| setup time to SCK t tsike 100 ns
Sl hold time from SCK ¢ tsi2 400 ns
SO output delay time from SCK ¢ tkso2 300 ns Vpp = 45t06.0V; C = 100 pF (Note 1)
1000 ns C = 100 pF (Note 1)

Note 1: C is the load capacitance of the SO output line.
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Serial Interface, SBI Mode; Internal SCK Output
Ta = -40to +85°C; Vpp = 2.7 t0 6.0 V; refer to figure 36

Parameter Symbol Min Typ Max . Unit Conditions
SCK cycle time tyeya " 800 ' ‘ “ns Vpp = 451060V
3200 ns
SCK high- and low-level width tkHa tkL3 tkeya/2 ~ 50 ns Vpp = 45t06.0V
tkcya/2 - 150 ns
SBO, SB1 setup time to SCK * tsiK3 100 ns - Vpp = 45t0 60V,
300 ns
SBO, SB1 hold time from SCK tsia teyal2 ns
SB0,SB1 output delay time from SCK | tkso3 0 250 ns Vpp = 45t06.0V; R = 1kQ
C = 100 pF (Note 1)
0 1000 ns R= 1kQ C = 100 pF (Note 1)
SBO, SB1 | from SCK t tksB tecya . . ons
SCK | from SBO, SB1 | tsBK tkeys ‘ : ns
SBO, SB1 high-level width ' tsBH tkeya . ) 'ns
SBO, SBt low-level width tsBL tkeys ns

Note 1: R and C are the load resistance and load capacitance of the
SBO and SB1 output lines.

Serial Interface, SBI Mode; External SCK Input
Ta = —40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 36

Parameter Symbol Min Typ = Max Unit  Conditions

SCK cycle time tkcya 800 ns Vpp = 45t0 6.0V
3200 ns

SCK high- and low-level width tcHa tkLa 400 ns Vpp = 45t06.0V
1600 ns

SBO, SB1 setup time to SCK * tsiks 100 ns Vpp = 45t06.0V
300 ns

SBO, SB1 hold time from SCK t tksia tecya/2 ns

SBO, SB1 output delay time from SCK { tksoa 0 300 ns Vpp = 45t06.0V; R = 1kQ C= 100 pF.

(Note 1)

0 1000 ns R = 1kQ C = 100 pF

SBO, SB1 | from SCK t tksB tkcys ns

SCK | from SBO, SB1 | tsBK tkov4 ns

SBO, SB1 high-level width tsBH tkcys ns

SBO, SB1 low-level width tsBL tkeya ns

Note 1: R and C are the load resistance and load capacitance of the
SBO and SB1 output lines.

46



NEC

uPD78014 Family

Serial Interface, 2-Wire, 1/O Mode; Internal SCK Output
Ta = ~40 to +85°C; Vpp = 2.7 t0 6.0 V; refer to figure 37

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tevs 1600 ns Vpp = 45t0 6.0V
3800 ns
8CK high-level width tHs tycys/2 - 50 ns
SCK low-level width s tyeoys/2 - 50 ns
SBO, SB1 setup time to SCK t tsiK1 300 ns
SBO, SB1 hold time from SCK t tsis 600 ns
SBO, SB1 output delay time from SCK | txsos 0 250 ns Vpp = 4510 6.0V
R = 1kQ C = 100 pF (Note 1)
0 1000 ns R= 1kQ C = 100 pF (Note 1)
Note 1: R and C are load resistance and load capacitance of the
SCKO, SBO, and SB1 output lines.
Serial Interface, 2-Wire, I/0 Mode; External SCK Input
Ta = -40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 37
Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkeye 1600 ns Vpp = 4510 6.0V
3800 ns
SCK high-level width tKHe 650 ns
SCK low-level width tkie 800 ns
SBO, SB1 setup time to SCK t tsike 100 ns
SBO, SB1 hold time from SCK tksls tkeys/2 ns
SBO, SB1 output delay time from SCK | tKsos 0 300 ns Vpp = 45t06.0V
R = 1kQ C = 100 pF (Note 1)
0 1000 ns

Note 1: R and C are load resistance and load capacitance of the
SCKO, SBO, and SB1 output lines.
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Serial Interface, 3-Wire, /O Mode with Automatic Transmlt/Receive Functlon, Internal SCK Output
Ta = —-40 to +85°C; Vpp = 2.7 t0 6.0 V; refer to figure 38

Parameter . Symbol Min Typ Max Unit  Conditions
SCK cycle time tkoy? 800 ‘ns  Vpp=45t06.0V
3200 ns
SCK high- and low-level width tkH7 tkL7  tkey7/2 - 50 . ns Vpp = 45t06.0V
‘ tkey7/2 - 150 . ns
S| setup time to SCK tsikz 100 ns
S! hold time from SCK tysi7 400 ns
SCK ! to SO output delay time tkso7 300 ns Vpp = 45t06.0V; C = 100 pF (Note 1)
1000 ns C = 100 pF (Note 1)
STB t from SCK t tsBD 400  tkeyr ns
Strobe signal high-level width tspw tkcy7 - 30 tkcy7 +30- ns
Busy signal set-up time (to busy signal  tgyg 100 ns

detection timing)

Busy signal hold time (from busy signal  tgyy 100 ns
detection timing) .

SCK { from busy inactive tsps 2 tkey7 ‘ns

Note 1: C is the load capacitance for the SO output line.

Serial Interface, 3-Wire, 1/0 Mode with Automatic Transmit/Receive Function; External SCK Input.
Ta = —-40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 38

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time txovs 800 ns Vpp = 45t06.0V
3200 ns
SCK high- and low-level width tkHe: tkLs . 400 ns Vpp = 45t06.0V
1600 ns )
S| setup time to SCK 1 tsiks 100 ns
S! hold time from SCK 1 tysig 400 ns
SCK ! to SO output delay time tksos 300 ns Vpp = 4.51t06.0V; C = 100 pF (Note 1)
1000 ns C = 100 pF (Note 1)
SCK | (after STB) from SCK * tsps1 2tcys ns

Note 1: C is the load capacitance for the SO output line.

48



NEC uPD78014 Family

Figure 35. Serial Interface Timing;
3-Wire Serial I/O Mode

8K\

Ell

D

Input Data

€«—>— tKS01,2

SO Output Data ><

83CL-8375A

Figure 36. Serial Interface Timing; SBI Mode

SBI Bus Release Signal Transfer Timing
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- /
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tkL34 | | tKH34
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SBI Bus Command Signal Transfer Timing

Y tkeys,a—>
tKL3,4 | | tKH3,4
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tksB tsek

SBO,1 ) /

83CL-9376B
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Figure 37. Serial Interface Timing;
2-Wire Serial I/0 Mode

tkevse—
» |
kis6 — tkus,g
N
tks0s,6 —tksis,6
SBO, 1
tsiks,6
83CL-8377A

Figure 38. Serial Interface Timing; 3-Wire Serial I/O Mode with Automatic Transmit/Receive Function
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B83FM-8378B
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|
|
|
A/D Converter !
Tp = —40 to +85°C; AVpp = Vpp = 2710 6.0 V, AVgg = Vgg = OV ‘

Parameter Symbol Min Typ Max Unit Conditions
Resolution . 8 8 8 bit :
Absolute accuracy (Note 1) *15 LSB
Conversion time tcony 160/fx Hus fx =4.19 to 8.38 MHz

80/fx s fx = 110 4.19 MHz :
Sampling time tsamp 24/fx ps )
Analog input voltage Vian ‘AVgg AVREF \
Reference voltage AVREF 27 AVpp \
AVREF current IREF 0.5 1.5 mA

Note 1: Absolute accuracy does not include the quantization error
(£1/2 LSB).

Data Memory STOP Mode; Low-Voltage Data Retention
Ta = —40 to +85°C; refer to figure 39

Parameter Symbol Min Typ Max Unit Conditions I
Data retention supply voltage Vbobr 2.0 6.0 \ :
Data retention power supply current IbbbR 0.1 10 HA Vppbpr = 2.0 V; subsystem clock stop and !
feedback resistor disconnected ;

Release signal set time tsREL 0 ps :
Oscillation stabilization wait time twarr 218/t ms Release by RESET
(Note 1) ms Release by interrupt ‘

Note: |

(1) 21341y, 215/f, 216/fx, 217/fx or 218/f can be chosen by using bits
0 to 2 of the oscillation stabilization time select (OSTS) register.

51



pPD78014 Family

NEC

Figure 39. Data Retention Timing

A. STOP mode is released by RESET input

Standby release signal
(Interrupt request)

Internal reset
operation
! HALT mode
55 STOP mode »le—p |
|&————— Data retention mode ———— < l > :5“
Vi
b T VppDR
Execution of
STOP instruction
/
RESET \‘ 7?
t
e tepgL —ola VAT,
B. STOP mode is released by interrupt signal
HALTImode
|
55— STOP mode > Opm n;’: tion
l¢——— Data retention mode —————»
£
7
oD T VDDDR
Execution of tSREL
STOP instruction * >

 twair

83RD-64668
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uPD78014 Family

PROM PROGRAMMING

The PROM in the uPD78P014 is an OTP or UV EPROM.
The 32,768 x 8-bit PROM has the programming charac-
teristics of an NEC uPD27C256A. Table 5 shows the
functions of the uPD78P014 pins in both normal oper-
ating and PROM programming mode.

Table 5. Pin Functions During PROM
Programming

Normal Operating Mode Programming Mode

Function

Address input P4g - P4, PSq, POg, Ag-Aqg
PS5, - PSg

Data input P3y - P37 Do - D7

Chip enable/ P65/ WR CE

program pulse

Output enable  P6,4/RD OE

Program voltage IC Vpp

Mode voltage RESET Logical 0

Table 6. Programming Operation Modes

PROM Programming Modes

When the RESET pin is set low and Vpp is setto +5V or
+2.5V, the uPD78P014 enters the programming mode
of operation. Operation in this mode is determined by
the setting of the CE, OE, Vpp and Vpp pins as indicated
in Table 6.

Mode RESET Vep Vbp CE OE Do to Dy
Program write L +125V +6V L H Data input
Program verify L +125V +6V H L Data output
Program inhibit L +125V +6V H H High impedance
Read L +5V +5V L L Data output
Output disble L +5V +5V L H High impedance
Standby L +5V +5V H L/H High impedance
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Figure 40. PROM Programming Mode Pin Function;

64-Pin Plastic or Ceramic Shrink DIP

uPD78PO14CW/DW
1 N~ 641 Vss
02 631 Vpp
Os 621
pR=C =]
E 5 60 J
6 sop3 |
Oz 58 [
Os s73
Do (] j
Dy 10 5511
DO 11 54 [1Vgg
D3 12 s3L
D413 52 [ Open
D5 14 611 Vpp
Dg} 15 sofiL
D, 16 49 [J Open
Vss d 17 48 1 Vpp
Ag18 a7 3
A 419 a3 } L
Ay 20 451
Az} 21 44 1Ay
Ag 22 43 |1 RESET
Ag 23 a2y
Ag] 24 ap
A;02s 40 [ICE
Ag]2e 39 [1OE
L 27 38
Ao 28 a7
Ay 20 s L
A2 30 asp
A3 31 up
Vgg O] 32 33[1A14
Notes:
(1) L= Connect these pins separately to Vgg through
resistors (10 k<2).
(2) Vgg: Connect to the ground.
(3) RESET: Setto the low level.
(4) Open: Do not connect these pins.

83YL-9378A
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Figure 41. PROM Programming Mode Pin Functions; 64-pin Plastic QFP

- " 0 -
8 L —
N0 nRanmn
388833836883 BYE3Q
Do 1 48 ]} L
;g2 QO 470
Dy3 46 [1vgg
Dg4 L
Dy 45 44 [1 Open
Dg e 433 Vpp
Dg 7 a2L
Os 41 [ Open
V:;E . uPD78P014GC oo
Ag 10 39 ]
A O 38 j}L
Ay 12 37
Az]13 36 [JAg
Ag014 35 [1 RESET
Ag]1s sy
Ag] 16 33
PRP2RINRILENBREES
L g
N o 9 i | (2 0 z\ (W
<< T2z ¥< M 616
Notes:
(1) L: Connect these pins separately to Vgg through
resistors (10 kQ).
(2) Vgg: Connect to the ground.
(3) RESET: Set to the low level.
(4) Open: Do not connect these pins.
83YL-3380B
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PROM Write Procedure

Data can be written to the PROM by using the following
procedure.

(1) Set the pins not used for programming as indi-
cated in figures 40 and 41. Set the RESET pin low
and the Vpp and Vpp pinsto +5 V. The CE and OE
pins should be high.

. (2) Supply +6.0V to the Vpp pin and +12.5V to the
Vpp pin.
(3) Provide the initial address to the Ag - Ay4 pins.
(4) Provide the write data.

(5) Provide a 1-ms program pulse (active low) to the
CE pin.

(6) Use the verify mode (pulse OE low) to test the
data. If data is written correctly, proceed to step
8; if data is not written correctly, repeat steps 4 to

6 upto25times. If datais stillincorrect, goto step

7.

(7) Classify the PROM as defective and cease write
operation.

(8) Perform one additional write with a program
pulse width (in ms) equal to three times the num-
ber of writes performed in step 5.

(9) Increment the address.

(10) Repeat steps 4-9 until the last adress is pro-
grammed.

56

PROM Read Procedure

The contents of the PROM can be read out of the
external data bus (Dg- D7) by using the following
procedure.

(1) Set the pins not used for programming as indi-
cated in figures 40 and 41. Set the RESET pin low
and the Vpp pin and Vpp pin to +5V. The CE and
OE pins should be high.

(2) Input the address of the data to be read to the
Ag - Ay4 pins.

(3) Put an active-low pulse on CE and OE pins.

(4) Datais output to pins Dg - D7.

Program Erasure

The UV EPROM can be erased (all locations FFH) by
exposing the window to light having a wavelength
shorter than 400 nm, including ultraviolet, direct sun-
light, and fluorescent light. To prevent unintentional
erasure, mask the window.

Typically, data is erased by 254-nm ultraviolet rays. A
minimum lighting level of 15 W s/cm2 (ultraviolet ray
intensity x exposure time) is required to completely
erase the written data. Erasure by an ultraviolet lamp
rated at 12,000 uyW/cm2 takes approximately 15 to 20
minutes. Remove any filter on the lamp and place the
device within 2.5 cm of the lamp tubes.
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DC Programming Characteristics
Ta = 25 +5°C, Vgg = OV.

Parameter Symbol Symbol* Min Typ Max Unit Condition
High-level input voltage Vi Vi 0.7 Vppp Vbpp v
Low-level input voltage Vi Vi 0 0.3 Vppp v
Input leakage current ILip L1 10 LA 0< V=< Vppp
High-level output voltage Voui VoH1 24 v loy = —400 pA
VoH2 VoHz Vpp-0.7 v loH = =100 pA
Low-level output voltage VoL VoL 0.45 \% lop = 21 mA
Output leakage current Lo 10 HA 0= Vo = Vppp, OE = Vi
Vppp power voltage Vppp Vee 5.75 6.0 6.25 v Program memory write mode
4.5 5.0 5.5 ) Program memory read mode
Vpp power voltage Vpp Vpp 122 125 12.8 \ Program memory write mode
Vpp = Vppp v Program memory read mode
Vppp power current Iop lee 5 30 mA Program memory write mode |
30 mA Program memory read mode :
CE=Vy,Vi= Vi |
Vpp power current Ipp lpp 5 30 mA Program memory write mode ‘
CE= V), 0E = Viy
1 100 KA Program memory read mode

*Corresponding symbols of the uPD27C256A.

AC Programming Characteristics (Write Mode) |
Tp = 25 £5°C, Vgg = OV, Vpp =6 £0.25V, Vpp = 125 £0.3V. !

Parameter Symbol Symbol* Min Typ Max Unit Conditions
Address setup time to CE | tsac tas 2 s !
Data input to OE ¢ delay time topoo toes 2 us

Input data setup time to CE | tsinc tns 2 us

Address hold time from CE * tHeA tan 2 us

Input data hold time from CE t tHeip toH 2 us

Output data hold time from OE 1 tHooD toF 0 130 ns

Vpp setup time to CE | tsvpc typs 1 ms

Vppp setup time to CE | tsvDc tvcs 1 ms

Initial program pulse width twi1 tpw 0.95 1.0 1.05 ms

Additional program pulse width w2 topw 2.85 78.75 ms

OE | to data output time tpoon toe 150 ns

* Corresponding symbols of the uPD27C256A.
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AC Programming Characteristics (Read Mode)
Ta= 25 x5°CVgg = 0V, Vpp = 5 +0.5V, Vpp = Vpp.

Parameter Symbol Symbol* Min Typ Max Unit Condition
Address to data output time tpaoD tace 200 ns CE=OE=V)
CE | to data output time thcon teE 200 ns OE = V|
OE | to data output time thoon toe 75 ns CE= V|
Data hold time from OE t tucon tpr 0 60 ns CE =V
Data hold time from address tHAOD toH 0 ns CE=OE=Vy

* Corresponding symbols of the uPD27C256A.

AC Programming Characteristics (PROM Mode)
Ta = 25 £5°C,Vgg = OV

Parameter Symbol Min Typ Max Unit Condition

PROM mode setup time tsMA 10 us
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PROM Timing Diagrams !

PROM Write/Verify Mode
x Repetitions '
Write ~i‘ Verify Additional wm—~1
Ag-A1s Effective Address
I-— tsac ——1 e toop tHoA
DgD7 —HZ Data HI-Z Data Mz s Data Y HI-Z
Input Ouput X input
tSIDC—{ [w—  —» theio SIDC —>| r— — tuein
Vep
Vep
Voor
le— tsvpPC
VoDP +1
Voop
Voop
e tsvoc
— ViH ——— y 55 \ y—
CE
Vi
— 'opoo
twi2
t
WLt f— tDOOD
_ W "
OE
Vi
Notes:
(1) Vppp must be applied before applying Vpp. It should be removed before removing Vpp.
(2) Vpp must not exceed +13V, including overshoot.
83YL-93828 (8/93)
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PROM Timing Diagrams (cont)v

PROM Read Mode

Ag-Ay >d: Effective Address

T

l-—'ocoo —

0

—
T

Voop
Vep /
0

A
A0 -A14 X Effective Address
N

83YL-0381A (¥93)

tpooD — tHcop
r¢——tDAOD ——» tHAOD —
H-Z \ HI-Z
DDy e e e e e - - ~ Data Output P = - -
83ML-6997B (7/93)
PROM Mode Setting
Voo Voop
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NEC Electronics Inc.

puPD78014Y Family

(uPD78011BY/012BY/013Y/014Y/P014Y)

8-Bit, K-Series Microcontrollers

General Purpose With A/D Converter and 12C Bus

Preliminary

September 1993

Description

The uPD78011BY, uPD78012BY, uPD78013Y, uPD78014Y,
and uPD78P014Y are members of NEC’'s K-Series® of
microcontrollers. The uPD78014Y family is a variation
of the uPD78014 family with the addition of an 12C bus
mode in serial interface 0. These 8-bit, single-chip
microcontrollers feature an A/D converter, two serial
interface ports, 8-bit hardware multiply and divide
instructions, bit manipulation instructions, four banks
of main registers, an advanced interrupt handling fa-
cility, and a powerful set of memory-mapped on-chip
peripherals.

On-board data memory includes 512 or 1024 bytes of
internal high-speed RAM plus 32 bytes of serial buffer
RAM. Program memory options include 8K, 16K, 24K, or
32K bytes of mask ROM, or 32K bytes of UV EPROM or
one-time programmable (OTP) ROM.

The uPD78014Y family operates over a wide voltage
range: 2.7 to 6.0 volts. Timing is generated by two
built-in oscillators. A main oscillator normally drives
the CPU and most peripherals and at 10 MHz provides
a minimum instruction time of 0.4 usec. A subsystem
oscillator at 32.768 kHz provides time keeping, and
optionally a slow clock for the CPU. Since CMOS power
dissipation is directly proportional to clock rate, the
uPD78014Y family provides a software variable CPU
clock. The HALT and STOP modes are two additional
power saving features that turn off parts of the micro-
controller to reduce power consumption. A data reten-
tion mode permits RAM contents to be saved downto 2
volts.

The range of peripherals, including an A/D converter,
timers, and two serial ports (one with an IC2 bus
interface) makes these devices ideal for applications in
portable battery-powered equipment, office automa-
tion, comunications, consumer electronics, home ap-
pliances, and fitness equipment.

K-Series is a registered trademark of NEC Electronics, Inc.

Purchase of NEC 12C components conveys a license under the Philips
12C Patents Rights to use these components in an 12C system,
provided that the system conforms to the I12C standard specification
as defined by Philips.

50806

Features

s

Eight-channel 8-bit A/D converter
— Operates from 2.7t0 6.0V

Two-channel serial communication interface
— 8-bit clock-synchronous interface 0
12C bus mode
Full-duplex, three-wire mode
NEC serial bus interface (SBI) mode
Half-duplex, two-wire mode
— 8-bit clock-synchronous interface 1
Full-duplex, three-wire mode with automatic
transmit/receive
Half-duplex, two-wire mode

Timers
— Watchdog timer
— 16-bit timer/event counter )}1
— Two 8-bit timer/event counters usable as one |
16-bit timer event/counter
— Clock (watch) timer (time of day tick from either
oscillator)

53 1/O lines

— Two CMOS input-only lines

— 47 CMOS /O lines

— Four n-channel, open-drain I/O lines at 15V
maximum

1/0 port pullup resistors
— Software controllable on 47 lines
— Mask option on four lines on ROM version

Program memory

— uPD78011BY: 8K bytes ROM

— uPD78012BY: 16K bytes ROM

— uPD78013Y: 24K bytes ROM

— uPD78014Y: 32K bytes ROM

— uPD78P014Y: 32K bytes EPROM/OTP

Internal high-speed data memory (RAM)
— uPD78011BY/012BY: 512 bytes
— uPD78013Y/014Y/PO14Y: 1024 bytes

Specialized memory
— Serial buffer RAM: 32 bytes

External memory expansion
— 64K bytes total memory space

Powerful instruction set

— 8-bit unsigned multiply and divide

— 16-bit arithmetic and data transfer instructions
— 1-bit and 8-bit logic instructions
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Features (cont)

]

Minimum instruction times:

— 0.4/0.8/1.6/3.2/6.4 us program selectable using
10-MHz main system clock

— 122 us selectable using 32.768-kHz subsystem
clock :

Memory-mapped on-chip peripherals (special
function registers)

Programmabile priority, vectored-interrupt
controller (two levels)

0 Buzzer and clock outputs
O Power saving and battery operation features

— Variable CPU clock rate

—HALT mode

— STOP mode

— 2-V data retention mode

— CMOS operation; Vpp from 2.7 to 6.0V

Ordering Information

Part Number ) ROM Package Package Drawing
pPD78011BYCW-xxx 8K mask ROM 64-pin plastic shrink DIP P64C-70-750 A, C
uPD78012BYCW-xxx 16K mask ROM

HPD78013YCW-xxx 24K mask ROM

uPD78014YCW-xxx 32K mask ROM

pPD78P014YCW 32K OTP ROM

HPD78011BYGC-xxx-AB8 8K mask ROM 64-pin plastic QFP P64GC-80-AB8-2
uPD78012BYGC-xxx-AB8 16K mask ROM

HPD78013YGC-xxx-AB8 24K mask ROM

HPD78014YGC-xxx-AB8 32K mask ROM

uPD78P014YGC-AB8 32K OTP ROM

uPD78P014YDW 32K UV EPROM 64-pin ceramic shrink DIP w/window P84DW-70-750 A
Notes:

(1) xxx indicates ROM code suffix

(2) All devices listed are standard quality grade
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Pin Configurations

64-Pin Plastic or Ceramic Shrink DIP

paysii {1~ ea |1 AvRer
P24/s01 [ 2 631 Avpp
P2,/SCK1 [] 3 62 [ 1 P17/ANI7
P23/STB [} 4 61 [ 1 P1g/ANI6
P24BUSY [} 5 60 [ P15/ANIS
P25/SDA0/SI0/SBO (] 6 59 [ P14/ANI4
P2¢/SDA1/S00/SB1 [ 7 58 |1 P13/ANI3
P2;/SCL/ISCKO [] 8 57 [1 P1/ANI2
P3y/TO0 (] 9 56 |1 P14/ANI1
P3y/T01 ] 10 55 [ P1o/ANIO
P3/T02 [} 11 54 |1 AVgs
P3yTiH [ 12 53 [ PO4/XT1
P34/TI2 [] 13 52 11 XT2
P3g/PCL (] 14 511 IC(Vpp)
P3g/BUZ [] 15 50 1 X1
P37 ] 16 491 x2
vgs O} 17 481 vpp
P4g/ADg ] 18 47 |1 POZ/INTP3
P44/AD¢ [] 19 46 [ POX/INTP2
P4o/ADp [ 20 45 |11 PO4/INTP1
P4g/AD3 [] 21 44 {1 POy/INTPO/TIO
Pay/AD4 ] 22 43 [ RESET
P4g/ADg [] 23 42 [1 Pe7/ASTB
P4g/ADg [] 24 41 [ Peg/WAIT
Paz/AD; [} 25 40 [1 Peg/WR
P5o/Ag ] 26 39 [1 P64/RD
P54/Ag [} 27 38 [ Peg
Pso/A10 [ 28 37 [ Pep
P53/A11 [} 29 36 [ P8¢
P54/A12 (] 30 35 [1 Pep
P5g/Aq3 [] 31 34 [ P57/A15
vgs [ 32 33 [1 P5g/A14
Note:
Connact IC (Intemally Connected) Pin
(Vpp on nPD78P014Y) to Vgs.
B83RD-9461A (8/93)
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Pin Configurations (cont)

64-Pin Plastic QFP

Note:
Connect IC (Internally Connected) Pin
(Vpp on uPD78P014Y) to Vgg.

T o
+

2920

[ b g

‘gggﬁm%— Seozay

Q j =] = ow Z Zz Z

n O @ wa i < % < < E

§B%§§N§}§§}BE}EB

PN i i Y

nonoonnonnnononn

84 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P3yTOO {1 O 48 [1 P14/ANI
P3y/TO1 [ 2 47 [ P1/ANID
P3/T02 [] 3 46 [ Avgs
P3yTI1 [] 4 45 [1 Pog/XT1
P3yT2 O 5 44 1 xT2
P3g/PCL [] 6 43 é IC(Vpp)
Pag/BUZ [ 7 a2 x1

P3; e 41 gxz
ves 9 40 L1Vpp

Pay/ADp 