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MOTOROLA’S
MICROPROCESSOR AND MICROCOMPUTER FAMILIES

Serving as the “heart” of every microcomputer system is a microprocessor. Motorola
manufactures the industry’s most complete selection of solid-state microcomputer com-
ponents to provide the performance you need and the design flexibility you want.

The family concept has been extremely popular in the microprocessor industry. Motorola
pioneered this family concept with the introduction of the M6800 Family in 1974. Since
then the MPU/MCU Family has evolved in several directions, as shown in Figure 1-1, in
order to fill expanding use concepts. In addition, the basic M6800 Family has been en-
hanced. A large number of peripheral devices have been developed to support the ex-
panding family of microprocessors and microcomputers.

SINGLE-CHIP MICROCOMPUTERS (MCUs)
THE M3870 AND THE M6801 — M6804 — M6805 FAMILIES

Take a basic MPU; add an on-chip clock oscillator and timer, put in enough Read-Only
Memory (ROM) to handle the program routines for dedicated application, and enough
Read/Write (RAM) Memory capacity to handle the associated data manipulations; cap it
off with sufficient input/output capability to interface with a number of parallel and serial
oriented peripherals and you have a single-chip microcomputer.

The single-chip system doesn’t necessarily have all the flexibility of a multi-chip system,
but with adequate capacity to handle a specific requirement, it can save both component
cost and equipment manufacturing cost. Motorola offers single-chip microcomputers across
a broad spectrum of processor performance and system functionality. Motorola’s first high
volume production single-chip MCU is the second source of the popular 3870. The M6801
Family includes the high performance single-chip MCU, plus EPROM and ROM-less ver-
sions. The rapidly expanding M6805 Family includes a number of memory and package
sizes with various special I/O functions, in both HMOS and CMOS. The M6804 Family
now provides the 8-bit processing capabilities that compete in the 4-bit price arenal

PERFORMANCE — Processor performance, or program efficiency, for the application
is an important single-chip MCU selection criteria. The M6801 Family is the throughput
leader with 16-bit data operations, binary mulitply, and an average of only 3.7 cycles per
instruction. Bit modify and test instructions and powerful indexing modes put the M6805
Family in second place on the performance scale. The MC3870 also offers a very suc-
cessful 8-bit architecture. The MC6804 Family offers the proven capability of the M6800-
based instruction set.
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TECHNOLOGY — The very high production volumes of high-density NMOS (HMOS)
permit low cost single-chip solutions. CMOS, as a relatively new microcomputer technology,
offers very low power consumption and wide power supply tolerance at performance levels
similar to HMOS. The M6801 Family, M6805 Family, and MC3870 are produced in HMOS
while the M6805 Family makes CMOS benefits available. The M6805 Family is the first
microcomputer that allows you to look at the technology trade-offs independent of the
architectural and supplier choices. The new M6804 Family is available in both the HMOS
and CMOS technology.

SINGLE-CHIP MICROCOMPUTERS, SELECTOR GUIDE

BY TECHNOLOGY

HMOS/NMOS.............. PAGE HMOS/NMOS.............. PAGE
MCB6804U2 ..., 3-133 MCB80T ... 3-52
MC6804P2..................... 3-179 MC6801U4....................... 3-91
MC6805K2.............uc...... 3-227 MCBBO03.......ceeeeeeerernee 3-52
MC6805Ka..................... 3-227 MC68120/121 ................ 3-702
MCB805P2......oooeoen 3-231 MCB8701 ... 3-746
MC6805P4..................... 3-253 MC68701U4 .................. 3-786
MC6805P6......ooveeeeee, 3-276 MC3870 ... 3-29
MCB6805R2..........ccveune. 3-298

MCB805RS3..................... 3-298 CMOS
MC680552..................... 3-390 MC68HCO04P2............... 3-225
MC6805T2.....ccceveeenne 3-481 MC68HCO4P3................ 3-225
MC6805U2..................... 3-298 MC68HCO05CA4............... 3-508
MC6805U3..................... 3-298 MC146805E2................. 3-876
MC68705P3................... 3-827 MC146805F2................. 3-910
MC68705P5................... 3-851 MC146805G2................ 3-935
MC68705R3 .................. 3-298 MC146805H2................. 3-962
MC68705R5 .................. 3-298 MC1468705F2............. 3-1031
MC68705U3 .................. 3-298 MC1468705G2............ 3-1033
MC68705U5 .................. 3-298 MC68HC11A4............... 3-599

ROM SIZE — The mask ROM capacities of the present single-chip MCUs range from
1K byte for the M6805 and M6804 Families, up to 4K bytes on the M6801 Family version.
However, the M6801 and M6805 Families may in the future be implemented with as much
as 64K bytes of on-chip ROM without any architectural changes. In selecting the ROM
size, the ROM usage efficiency of the instruction set should be considered, along with the
application to be programmed. The architecture of the MC3870 class offers short one- and
two-byte instructions. The M6801 and M6805 Families use many multi-function instructions
such as bit manipulation, memory modification, indexing, and multiply to do the function
of two or more instructions in traditional MCUs.

NON-MASK-ROM VERSIONS — EPROM versions and/or ROM-less versions of prac-
tically all single-chip MCUs are offered. They serve for limited to high volume applications,
prototype debugging, and field trials. EPROM versions are available in the M6805 and
M6801 Families. ROM-less versions are offered in the M6801 and M6805 Families.
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RAM SIZE — On-chip RAM sizes range from 32 bytes in the M6804 Family to 192 bytes
in the M6801 Family. Between these present limits are the M6805 Family versions of 96,
112, and 176 bytes. Architectures such as the M6801 and M6805 Families which permit
multi-level subroutines plus ROM and RAM data tables allow you to trade-off ROM and
RAM utilization. ROM usage can be minimized with subroutines and look-up tabies, while
RAM use can be optimized with ROM tables and fewer subroutines.

DIGITAL I/0O — Single-chip MCUs are available in 40-pin dual-in-line packages as well
as the smaller (and lower cost) 28-pin packages. All these MCU families include 40-pin
versions, while the M6805 Family has 28-pin members. Five to seven pins serve power
and control functions permitting up to 23 I/O pins in a 28-pin package and up to 34 1/O
pins in 40-pin versions (including interrupts, timers, and special I/O functions). All of the
MCUs offer essentially any mix of inputs and outputs. Higher output drive current is available
in the M6805 Family.

EXPANSION BUS — The ROM-less versions include a bus to access off-chip program
memory and additional /0. However, the M6801 Family single-chip MCUs also include
three bus structure modes for off-chip expansion. The three bus modes permit the number
of bus pins to be otimized for the amount of address space needed off-chip.

INTERRUPTS — When an application program must synchronize with two or more
external events, interrupt hardware in some form is usually necessary. The M6801 and
M6805 Families include fully automatic interrupts (registers are saved) with programmable
vectors for both external pins and internal timers. The MC3870 interrupt scheme requires
more program overhead.

TIMERS — On-chip timers are the most frequently used special I/O function. Timers may
generate interrupts to a program at a periodic rate, measure external values, count external
events, and generate measured output values. The M6801 Family includes a 16-bit timer
that may be used to perform three of the above functions simultaneously. The M6805
Family timer consists of a programmable 8-bit counter and a selectable 7-bit prescaler.
The MC3870 timer is 8 bits with a decimal prescaler.

SPECIAL FUNCTIONS — Various members of the MCU families include additional
I/0 functions. For example, the MC6801 Family includes a full 8-bit UART with baud rate
generator on-chip. A 4-channel 8-bit A/D converter is included on a few M6805 Family
versions. The digital portion of an RF frequency synthesizer is added to an M6805 Family
member.

DEVELOPMENT SUPPORT — All three families are fully supported on the EXORciser
development system. Included are assemblers, keyboard debugging including breakpoints,
user system emuiation, and stand-alone emulation. The M6801 Family has the added
benefit of various high level languages and compatibility with MC6800 programs.

THE CMOS M6805 COMPONENTS

Motorola offers an 8-bit CMOS processor in the MC146805E2. The CMOS portion of
the M6805 Family of 8-bit microprocessors, peripherals, and single-chip microcomputers
combines the low power characteristic of CMOS, with the application flexibility of the
M6800 Family.

1-6



The M6805 Family has evolved from the M6800 Family. The M6805 Family includes similar
programmable bidirectional 1/O, flexible memory organization, many memory reference
instructions, interrupts, and multi-level subroutine nesting. ROM use efficiency, bit manip-
ulation instructions, and improved table look-up indexing are M6805 Family enhancements
of the M6800 heritage.

The benefits of CMOS are added to Motorola’s microprocessor repertoire. Low operating
power and even lower standby power consumption permit battery operation, cut cooling
costs, and reduce power supply expense. The wider operating voltage range of CMOS
offers higher noise immunity and easier switching to standby power. Static CMOS parts
permit true standby operation plus power optimization with lower frequencies and voltages.

PROGRAMMING — The enhanced M6800 architectural features make the M6800 Family
easy to program. The stack pointer permits up to 32 subroutine levels. Three ROM-efficient
indexed addressing modes allow for look-up tables anywhere in memory. Any I/O pin or
RAM bit may be modified with a single instruction. A branch may be taken depending upon
the bit state of any 1/0 pin or RAM bit with only a single instruction. RAM, ROM, and /O
registers are all accessed with the same powerful memory addressing instructions. An
efficient instruction set permits programs to be written faster, more easily optimized, and,
therefore, more reliable.

INTERRUPTS — Real-time applications require sensing, measuring, and controlling
system events. Five vectored interrupts, which stack the program registers, are included
in M6805 Family processors to implement these applications. For time dependent tasks,
a programmable 8-bit counter generates an interrupt when zero is reached. The timer
includes a program-selectable 7-bit prescaler and a software selectable input. The timer
input may be an external signal for pulse width measurement, or the on-chip oscillator. An
external interrupt pin is also provided. Software techniques for external event synchroniz-
ation are not needed.

MOTEL — The MOTEL concept (for MOtorola and INnTEL bus compatibility) allows both
types of processors to be interchanged on a bus without changing the design of the
peripheral/memory system. The MOTEL circuit automatically detects which type of pro-
cessor is connected, and interprets the bus control signals appropriately. The MCM65516
2K CMOS ROM, MC146818 Real-Time Clock plus RAM, and MC146823 Parallel Interface
incorporate the MOTEL concept to provide a high degree of system flexibility.

SINGLE-CHIP CMOS MICROCOMPUTERS — Dedicated single-chip MCUs are also
included in the M6805 Family. The MC146805F2 has 1K byte of on-chip ROM, while the
MC146805G2 has a 2K ROM. The MC146805G2 also includes 112 RAM bytes, 32 input/
output lines, programmable timer, external and timer interrupts, and high current output
pins. The 1K MC146805F2 has the same interrupt features but fewer I/O lines, 28 pins,
and less RAM, 64 bytes. The MC146805E2 microprocessor serves as the ROM-less
prototyping part for both single-chip MCUs. The MC68HCO05C4 has 32 I/O lines and 176
bytes of RAM. The MC68HC11A4 has A/D, 512 bytes of EEPROM, 256 bytes of RAM
and 40 I/O lines. The MC68HCO04P2 has 32 bytes of RAM and 20 I/O lines.

PERIPHERALS — Two types of CMOS peripherals are being added to Motorola’s CMOS
family. Parallel bus-oriented peripherals support microprocessors such as the MC146805E2,
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while single-chip microcomputers are supported by port-oriented 1/O, usually using serial
data transfer. The MC146823 Parallel Interface offers three 8-bit ports (24 lines) of digital
interfacing, including port latch control signals, to multiplexed-bus microprocessors such
as the MC146805E2. The MC146818 Real-Time Clock plus RAM relieves the processor
of maintaining the time and date, generates timed interrupts, and includes 50 bytes of
CMOS RAM. Program memory is provided by the completely bus compatible MC65516
2K CMOS ROM. Other support circuits include LCD drivers (MC145000, MC145001,
MC144115, and MC144117), LED drivers (MC14499 and MC144100), D/A converters
(MC144110 and MC144111), A/D subsystem (MC14443 and MC14447), latches (MC14099,
MC14597, MC14598, and MC14599), remote I/0O (MC14469) and frequency synthesizers
(MC14156 and MC145144).

POWER SAVINGS — Energy efficiency is, of course, the chief CMOS attraction. CMOS
MPUs are seriously considered anywhere a battery is used, whether it be the primary or
a back-up power source. The operating current can be orders-of-magnitude lower. Standby
modes can have power usages order-of-magnitude lower yet. Since the M6805 Family is
static in design, low-speed operating current is extremely low.

STATIC DESIGN — The clock of a static CMOS microprocessor may be at any frequency
below the specified maximum. CMOS users frequently lower the frequency, to conserve
power, approaching the point where the processor is fully loaded during the worst-case
program cycle. A static MPU allows operation at 1 kHz or 10 kHz in applications where
battery drain is critical, and the workload light. A static processor can also be stopped
during any cycle without losing any volatile information, which assures extremely low
standby current.

PROGRAM CONTROL OF POWER — Typical CMOS microprocessor applications
require considerable attention to minimizing power consumption. The M6805 and M6804
Families of CMOS processors include program control of power usage, as well as the
traditional external power optimizing tools. The program may initiate either of two standby
modes, called Stop and Wait, which halt program execution. The external or timer interrupts
automatically turn the processor back on to allow execution to resume. Why not save
power when the program has no work to do? The program can be restarted when there
is work that needs doing. Battery drain is the average of operating and standby current
for the average work duty cycle.

LOW POWER DISSIPATION — A major side benefit of low power usage is that the
heat dissipated is also low. The costs of cooling equipment is not needed. Fan noise in
an office environment, as well as fan unreliability, need not be endured. Systems may be
enclosed in smaller housings. Air tight systems need not have special heat conducting
mechanisms.

WIDER VOLTAGE RANGE — The initial CMOS MPU products are characterized to
operate from 3.0 to 6.0 voltages. The voltage range is being extended to higher voltages
in upcoming versions. The wider voltage range permits lower cost power regulation, easier
switching to back-up sources, and lower cost batteries. The higher voltage parts add noise
immunity to the wide voltage range benefits.

1-8



SINGLE-CHIP MICROCOMPUTER FAMILIES FEATURES
SPECTRUMS

The following illustrations (Figures 1-2 through 1-5) represent the microcomputer families
and their features.
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FIGURE 1-2. M6804 FAMILY SPECTRUM
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RELIABILITY AND QUALITY
MONITOR REPORT

OCTOBER 1983

Introduction

Motorola conducts extensive reliability tests to qualify devices, to evaluate process and material
changes and to accumulate generic performance data. The results of these tests provide the basis
for production decisions and the generation of reliability reports for customer use. The following
report provides an overview of reliability testing on Motorola’s MOS Microprocessor Components
conducted during 1982. Included in the report are summary results of dynamic life testing and thermal
performance testing for plastic and ceramic packaged devices, and moisture performance testing
for plastic parts. Results of the tests are detailed below.

Dynamic Life

Dynamic life, or high temperature operating life, is performed to accelerate failures resulting
from thermally activated defects. Failure mechanisms detected during life test include die related
defects which occur during wafer processing and both die and package related defects which occur
during assembly.

Stress is generated through the application of a 5 volt dynamic bias and an ambient temperature
of 125°C. A dynamic bias is considered more effective than static bias for LS| Microprocessor devices
because a large percentage of the chip can be continuously exercised. During life test, devices are
exercised using a common mid-range frequency clock signal which is typically 500KHz or 1MHz.

Devices are electrically tested after 168, 504, and 1008 hours using computer controlled testers
which employ functional patterns under worst-case supply and clock conditions. Pass/fail criteria are
established for each circuit type based on functionality and data sheet limits for AC and DC param-
eters. Devices which fail to meet a test criterion are segregated by failure mode and data logged,
and failure analysis is performed, when appropriate, to establish associated failure mechanisms.

Life test failure rates are calculated using the Chi-Square distribution and a 90% confidence level
(see Appendix A). This 90% confidence level is more stringent than the 60% level used in the 1981
report. The accompanying increase in failure rates for individual device types is a result of tightening
the confidence level and does not indicate a reduction in the reliability of the devices. Tables 1 and
2 summarize the 1982 dynamic life test data for MOS Microprocessors.

Test results contained herein are for information only. This report does not aiter
Motorola’s standard warranty or product specifications.
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TABLE 1.

SUMMARY OF DYNAMIC LIFE TEST RESULTS

70°C Failure

Device Test 125°C Equivalent Rate*

Technology Type Devices |Device Hours| Device Hours | Failures FiTs
NMOS MC6800 45 45,360 2.2 x 106 0 1050
MC6810 90 89,040 4.6 x 106 2 1150

MC6821 448 451,584 24.1 x 106 0 100

MC6822 83 83,664 4.9 x 106 0 470

MC6840 45 45,360 2.5x 106 0 920

MC6844 45 45,360 2.7 x 106 0 860

MC6845 346 346,752 19.5 x 106 2 270

MC68652 45 45,360 1.9 x 106 0 1200

MC68653 134 135,072 5.3 x 106 0 440

MC68661 45 45,360 2.5x 106 0 920

TOTAL 1,326 1,332,912 70.2 x 106 4 110
HMOS MC6801 704 702,672 27.1 x 106 3 250
MC6805P2 224 212,352 9.7 x 106 0 240

MC6805R2 171 170,520 10.1 x 106 1 370

MC6805U2 86 80,808 3.0x 106 0 770

MC6809 225 225,960 6.3 x 106 1 580

MC68000 262 262,080 15.0 x 106 2 350

MC68008 168 169,344 6.8 x 106 0 340

MC68230 126 120,456 7.0 x 106 3 960

MC68451 88 88,704 4.8 x 106 0 480

MC68705P3 268 265,248 15.3 x 106 2 340

TOTAL 2,322 2,298,144 105.1 x 106 12 170
CMOS MC141200 135 135,576 14.9 x 106 i 270
MC146805E2 89 83,352 8.8 x 106 0 260

MC146805G2 178 171,192 17.2 x 106 3 390

MC146818 89 88,872 7.4 x 106 0 310

TOTAL 491 478,992 47.5x 106 4 170
GRAND TOTAL 4,139 4,110,048 222.8 x 106 20 120

*90% Confidence Level
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TABLE 2.

MICROPROCESSOR FAMILY DYNAMIC LIFE TEST RESULTS

Total 125°C Eq:::\’la?ent Failure Rate*
Devices Device Hours Device Hours Failures FiTs
WAFER PROCESS TECHNOLOGY
NMOS 1,326 1,332,912 70.2 x 106 4 110
HMOS 2,322 2,298,144 105.1 x 106 12 170
CMOS 491 478,992 47.5 x 106 4 170
PACKAGING SYSTEM TECHNOLOGY
Ceramic 1,875 1,858,176 104.3 x 106 12 170
Plastic 2,264 2,251,872 118.5 x 106 8 110
TOTAL 4,139 4,110,048 222.8 x 106 20 120

*90% Confidence Level

SUMMARY:

The overall life test results for 1982 show a very significant improvement over our 1981 data base
(Reliability Report 8238). For 1982 we tightened our confidence level from 60% to 90%. The failure
rate for 1982 was 120 FITs at a 90% confidence level as compared with 250 FITs at 90% confidence
level for 1981. The major effect of tightening the confidence level from 60% to 90% is to increase
the predicted failure rate of individual devices with limited device hours. For example, the predicted
failure rate for the MC6800 using 60% confidence is 420 FITs. The predicted failure rate for this
same device using the 90% confidence is 1050 FITs, or more than double. This makes a statistically
significant comparison of the individual device failure rates very difficult. It is more beneficial to
examine the failure rate of the process technologies (NMOS, HMOS, CMOS) or the packaging
technologies (plastic and ceramic) in which there are a considerable number of device hours which
reduce the impact of the confidence level change. Even with the statistical tightening for 1982, the
process and package technologies have achieved a reliability improvement as measured by dynamic
life test when compared with the 1981 data base.

Plastic Package Environmental Performance

The use of plastic ‘encapsulation for packaging of integrated circuits has met with widespread
customer acceptance throughout the semiconductor industry because it is lighter, less expensive,
and more resistant to physical damage than ceramic packaging. However, there are several reliability
concerns in plastic packages: contamination, moisture resistance, wirebond integrity, and thermal
performance. Dynamic life test results show no significant difference between plastic and ceramic
device performance; this demonstrates that Motorola’s careful selection of materials and rigid control
of processes has eliminated any plastic-related performance degradation. The following section
addresses the other reliability concerns of plastic parts: corrosion, wirebond integrity, and thermal
performance.



Moisture Related Performance

In plastic integrated circuits, moisture present in the package can cause an increase in the corrosion
rate of the die metallization, if ionic contaminants are present, resulting in failures when the device
is in use. Moisture may reach the interconnect metallization along the leadframe-molding compound
interface or through the bulk of the plastic. The combination of moisture, ionic contaminants carried
in with the moisture or present in the plastic, and an electric field creates an electrolytic cell which
becomes a corrosion site.

To help prevent corrosion problems, Motorola uses a molding compound which forms a com-
pressive bond around the leadframe which, when cured, produces a tight seal to minimize microgaps.
Tighter control of contamination sources throughout the manufacturing process, improvements in
passivation and improved metallization techniques have resulted in lower defect density and more
complete passivation coverage, keeping moisture from penetrating to the die surface.

Two accelerated tests are used by Motorola to assess the level of performance achieved by the
combined application of these corrosion-prevention measures: Autoclave and Temperature Humidity
Bias (T.H.B.). 1982 moisture performance test results are detailed below.

Autoclave

Autoclave testing uses a combination of temperature, humidity, and pressure to accelerate moisture
ingress along the leadframe-molding compound interface path. The absence of a bias keeps device
power dissipation from acting as a moisture barrier, increasing the probability that moisture will reach
the die if a part is defective.

Autoclave test conditions include 121°C, 100% relative humidity and 15 psig. Each test sample
is selected from a separate assembly lot and subjected to a minimum of 96 hours of stress; complete
parametric and functional tests are performed on all devices at each readpoint. In addition, some
devices are stressed for an additional 48 hours. All electrical failures are included in the data base,
not only those associated with corrosion on the die. Autoclave test results for 1982 are summarized
in Table 3.

TABLE 3.
AUTOCLAVE TEST RESULTS
121°C 100% R.H. 15 psig
Hours 48 96 144
Failures/Sample - 6/3083 1/3076 2/1399
Percent Defective 0.19 0.03 0.14
Cumulative Percent Defective 0.19 0.22 0.36

Temperature Humidity Bias

Temperature Humidity Bias (T.H.B.) testing is used to evaluate the moisture resistance of plastic
devices by employing the severe conditions of 85°C, 85% relative humidity, and 5 volts to accelerate
corrosion of the metallization. The biasing circuits used in T.H.B. testing create static electric fields
between adjacent pins and metallization stripes, maximizing the effect of electrolytic cells while
minimizing the power dissipation. A typical T.H.B. biasing scheme would include: all /O or output
pins either open or with resistive terminations; enable pins are disabled; and all other pins have
alternate VDD and VSS on adjacent pins. As with autoclave, the expected failure mode is corrosion
of the die metallization.
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Each T.H.B. sample is sourced from a separate assembly lot and tested for a period of 1008
hours. Complete parametric and functional test programs are typically performed at the 168, 504,
and 1008 hour read points using computer controlled testers. The pass/fail criteria used for life test
are also employed with T.H.B. samples. A worst-case analysis is presented since all electrical failures
are considered instead of only those associated with corrosion mechanisms. Results for 1982 are
summarized in Table 4.

TABLE 4.
TEMPERATURE HUMIDITY BIAS TEST RESULTS
85°C 85% R.H. 5.0 VOLTS
Hours 168 504 1008
Failures/Sample 2/1456 4/1796 5/1781
Percent Defective 0.14 0.22 0.28
Cumulative Percent Defective 0.14 0.36 0.64

A Weibull plot (Figure 1) shows the continued improvement in T.H.B. performance as measured
in 1979, 1980, 1981 and 1982.
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FIGURE 1. WEIBULL PLOT OF TEMPERATURE HUMIDITY BIAS TEST RESULTS
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Thermal Cycling Performance

Thermal cycling accelerates the stressing effects of thermal expansion mismatch between the
various components of the plastic and ceramic packaging systems through rapid successive ex-
cursions to high and low temperature extremes. Temperature cycle and thermal shock are two tests
which are used to determine the effects of these stresses on package integrity, especially wire bond
and die bond integrity. These types of failure modes follow the classical wearout mechanism pattern
(i.e. an increasing failure rate with increased cycles of exposure.)

Temperature Cycle

The integrity of wire bonds and die bonds in plastic packages can be accurately evaluated through
temperature cycle testing. Military Standard 883B, Method 1010.4, Condition C is employed to
permit easy comparison of results with other industry sources.

Devices are inserted into the cycling system and held at —65°C for at least ten minutes. Following
the cold dwell, devices are heated to 150°C during a transition time of five minutes maximum, after
which devices dwell at 150°C for a minimum of ten minutes. They are then cooled during a similar
transition period to —65°C after which the cycle is repeated. The system employs a circulating air
environment to assure rapid stabilization at the specified temperature. The dwell at each extreme,
plus the two transition times, constitutes one test cycle (approximately 30 minutes).

Electrical measurements and high temperature continuity tests are typically performed after 100,
500 and 1000 cycles. The predominant failure mechanism in the ceramic packaged product is wire
bond breakage above the ball near the die where the heat and stress of the bonding process reduce
the strength of the wire. The predominant temperature cycle activated failure mechanisms in plastic
encapsulated circuits are die lift and die crazing/cracking due to inadequate die wetting/curing and
mold compound stresses on the die, respectively. Results of the test are shown in Table 5.

TABLE 5.
TEMPERATURE CYCLE TEST RESULTS

—-65°C to +150°C AIR TO AIR
Cycles 100 500 1000
Failures/Sample 7/3103 5/3081 8/3050
Percent Defective 0.23 0.16 0.26
Cumulative Percent Defective 0.23 0.39 0.65

Thermal Shock

Thermal shock is an environmental test performed in accordance with Military Standard 8838,
Method 1011.3, Condition C. The objective of this test is the same as that for temperature cycle
— to emphasize differences in expansion coefficients for components of the packaging system.
However, thermal shock provides a more severe stress than temperature cycle in that the devices
are exposed to a more sudden change in temperature due to the higher thermal conductivity and
heat capacity of the liquid ambient.

Devices are placed in a fluorocarbon bath cooled to —65°C. After being held in the cold chamber
for at least five minutes, the sample is transferred in less than ten seconds to an adjacent chamber
filled with fluorocarbon at 150°C and held for an equivalent time. The dwell time at each endpoint,
plus the total transition time, constitutes one test cycle (approximately ten minutes). Thermal shock
endpoint electrical measurements and high temperature continuity tests are typically performed
at 100, 500, and 1000 cycles. Results of thermal shock tests performed in 1982 are shown in
Table 6.
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TABLE 6.
THERMAL SHOCK TESTS RESULTS
—-65°C TO +150°C  LIQUID TO LIQUID

Cycles 100 500 1000

Failures/Sample 1/941 1/967 9/955

Percent Defective 0.11 0.10 0.94

Cumulative Percent Defective 0.11 0.21 1.15
Conclusions

Reliability testing performed by Motorola MOS Microprocessor Division during 1982 has produced
excellent results. The specific test results included in this report are representative of Motorola MOS
Microprocessor components expected field performance. Failure rate estimates have been based
on the outcome of tests and data analyses which are widely accepted. Life test failure rates on both
ceramic and plastic packaged devices are significantly reduced over those reported previously.
Moisture resistance testing indicates extremely high performance of Motorola MOS Microprocessor
plastic encapsulated circuits. Thermal integrity testing shows that there are few failures, which
typically occur only after extensive exposure to temperature extremes greater than those seen in
field applications. The level of performance predicted by these test results is among the best available
in the industry and far exceeds the requirements of most applications. Comparison to previous
reports (Reliability Report 8238) verifies a history of continuous improvement which has made
Motorola MOS Microprocessor components the optimum choice for reliable performance.

Copies of this and other reliability reports may be obtained from your local Motorola representative.
For additional information contact Microprocessor Reliability Engineering 512-928-6640 or write to:

MOS Microprocessor Reliability Engineering
Motorola Incorporated

3501 Ed Bluestein Bivd.

Austin, Texas 78721



APPENDIX A.
QUALITY AND RELIABILITY SYSTEM

A complete Reliability and Quality Assurance system is in place to monitor and control the per-
formance of Motorola’s MOS Microprocessor Components. Incoming Quality Control inspects starting
wafers, masks, chemicals, package piece parts and molding compounds. Process Engineering and
In-Process Quality Control perform step-by-step monitoring of the wafer process to check oxidation,
diffusion, photolithography, ion implantation, polysilicon deposition, metallization, passivation, and
other process operations. Final visual, class probe, and capacitance-voltage plots complete the wafer
area inspections. Environmental monitors are also performed for air cleanliness, water quality, tem-
perature and humidity.

In the assembly area, In-Process Quality Control performs monitors on equipment performance
and gate inspections at the major process steps on all lots. The Outgoing Quality Control group
continues this philosophy in the final test area by performing electrical and visual-mechanical gates
on every lot. The electrical inspection, which consists of AC, DC and functional tests, is performed
to a 0.1% (maximum) Acceptable Quality Level (AQL) sampling plan. The visual/mechanical in-
spection is also performed to a 0.1% AQL sampling plan. Any lot which fails either of these gates
is returned to production for 100% rescreen. A Quality Engineering organization exists to approve
final test programs and support the Outgoing Quality Control organization. Test programs are tailored
to assure all required specifications are met or the devices are rejected.

The Reliability Engineering organization is responsible for performing qualifications of new designs
and process changes prior to introduction. In addition, Reliability Engineering establishes and main-
tains monitor programs to assure processes stay in control once they are qualified. Results from
these programs provide rapid feedback to correct problems as they occur.

Supporting these efforts is the Metrology Laboratory which includes both a Standards and a
Calibration Laboratory to provide National Bureau of Standards traceability to all production
measurements.

Also offering required support are a Chemical Laboratory with such equipment as a gas chro-
matograph/mass spectrograph and X-ray fluorescent systems for detailed incoming chemical anal-
yses; a Surface Analysis Laboratory whose equipment includes a Scanning Electron Microscope
(S.E.M.) and a Scanning Auger Microprobe (S.A.M.); and a Product Analysis Laborabory for detailed
analyses of failure modes and mechanisms for Microprocessor devices.
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APPENDIX B.
PACKAGING SYSTEMS

Motorola Microprocessor devices are produced in plastic, CERDIP and sidebraze packages. The
ceramic package types are hermetically sealed to protect the integrated circuit from environmental
factors and permit operation over extreme temperature ranges. Although plastic devices are not
hermetic, modern epoxies exhibit extremely high moisture resistance, and long lifetimes may there-
fore be expected from these devices in typical environments.

Plastic

In recent years, plastic encapsulated devices have gained widespread acceptance throughout the
electronics industry. Improvements in materials and process controls have resulted in significant
improvements in reliability performance. In addition, plastic packages have the advantage of low
cost and physical strength. Through careful selection of molding compound, leadframe material, and
assembly methods, Motorola produces plastic packaged ICs with reliability suitable for nearly all
applications.

Encapsulated integrated circuits incorporate the simplest processing and package construction
of the various systems available. The die is attached to a leadframe, wire bonded and encapsulated
using an epoxy novolac molding compound. The die may be attached to the leadframe by epoxy
or by any of a variety of eutectic forming metal preforms. Wire bonding may be thermocompression
or thermosonic, but the wire is always gold. This system has evolved from early industry experiments
with aluminum ultrasonic wire bonding which experienced high rates of opens and intermittents. The
encapsulant is the most critical component of the system since it controls contamination, moisture
resistance, and stress effects. Epoxy novolacs have become the industry standard molding com-
pound since they combine excellent characteristics in all these areas.

The plastic package is, by far, the most resistant to physical damage since the die is completely
encapsulated and cavity hermeticity is not a concern. Since the package is light in weight and the
plastic is less brittle than ceramic, chipping and cosmetic damage are not problems. The leadframe
and plating are equivalent to CERDIP, and modern epoxies pose no danger from contamination.

In comparing plastic to ceramic packages, there are two characteristics to be considered: moisture
resistance and thermal characteristics. Microprocessor plastic products perform very well on moisture
resistance related tests. This is due to advances in molding compounds, and the characteristic low
voltages and moderate power dissipation of Microprocessor products. In most instances, plastic
devices will provide excellent performance, essentially equivalent to hermetic performance. Thermai
resistance has been improved dramatically through the introduction of copper leadframes and heat-
spreaders. During 1982 and 1983, a large number of Microprocessor devices will be converted from
Alloy 42 to copper leadframes to take advantage of the better thermal conductivity of copper. This
results in lower junction temperatures, and subsequent improvements in electrical characteristics
and reliability performance.

Another approach to lower thermal resistance for devices with high power dissipation is plastic
assembly using a heatspreader. The heatspreader is an anodized aluminum piece part that sits
below the plane of the leadframe. Diuring the encapsulation process, the heatspreader is surrounded
by plastic and becomes part of the package structure. Heatspreaders, when used in combination
with Alloy 42 leadframes, yield & thermal resistance roughly equivalent to a copper leadframe plastic
device, or to a ceramic device. Devices which contain a heatspreader employ the suffix “G” to
designate this package type. The MC6801 Microprocessor Family has been offered in this package,
and the 64-pin MC68000 16-bit Microprocessor is being offered in a heatspreader package.
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The sidebraze, or solder seal, package is composed of three layers of alumina which are screened
with refractory metal such as tungsten or moly manganese and fired together to form the package
body with a cavity for the die. The refractory metal is then plated and Alloy 42 leadframes are brazed
to the bottom, sides or top of the package, depending on the vendor. The advantage of the sidebraze
version is accurate lead alignment without the need for forming. The final piece part operation is
plating which may be gold, or tin with a selective gold plate in the cavity. Although epoxy die bonding
is feasible in this package — due to the higher sealing temperature, most manufacturers, including
Motorola, employ a eutectic bond. Both aluminum ultrasonic wire bonding and gold thermocompres-
sion bonding are used.
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Some tradeoffs exist in the performance characteristics of the two hermetic packages as they are
offered by Motorola. Both typically are ceramic, hermetic, employ a eutectic die bond, use ultrasonic
aluminum wire bonding, and have tin plating. The thermal resistance of the packages is very similar,
with the sidebraze having a slight advantage. Both packages perform well on the standard thermal
and mechanical environmental tests, but each is susceptible to handling damage. Loose shipping
rail packaging or high velocity impacts during testing can chip the sidebraze package and sever the
interiayer metallization. This type of handling will not affect the 10-mil-thick leadframe of the CERDIP
package, but hermeticity failures can occur. The CERDIP package is slightly thicker and heavier, but
no conductive surfaces are exposed so the shorting potential in dense packaging is reduced. Ex-
tensive testing of 24, 28, and 40 lead CERDIP and sidebraze devices has indicated no significant
differences in reliability.

Some Microprocessor devices are now being offered in Leadless Chip Carriers (LCC). The primary
advantage of LCCs is increased device density at the bcard or substrate level. Motorola currently
uses a 40-pin LCC that is essentially identical to the sidebraze dual-in-line in construction charac-
teristics and assembly methods. Some MC68000 16-bit family devices will be offered in higher
terminal count LCCs, up to 68 terminals. Future plans include LCCs with single layer construction
and other package types offering higher packing density at the system level.
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APPENDIX C.
FAILURE RATE CALCULATIONS

Environmental tests are designed to measure device resistance to unusual and severe stress, not
expected under normal operating conditions. Device performance under these conditions is ex-
pressed as a percent of devices defective and compared to previous results. Life tests, on the other
hand, accelerate the use conditions of the device with temperature and voltage in a manner which
is more quantitatively correlatable to system operation. Life test failure rates are expressed as failures
per unit time and are calculated using established principles of probability and statistics.

The principles of reliability engineering have indicated that failure rates for semiconductor devices
will take the form of the “bathtub” curve (Figure C1).
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FIGURE C1. DEVICE FAILURE RATE AS A FUNCTION OF TIME.

The following three regions are represented in the curve:

1. Infant Mortality — a region of high but rapidly declining failure rates, usually associated with
manufacturing defects.

2. Random Failures — a region of low, random failures caused by more subtle defects. This
area of the curve represents the useful part of device life.

3. Wearout — a region of rapidly rising failure rates related to device wearout. Most semicon-
ductors will not reach this stage before they are replaced because of changes in technology.

Techniques for calculating life test failure rates assume that the devices being tested have passed
infant mortality and entered the stable random failure portion of the life curve. Failures which occur
in this area are few and are known to approximate specific probability distributions. These probability
distributions are used to calculate sample failure rates which can be projected to the population in
general through the application of confidence limits. Techniques used to calculate life test failure
rates for microprocessors are discussed below.

A failure rate for any sample of life tested devices can be determined by dividing the number of
failures by the number of device hours. However, this rate will apply to that sample only. If you are
interested in projecting from the sample to the populations in general, you must establish confidence
limits. The application of confidence limits is a statement of how “confident” you are that the sample
failure rate approximates that for the population in general. To obtain rates with different confidence
levels it is necessary to make use of specific probability distributions which take the same form as
the actual failure distribution.

2-15




It has been determined that failures in semiconductors that have entered the middle portion of the
bathtub curve will approximate a Poisson distribution; this distribution applies when one has a large
sample with an extremely small number of events of interest, such as device failures. Given a
Poisson failure process, a Chi-Square distribution can be used to establish confidence limits for
failure rates. Reliability Engineering has determined that the following general formula, which utilizes
values from a Chi-Square table, can be used to calculate failure rates for semiconductors:

_1x105 _ X2 (a, d.f.)
© MTTF 2t

(1

where:
A = Failure Rate, %/1000 Hours

MTTF = Mean Time To Failure (Hours)

x2 = Chi-Square Function
_ 100 ~ Confidence Limit

B 100

Number of Failures

d.f. = Degrees of Freedom = 2r + 2
r =
t = Device Hours

To calculate the failure rate, first determine the level of confidence you require and calculate
degrees of freedom. Select the Chi-Square value from a Chi-Square distribution table with the
appropriate degrees of freedom and confidence level. Divide that value by twice the actual device
hours, at the temperature of interest.

The above formula applies for calculating a device failure rate, provided that the test is conducted
at system temperature. However, since we are unable to observe long-term effects which develop
over time, the test is accelerated through the application of a high temperature. In order to calculate
a failure rate at the ambient temperature of a system, a factor must be supplied to compensate for
the acceleration. The factor (Fa) which equates test temperature with rated temperature is derived
from the Arrhenius relationship:

Fa = exp ((e/k> : (Tlr - —%)) @)

where:

Fa = Acceleration Factor

8 = Activation Energy, eV

k = Boltzman’s constant, 8.62 x 10 —5 eV/°’K

Tr = Junction Temperature, °K at the Rated Ambient of 70°C

Tt = Junction Temperature, °K at the Life Test Ambient of 125°C

Motorola uses 70°C for the system temperature (To) to more closely approximate the actual tem-
perature of the device during system operation and to supply a degree of conservatism to the failure
rate calculation.
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Motorola uses an activation energy (6) value of 1.0 electron-volt. A 1.0 eV was selected as an
average value because a variety of different failure mechanisms exist for microprocessor and other
VLSI devices, with activation energies ranging from 0.40 eV for oxide related failures to 1.0 eV or
greater for contamination and metal related failures. Tr and Tt of the equation are the average
junction temperatures present at the rated and test ambients. Motorola uses junction, rather than
ambient temperature, because they produce acceleration factors that are more conservative and
representative of actual conditions. These temperatures are calculated as follows:

Ty =TA + PD - 8JA (3)

where:
Ty = Junction Temperature, °C
TA = Ambient Temperature, °C
Pp = Average Power Dissipation, Watts
8JA = Thermal Resistance — Junction to Ambient, °C Per Watt

Once this step has been completed, the acceleration factor can be calculated and applied as a
multiplier to the number of device test hours under accelerated test conditions to determine the
equivalent number of hours at rated operating conditions. To determine the failure rate at the operating
temperature, use equation (1) substituting the equivalent device hours at rated temperature for t in
the equation. -

Formula 1 provides a failure rate expressed in percent per thousand hours. This number, stated
as a percentage per each thousand hours of operation, is one way Motorola Reliability Engineering
expresses failure rates for Microprocessors. One other way of expressing failure rates is Failures
In Time (FITs) which refers to failed units per 109 device hours (1 FIT = X x 104).

Mean Time To Failure (MTTF) is another parameter frequently used to express failure rates. MTTF
is the average time to a failure of a non-repairable item such as a semiconductor and is expressed
as the reciprocal of the failure rate: ’

MTTF = % (4)




APPENDIX D.
ELECTRICAL TESTING AND FAILURE CHARACTERISTICS

The electrical measurements performed on reliability test samples were obtained using computer
controlled testers and programs employing exhaustive functional routines under worst-case supply
and clock conditions. Devices which do not meet a test criterion, including those failing for parametric
reasons, are first segregated into “bin outs” defined by the test program. A data log is obtained from
which each failing device is then assigned to one of six failure mode categories. An analysis to
determine specific failure mechanisms is performed when the level or pattern of failure indicates
that it is appropriate. T.H.B. rejects are routinely decapsulated and inspected for corrosion of the
metallization.

The electrical test programs are typically constructed in the following manner:

“Opens” test

“Shorts” test

Input Leakage

Functionality using nominal supply and input voltage levels and low frequency clock conditions
Functionality to data sheet parametric limits using worst-case combinations of VDD level and
clock frequency

Three-state leakage

Output buffer current drive capabnhty

8. Power dissipation test

o b~

N o

Failure modes categorized according to these tests do not always indicate a specific problem
and individual test programs may deviate from the sequence shown above as required for complete
testing of the specific device type. Microprocessors and other LS! logic circuits do not readily lend
themselves to the identification of failure modes since their complexity creates an astronomical
number of possible combination, some of which are very subtle. Attempts to categorize these
modes by the test sequence invariably result in groupings which are not mutually exclusive or
related to physical mechanisms.

The distribution of failure modes and mechanisms observed during life testing appears to be
the result of random manufacturing anomalies and does not, therefore, indicate trends correlatable
to specific process or design deficiencies. These results are consistent with careful attention to
process controls and reflect Motorola’s high priority for quality and reliability.



TABLE D1.
FAILURE MODE CLASSIFICATION

OPENS — No electrical connection between an external terminal and corresponding die
circuitry (possible intermitent). MOS inputs are normally high impedance parts and opens are
detected by forward-biasing the substrate diode. ~

SHORTS — An unintended resistive path of relatively low value between one terminal and
any other terminal.

FUNCTIONAL — A failure of one or more output terminals to respond with a correct logical
state under nominal supply, clock, and VIH/VIL levels; a violation of the internal Boolean
relationship defined by the circuit design.

INPUT LEAKAGE — A current of either polarity which exceeds data sheet limits for input
terminals. Large values of leakage are classified as shorts.

THREE-STATE LEAKAGE — A current of either polarity which exceeds data sheet limits for
I/0 terminals when under three-stated conditions. This parameter is aiso timing dependent
and, when catastrophic, is classified as a functional failure mode.

PARAMETRIC — A broad classification of non-catastrophic failure modes which excludes
leakages but includes:

1. Failure to respond at one or more output terminals with a correct logical state under worst-
case supply, clock, and VIH/VIL conditions; usually the result of excessive propagation
delays, improper VOH/VOL levels, or a dynamic logic state which should be static, etc.
Must be 100% functional under nominal conditions and may be associated with leakage
currents not previously detected.

2. Excessive power dissipation. For CMOS Microprocessors, leakage currents can be a sig-
nificant contributing factor for this failure mode. Device is 100% functional.

3. Incorrect output analog voltage or current level not resulting in a functional failure.
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APPENDIX E.

MICROPROCESSOR AVERAGE JUNCTION TEMPERATURES
AND GATE COUNTS

Average Junction
Temperature @Tp = 70°C Equivalent
MOS Device Plastic Number of
Technology Type Ceramic A42 Cu Gates
NMOS MC6800 83 92 1,367
MC6802/08 91 116 3,633
MC6810 83 92 1,083
MCe6821 79 92 81 450
MC6844 85 103 88 1,000
MC6845 89 105 90 750
MC6846 89 109 91 3,755
MC6847 83 94 84 833
MC6850 81 92 85 580
MC6852 83 91 84 907
MC6854 89 101 91 1,400
MC68488 85 98 86 893
MC68652 86 106 88 6,442
MC68653 3,200
MC68661 85 102 91 4,200
. MC68701 99 11,267
HMOS MC6801 95 96" 97 8,533
MC6805P2 88 106 95 4,833
MC6805R2/U2 82 108 87 6,430
MC6809/E 92 117 96 3,000
MC6829 92 1 7* 96 3,293
MC68000 97 95 12,667
MC68008 107 12,667
MC68120 96 9,644
MC68451 12,233
MC68705P3 88 8,833
MC68705R3 89 14,433
CMOS MC141000 71 72 2,425
MC141200 71 72 2,425
MC146805E2 71 72 4,333
MC146805F2 71 72 5,633
MC146805G2 71 72 5,800
MC146823 71 72 867

NOTES: * Plastic package with molded-in heatspreader.
A42 Plastic package with Alloy 42 leadframe.
Cu Plastic package with copper leadframe.
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APPENDIX F.
RELIABILITY AND QUALITY MONITOR PROGRAM

The Motorola MOS Microprocessor Reliability and Quality Monitor Program is designed to generate
an ongoing data base of reliability and quality performance for various categories of Microprocessor
products. The primary purpose of the program is to identify negative trends in the data so that
immediate corrective action can be taken. The program also allows Motorola to develop a large data
base of reliability and quality results that can be reported quarterly to customers.

For the reliability monitor tests, each quarter sample group is pulled from major categories of
product representing a matrix of processing and packaging technologies (see Sample Group chart).
Product mix, sample availability and equipment capacity may cause the specific sample group pulled
for a given quarter to vary from the chart shown. Each sample group has a specific set of reliability
tests associated with it that are appropriate for that product type based on our history for that
classification. At the end of each quarter, results are reported for all sample groups that have
completed testing.

The quality results that are reported are the electrical and visual/mechanical AOQ (Average
Outgoing Quality, given in parts per million defective) for the Microprocessor Division. This data
represents the summary of results from the QC gate operation performed on every lot during the
quarter. Electrical AOQ represents any AC, DC, or functional failure at any temperature (each lot
is typically gated at two temperatures: hot and either room or cold). Visual/mechanical AOQ rep-
resents failures such as bent leads, incorrect marking, marking permanency problems, and cracked
packages. The AOQ reported is the product of the process average (ratio of defective devices to
largest sample size) and the lot acceptance rate.

Following are brief descriptions of the various reliability tests included in this program:

High Temperature Operating Life

High temperature operating life (H.T.O.L.) testing is performed to accelerate failure mechanisms
which are thermally activated through the application of extreme temperatures and the use of dynamic
operating conditions. The temperature and voltage conditions used in the stress are typically 125°C
with a bias level at the maximum data sheet specification limit of 5.5 volts. All devices used in HTOL
test are sampled directly after final electrical test with no prior burn-in or other pre-screening. Testing
is performed per Mil Std 883B, Method 1005, with all stressing dynamic and minimum test duration
1008 hours. Some sarnple groups will be extended beyond 1008 hours, some run at temperatures
higher than 125°C, and some at voltages higher than maximum rated voltage to look for the effects
of these variations.

Device equivalent hours assume the Arrhenius relationship using an activation energy of 1.0 eV
to extrapolate from the device junction temperature at 125°C to the junction temperature at 70°C.
Failure rates given in FITs are derived using the Chi-Square distribution to a 90% confidence limit.
A FIT is 1 failure per 10° device hours or 0.0001%/1000 Hours.

Temperature Humidity Bias

Temperature Humidity Bias (T.H.B.) is an environmental test performed at a temperature of 85°C
and a relative humidity of 85%. The test is designed to measure the moisture resistance of plastic
encapsulated circuits. A nominal voltage of 5 volts static bias is applied to the device to create the
electrolytic cells necessary to accelerate corrosion of the metallization. Testing is performed per
JEDEC Standard 22, Method A101. Most groups are tested to 100 hours with some groups extended
beyond to look for longer term effects.
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Autoclave

Autoclave, like T.H.B., is an environmental test which measures device resistance to moisture
penetration along the leadframe-plastic interface. Conditions empioyed during the test include 121°C,
100% relative humidity, and 15 psig. Corrosion of the die is the expected failure mechanism. Autoclave
is a highly accelerated and destructive test performed per JEDEC Standard 22, method A102. Testing
is routinely performed for 144 hours.

Temperature Cycle

Temperature cycle testing accelerates the effects of thermal expansion mismatch among the
different components within a specific packaging system. This test is typically performed per Mil
Std 883B, Method 1010, Condition C (-—-65°C to +150°C), or JEDEC Standard 22, Method A104,
Condition B (—40°C to +125°C). During temperature cycle testing, devices are inserted into a
cycling system and held at the cold dwell temperature for at least ten minutes. Following this cold
dwell, the devices are heated to the hot dwell where they remain for another ten minute minimum
time period. The system employs a circulating air environment to assure rapid stabilization at the
specified temperature. The dwell at each extreme, plus the two transition times of five minutes each
(one up to the hot dwell temperature, another down to the cold dwell temperature), constitute one
cycle. Test duration is for 1000 cycles with some tests extended to look for longer term effects.

Thermal Shock

The objective of thermal shock testing is the same as that for temperature cycle testing — to
emphasize differences in expansion coefficients for components of the packaging systems. However,
thermal shock provides additional stress in that the device is exposed to a sudden change in
temperature due to the transfer time of ten seconds maximum as well as the increased thermal
conductivity of a liquid ambient. This test is performed per Mil Std 883B, Method 1011, Condition
C (—65°C to +150°C). Devices are placed in a fluorocarbon bath and cooled to —65°C. After being
held in the cold chamber for five minutes minimum, the devices are transferred to an adjacent
chamber filled with fluorocarbon at + 150°C for an equivalent time. Two five-minute dwells plus two
ten-second transitions constitute one cycle. Test duration is normally for 1000 cycles with some tests
being extended to look for longer term effects.

Data Retention

Data retention testing or high temperature storage is performed to measure the stability of pro-
grammed EPROM and EEPROM devices during storage at elevated temperatures with no electrical
stress applied. The devices are exposed to an ambient environment of 150°C per Mil Std 883B,
Method 1008, Condition C. An acceleration of charge loss from the storage cell is the expected
result. All groups are typically tested to 1008 hours.
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RELIABILITY AND QUALITY MONITOR PROGRAM
SAMPLE GROUPS

Typical
Category P.:_'oduct Minimum Number of Test Performed
Name ypes Sample Groups/Qtr No. Samples | (Typ.)
NMOS 6800 Family HTOL 45 Pcs
Plastic 3870, 6800, 6810 8 THB 34 Pcs
6821, 6845, Custom Autoclave 22 Pcs
TC/TS 38 Pcs
HMOS 6801 Family HTOL 45 Pcs
Plastic 6805 Family 4 THB 34 Pcs
6809 Family Autoclave 22 Pcs
TC/TS 38 Pcs
CMOS CMOS Family HTOL 45 Pcs
Plastic 146805E2 4 THB 34 Pcs
146805G2 Autoclave 22 Pcs
TC/TS 38 Pcs
68000 68000 HTOL 45 Pcs
Family 2 THB 36 Pcs
Plastic Autoclave 38 Pcs
(HMOS) TC/TS 38 Pcs
CERDIP 6800 Family HTOL 45 Pcs
(NMOS or 3870, 6800, 6810, 2 TC/TS 38 Pcs
HMOS) 6821, 6845, 6801,
6805, 6809
Side 6800 Family TC/TS 52 Pcs
Braze 3870, 6800, 6810 2
6821, 6845, 6810,
6805, 6809
Leadless 146805E2 HTOL 30 Pcs
Chip 146805G2 3 TC/TS 38 Pcs
Carrier CMOS Family
68000 68000 HTOL 45 Pcs
Family 2
Ceramic
(HMOS)
EPROM MCU 68701 HTOL 45 Pcs
(NMOS, HMOS 68705 2 TC/TS 38 Pcs
or CMOS) 1468705G2 Data
Retention 45 Pcs

2-23




APPENDIX G.
QUALITY PERFORMANCE

The chart below gives the goals and actuals for the Microprocessor Division Electrical and Visual/
Mechanical AOQ (Average Outgoing Quality, given in parts per million defective). This data represents
the summary of results from the QC gate operations performed on every lot. Electrical AOQ rep-
resents any AC, DC, or functional failure at any temperature (each lot is typically gated at two
temperatures: hot, and either room or cold). Visual/Mechanical AOQ represents failures such as bent
leads, incorrect marking, marking permanency problems, and cracked packages. The AOQ reported
is the product of the process average (ratio of defective devices to largest sample size) and the lot
acceptance rate.

AVERAGE OUTGOING QUALITY

Electrical Visual/Mechanical
AOQ (PPM) AOQ (PPM)
Goal Actual Actual

Total 1979 3000 (~) 4000 (~) 4500

Total 1980 2500 (~) 2000 (~) 2500

Total 1981 1500 1725 1920

1st Qtr 1982 1200 1045 1408

2nd Qtr 1982 1000 868 1934

3rd Qtr 1982 800 492 1062

4th Qtr 1982 600 636 651

1st Qtr 1983 500 326 405

2nd Qtr 1983 450 341 267

3rd Qtr 1983 400 313 251
4th Qtr 1983 350
1st Half 1984 275
2nd Half 1984 275
1st Half 1985 175
2nd Half 1985 125
1986 100
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@ MOTOROLA MC1372

COLOR TV
VIDEO

COLOR TV VIDEO MODULATOR MODULATOR CIRCUIT

SILICON MONOLITHIC

...an integrated circuit used to generate an RF TV signal from INTEGRATED CIRCUIT

baseband color-difference and luminance signals.

The MC1372 contains a chroma subcarrier oscillator, a lead and
lag network, a quasi-quadrature suppressed carrier DSB chroma
modulator, an RF oscillator and modulator, and an LSTTL com-
patible clock driver with adjustable duty cycle.

The MC1372 is a companion part to the MC6847 Video Display
Generator, providing and accepting the correct dc interconnection
levels. This device may also be used as a general-purpose modulator
with a variety of video signal generating devices such as video games,
test equipment, video tape recorders, etc.
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MC1372

MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted)

Rating Value Unit
Supply Voltage 8.0 Vdc
Operating Ambient Temperature Range 0to+70 oc
Storage Temperature Range ~65 to +150 oc
Junction Temperature 150 °c
Power Dissipation, Package 1.25 Watts
Derate above 25°C 13 mwW/°C

RECOMMENDED OPERATING CONDITIONS

Supply Voltage 5.0 Vdc

Luma Input Volitage — Sync Tip 1.0 Vdc
Peak White 0.35

Color Reference Voltage 15 Vdc

Color A, B Input Voltage Range 1.0t02.0 Vdc

ELECTRICAL CHARACTERISTICS (Vg = +5 Vdc, Ta = 25°C, Test Circuit 1 unless otherwise noted)

Characteristic Min Typ Max Unit
Operating Supply Voltage 4.75 5.0 5.25 Volts
Supply Current - 25 - mA

CHROMA OSCILLATOR/CLOCK DRIVER (Measured at Pin 1 unless otherwise noted)
Output Voltage (Vor) - - 0.4 Vdc
(Von) 24 - -
Rise Time (V1 = 0.4 to 2.4 vVdc) — - 50 ns
Fall Time (V1 =2.4 t0 0.4 Vdc) - — 50 ns
Duty Cycle Adjustment Range (V3 = 5.0 Vdc) 70 - 30 %
(Measured at V1 = 1.4 V)
Inherent Duty Cycle (No connection to Pin 3) - 50 ° - %
CHROMA MODULATOR (V5 = V6 = V7 = 1.5 Vdc unless otherwise noted)

Input Common Mode Voltage Range (Pins 5,6, 7) 0.8 = 2.3 Vdc
Oscillator Feedthrough (Measured at Pin 8) - 15 31 mV(p-p)
Modulation Angle [68(V7 = 2.0 Vdc) - 08(V5 = 2.0 Vdc)] 85 100 115 degrees
Conversion Gain [V8/(V7 - V6); V8/(V5 - V6)] - 0.6 — V(p-p)/Vdc
Input Current (Pins 5, 6, 7) - — -20 MA
Input Resistance (Pins 5, 6, 7) 100 — — k§2
Input Capacitance (Pins 5,6, 7) - - 5.0 pF
Chroma Modulator Linearity - 4.0 - %

(V6=10t02.0V;V7=10t02.0V)

RF MODULATOR

Luma Input Dynamic Range (Pin 9, Test Circuit 2) 0 - 1.5 Volts
RF Output Voltage (f = 67.25 MHz, V9 = 1.0 V) - 15 — mVrms
Luma Conversion Gain
(AV12/AV9; V9 = 0.1 to 1.0 Vdc) Test Circuit 2 — 08 ~ V/V
Chroma Conversion Gain V/vV
(AV12/aV10; V10 = 1.5 Vp-p; V9 = 1.0 Vdc) Test Circuit 2 — 0.95 —
Chroma Linearity (Pin 12, V10 = 1.5 Vp-p) Test Circuit 2 —~ 1.0 — %
Luma Linearity (Pin 12, V9 =0 to 1.5 Vdc) Test Circuit 2 — 2.0 — %
Input Current (Pin 9) — — -20 uA
Input Resistance (Pin 10) — 800 — Q2
Input Resistance (Pin 9) 100 - - k2
Input Capacitance (Pins 9, 10) — = 5.0 pF
Residual 920 kHz (Measured at Pin 12) See Note 1 — 50 — dB
Output Current (Pin 12, V9 = 0 V) Test Circuit 2 — 1.0 — mA
TEMPERATURE CHARACTERISTICS (Vcc =5 Vde, Ta = 0 to 70°C, IC only)
Chroma Oscillator Deviation (f, = 3.579545 MHz) - +50 — Hz
RF Oscillator Deviation (f, = 67.25 MHz) — +250 = kHz
Clock Drive Duty Cycle Stability +5.0 - - %

NOTE 1. V9 = 1.0 Vdc, V¢ = 300 mV (p-p) @ 3.58 MHz,
Vg =250 mV(p-p) @ 4.5 MHz, Source Impedance = 75 Q.
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FIGURE 2 — TEST CIRCUIT 1

RF Output

8 Chroma Modulator
Output

5.6 k MC1372
Vo 10
Clock Ve
Output
s| 6| 7| of 3| +sv O
— 10 k
- V5 Ve V7 V9
Vs
Duty Cycle
Adjust
FIGURE 3 — TEST CIRCUIT 2
+5V
T +7V
E —E 360 2k
104 ’ : 1N4001 vi2
— Video Output
12
8 _ Chroma Modulator
Output
56 k MC1372
Clock 10
Output vio

; 2o
ISEET R

6
V5 Vé V7 V9

35




o€

FIGURE 4 — SCHEMATIC DIAGRAM
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MC1372

OPERATIONAL DESCRIPTION

Pin 1 — Clock Output

Provides a rectangular pulse output waveform with
frequency equal to the chrominance subcarrier oscillator.
This output is capable of driving one LS-TTL load.

Pin 2 — Oscillator Input

Color subcarrier oscillator feedback input. Signal from
the clock output is externally phase shifted and ac cou-
pled to this pin.

Pin 3 — Duty Cycle Adjust

A dc voltage applied to this pin adjusts the duty cycle
of the clock output signal. If the pin is left unconnected,
the duty cycle is approximately 50%.

Pin 4 — Ground

Pin 5 — Color B Input

Dc coupled input to Chroma Modulator B, whose
phase leads modulator A by approximately 100°. The
modulator output amplitude and polarity correspond to
the voltage difference between this pin and the Color
Reference Voltage at Pin 6.

Pin 6 — Color Reference Input

The dc voltage applied to this pin establishes the
reference voltage to which Color A and Color B inputs
are compared.

Pin 7 — Color A Input

Dc coupled input to Chroma Modulator A, whose
phase lags modulator B by approximately 100°. The
modulator output amplitude and polarity correspond to
the voltage difference between this pin and the Color
Reference Voltage at Pin 6.

Pin 8 — Chroma Modulator Output

Low impedance (emitter follower) output which
provides the vectorial sum of chroma modulators A
and B.

Pin 9 — Luminance Input

Input to RF modulator. This pin accepts a dc coupled
luminance and sync signal. The amplitude of the RF signal
output increases with positive voltage applied to the pin,
and ground potential results in zero output (i.e., 100%
modulation). A signal with positive-going sync should
be used.

Pin 10 — Chrominance Input

Input to the RF modulator. This pin accepts ac coupled
chrominance provided by the Chroma Modulator Output
(pin 8). The signal is reduced by an internal resistor divider
before being applied to the RF modulator. The resistor
divider consists of a 300 ohm series resistor and a 500
ohm shunt resistor. Additional gain reduction may be
obtained by the addition of external series resistance
to pin 10.
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Pin 11 - Vce
Positive supply voltage

Pin 12 — RF Modulator Output

Common collector of output modulator stage. Output
impedance and stage gain may be selected by choice of
resistor connected between this pin and dc supply.

Pins 13 and 14 — RF Tank

A tuned circuit connected between these pins deter-
mines the RF oscillator frequency. The tuned circuit must
provide a low dc resistance shunt. Applying a dc offset
voltage between these pins results in baseband composite
video at the RF Modulator Output.

MC1372 CIRCUIT DESCRIPTION

The chrominance oscillator and clock driver consist of
emitter follower Q4 and inverting amplifier Q5. Signal
presented at clock driver output pin 1 is coupled to
oscitlator input pin 2 through an external RC and crystal
network, which provides 180° phase shift at the resonant
frequency. The duty cycle of the output waveform is
determined by the dc component at pin 1 internally
coupled through R12 to the base of Q4. As pin 1 dc
voltage increases, a smaller portion of the sinusoidal
feedback signal at pin 2 exceeds the Q4 base voltage of
two times VBE required for conduction. As the dc level
is reduced, device Q4 and thus Q5 is turned on for a
longer percentage of the cycle. Transistors QO0, Qf1,
Q2 and diode D1 provide the biasing network which
determines the dc operating level of the oscillator. The
transistor Q2 and resistors R5, R6, and R7 form a voltage
reference of four times VBE at the collector of Q2. The
dc voltage at pin 1 is determined by the values of R4,
R8, and R12 and the applied duty cycle adjust voltage
at pin 3. Since these resistors are nominally equal, the
voltage at pin 1 will always approximate the dc voltage
at pin 3.

The oscillator signal at pin 1 is internally coupled to
active filter Q44. This filter reduces the frequency content
above 4 MHz. The output of the filter at the emitter of
Q44 is ac coupled through C3 to the input of the lead/lag
network. R32 and C1 provide approximately 50° of phase
lag, while C2 and R29 provide approximately 50° of
phase lead. These two quasi-quadrature waveforms are
used to switch chroma modulators B and A, respectively.
The transistors Q22 through Q25 and Q32-Q33 form
a doubly balanced modulator. The input signal applied
at pin 5 is compared to the color dc reference voltage
applied at pin 6 in differential amplifier Q32-Q33. The
source current provided by transistor Q34 is partitioned
in transistors Q32 and Q33 according to the differential
input signal. The bases of transistors Q23 and Q24 are
connected to the dc reference voltage at the emitter of
Q30. The bases of transistors Q22 and Q25 are connected




MC1372

to the phase delayed oscillator signal at the emitter of
buffer transistor Q21. The differential signal currents
provided by Q32 and Q33 are switched in transistors
Q22 through Q25 and the resultant signal voltage is
developed across R49. This signal has the phase and
frequency of the oscillator signal at the emitter of Q21.
The amplitude is proportional to the differential input
signal applied between pins 5 and 6. Transistors Q26
through Q29 and Q38-Q39 form chroma modulator B.
This modulator develops a signal voltage which is propor-
tional to the differential voltage applied between pins
7 and 6. The phase and frequency of the output is equal
to the phase advanced chroma oscillator at the emitter
of buffer transistor Q20. Both chroma modulators A and
B share the same output resistor, R49, so the output
signal presented at the emitter of Q42 (pin 8) is the
algebraic sum of modulators A and B.

The RF oscillator consists of differential amplifier
Q18 and Q19 cross-coupled through emitter followers
Q16 and Q17. The oscillator will operate at the parallel
resonant frequency of the network connected between
pins 13 and 14. The oscillator output is used to switch
the doubly balanced RF modulator, Q9 through Q15.
Transistors Q7 and Q8 provide level shifting and a high
input impedance to the luminance input pin 9. The
bases of transistors Q9 and Q10 are both biased through
resistors R17 and R18, respectively, to the same dc
reference voltage at Q6 emitter. The base voltage at Q10
may only be offset in a negative direction by luminance
signal current source Q8. This design insures that over-
modulation due to the luminance signal will never occur.
The chrominance signal developed at pin 8 is externally
ac coupled to pin 10 where it is reduced by resistor
dividers R20 and R17, and added to the luminance
signal in Q9. The resultant differential composite video
currents are switched at the appropriate RF frequency
in Q12 through Q15. The output signal current is presented
at pin 12.

Transistors Q36, Q41 and resistors R44, R47 provide
a highly stable voltage reference for biasing current sources
Q43, 034, O35, and Q11.

MC1372 APPLICATION INFORMATION

Chrominance Oscillator

The oscillator is used as a clock signal for driving
associated external circuitry, in addition to providing a
switching signal for the chroma modulators. The IC uses
an external crystal in a Colpitts configuration, as shown
in Figure 5. Resistor R1 provides current limiting to
reduce the signal swing. Capacitor C2 is adjusted for
the exact frequency desired (3.579545 MHz).

In some applications, the duty cycle of the clock signal
at pin 1 must be modified to overcome gate delays in

associated equipment. The duty cycle may be adjusted
by varying the dc voltage applied to pin 3. This adjust-
ment may be made with the use of a potentiometer
(10 k£2) between supply and ground. With no connection
to pin 3, the duty cycle is approximately 50%.

Chroma Modulator

The chrominance oscillator is internally phase shifted
and applied to chroma modulators A and B. No external
lead/lag networks are necessary. The phase relationship
between the modulators is approximately 100°, which
was chosen to provide the best rendition of colors using
equal amplitude color-difference signals. The voltage
applied to pin 5, 6, or 7 must always be within the Input
Common Mode Voltage Range. Since the amplitude of
chrominance output is proportional to the voltage dif-
ference between pins 5 and 6 or 7 and 6, it is desirable
to select the Color Reference Voltage applied to pin 6 to
be midway between Vbmax and V5min (which should
be V7max and V7mqin). The Chroma B Modulator will be
defined as a (B-Y) modulator if a burst flag signal is
applied to the Color B Input (pin 5) at the appropriate
time. This voltage should be negative with respect to the
Color Reference Voltage, and typically has an amplitude
equal to 1/2[V6-V5minl. Since the phase of burst is
always defined as -(B-Y), the Chroma A Modulator
approximates an (R-Y) modulator; however, the phase
is offset by 10° from the nominal 90°, to provide the
100° phase shift as discussed previously.

RF Modulator and Oscillator

The coil and capacitor connected between pins 13 and
14 should be selected to have a parallel resonance at the
carrier frequency of the desired TV channel. The values
of 56 pF and 0.1 uH shown in Figure 5 were chosen
for a Channel 4 carrier frequency of 67.25 MHz. For
Channel 3 operation, the resonant frequency should
be 61.25 MHz (C = 75 pF, L =0.1 uH). Resistors R4 and
R5 are chosen to provide an adequate amplitude of
switching voltage, whereas R6 is used to lower the maxi-
mum dc level of switching voltage below Vgg, thus
preventing saturation within the IC.

Composite Luminance and Syné should be dc coupled
to Luminance Input, pin 9. This signal must be within
the Luma Input Dynamic Range to insure linearity.
Since an increase in dc voltage applied to pin 9 results
in an increase in RF output, the input signal should
have positive-going sync to generate an NTSC compatible
signal. As long as the input signal is positive, over-
modulation is prevented by the integrated circuit.

Chrominance information should be ac coupled to
Chrominance Input, pin 10. This pin is internally con-
nected to a resistor divider consisting of a series 300
ohms and a shunt 500 ohms resistor. The input impedance
is thus 800 ohms, and a coupling capacitor should be
appropriately chosen.
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FIGURE 5 — TYPICAL APPLICATION CIRCUIT
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The Luminance to Chrominance ratio (L:C) may be
modified with the addition of an external resistor in series
with pin 10 (as shown in Figure 5). The unmodified L:C
(Ao) is determined by the ratio of the respective Conver-
sion Gain for equal amplitude signals (typically, 0.883 =
-1.6 dB). The modified L:C will be governed by the
equation Ag(1 + Rext/800) for equal amplitude input
signals.

The internal chrominance modulators are not inter-
nally connected to the RF modulator; therefore, the user
has the option of connecting an externally generated
chrominance signal to the RF modulator. In addition,
the RF modulator is wideband, and a 4.5 MHz FM audio
signal may be added to the chrominance input at pin 10.
This may be accomplished by selecting an appropriate series
input resistor to provide the correct Luminance:Sound
ratio.

The modulated RF signal is presented as a current
at RF Modulator Output, pin 12. Since this pin represents
a current source, any load impedance may be selected for
matching purposes and gain selection, as long as the vol-
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tage at pin 12 is high enough to prevent the output
devices from reaching saturation (approximately 4.5 V
with components in Figure 5). The peak current out of
nin 12 is typically 2 mA. Hence, a load resistance of up
to 250 ohms may be safely used with a 5\ supply.

Composite Video Signal Generation

The RF modulator may be easily used as a composite
video generator by replacing the RF oscillator tank
circuit with a diode as shown in Figure 3. This results in
the output modulator being biased so the summation of
luminance and chrominance appears unswitched at
pin 12. The polarity of the output waveform is con-
trolled by the direction of the diode. /nverted video:
Anode to pin 14, cathode to pin 13. Non-inverted
video: Anode to pin 13, cathode to pin 14. Note that the
supply resistor must always be connected to the anode
of the diode.

The amplitude of signal may be increased by increasing
the load resistor on pin 12 and returning it to a higher
supply voltage. Any voltage up to the Absolute Maximum
Rating may be used.
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Applications with MC6847 Video Display Generator

The MC1372 may be easily interfaced to the MC6847
as shown in Figure 5. The dc levels generated and required
by the VDG are compatible with the MC1372, so that
pins 1, 5, 6, 7, and 9 may be directly coupled to the
appropriate MC6847 pins. Both integrated circuits as
well as any associated NMOS MPU may be driven from
a common 5 Vdc supply.

Recommended Chroma-Luma Signals

A chroma modulation angle of 100° was chosen to
facil'tate a desirable selection of colors with a minimum
number of input signal levels. The following table demon-
strates applicable signal levels for a variety of colors.

3-10

RECOMMENDED CHROMA-LUMA SIGNALS

Pin #9 Pin =7 Pin =6 Pin =5
Luminance

Input Color A | Color Ref.| Color B

(Vdc) (Vde) (Vdc) (Vdc)
Sync 1.0 15 1.5 1.5
Blanking 0.76 15 1.5 1.5
Burst 0.75 1.5 1.5 1.25
Black 0.70 1.5 1.5 1.5
Green 0.50 1.0 1.5 1.0
Yellow 0.38 1.5 1.5 1.0
Blue 0.62 1.5 1.5 2.0
Red 0.62 2.0 1.5 1.5
Cyan 0.50 1.0 1.5 1.5
Magenta 0.50 2.0 15 2.0
Orange 0.50 2.0 15 1.0
Buff 0.38 15 1.5 1.5
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MC3440A
MC3441A
MC3443A

QUAD GENERAL-PURPOSE INTERFACE
BUS (GPIB) TRANSCEIVERS

The MC3440A, MC3441A, MC3443A are quad bus transceivers
intended for usage in instruments and programmable calculators
equipped for interconnection into complete measurement systems.
These transceivers allow the bidirectional flow of digital data and
commands between the various instruments. Each of the transceiver
versions provides four open-collector drivers and four receivers

QUAD INTERFACE
BUS TRANSCEIVERS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

P SUFFIX
PLASTIC PACKAGE

NHHH CASE 648-05

R . MC3440A
featuring input hysteresis. Output and
The MC3440A version consists of three drivers controlled by Termination |- E] Vee
a common Enable input and a single driver without an Enable input. Gnd
Terminations are provided in the device. Bus A [+] [#]Busc
The MC3441A differs in that all four drivers are controlled by Receiver ] 1 Receiver
the common Enable input. Again, the terminations are provided. Output A Output C
The MC3443A is identical to the MC3441A except that the ter- Driver E 5| Driver
. . T . Input A |
minations have been omitted. As such it is pin compatible, and ey nputC
) . Dri =
functionally equivalent to the SN75138. It does offer the advantage ln;LV:rB Z] Enable E
of receiver input hysteresis. Receiver — Driver
. . . . . . Output B ~“linput D
® Receiver Input Hysteresis Provides Excellent Noise Rejection Recei
” eceiver
® Open-Collector Driver Outputs Permit Wire-OR Connection Bus B E ° ] output D
® Tailored to Meet the Standards Set by the |EEE and IEC Logic Gnd E E]Bus D
Committees on Instrument Interface (488-1978)
. . . ™M
® Terminations provided (except MC3443A version) C‘t‘ju
. o . Output and
® Provides Electrical Compatibility with General-Purpose Termination E E] Vee
Interface Bus Gnd
Bus A E z] BusC
MAXIMUM RATINGS (T 5 =25°C unless otherwise noted.) Receiver =] Receiver
Output A
Rating Symbol Value Unit utpy Output €
Driver —] Driver
Power Supply Voltage Vee 7.0 Vdc Input A 5 nput ©
Input Voltage vy 55 Vde Driver — 5] Enable €
Driver Output Current l0(D) 150 mA Input B d
Power Dissipation (Package Limitation) Pp 830 mW Receiver = Driver
Derate above 25°C 6.7 mW/oC Output B Input D
[§) Receiver
Operating Ambient Temperature Range TA Oto +70 C Bus B E 2 Ou:p:‘vt D
Storage Temperature Range Tstg -65 to +150 oc
Logic Gnd E THe[BusD
TYPICAL APPLICATION — GPIB MEASUREMENT SYSTEM MC@SA
A A —
Output Gnd [~ (7] Vee
instrument , Bus A E E BusC
A .
(with GPIB) : Receiver - j L 7] Receiver
Output A Output C
Programmable Driver 7 ' 5] Driver
Input =
i Calculator :)pu A input C
. (with GPIB) river "
It 8 L2 (3] Enable €
Instrument T Receiver — Driver
8 ’ Output B L2 =1 Input D
(with GP1B) - Receiver
e T —=Bus BU’BE Sl output D
Terminatiol
V v Y v ermination Logic Gnd E ~lBus D
16 Lines Total
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MC3440A, MC3441A, MC3443A

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.5 V < Vce < 5.5 V and 0 < Tp < 70°C, typical values are at

Ta=25°C,Vcc=5.0V)

[ Characteristic |

Symbol I Min

Typ

I

Max I

Unit

DRIVER PORTION

Input Voltage — High Logic State

ViH(D) 2.0

tnput Voltage — Low Logic State

ViL(D) -

0.8

Tnput Current — High Logic State
(Vig =24V)

1IH(D) -

a0

A

Input Current — Low Logic State MC3443A
(Vi =04V, Vce =50V, Ta = 25°C) MC3440A, 3441A

Loy -

-1.6
-0.25

mA

Input Clamp Voltage
(kK =-12mA)

ViKk(D) -

-1.5

QOutput Voltage — High Logic State (1) (MC3440A, 3441A only)

(VIH(E) = 24 Vor Vi (D) = 0.8 V)

VOHI(D) 25

Output Voltage — Low Logic State
(VIH(D) = 2.0V, V| (E) = 0.8V, IoL(D) = 48 mA)
(VIH(D) = 2.0V, VIL(E) = 0.8V, loL(D) = 100 mA)

vVoL(p)

0.5
0.80

Qutput Leakage Current — MC3443A Only
(VIH(E) = 20 Vor V| (p)* 0.8 V)

IOH(D) -

250

uA

RECEIVER PORT!ON

Input Hysteresis

- 400

580

mV

Input Threshold Voitage — Low to High Qutput Logic State
(Vce =5.0V, Ta = 25°C)

VILH(RY 08

0.98

Input Threshold Voltage — High to Low Output Logic State
(Vgc =50V, Ta = 25°C)

VIHL(R) -

1.56

Output Voltage —~ High Logic State
(ViL(R) = 0.8 V, IQH(R) = -400 uA)

VOH(R) 24

Output Voltage — Low Logic State
tVIH(R) = 20V, I (R) = 16 mA)

VOL(R) -

Output Short-Circuit Current
(ViL(R) = 0.8 V) (Only one output may be shorted at a time)

10S(R) -20

mA

BUS TERMINATION PORTION (Does not apply to MC3443A)

Bus Voltage (V|_(p) = 0.8 V)
(lgus = =12 mA)
(No Load)

VBus

2.50

-1.5
3.70

Bus Current
(ViL(D) = 0.8V, Vgys=>50V)
(ViL(D)=08V,Vgys<55V)
(ViL(D)=08V,Vgys=05V)

(Veec=0,0<Vgyg <2.75V) (MC3440A, 3441A only)

IBUS
0.7

-1.3

25
-3.2
+0.04

mA

TOTAL DEVICE POWER CONSUMPTION

Power Supply Current
(VIH(D) = 24 V. Vi (g)=0V)

Icc 30

75

mA

SWITCHING CHARACTERISTICS (Ve = 5.0V, Ta = 25°C)

Characteristic

MC3440A,3441A |

MC3443A

Symbol Min | Typ | Max_[Min | Typ [ Max

Unit

DRIVER PORTION

Propagatjon Delay Time from Driver Input to Low Logic State Bus Output

PHL (D)

13

30

— 13

25

ns

Propagation Delay Time from Driver Input to High Logic State Bus Output

PLH(D)

17

30

- 17

25

ns

Propagation Delay Time from Enable Input to Low Logic State Bus Output

PHL(E)

25

40

- 25

32

Propagation Delay Time from Enable I nput to High Logic State Bus Output

PLH(E)

25

40

— 25

32

ns

RECEIVER PORTION

Propagation Delay Time from Bus Input to High Logic State Receiver Output

PLH(R)

15

30

- 15

22

ns

Propagation Delay Time from Bus Input to Low Logic State Receiver Output

PHL(R)

15

30

- 15

22

ns

(1) 12 k resistor from the bus terminal to Vg required on the MC3443A version.
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MC3440A, MC3441A, MC3443A

FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER INPUT (BUS) TO OUTPUT

To Scope
(Qutput)
3.0V

+5.0V

Input 50% 50%
ov To Scope Receiver 400
(Input) Output
PLH(R) PHL(R)
\%
OH Driver
Output 15V 15V Input =15 pF
Vou )
b3 1N916
<50 Enable or equiv
Puise Input
Generator
b=y 4__

FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS)

3.0V

Driver input 50% 50%
: e
PHL(D) PLH(D)
T‘c:nspcuot;))e 3.0V +5.0 V To Scope VoH ]F
T (Output) Output 1.5V 15V

VoL

Jil

Enablel Driver 30V

oul Input | Input Enable input 50% 50%
uise
Generator 50 ov
50 pF
lEnn::;‘le :[ tPLH(E) PHL(E)
L VoH
- Output 1.5V 1.5V
VoL

FIGURE 3 — TYPICAL RECEIVER HYSTERESIS
CHARACTERISTICS

i

50
vee=50V

_ Ta = 259C
2 40 —
=
(=]
=
o
2 30
=
B
E Y
5 20
2
&
5
e
210

0

0 0.5 1.0 15 20

V|, INPUT VOLTAGE (VOLTS)
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MC3440A, MC3441A, MC3443A

INSTRUMENT A

GENERAL PURPOSE INTERFACE BUS APPLICATION

A

LA

\

|

INSTRUMENT B

l
I
|
|
I
I

e

I
I
wcaaata| |
|
I
|
I
I
I

MC3441A

e

e

MC3440A

MC3440A

T
|
I
I
He

To Instruments
Logic (Typical)

L .

MC3440A

L

MC3440A

I—

8 Line Data Bus: DIO1 — DIO8

5 General Interrupt Transfer Control Bus:
REN — Remote Enable

SRQ — Service Request

EOQOI — End or Identify

ATN — Attention
IFC — interface Clear

R

GPIB SIGNALS:

[

3-14

Di01 Dio1 !
B
D102 D102
D103 D103 I
I
D104 REN
(Always
Enabled) I
I
| ol ‘
DI0S Dl04 |
I
I DIO6 DI0S |
|| o7, oios 3_}_
SRQ
| oiwos >
I (Always
Enabled) [ |
| |
| |
REN DI07 >
I EOI Dios >
MC3431A ATN DAV :
IFC EOI
| (Always
Enabled) I
I (Always
Enabled) {Always I
l Enabled) |
SRQ ATN >
DAV IFC
NRFD NRFD I
NDAC NDAC I
I
I
L

[ e

]

MC3440A

DAV — Data Valid
NRFD — Not Ready for Data

NDAC — Not Data Accepted

16 Total Signal Lines

3 Data Byte Transfer Control Bus
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QUAD GENERAL-PURPOSE INTERFACE

BUS (GPIB) TRANSCEIVER QUAD INTERFACE

BUS TRANSCEIVER

The MC3446A is a quad bus transceiver intended for usage in SILICON MONOLITHIC
instruments and programmable calculators equipped for interconnec- INTEGRATED CIRCUIT

tion into complete measurement systems. This transceiver allows the
bidirectional flow of digital data and commands between the various
instruments. The transceiver provides four open-collector drivers and
four receivers featuring hysteresis.

® Tailored to Meet the IEEE Standard 488-1978 (Digital Interface
for Programmable Instrumentation) and the Proposed IEC
Standard on Instrument Interface

® Provides Electrical Compatibility with General-Purpose Interface

Bus (GPIB)
P SUFFIX
® MOS Compatible with High Impedance Inputs PLASTIC PACKAGE
® Driver Qutput Guaranteed Off During Power Up/Power Down CASE 648-05
® Low Power — Average Power Supply Current = 12 mA
® Terminations Provided
PIN CONNECTIONS
TYPICAL MEASUREMENT SYSTEM APPLICATION e
Receiver E E Vee
Qutput A
E E Receiver
Bus A Output D
A A 4\ 1} Driver E 3 Bus D
——— Input A
— Driver
Instrument T En:glé E :-] Input D
(with GPIB) - oriver [] (51 Enable D
Input B
Driver
Programmable Bus B E ZI Input C
1 Calculator
(with GPIB) Receiver E Zj Bus C
Output B
1 t Receiver
nstnémen T Gnd L= ©] OutputC
(with GP1B) !
Yy vy
16 Lines Total — T — = Bus Termination




MC3446A

MAXIMUM RATINGS (T = 25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 7.0 Vdc
Input Voltage \ 55 Vdc
Driver Output Current 10(D) 150 mA
Junction Temperature ) Ty 150 oc
Operating Ambient Temperature Range Ta 0to +70 °c
Storage Temperature Range Tstg -65 to +150 oc

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted, 4.6 V < Vog < 5.5 V and 0 < T < 70°C, typical values are at Tp = 25°C, Voe = 5.0 V)

| Characteristic ‘I’ Symbol I Min I Typ I Max [ Unﬂ
DRIVER PORTION
Input Voltage — High Logic State ViH(D) 2.0 - - \4
input Voltage — Low Logic State ViL(D) — - 0.8 \%
Input Current — High Logic State l1H(D) - 5.0 40 HA
(Vig=24V)
Input Current — Low Logic State liL(D) - -0.2 -0.25 mA
(ViL=04V,Vcc=5.0V, Tp = 25°C)
Input Clamp Voltage VIK(D) - - -156 v
(hk =-12mA)
Output Voltage — High Logic State (1) VOH(D) 2.5 33 3.7 v
(ViH(s) = 24 Vor Viy(p) =20V)
Output Voltage — Low Logic State VoL(D) - - 05
(ViL(s) =08V, V| (D)=0.8V,IgL(D) =48 mA)
Input Breakdown Current 1B8(D) _ - 1.0 mA
(Vi(p) =5.5V)
RECEIVER PORTION
Input Hysteresis - 400 625 — mV
Input Threshold Voltage — Low to High Output Logic State VILH(R) - 1.66 2.0 Vv
Input Threshold Voltage — High to Low Output Logic State VIHL(R) 0.8 1.03 — Vv
Output Voltage — High Logic State VOH(R) 24 - — \
(VIH(R) = 2.0 V, IQH(R) = -400 uA)
Output Voltage — Low Logic State VOL(R) - - 0.5 Vv
(ViL(R) =08V, IgL(R) =8.0mA)
Output Short-Circuit Current 10S(R) 4.0 - 14 mA
(V)H(R) = 2.0 V) (Only one output may be shorted at a time)
BUS LOAD CHARACTERISTICS
Bus Voltage (ViH(E) =24 V) V(BUS) 25 33 3.7 \
(lgus = -12mA) — -1.5
Bus Current (VIH(0O)= 2.4 V, Vgys=5.0 V) 1(BUS) 0.7 - - mA
(ViH(D) =24 V,Vgys =05V) -13 - -3.2
(Vgus<5.5V) - - 25
(Vcc=0,0V <Vgys <275V) - — 0.04
TOTAL DEVICE POWER CONSUMPTION
Power Supply Current Icc mA
(All Drivers OFF) - 12 19
(All Drivers ON) - 32 40
SWITCHING CHARACTERISTICS (Ve =5.0V,Tp = 25°C)
I Characteristic 1 Symbol I Min Typ I Max Unit —l
DRIVER PORTION
Propagation Delay Time from Driver Input to Low Logic State Bus Output| tpH| (D) - - 50 ns
Propagation Delay Time from Driver Input to High Logic State Bus Output| tpH(D) — — 40 ns
Propagation Delay Time from Enable Input to Low Logic State BusOutput | tpH(_(E) - - 50 ns
Propagation Delay Time from Enable Input to High Logic State Bus Output | tp H(E) — — 50 ns
RECEIVER PORTION
Propagation Delay Time from Bus Input to High Logic State Receiver Output| tp|_H(R) - - 50 ns
Propagation Delay Time from Bus Input to Low Logic State Receiver Output| tpHL(R) - - 40 ns
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FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER INPUT (BUS) TO OUTPUT

To Scope
(Output)

3.0v
Input 50% 50%
To Scope R .
ov eceiver 1k
(Input) Output
”—'PLH(R) tPHL(R)

VoH
Output 15V * 15V
Vou

Driver
Input

350 Enable 24V
Pulse Input
Generator
FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS)

To Scope +5.0 vV To Scope
(Input)

(j: (Output) 30V

- Driver Input
l or Enable 50% 50%
Enable Driver ov
Input PLH(D) o tPHL(D)

Pulse
Generator

VoH
. Output *1.5 v 15V
Enable 50 pF VoL
= Input

* Includes Probe and Jig Capacitance

FIGURE 3 — TYPICAL RECEIVER HYSTERESIS FIGURE 4 — TYPICAL BUS LOAD LINE
CHARACTERISTICS
5.0 T 50
vee=50V 40
5 Ta = 250C
- 40 — 20 {
ja =z ——
E E ] —1
=
w = —T
2 30 g 20 ==
5 < |4
: r 1 : |
P
§ 20 g_ -6.0 Non-Shaded Area  —
5 4 8 I Contorms to Paragraph
3 2 80 ] — 3530 IEEE T
<} Standard 488-1978 |
= 10 10 l
12 l
0 14
0 05 10 15 2.0 -4.0 -20 0 20 40 6.0

Vi, INPUT VOLTAGE (VOLTS) VBuys, BUS VOLTAGE (VOLTS)

317
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MC3447

BIDIRECTIONAL INSTRUMENTATION
BUS (GP1B) TRANSCEIVER

This bidirectional bus transceiver is intended as the interface
between TTL or MOS logic and the IEEE Standard Instrumentation
Bus (488-1978, often referred to as GPIB). The required bus termi-
nation is internally provided.

Low power consumption has been achieved by trading a minimum
of speed for low current drain on non-critical channels. A fast
channel is provided for critical ATN and EOI paths.

Each driver/receiver pair forms the complete interface between
the bus and an instrument. Either the driver or the receiver of each
channel is enabled by a Send/Receive input with the disabled output
of the pair forced to a high impedance state. The receivers have
input hysteresis to improve noise margin, and their input loading
follows the bus standard specifications.

® Low Power — Average Power Supply Current = 30 mA Listening
75 mA Talking
Eight Driver/Receiver Pairs
Three-State Outputs
High Impedance Inputs
Receiver Hysteresis — 600 mV (Typ)
Fast Propagation Times — 15-20 ns (Typ)
TTL Compatible Receiver Outputs
Single +5 Volt Supply
Open Collector Driver Qutput with Terminations
Power Up/Power Down Protection (No Invalid
Information Transmitted to Bus)
No Bus Loading When Power is Removed From Device
® Required Termination Characteristics Provided

OCTAL BIDIRECTIONAL
BUS TRANSCEIVER
WITH
TERMINATION NETWORKS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 623-05

P3 SUFFIX
PLASTIC PACKAGE
CASE 724-02

MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vee 7.0 Vdc
Input Voltage \4 55 Vdc
Driver Output Current 10(D) 150 mA
Junction Temperature Ty 150 oc
Operating Ambient Temperature Range Ta 0to+70 °c
Storage Temperature Range Tstg -65 to +150 oc
Tt TYPICAL MEASUREMENT
Instrument
A T - SYSTEM APPLICATION
(With GPIB) = =
Programmable
s H Calculator
(With GPIB)
Instrument =
B H TSl
(With GPIB)

16 Lines Total

N
SR (otE—DT A vee
Data DE—-EE } —F— 23] Bus 0
Data 1[3] [ '\g } F—{22] Bus 1
Data 2[4 > F—21] Bus 2
Na=
Data 3—[%,_ ——20]Bus 3
Data AE’——@— F—{19] Bus 4
Data s[7 18]Bus 5
S/R(s)[8] 17} S/R (1-4)
Data GE———ﬁ E———:{- 16|Bus 6
Data 7@——@} F—{15]Bus 7
S/R 16)!1__1J—ﬁ>-———L4———ES/R n
o B
Vce
—F—O Bus — Indicates Bus

Terminations
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MC3447

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted 4.50 V< Voo <550V and 0 < Tp < 70°C; typical values are at Ta= 25°C, Vee =5.0V)

Characteristic — Note 2 Symbol Min Typ Max Unit
Bus Voltage \%
(Bus Pin Open)(V(s/R) = 0.8 V) V(Bus) 2.5 - 3.7
((Bus) = =12 mA) Vic(Bus) - - -1.5
Bus Current l(Bus) mA
(6.0 V < V(gys) < 5.5V) 07 — 25
(V(Bus) =0.5V) -1.3 - -3.2
(Vee =0V, 0V < V(gys) < 2.75 V) - ~ +0.04
Receiver Input Hysteresis - 400 600 - mV
(Vi(s/R) =08 V)
Receiver Input Threshoid \%
(Vi(s/R) =08 V) Low to High VILH(R) - 1.6 20
High to Low ViHL(R) c8 1.0 -
Receiver Output Voltage — High Logic State VOH(R) 2.4 - - \%
(Vi(s/R) =08V, IoH(R) = 200 rA, V(Bys) = 2.0 V)
Receiver Output Voltage — Low Logic State VOL(R) - - 0.5 \
(Vi(s/R) =08V, lgL(R) =4.0mA,(V(Bys) =08V
Receiver Output Short Circuit Current 10s(R) -4.0 - -20 mA
(Vi(s/R) =08 V. V(Bus) =2.0 V)
Driver Input Voltage — High Logic State ViH(D) 20 - — \Y
Vis/R) =20V
Driver Input Voitage — Low Logic State ViL(D) - - 0.8 \
Vis/R) =20 V)
Driver Input Current — Data Pins MA
Vi(s/R) =2.0V)
(05<Vyp)<27V) (D) -100 - 40
(Vi(p)=55V) L1B(D) - - 200
Input Current — Send/Receive HA
(05 <V|(g/R) <2.7V) lH(s/R) -250 - 20
Vis/R) =68 V) 11B{S/R) - - 100
Driver Input Clamp Voitage Vic(p) — - -1.5 \
(Vi(s/R) =20V, lic(p) = -18 mA)
Driver Output Voltage — High Logic State VOH(D) 25 - - v
(Vis/R) =20V, Viy(p)=20V)
Driver Output Voltage — Low Logic State (Note 1) VoL(p) - — 0.5 \
(Vi(s/R) =20V, ViL(p) =08V, IgL(D) =48 mA)
Power Supply Current mA
(Listening Mode — All Receivers On) lccL - 30 45
(Talking Mode — All Drivers On) lccH = 75 95
SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted)
Propagation Delay of Driver ns
(Output Low to High) tPLHI(D) - 7.0 15
(Output High to Low) tPHL(D) - 16 30
Propagation Delay of Receiver (Channeis 0 to 5, 7) ns
{Output Low to High) PLH(R) - 28 50
(Output High to Low) tPHL(R) — 15 30
Propagation Delay of Receiver (Channel 6, Note 3) ns
(Output Low to High) tPLH(R) - 17 30
(Qutput High to Low) tPHL(R) - 12 22

NOTES: 1. The IEEE 488-1978 Bus Standard changes Vg (p) from 0.4 to 0.5 V maximum to permit the use of Schottky technology.

2. Specified test conditions for V(s/R) are 0.8 V (Low) and 2.0 V (High). Where V |(g/R) is specified as a test condition, V|(§/R)
uses the opposite logic levels.

3. In order to meet the |EEE 488-1978 standard for total systern delay on the ATN and EOI channels, a fast receiver has been
provided on Channel 6 (pins 9 and 16).
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SWITCHING CHARACTERISTICS (continued) (Vce = 5.0 V, T = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time — Send/Receiver to Data ns
Logic High to Third State tPHZ(R) - 15 30
Third State to Logic High tPZH(R) - 15 30
Logic Low to Third State tPLZ(R) - 15 25
Third State to Logic Low tPZL(R) — 10 25
Propagation Delay Time — Send/Receiver to Bus ns
Logic Low to Third State tPLZ(D) - 13 25
Third State to Logic Low tPZL(D) - 30 50
PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS
FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER)
To Scope
(Output) +50V
3.0V
Input 1.5V 1.5V To Scope 1k
ov (Input) Yata
r— PLH(R) "‘—‘PHL(FH
VoH [
Output 1.5V 1.5V :[15PF 1N9167
\Y or Equiv.
f=1.0MHz oL =
tTLH “ tTHL = 5.0 ns (10-90) L
Duty Cycle = 50% = =
Pulse Send/ *lIncludes Jig
Generator Rec and Probe Capacitance
FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER)
3.0V
T(OInScose To Scope
i (Output) 3.0 V sov
R Send/ Driver Input ’
Data Rec or Enable 1.5V 1.5V
51 ov
Puse \JL 5 Bus PLH(D) PHL(D)
Generator 51 N VoH
Output 20V
cLt 30 pF 0.8V
— VoL
= f=1.0MHz
*Includes Jig = _ < 5.0 ns (10-90)
and Probe Capacitance fTLH = tTHL < 5.0ns N
Duty Cycle = 50%
FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER)
To Scope
(Output)
Data Bus 3.0V
[ Send/Rec [:§ Input ov
= c Output vz =30V
To Scope - L Low to Open
(Input) | &I—— 51 A 10% o.stOLOV
Pulse 1 t<— tPLZ(D) f=trzL(D)
Generator 51 = 30v f=1.0MHz

C =30pF (Includes Jig and
Probe Capacitance

3-20
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER)

3gv 5.0V Input {15V N

3.0V
7 ‘1.5 A\
To Scope . ov
51 (Output) PZH(R) —® Vou
: %
2H Bus Output '34\90 1.5V
High to Open ovVv
E‘ Send/Rec — *—1pHZ(R)
—ZL Output 5.0V
To Scope Low to Open 10% *1.5 \Y VoL
(Input) fmm— ov
— [+ tPLz(R) — h—‘vzun)
Pulse 51 L = 15 pF (Includes Jig f=1.0MHz
Generator and Probe Capacitance) TTLH = tTHL = < 5.0 ns (10-90)
— Duty Cycle = 50%
FIGURE 5 — TYPICAL RECEIVER HYSTERESIS
CHARACTERISTICS FIGURE 6 — TYPICAL BUS LOAD LINE
5.0 6.0
T 4.0
— Veg=50V
Z 40 20 r
1< = 250, .
g Tp = 259C = B —
> E 0
o = J
& 30 Z .20
= &
=) S -40
> N
5 20 2 g0 Non-Shaded Area
2 =] Conforms to
5 3 -80 Paragraph 3-5.3 of
. = IEEE Standard
=10 -10 4881978
T— T ! -12 Veg =50V B E——
0 I -14 |
0 05 1.0 15 20 -40 -20 0 20 4.0 6.0
V|, INPUT VOLTAGE (VOLTS) Vgys. BUS VOLTAGE (VOLTS)

FIGURE 7 — SUGGESTED PRINTED CIRCUIT BOARD LAYOUT USING MC3447s AND MC68488

10 Mcesags O
° o 2 mc3aars
A
o o < vee 9
o o ] <
— 3 8
° 8 19 vee °
o II ~Os/R VCC v
° | ° O——sRa
DIO1
(o) | QO 1 (o} O o——
|
o F N °0 2 o© —o o—
o : o N 0 3 O —0 o— :
T
o o —— . o o _o——g
L f
o 87 o/r I 0 5 O —o O———RFD
o T/R 10—#—,’—-1 y/ S/R (5) OS/R(1-4)
o T/R2 6 O—L\OOATN
— EO!
° ATR 7 o———0  o——ren
IFC
bAV O EOI S/R(6) is/ﬁm i
DAC O——— o I
ceo S Gnd  Gnd Gnd Gnd
o RENO—— O- —— -0
— Jumper or second
o TF

level metal
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IEEE 488-1978 BUS

DAV

DIO1

DiOo3

D!0O5

DiI0O7

NDAC

EO

:

5
O

i

SRQ

D102

Dlo4

D106

D108

NRFD

>
3
z

X
m
z

ot

2 MC3447s

-

O
<

1

=

@

N

i

)

AN S S

T
|
|
|
l
|
|

B

fi

o)
o

i

w

a

®

r
|
|
|
:
|
L

MC68488
GPIA

FIGURE 8 — SIMPLE SYSTEM CONFIGURATION

Data
R/W
MC6802
or
MC6800
Address MPU

(o)

NOTE 1: Although the MC3447 transceivers
are non-inverting, the 488-1978 bus callouts
appear inverted with respect to the MC68488
pin designations. This is because the 488-1978
Standard is defined for negative logic, while all
M6800 MPU components make use of positive
logic format.
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FIGURE 9 — SUGGESTED PIN DESIGNATIONS FOR USE WITH MC68488

MC68488 MC68488

Connections MC3447 Pin Designations Connections

A B A B
T/A2| vee | s/A (0 1 N~ 24 ] vee vee | Vee
DAV | SRQ | Data0 0 2 23 | BusO DAV SRQ
B0 B Data 1 3 22 | Bus1 DIO 1 DlO 2
B2 B3 Data 2 4 21 | Bus2 DIO3 | DI04 | gpPiB MC68488

. 8 GPIA Instrument
iBa B85 Data 3 5 20 | Bus3 DIO5 | DIO6 us
B6 87 Data 4 6 Octal 19 | Bus4 D07 | DIO8
GPIB B L — -

DAC | RFD | Data5 7 Transceiver 18 | Bus5 NDAC | NRFD

_ _ — _ _ - MC3447
T/R2| T/R2| S/R(5) 8 17 | s/R(1-4) | T/R2 | T/R2 é)
EOI ATN | Data 6 9 16 | Bus6 EO! ATN
TFC REN | Data7 10 15 | Bus7 IFC REN
T/R1| Gnd S/R (6) 11 14 | S/R(7) Gnd Gnd
Gnd Gnd Logic Gnd 12 13 Bus Gnd Gnd Gnd

3-23



@ MOTOROLA

MC3448A

BIDIRECTIONAL INSTRUMENTATION
BUS (GPIB) TRANSCEIVER

This bidirectional bus transceiver is intended as the interface
between TTL or MOS logic and the |IEEE Standard Instrumentation
Bus (488-1978, often referred to as GPIB). The required bus
termination is internally provided.

Each driver/receiver pair forms the complete interface between
the bus and an instrument. Either the driver or the receiver of each
channel is enabled by its corresponding Send/Receive input with
the disabled output of the pair forced to a high impedance state. An
additional option allows the driver outputs to be operated in an
open collector(1) or active pull-up configuration. The receivers have
3 input hysteresis to improve noise margin, and their input loading
follows the bus standard specifications.

Four Independent Driver/Receiver Pairs
Three-State Outputs
High Impedance Inputs
Receiver Hysteresis — 600 mV (Typ)
Fast Propagation Times — 15-20 ns (Typ)
TTL Compatible Receiver Qutputs
Single +5 Volt Supply
Open Collector Driver Qutput Option(1)
Power Up/Power Down Protection
(No Invalid Information Transmitted to Bus)
® No Bus Loading When Power Is Removed From Device
® Required Termination Characteristics Provided

® ®© © 06 0 0 0 O

QUAD THREE-STATE
BUS TRANSCEIVER WITH
TERMINATION NETWORKS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

(1) Selection of the “Open Collector’’ configuration, in fact, selects an open collector device
with a passive pull-up load/termination which conforms to Figure 7, IEEE 488-1978
Bus Standard.

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vece 7.0 Vdc
Input Voltage V) 5.5 Vde
Driver Output Current 10(D) 150 mA
Junction Temperature Ty 150 °c
Operating Ambient Temperature Range Ta 0to+70 °c
Storage Temperature Range Tstg -65 to +150 oc

b 4y

TYPICAL MEASUREMENT
SYSTEM APPLICATION

Instrument

A ) S~
(With GPIB)
Instrument
P T
s o B
(With GPiB)

Programmable
Calculator v ~o
(With GPIB)

vy vy

16 Lines Total

L SUFFIX
CERAMIC PACKAGE
CASE 620-02 J
16
1
P SUFFIX
PLASTIC PACKAGE
CASE 648-05
Send/Rec N~
Input A E 3 Vee

Data A E

— Send/Rec.
;I input D

Bus A o z | Data D
[-] ?
Pull-Up
Enable E T-E] Bus D
Input A-B Pull-Up
Bus B E Enable
input C-D
Data B E T{=]BusC
Send/Rec. é T Data C
~ °
Input B
— Send/Rec.
Gnd & “linputC
—T- = Bus Termination
TRUTH TABLE
Send/Rec. Enable info. Flow Comments
0 X Bus ~ Data -
1 1 Data > Bus | Active Pull-Up
1 0 Data = Bus Open Col.

X = Don’t Care
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ELECTRICAL CHARACTERISTICS
(Unless otherwise noted 4.75 V < Ve < 5.25 V and 0 < T < 70°C; typical values are at Tp = 25°C, Vgc = 5.0 V)

Characteristic Symbol Min Typ Max Unit
Bus Voltage \%
(Bus Pin Open)(V(s/R) =0.8 V) V(BUS) 2.7 - 3.7
(liBus) = -12mA) Vic(sus) - - -15
Bus Current 1(BUS) mA
50V < V(gys) <55V) 0.7 - 25
(V(gus) =0.5V) -13 - -3.2
(Vec=0V,0V < V(gys) <275V) - - +0.04
Receiver Input Hysteresis - 400 600 - mV
(Vi(s/r) =08 V)
Receiver Input Threshold \
(Vi(s/R) =0.8 V, Low to High) VILH(R) - 1.6 1.8
(Vi(s/R) =0.8 V, High to Low) VIHL(R) 0.8 1.0 -
Receiver Output Voltage — High Logic State VOH(R) 2.7 - — \%
(Vi(s/R) =0.8 V, IoH(R) = -800 rA, V(gus) = 2.0 V)
Receiver Output Voltage — Low Logic State VOL(R) - - 0.5 \2
(Vi(s/R) =08 V, IQL(R) = 16 mA, V(gys) =08 V)
Receiver Qutput Short Circuit Current 10S(R) -15 - -75 mA
(Vi(s/R) =0.8 V, V(gus) = 2.0 V)
Driver Input Voltage — High Logic State VIH(D) 2.0 - — \%
(Vi(s/R) =20 V)
Driver Input Voltage — Low Logic State ViL(D) - - 0.8 Vv
(Vi(s/r) =20 V)
Driver Input Current — Data Pins uA
(Vi(s/R) = Vi(g) = 2.0 V)
(05 <Vyp)<27V) (D) -200 - 40
Vi(p)=55V) l1B(D) - - 200
Input Current — Send/Receive HA
(05 < V|(g/R)<27V) l1(S/R) -100 - 20
Vi(s/r) =85 V) '1B(S/R) - - 100
Input Current — Enable MA
(05 < V|(g)<2.7V) li(E) -200 - 20
(Vi(g) =55 V) 1IB(E) - - 100
Driver Input Clamp Voltage Vic(p) - - -15 \
(Vi(s/R) =2.0 V, lic(D) = -18 mA)
Driver Output Voltage — High Logic State VOH(D) 25 - - \%
(Vi(s/R) =20V, VIH(D) =20 V, VIH(E) = 2.0 V, IgH = -5.2 mA)
Driver Output Voltage — Low Logic State (Note 1) VoL(D) - - 0.5 \
(Vi(s/R) = 2.0 V, loL(D) = 48 mA)
Output Short Circuit Current los(D) -30 - -120 mA
(Vis/R) =20 V, ViH(D) =20 V, ViH(E) =20 V)
Power Supply Current mA
(Listening Mode — All Receivers On) lccL - 63 85
(Talking Mode — All Drivers On) lccH - 106 125
SWITCHING CHARACTERISTICS (Vge =5.0 V, Ta = 25°C unless otherwise noted)
Propagation Delay of Driver ns
(Output Low to High) tPLH(D) - - 15
(Output High to Low) tPHL(D) - - 17
Propagation Delay of Receiver ns
(Output Low to High) tPLH(R) - - 25
(Output High to Low) tPHL(R) — - 23

NOTE 1. A modification of the IEEE 488- 1978 Bus Standard changes VoL(D) from 0.4 to 0.5 V maximum to permit the use of
Schottky technology.
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SWITCHING CHARACTERISTICS (continued) (Voc = 5.0 V, T = 25°C unless otherwise noted)

*Includes Jig

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time — Send/Receive to Data ns
Logic High to Third State PHZ(R) - - 80
Third State to Logic High tPZH(R) - - 30
Logic Low to Third State PLZ(R) - - 30
Third State to Logic Low PZL(R) - - 30
Propagation Delay Time — Send/Receive to Bus ns
Logic High to Third State tPHZ(D) - - 30
Third State to Logic High tPZH(D) - - 30
Logic Low to Third State PLZ(D) - - 30
Third State to Logic Low PZL(D) - - 30
Turn-On Time — Enable to Bus ns
Puli-Up Enable to Open Collector tPOFF(E) - - 30
Open Collector to Pull-Up Enable PON(E) - _ 20
PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS
FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER)
To Scope
(Output) +5.0V
3.0V
Input 1.5V 1.5V To Scope
ov (Input)
PLH(R) PHL(R)
VoH
Output 1.5V 1.5V
f=1.0MHz Vou
tTLH = tTHL < 5.0 ns (10-90)
Duty Cycle = 50%
Pulse *Includes \AJig and Send/
Generator Probe Capacitance Rec
FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER)
3.0V .
T((:nspcf:ze To Scope
! (Output) 2.3V
> R B SRend/ Driver Input 1.5V 15V sov
ata ec . .
or Enable
=1 38.3 ov
Puse 5 Bus tPLH(D) TPHL(D)
Generator 51 _
VoH
OQutput 2.0V
cLt 30 pF 0.8V
= I VoL
= = 1.0 MHz

and Probe Capacitance Pull-Up Enable

tTLH = tTHL < 5.0 ns (10-90)

Duty Cycle = 50%

30V FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER)

To Scope '/ 3.0V
ezL  (Outout) In 1.5V 15V
put
N / ov
Pull-Up zL tPZH(D) ]
Epable Bus e VoH
o Output 90% 2.0V
_E. Send/Rec ZH 13.5 High to Open
= ZL ] ov
To Scope Output —Vz =11V
(Input) 1.1V Low to Open 10% 0.8V
Puise s L o =] - Vo,
Generator 1 = = —= ®LzZ(D) ™ (*—tpzL(D)

C = 16 pF (includes Jig and

Probe Capacitance

f=1.0MHz
TTLH = tTHL = < 5.0 ns {10-90)
Duty Cycle = 50%
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER)

v

5.0V Input 711.5 \ \§ 1.

3oV (Output) PZH(R) —

zZH ] zL 280 N 00%

Output
Bus Data \
NG . High to Open

_[(— Send/Rec _l_ —=! je—tpHZ(R)

= zL CL ZH 3k Output /
To Scope I Low to Open 10% *

To Scope

3.0
5V
ov
VoH
1.5V
ov
5.0V
15V
VoL

(input) f—
= ™ e tPLZ(R) — PZL(R)
Puise 51 C = 15 pF (Includes Jig f=1.0 MHz
Generator and Probe Capacitance) TTLH = tTHL = < 5.0 ns (10-90)
= Duty Cycle = 50%
FIGURE 5 — ENABLE INPUT TO BUS OUTPUT (DRIVER)
To Scope
3.0V
(Output)
Puli-Up 3.0V
Data Enable Bus Enable Input 1.5V 1.5V
o oV
Send/Rec
PON(E) - fe—tPoFE(E)
CLA< v
To Scope 480 2.0V 90% —) on
(Input) 4 Output
Pulse : o1 =10V \——Voc
Generator C| = 15 pF (Includes Jig - f=1.0MHz
and Probe Capacitance TTLH = tTHL = < 5.0 ns (10-90)
Duty Cycle = 50%
FIGURE 6 — TYPICAL RECEIVER HYSTERESIS
CHARACTERISTICS FIGURE 7 — TYPICAL BUS LOAD LINE
5.0 6.0
T 4.0
— Veg=50V
@ 40 L 2.0 f
5 Tp = 25°C z l [ ——
E E 0
o = ]
@ 3.0 & -20
S o
par} o«
=1 3 -4.0
> @ Non-Shaded Area
§ w0 3 -60 Conforms to
5 £-80 Paragraph 3-5.3 of
2 = IEEE Standard
=10 -1e 4881978
12 Veg =50V
0 -14 | |
0 0.5 1.0 15 20 -4.0 -20 0 20 4.0 6.0
Vy, INPUT VOLTAGE (VOLTS) Vgys, BUS VOLTAGE (VOLTS)
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SRQ

Bus

Hand-shake
4
)
n
o

Bus

IEEE 488-1975 BUS

D102

DIO3

Dio4

Data
A

O

DiIOs
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DIO7

DI
L os8

Management
e
m
z
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FIGURE 8 — SIMPLE SYSTEM CONFIGURATION
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Trig -
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+5V
q
T/R 1 DBg g
: .
— . Data M
T/R 2 . .
DB7 D7
oi R/W |eg— R/W
MC6802
— RSg AP oR
SRQ . M MC6800
RS2 Address N MPU
__ .
REN M
.
.
J— A15
IFC
IRQ = IRQ
ATN
DAC
RFD
DAV
MC68488
GPIA
B¢
Bl
182
183
B4
85 NOTE 1: Although the MC3448A transceivers
are non-inverting, the 488-1978 bus callouts
appear inverted with respect to the MC68488
Jo— pin designations. This is because the 488-1978
186 Standard is defined for negative logic, while
all M6800 MPU components make use of
87 positive logic format.

NOTE 2: Unless proper considerations are
provided, it is recommended that the pull-up
enable pins on the MC3448As be grounded,
selecting the open-collector mode.
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MC3870

l Advance Information

® Software Compatible with F8 Family
® 2048 Byte Mask Programmable ROM
® 64 Byte Scratchpad RAM

® 32 Bits (4 Ports) TTL-Compatible I/0

® Programmable Binary Timer
Interval Timer Mode
Pulse Width Measurement Mode
Event Counter Mode

® External Interrupt

@ Crystal, LC, RC, External

® Low Power (275 mW Typ.)

® Single +5 Volt +10% Power Supply

SINGLE-CHIP MICROCONTROLLER

The MC3870 is a monolithic 8-bit microcomputer utilizing ion-
implanted, N-channel silicon-gate technology and advanced circuit
design techniques. The single-chip MC3870 offers maximum cost effec-
tiveness in a wide range of control and logic replacement applications.

MOS

(N-CHANNEL, SILICON-GATE
DEPLETION LOAD)

SINGLE-CHIP
MICROCONTROLLER

L SUFFIX
CERAMIC PACKAGE
CASE 715

S SUFFIX
CERDIP PACKAGE
CASE 734

P SUFFIX
PLASTIC PACKAGE
CASE7N

ABSOLUTE MAXIMUM RATINGS*

Operating Temperature

0 to 70°C

—40 to +85°C

Temperature Under Bias

Storage Temperature

Voltage on any Pin with Respect to Ground
(Except open-drain pins and TEST)

Voltage on TEST with Respect to Ground

Voltage to Open-Drain Pins with Respect
to Ground

Power Dissipation
Power Dissipation by any One 1/0 Pin
Power Dissipation by All I/0 Pins

fect device reliability.

—20°C to +85°C
—65°C to +150°C

-10Vto +7V

-10Vto +9V

—50°C to +100°C
—66°C to +150°C

-10Vto +7V

-1.0Vto +9V

-10Vto +1356V —-10Vto +135V

15 W 15W
60 mW
800 mW

60 mW
600 mW

* Stresses above those listed under *Absolute Maximum Ratings’’ may cause permanent dam-
age to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may af-

PIN ASSIGNMENT

xTL1 @ 40f1vee
XTL 202 39 [IRESET
Po-0Q3 3BIEXT INT
P14 37A P10
po205 36 P11
o306 35;];7.2
STROBEL 7 ul1p73
Pa0ls 33[AP50
Fa-109 32[1/5

1552
1753
1554
1756
11756
1757
11
1716
113
[ 712
0 TEST

This is advance information and specifications are subject to change without notice.

Published by Motorola Inc. with permission of Mostek, Inc.
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FIGURE 1 — BLOCK DIAGRAM

XTL 1 —
Clock Timer NPt e EXT INT
XTL 2 —p] ]
ROM
Adder/ — Address 2048 X 8
Inc. |— Re! ist;r Program
’ gisters ROM
PO, P, DC, DC1
Indirect Accumulator
Scratchpad Scratchpad and
I Address Registers ALY Status Control
Register Register Logic
Mai Instruction
ain Data Bus Register
Test Power
Logic Port 0 Port 1 Port 4 Port 5 On
Clear
Test STROBE RESET
AC CHARACTERISTICS
. 0 to 70°C —40° to +85°C .
Signal Symbol Parameter Min Max i Max Unit Notes
;I.t; to Time Base Period, all clock modes 250 1000 250 500 ns
tex(H) | External clock pulse width high 90 700 100 3% | ns
tex(L) | External clock pulse width low 100 700 110 3% | ns
) ¢ Internal ¢ clock 2t 2t
WRITE tw | Internal WRITE Clock period 4t¢ 4t¢ Short Cycle
Bt 6té Long Cycle
. 50 pF plus
/0 tdl/O | Output delay from internal WRITE clock 0 1000 0 1200 | ns one TTL load
tsl/O | Input setup time to internal WRITE clock 1000 1200 ns
. - 3t¢ 3t¢ 3t¢ 3té 1/0 load=
s t}/0-s | Output valid to STROBE delay ~1000 +250 1200 | +300 ns | gy pF+1 TTL load
=RARE . 8t¢ 12t¢ 8t¢ 12t¢ STROBE load =
'sL | STROBE low time —250 | +250] —300 |+300] "|50pF+3TTL loads
ForT . 6to 6té
tRH | RESET hold time, low + 750 +1000 ns
el | o e
tRpOC | RESET hold time, low for power clear ise fise ms
time +0.1 time +0.15
6t¢ 6t¢ To trigger
EXT INT tgH | EXT INT hold time in active and inactive state + 750 +1000 ns | interrupt
219 2t¢ ns | To trigger timer

3-30



MC3870

DC CHARACTERISTICS (1/0 Power Dissipation < 100 mW) (Note 2)

0to70+C | -40to +85°C

Symbol Parameter Min Max Min Max Unit Conditions
vee Power Supply Voltage 4.5 5.5 4.75 5.25 \

VIHEX | External Clock Input High Level 2.4 Vce 24 Vce \

ViLex | External Clock input Low Level -03 06 | -03 06 \

IIHEX | External Clock Input High Current — 100 - 130 | pA |VIHEX=240
IILEx | External Clock Input Low Current - -100]| - —130 | pA |VILEX=0.60

20 vce 22 vce V | Standard Pullup

ViHI/0 | Input High Level, I/0 Pins 20 13.2 22 13.2 V | Open. Drain (1)

ViHR | Input High Level, RESET 20 Vcc | 22 Vec |V
ViHgl | Input High Level, EXT INT 20 Vec | 22 Vce
ViL Input Low Level -03 08 -03 07 V()
I Input Low Current, All Pins with Standard Pullup Resistor - -1.6 - -1.9 | mA|V|N=04V
| Input Leakage Current, Open Drain Pins, - +10 - +18 A VIN=13.2V
L and Inputs with No Pullup Resistor — -5 — -8 ERAIVIN=0.2V
IOH Output High Current Pins with Standard Pullup Resistor -100 - -90 - pA [VOH=24V
. ) ) -15 - -13 - VoH=15V
I0HDD | Output High Current Direct Drive Pins _ 85 _ ~1 mA VOH=0.7 V
I0HS STROBE Output High Current —-300 - -270 - A |VoH=2.4V
loL Output Low Current 1.8 = 1.656 - mA[VoL=0.4V
loLs STROBE Output Low Current 5.0 - 45 — mA|VoL=0.4V
Icc Power Supply Current — 85 — 110 mA | Outputs Open
PD Power Dissipation - 400 - 525 | mW|Outputs Open

. RESET and EXT INT have internal Schmitt triggers giving minimum 0.2 V hysteresis.
2. Power dissipation for I/0 pins is calculated by Z(Vec— Vi) ([hL]) =Z(Vce - Vor!([loHl) = Z(VoL)lloL)

TIMER AC CHARACTERISTICS

Definitions:
Error= Indicated time value — actual time value
tpsc =1 x Prescale Value

Interval Timer Mode:
Single interval error, free running (Note 3)
Cumulative interval error free running (Note 3) .
Error between two Timer reads (Note 2) ...
Start Timer to stop Timer error (Notes 1, 4) +t¢to— (tpsc + t¢)
Start Timer to read Timer error (Notes 1, 2) ... . .=5tp 10 — (tpgc + 7t9)
Start Timer to interrupt request error (INOTES T, B) ... uuu.u it —2t¢ to —8to
Load Timer to Stop Timer error (Note 1) .... .o 1o — (tpes+ 2t)
Load Timer to read Timer error (Notes 1, 2) ... .. —5tp + to—(tpsc+8tg)
Load Timer to interrupt request error (Notes 1, 3) - 2t¢ to —9t¢

.0
(tpsc + to)

Pulse Width Measurement Mode:

Measurement accuracy (Note 4)

. ttpto — “psc* 2te)
Minimum pulse width of EXT INT pin ..

2t¢

Event Counter Mode:

Minimum active time of EXT INT pin
Minimum inactive time of EXT INT pin....

NOTES:

. All times which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS
instruction.

ad

All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction.

All times which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate in-
terrupt request latch is set. Additional time may elapse if the interrupt request occurs during a privileged or multicycle instruction.
Error may be cumulative if operation is repetitively performed.

w

»
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FIGURE 2 — STROBE SOURCE CAPABILITY
(TYPCIAL AT Ve =5V, TA=25°C)

FIGURE 3 — STROBE SINK CAPABILITY
(TYPICAL AT Vcc=5V, TA=25°C)
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FIGURE 8 — MC3870 Ipp vs TEMPERATURE (Vcc=5 V)
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FIGURE 9 — ac TIMING DIAGRAM
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FIGURE 10 — INPUT/OUTPUT ac TIMING
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MC3870 CLOCKS

The time base for the MC3870 may originate from one of
four sources. The four configurations are shown in Figure
12. There is an internal 26 pF capacitor between XTL 1 and
GND and an internal 26 pF capacitor between XTL 2 and
GND. Thus, external capacitors are not necessarily required.
In all external clock modes the external time-base frequency
is divided by two to form the internal ¢ clock. The external
clock frequency is divided by eight during short instruction
cycles and is divided by twelve during long instruction cycles
as given per instruction in the instruction set towards the end
of this data sheet. To get the total instruction cycle time,
divide the external clock frequency by eight, invert the
number, then multiply by the short number of cycles. Then
divide the external clock frequency by twelve and invert the
number (Yx) then multiply by the number of long cycles.
Add these two numbers to get the number of microseconds
per instruction for a given clock frequency.

CRYSTAL SELECTION

The use of a crystal as the time base is highly recommend-
ed as the frequency stability and reproducability from

system-to-system is unsurpassed. The 3870 has an internal
divide-by-two to allow the use of inexpensive and widely
available TV Color Burst Crystals (3.58 MHz). The following
crystal parameters are suggested for 3870 applications:

a) Parallel Resonance, Fundamental Mode AT-Cut,
HC-33/u holder

b) Frequency Tolerance measured with 18 pF load
(0.1% accuracy) — drive level 10 mW

¢) Shunt capacitance (Co) =7 pF max

d) Series resistance (Rs)

FIGURE 11 — CLOCK CONFIGURATION
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FUNCTIONAL PIN DESCRIPTION

P00 - PO-7 AND P1-0 - P1-7
Ports 1 and 2 are 16 lines which can be individually used as
standard TTL-type inputs or latched outputs.

P40 - P47 AND P50 - P5-7

Ports 4 and 5 are 16 lines which can be individually used as
standard, open drain, or direct drive type latched outputs or
inputs. Refer to Figure 14-for more information on port op-
tions.

STROBE

This output, which is normally high, provides a single low
pulse after valid data is present on port 4 (P4-0 - P4-7) during
an output instruction.

RESET

This active low input is used to reset the internal state of
the microcomputer. When allowed to go high, program ex-
ecution begins at $000.

EXT/INT

This input is an external interrupt. Its active state is soft-
ware programmable. The input is also used in conjunction
with the timer for pulse width measurement and event coun-
ting.

XTL 1 AND XTL 2

These two inputs interface a crystal (1 to 4 MHz), LC net-
work, RC network, or an external single-phase clock to the
microcomputer.

TEST

TEST is an input used only in testing the MC3870. For nor-
mal circuit functionality, this pin is left unconnected or may
be grounded.

Vee
This is the power supply input (+5V +10%).
Pin Name Description Type
P0-0- PO-7 |I/0 Port O Bidirectional
P1-0 - P1-7 1/0 Port 1 Bidirectional
P4-0- P47 [1/0 Port 4 Bidirectional
P50 - P57 1/0 Port 5 Bidirectional
STROBE Ready Strobe Output
EXT INT External Interrupt Input
RESET External Reset - Input
TEST Test Line Input
XTL 1, XTL 2| Time Base Input
Vce., GND Power Supply Lines Input
MC3870 ARCHITECTURE

This section describes the basic functional elements of the
MC3870 as shown in the block diagram of Figure 1. A pro-
gramming model is shown in Figure 12.
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MAIN CONTROL LOGIC

The Instruction Register (IR) receives the operation code
(OP code) or the instruction to be executed from the pro-
gram ROM via the data bus. During all OP code fetches eight
bits are latched into the IR. Some instructions are completely
specified by the upper four bits of the OP code. In those in-
structions the lower four bits are an immediate register ad-
dress or an immediate 4-bit operand. Once latched into the
IR the main control logic decodes the instruction and pro-
vides the necessary control gating signals to all circuit
elements.

ROM ADDRESS REGISTERS

There are four 11-bit registers associated with the 2K x 8
ROM. These are the Program Counter (PO), the Stack
Register (P), the Data Counter (DC), and the Auxiliary Data
Counter (DC1). The Program Counter is used to address in-
structions or immediate operands. P is used to save the con-
tents of PO during an interrupt or subroutine call. Thus, P
contains the return address at which processing is to resume
upon completion of the subroutine or the interrupt routine.

The Data Counter (DC) is used to address data tables. This
register is auto-incrementing. Of the two data counters only
DC can access the ROM. However, the XDC instruction
allows DC and DC1 to be exchanged.

Associated with the address registers is an 11-bit Ad-
der/Incrementer. This logic element is used to increment PO
or DC when required and is also used to add displacements
to PO on relative branches or to add the data bus contents to
DC in the ADC (Add Data Counter) instruction.

2048 x 8 ROM

The microcomputer program and data constants are
stored in the program ROM. When a ROM access is re-
quired, the appropriate address register (PO or DC) is gated
onto the ROM address bus and the ROM output is gated on-
to the main data bus. The first byte in the ROM is location
zero.

SCRATCHPAD AND IS

The scratchpad provides 64 8-bit registers which may be
used as general purpose RAM memory. The Indirect Scrat-
chpad Address Register (IS) is a 6-bit register used to ad-
dress the 64 registers. All 64 registers may be accessed using
IS. In addition, the lower order 12 registers may also be
directly addressed.

IS can be visualized as holding two octal digits. This divi-
sion of IS is important since a number of instructions incre-
ment or decrement only the least-significant three bits of IS
when referencing scratchpad bytes via IS. This makes it easy
to reference a buffer consisting of contiguous scratchpad
bytes. For example, when the low order octal digit is in-
cremented or decremented IS is incremented from octal 27
(0'27') to 0'20" or is decremented from 0'20" to 0'27'. This
feature of the IS is very useful in many program sequences.
All six bits of IS may be loaded at one time or either half may
be loaded independently.

Scratchpad registers 9 through 15 (decimal) are given
mnemonic names (J, H, K, and Q) because of special
linkages between these registers and other registers such as
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the Stack Register. These special linkages facilitate the im-
plementation of multi-level interrupts and subroutine
nesting. For example, the instruction LR K,P stores the
lower eight bits of the Stack Register into register 13 (K
lower or KL) and stores the upper three bits of P into register
12 (K upper or KU).

ARITHMETIC AND LOGIC UNIT (ALU)

After receiving commands from the main control logic, the
ALU performs the required arithmetic or logic operations
{using the data presented on the two input buses) and pro-
vides the result on the result bus. The arithmetic operations
that can be performed in the ALU are binary add, decimal ad-

just, add with carry, decrement, and increment. The logic
operations that can be performed are AND, OR, EXCLUSIVE
OR, "1's” complement, shift right, and shift left. Besides
providing the result on the result bus, the ALU also provides
four signals representing the status of the resuit. These
signals, stored in the Status Register (W), represent
CARRY, OVERFLOW, SIGN, and ZERO condition of the
result of the operation.

ACCUMULATOR (A)

The Accumulator (A) is the principal register for data
manipulation within the 3870. The A serves as one input to
the ALU for arithmetic or logical operations. The result of
ALU operations are stored in the A.

FIGURE 12 — MC3870 PROGRAMMABLE REGISTERS, PORTS, AND MEMORY MAP
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THE STATUS REGISTER (W)
The Status Register (also called the W register) holds five

status flags as shown in Figure 13.

FIGURE 13 — STATUS REGISTER (W)
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INTERRUPT CONTROL BIT (ICB)

The ICB may be used to allow or disallow interrupts in the
MC3870. This bit is not the same as the two interrupt enable
bits in the Interrupt Control Port (ICP). If the ICB is set and
the MC3870 interrupt logic communicates an interrupt re-
quest to the CPU section, the interrupt will be acknowledged
and processed upon-completion of the first non-privileged in-
struction. If the ICB is cleared an interrupt request will not be
acknowledged or processed until the ICB is set.

1/0 PORTS

The MC3870 provides four complete bidirectional In-
put/Output ports. These are ports 0, 1, 4, and b. In addition,
the Interrupt Control Port is addressed as port 6 and the
binary timer is addressed as port 7. An output instruction
(OUT or OUTS) causes the contents of A to be latched into
the addressed port. An input instruction (IN or INS) transfers
the contents of the port to A (port 6 is an exception which is
described later). The schematic of an I/0 pin and available
output drive options are shown in Figure 14.

An output ready strobe is associated with port 4. This flag
may be used to signal a peripheral device that the MC3870
has just completed an output of new data to port 4. The
strobe provides a single low pulse shortly after the output
operation is completely finished, so either edge may be used
to signal the peripheral. STROBE may also be used as an in-
put strobe simply by doing a dummy output of H ‘00" strobe
to port 4 after completing the input operation.

FIGURE 14 — 1/0 PIN CONCEPTUAL DIAGRAM WITH OUTPUT BUFFER OPTIONS

Vce o—vww—4

Output
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5 cle D Q 1/0
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[a] Output Buffer Options
Vece : Vee
1kQ Typ.
Standard Open Drain Direct Drive
Qutput Output Output

Ports 0 and 1 are Standard Output type only.

Ports 4 and 5 may both be any of the three output options (programmable bit-by-bit).
The STROBE output is always configured similar to a Direct Drive Output except that it is capable of driving 3 TTL loads.
RESET and EXT INT may have standard 6 k€ (typical) pullup or may have no pullup. These two inputs have Schmitt trigger inputs

with a minimum of 0.2 volits of hysteresis.
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TIMER AND INTERRUPT CONTROL PORT

The Timer is an 8-bit binary down counter which is soft-
ware programmable to operate in one of three modes: the In-
terval Timer Mode, the Pulse Width Measurement Mode, or
the Event Counter Mode. As shown in Figure 15, associated
with the Timer are an 8-bit register called the interrupt con-
trol port, a programmable prescaler, and an 8-bit modulo-N
register. A functional logic diagram is shown in Figure 16.

INTERRUPT CONTROL PORT (PORT 6)

The desired timer mode, prescale value, starting and stop-
ping the timer, active level of the EXT INT pin, and local
enabling or disabling of interrupts are selected by outputting
the proper bit configuration from the Accumulator to the In-
terrupt Control Port (port 6) with an OUT or OUTS instruc-
tion. Bits within the Interrupt Control Port are defined as
follows:

Bit 0 — External Interrupt Enable

Bit 1 — Timer Interrupt Enable

Bit 2 — EXT INT Active Level

Bit 3 — Start/Stop Timer

Bit 4 — Pulse Width/Interval Timer

Bit 5 — +2 Prescale

Bit 6 — =5 Prescale

Bit 7 — +20 Prescale

A special situation exists when reading the Interrupt Con-
trol Port (with IN or INS instruction). The Accumulator is not
loaded with the content of the ICP; instead, Accumulator
bits 0 through 6 are loaded with “0's” while bit 7 is loaded
with the logic level being applied to the EXT INT pin, thus
allowing the status of EXT INT to be determined without the
necessity of servicing an external interrupt request. When

reading the Interrupt Control Port (port 6) bit 7 of the Ac-
cumulator is loaded with the actual logic level being applied
to the EXT INT pin, regardless of the status of ICP bit 2 (the
EXT INT Active Level bit); thatis, if EXT INTisa + 5V bit 7
of the Accumulator is set to a logic "'1”*, but if EXT INT is at
GND then Accumulator bit 7 is reset to logic “0”. This
capability is useful in establishing a high speed polled hand-
shake procedure or for using EXT INT as an extra input pin if
external interrupts are not required and the Timer is used on-
ly in the Interval Timer Mode. However, if it is desirable to
read the contents of the ICP then one of the 64 scratchpad
registers or one byte of RAM may be used to save a copy of
whatever is written to the ICP.

The rate at which the timer is clocked in the External Timer
Mode is determined by the frequency of an internal ¢ clock
and by the division value selected for the prescaler. (The in-
ternal ¢ clock operates at one-half the external time-base fre-
quency). If ICP bit 5 is set and bits 6 and 7 are cleared, the
prescaler divides ¢ by 2. Likewise, if bit 6 or 7 is individually
set, the prescaler divides ¢ by 5 or 20 respectively. Combina-
tions of bits b, 6, and 7 may also be selected. For example, if
bits 5 and 7 are set while 6 is cleared the prescaler will divide
by 40. Thus, possible prescaler values are =2, =5, +10,
+20, =40, +100, and -+ 200.

Any of three conditions will cause the prescaler to be
reset: whenever the timer is stopped by clearing ICP bit 3,
execution of an output instruction to Port 7, (the timer is
assigned port address 7), or on the trailing edge transition of
the EXT INT pin when in the Pulse Width Measurement
Mode. These last two conditions are explained in more detail
below.

FIGURE 15 — TIMER AND CONTROL PORT BLOCK DIAGRAM

External Timer Timer
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Base (Port 7) Latch
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Control 00| +5 | 22
Port
(Port 6)
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+5 Prescale -+— 0 1 [o] Timer Interrupt Enable atc
+10 Prescale --— 0 1 1
+20 Prescale - 1 (o] 0 EXT INT Active Level
+40 Prescale - 1 o] 1
+100 Prescale --— 1 1 4] Start/Stop Timer
+200 Prescale - 1 1 1

NOTE: See Figure 17 for a more detailed functional diagram.

3-39

= Pulse Width/Interval Timer




or-¢

FIGURE 16 — MC3870 TIMER/INTERRUPT FUNCTIONAL DIAGRAM

From Interrupt Control Port

3:)_13:& Interrupt*

*Loads Interrupt Vector
H ‘020’ upon completion
of the first nonprivileged

Acknowiedge
——a Timer

interrupt

External InterruptT

t Loads Interrupt Vector
H ‘OAQ’ upon completion

of the first nonprivileged

14 )
y B2 B4 { B3 BS B6 LB? INS 7’ y BO B1
Ext.erna| Decode
Time »_33_4 . H ‘01"
Base < I” Selects
Input A ’Set
) p +2 5 *20 A : Timer
MUX — Timer Interrupt
Prescaler B
E Latch
Clear Load 4 _I/ ? tLoad Clear
Modulo-N instruction.
Register
L —@-
— —
‘OuUTS 7'
‘I’ = Pulse Width Mode
e ‘I’ Selects
Input A
External 1 Negative —"_‘_ _I_L_.
Dc Transition - A
Interrupt Detector MUX
Input L B
‘ Positive _l—l._
#-  Transition
‘I’ = Active Detector Set
External
interrupt
Latch By 9
Clear
instruction.

‘DI

Reset or Power
on Clear

Acknowledge
External

interrupt

0L8EOIN



MC3870

An OUT or OUTS instruction to Port 7 will load the con-
tent of the Accumulator to both the Timer and the 8-bit
modulo-N register, reset the prescaler, and clear any
previously stored timer interrupt request. As previously
noted, the Timer is an 8-bit down counter which is clocked
by the prescaler in the Interval Timer mode and in the Pulse
Width Measurement Mode. The prescaler is not used in the
Event Counter Mode. The modulo-N register is a buffer
whose function is to save the value which was most recently
outputted to Port 7. The modulo-N register is used in all
three timer modes.

Interval Timer Mode — When ICP bit 4 is cleared (logic 0)
and at least one prescale bit is set, the Timer operates in the
Interval Timer Mode. when bit 3 of the ICP is set the Timer
will start counting down from the modulo-N value. After
counting down to H ‘01", the Timer returns to the modulo-N
value at the next count. On the transition from H ‘01" to H'N’
the Timer sets a timer interrut request latch. Note that the in-
terrupt request latch is set by the transition to H ‘N” and not
be the presence of H ‘N’ in the timer, thus allowing a full 256
counts if the modulo-N register is preset to H ‘00", If bit 1 of
the ICP is set, the interrupt request is passed on to the CPU
section of the MC3870. However, if bit 1 of the ICP is a logic
0 the interrupt request is not passed on to the CPU section
but the interrupt request latch remains set. If ICP bit 1 is
subsequently set, the interrupt request will then be passed
on to the CPU section. (Recall from the discussion of the
Status Register’s Interrupt Control Bit that the interrupt re-
quest will be acknowledged by the CPU section only if ICB is
set.) Only two events can reset the timer interrupt request
latch: when the timer interrupt request latch is acknowledg-
ed by the CPU section, or when a new load of the modulo-N
register is performed.

Consider an example in which the modulo-N register is
loaded with H ‘64" (decimal 100). The timer interrupt request
latch will be set at the 100th count following the timer start
and the timer interrupt request latch will repeatedly be set on
precise 100 counter intervals. If the prescaler is set at +40
the timer interrupt request latch will be set every 4000 ¢ clock
periods. For a 2 MHz ¢ clock {4 MHz time-base frequency)
this will produce 2 millisecond intervals.

The range of possible intervals is from 2 to 51,200 ¢ clock
periods (1 us to 26.6 ms for a 2 MHz clock). However, ap-
proximately 50 ¢ periods is a practical minimum because the
time between setting the interrupt request latch and the ex-
ecution of the first instruction of the interrupt service routine
is at least 29 ¢ periods (the response time is dependent upon
how many privileged instructions are encountered when the
request occurs); 29 is based on the timer interrupt occuring
at the beginning of a non-privileged short instruction. To
establish time intervals greater than 51,200 ¢ clock periods is
a simple matter of using the timer interrupt service routine to
count the number of interrupts, saving the result in one or
more of the scratchpad registers until the desired interval is
achieved. With this technique virtually any time interval, or
several time intervals, may be generated.

The Timer may be read at any time and in any mode using
an input instruction {IN 7 or INS 7) and may take place "on
the fly” without interfering with normal timer operation.
Also, the Timer may be stopped at any time by clearing bit 3
of the ICP. The Timer will hold its current contents in-
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definitely and will resume counting when bit 3 is again set.
Recall however that the prescaler is reset whenever the
Timer is stopped; thus a series of starting and stopping will
result in a cumulative truncation error.

A summary of other timer errors is given in the timing sec-
tion of their specification. For a free running timer in the In-
terval Timer Mode the time interval between any two inter-
rupt requests may be in error by + 6 ¢ clock periods although
the cumulative error over many intervals is zero. The
prescaler and Timer generate precise intervals for setting the
timer interrupt request latch but the time out may occur at
any time within a machine cycle. (There are two types of
machine cycles; short cycles which consist of 4 ¢ clock
periods and long cycles which consist of 6 ¢ clock periods.)
Interrupt requests are synchronized with the internal
machine clock thus, giving rise to the possible +6 ¢ error.
Additional errors may arise due to the interrupt request oc-
curing while a privileged instruction or multicycle instruction
is being executed. Nevertheless, for most applications all of
the above errors are neglibible, especially if the desired time
interval is greater than 1 ms.

Pulse Width Measurement Mode — When ICP bit 4 is set
(logic 1) and at least one prescale bit is set, the Timer
operates in the Pulse Width Measurement Mode. This mode
is used for accurately measuring the duration of a pulse ap-
plied to the EXT INT pin. The Timer is stopped and the
prescaler is reset whenever EXT INT is at its inactive level..
The active level of EXT INT is defined by ICP bit 2; if cleared,
EXT INT is active low; if set, EXT INT is active high. If ICP bit
3is set, the prescaler and Timer will start counting when EXT
INT transitions to the active level. When EXT INT returns to
the inactive level the Timer then stops, the prescaler resets,
and /f ICP bit Ois set an external interrupt request latch is set.
(Unlike timer interrupts, external interrupts are not latched if
the ICP Interrupt Enable bit is not set.)

As in the Interval Timer Mode, the Timer may be read at
any time, may be stopped at any time by clearing ICP bit 3,
the prescaler and ICP bit 1 function as previously described,
and the Timer still functions as an 8-bit binary down counter
with the timer interrupt request latch being set on the
Timer’s transition from H ‘01" to H ‘N’. Note that the EXT
INT pin has nothing to do with loading the Timer; its action is
that of automatically starting and stopping the Timer and of
generating external interrupts. Pulse widths longer than the
prescale value times the modulo-N value are easily measured
by using the timer interrupt service routine to store the
number of timer interrupts in one or more scratchpad
registers.

As for accuracy, the actual pulse duration is typically
slightly longer than the measured value because the status of
the prescaler is not readable and is reset when the Timer is
stopped. Thus, for maximum accuracy, it is advisable to use
a small division setting for the prescaler.

Event Counter Mode — When ICP bit 4 is cleared and all
prescale bits (ICP bits'5, 6, and 7) are cleared, the Timer
operates in the Event Counter Mode. This mode is used for
counting pulses applied to the EXT INT pin. If ICP bit 3is set,
the Timer will decrement on each transition from the inactive
level to the active level of the EXT INT pin. The prescaler is
not used in this mode; but as in the other two timer modes,
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the Timer may be read at any time, may be stopped at any
time by clearing ICP bit 3, ICP bit 1 functions previously
described, and the timer interrupt request latch is set on the
Timer's transition from H ‘01" to H 'N’.

Normally ICP bit O should be kept cleared in the Event
Counter Mode; otherwise, external interrupts will be
generated on the transition from the inactive level to the ac-
tive level of the EXT INT pin.

For the Event Counter Mode, the minimum pulse width re-
quired on EXT INT is 2 ¢ clock periods and the minimum in-
active time is 2 ¢ clock periods; therefore, the maximum
repetition rate is 500 kHz.

External Interrupts — When the timer is in the Interval
Timer Mode the EXT INT pin is available for non-timer
related interrupts. If ICP bit O is set, an external interrupt re-
quest latch is set when there is a transition from the inactive
level to the active level of EXT INT. (EXT INT is an edge-
triggered input.) The interrupt request is latched until either
acknowledged by the CPU section or until ICP bit O s cleared
(unlike timer interrupt requests which remain latched even
when ICP bit 1is cleared). External interrupts are handled in
the same fashion when the Timer is in the Pulse Width
Measurement Mode or in the Event Counter Mode, except
that only in the Pulse Width Measurement Mode the external
interrupt request latch is set on the trailing edge of EXT INT;
that is, on the transition from the active level to the inactive
level.

INTERRUPT HANDLING

When either a timer or an external interrupt request is
communicated to the CPU section of the MC3870, it will be
acknowledged and processed at the completion of the first
non-privileged instruction if the Interrupt Control Bit of the
Status Register is set. If the Interrupt Control Bit is not set,
the interrupt request will continue until either the Interrupt
Control Bit is set and the CPU section acknowledges the in-
terrupt or until the interrupt request is cleared as previously
described.

If there is both a timer interrupt request and an external in-
terrupt request when the CPU section starts to process the
requests, the timer interrupt is handled first.

When an interrupt is allowed the CPU section will request
that the interrupting element pass its interrupt vector ad-
dress to the Program Counter via the data bus. The vector

address for a timer interrupt is H ‘020", The vector address
for external interrupts is H '0AQ". After the vector address is
passed to the Program Counter, the CPU section sends an
acknowledge signal to the appropriate interrupt request latch
which clears that latch. The execution of the interrupt ser-
vice routine will then commence. The return address of the
original program is automatically saved in the Stack Register,

The Interrupt Control Bit of W (Status Register) is
automatically reset when an interrupt request is acknowledg-
ed. It is then the programmer’s responsibility to determine
when ICB will again be set (by executing an El instruction).
This action prevents an interrupt service routine from being
interrupted unless the programmer so desires.

Figure 17 details the interrupt sequence which occurs
whether the interrupt request is from an external source via
EXT INT or from the MC3870's internal timer. Events are
labeled with the letters A through G and are described
below.

Event A — An interrupt request must satisfy a hold time
requirement as specified in the AC Characteristics in order to
guarantee that it is valid on the rising edge of the WRITE
clock.

Event B — Event B represents the instruction being ex-
ecuted when the interrupt occurs. The last cycle of B is nor-
mally the instruction fetch for the next cycle. However, if B is
not a privileged instruction and the CPU'’s Interrupt Control
Bit is set, then the last cycle becomes a ‘‘freeze”’ cycle rather
than a fetch. At the end of the freeze cycle the interrupt re-
quest latches are inhibited from altering the interrupt daisy-
chain so that sufficient time will be allowed for the daisy-
chain to settle. (If B is a privileged instruction, the instruction
fetch is not replaced by a freeze cycle; instead, the fetch is
performed and the next instruction is executed. Although
unlikely to be encountered, a series of privileged instructions
will be sequentially executed without interrupt. One more in-
struction, called a ‘protected’ instruction, will always be ex-
ecuted after the last privileged instruction. The last cycle of
the protected instruction then performs the freeze.)

The dashed lines on EXT INT illustrate the last opportunity
for EXT INT to cause the last cycle of a non-protected in-
struction to become a freeze cycle.

FIGURE 17 — INTERRUPT SEQUENCE
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The freeze cycle is a short cycle (4 ¢ clock periods) in all
cases except where B is the Decrement Scratchpad instruc-
tion, in-which case the freeze cycle is a long cycle (6 ¢ clock
periods).

INT REQ goes low on the next negative edge of WRITE if
both PRI IN is low and the appropriate interrupt enable bit of
the Interrupt Control Port is set. Both INT REQ and WRITE
are internal signals.

Event C — A NO-OP long cycle to allow time for the inter-
nal priority chain to settle.

Event D — The Program Counter (PO) is pushed to the
stack register (P) in order to save the return address. The in-
terrupt circuitry places the lower 8 bits of the interrupt vector
address onto the data bus. This is always a long cycle.

Event E — A Jong cycle in which the interrupt circuitry
places the upper 8 bits of the interrupt vector address onto
the data bus.

Event F — A short cycle in which the interrupting interrupt
request latch is cleared. Also, the CPU’s Interrupt Control Bit
is cleared, thus disabling interrupts until an El instruction is
performed. The fetch of the next instruction from the inter-
rupt address.

Event G — Begin execution of the first instruction of the
interrupt service routine.

SUMMARY OF INTERRUPT SEQUENCE

For the MC3870 the interrupt response time is defined as
the time elapsed between the occurrence of EXT INT going
active (or the Timer transitioning to H ‘N’) and the beginning
of execution of the first instruction of the interrupt service
routine. The interrupt response time is a variable dependent
upon what the microprocessor is doing when the interrupt
request occurs. As shown in Figure 17, the minimum inter-

rupt response time is 3 long cycles plus 2 short cycles plus
one WRITE clock pulse width plus a setup time of EXT INT
prior to the leading edge of the WRITE pulse — a total of 27
¢ clock periods plus the setup time. At a 2 MHz ¢ this is
14.25 us. Although the maximum could theoretically be in-
finite, a practical maximum is 35 us {(based on the interrupt
request occurring near the beginning of a Pl and LR K, P se-
quence).

POWER-ON RESET

The intent of the Power-On Reset circuitry on the MC3870
is to automatically reset the device following a typical power-
up situation, thus saving external reset circuitry in many ap-
plications. This circuitry is not guaranteed to sense a “'Brown
Out” (low voltage) condition nor is it guaranteed to operate
under all possible power-on situations.

Three conditions are required before the MC3870 will leave
the reset state and begin operation. Refer to Figure 18 as an
aid to the following descriptions. The On-Chip V¢ detector
senses a minimum value of Vcc before it will allow the
MC3870 to operate. The threshold of this detector is set by
analog circuitry because a stable voltage reference is not
available with n-channel MOS processing. Processing varia-
tions will cause this threshold to vary from a low of 3.0 volts
to a high of 4.3 volts with 3.5 volts being typical.

The MC3870 uses a substrate bias as a technique to pro-
vide improved performances versus power consumption
relative to conventional grounded substrate approaches.
This bias generator may start operating as low as
Vcc=3 volts on some devices while others may require
Ve =4 volts in order to get adequate substrate bias. Until
the substrate reaches the proper bias, the MC3870 will not
be released from the reset state. The final condition required
is that the clocks of the MC3870 must be functioning.
Typically the clocks will start to function at Vcc equal to 3 to
3.5 volts but since the part is tested at 4.5 volts, Motorola
can not guarantee any operation below 4.5 volts. The output
of the delay circuit in Figure 18 will stay low until the clocks

FIGURE 18 — POWER ON RESET BLOCK DIAGRAM
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start to function. If the input to the delay circuit is high,
typically after 100 cycles of the WRITE clock (800 cycles of
the external clock) the output of the delay circuit will go high
allowing the MC3870 to begin execution.

If Vcc falls to ground for at least a few hundred
nanoseconds the output of the delay circuit will go low im-
mediately and the MC3870 will reset.

The internal logic may detect a valid V¢, bias and clocks
at Vcc=3.5 volts and allow the MC3870 to start executing
after the time delay. With a slowly rising power supply, the
part may start running before V¢ is above 4.5 volts which is
below the guaranteed voltage range. When power-on-clear
is required with a slowly rising_power supply, an external
capacitor must be used on the RESET pin to hold it below
0.8 volts until V¢ is stable above 4.5 volts. (Note: The op-
tion to disconnect the internal pullup resistor on RESET is
available which allows the use of a larger external pullup
resistor and a small capacitor on RESET.)

In many applications it is desirable if the unit does an
automatic power-on-clear, but not mandatory. The unit will
have a RESET push button and if the unit does not power-up
correctly or malfunctions because of some disturbance on
the V¢ line, the operator will simply press RESET and
restore normal operation. It is for these applications that the
internal power-on-clear circuitry was designed.

In some applications it is required that the microcomputer
continue to run properly without operator intervention after
brown-outs, power line disturbances, electrical noise, com-
puter malfunction due to a programming bug, or any other
disturbance except a catastrophic failure of some compo-
nent.

One concept used to keep computers running is that of
the "WATCHDOG TIMER". The computer is programmed
to periodically reset the watchdog timer during the normal
execution of its program (this is easily done in the MC3870 as
its normal application is in some control function which is
typically periodic). As long as the computer continues to ex-
ecute its program the watchdog timer is continually reset
and never times out. Should the computer stop executing its
program for whatever reason, the watchdog timer will time
out producing a RESET pulse to the CPU re-starting execu-
tion. This is a very positive way to assure that the computer
is doing its job, i.e., executing the program. It is important
that the software driving the watchdog timer test as many
functional blocks (timer, ALU, scratchpad RAM, and ports)
of the MC3870 as possible before resetting the watchdog
timer. This is because operation of the MC3870, with an out
of specification power supply, may allow some of the func-
tions to operate correctly while other functions are not
operable.

Motorola can guarantee correct operation of the MC3870
only while the Vg voltage remains within its specified
limits. If proper operation of the MC3870 must be
guaranteed after a disturbance on the V¢ line, then an ex-
ternal circuit must be used to monitor the V¢ line and pro-
duce RESET to the MC3870 whenever V¢ is out of the
specified limits.

A related characteristic to power-on-clear is the startup
time of the basic timing element. The LC and RC oscillators
begin to function almost immediately once Vg is high
enough to allow the on-board oscillator to operate
(Vcc=3.5 V). Operation with a crystal is partly mechanical
and some start time is required to get the mass of the crystal
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into vibrational motion. This time is basically dependent on
the frequency (mass) of the crystal. 4 MHz crystals typically
require about 2-3 ms to start while 1 MHz crystals require
60-70 ms to start oscillating. Of course, this time may vary
greatly from crystal to crystal and is also a function of the
power supply rise time characteristic, however, the high-
frequency crystals start faster and are definitely recommend-
ed (i.e., 3-4 MHz).

The condition of the port pins during the power-in-clear
sequence is often asked. The port pins or the STROBE line
cannot be specified until V¢ reaches 4.5 V and the MC3870
enters the RESET state. Before this, the port pins may stay
at Vgs, may track V¢ as it rises, or they may track Vcc
part way up then return to Vs g (ports 4 and b will go to V¢
once. the clocks are running and the MC3870 has sufficient
V¢ to properly operate the internal control logic and 1/0
ports).

EXTERNAL RESET

When RESET is taken low, the content of the Program
Counter is pushed to the Stack Register and then the Pro-
gram Counter and the ICB bit of the W Status Register are
cleared. The original Stack Register content is lost. Ports 4,
5, 6, and 7 are loaded with H '00". The contents of all other
registers and ports are unchanged or undefined. When
RESET is taken high, the first program instruction is fetched
from ROM location H ‘000". When an external reset of the
MC3870 occurs, PO is pushed into P and the old contents of
P are lost. It must be noted that an external reset is recog-
nized at the start of a machine cycle and not necessarily at
the end of an instruction. Thus, if the MC3870 is executing a
multi-cycle instruction, that instruction is not completed and
the contents of P upon reset may not necessarily be the ad-
dress of the instruction that would have been executed next.
It may, for example, point to an immediate operand if the
reset occurred during the second cycle of an LI or Cl instruc-
tion. Additionally, several instructions (JMP, P!, PI, LR, PO,
Q) as well as the interrupt acknowledge sequence modify PO
in parts. That is, they alter PO by first loading one part then
the other and the entire operation takes more than one cycle.
Should reset occur during this modification process the
value pushed into P will be part of the old PO (the as yet un-
modified part) and part of the new PO (already modified
part). Thus, care should be taken (perhaps by external
gating) to insure that reset does not occur at an undesirable
time if any significance is to be given to the contents of P
after a reset occurs.

Vcc DECOUPLING

The MC3870 family devices have dynamic circuitry inter-
nally which requires a good high frequency decoupling
capacitor to surpress noise on the Vg line. A 0.01 uF or
0.1 uF ceramic capacitor should be placed between Vcc and
ground, located physically close to the MC3870 device. This
will reduce noise generated by the MC3870 to about
70-100 mV on the V¢ line.

TEST LOGIC

Special test logic is implemented to allow access to the in-
ternal main data bus for test purposes.

In normal operation,- the TEST pin is unconnected or is
connected to GND. When TEST is placed at a TTL level
(2.0 V10 2.6 V) port 4 becomes an output of the internal data
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bus. The data appearing on the port 4 pins is logically true
whereas input data forced on port 5 must be logically false.
When TEST is placed at a high level (6.0 V to 7.0 V), the
ports act as above and additionally the 2K x 8 program ROM
is prevented from driving the data bus. In this mode,
operands and instructions may be forced externally through
port 5 instead of being accessed from the program ROM.
When TEST is in either the TTL state or the high state,
STROBE ceases its normal function and becomes a machine
cycle clock (identical to the F8 multi-chip system WRITE
clock except inverted).

Timing complexities render the capabilities associated with
the TEST pin impractical for use in a user’s application, but
these capabilities are thoroughly sufficient to provide a rapid
method for thoroughly testing the MC3870.

SUPPLEMENTARY NOTES

The Interrupt Control Bit of the W Status Register is
automatically reset when an interrupt request is acknow-
ledged. It is then the programmer’s responsibility to deter-
mine when ICB will again be set (by execution an El instruc-
tion). This action prevents an interrupt service routine from
being interrupted unless the programmer so desires.

When reading the Interrupt Control Port (port 6), bit 7 of
the Accumulator is loaded with the actual logic level being
applied to the EXT INT pin, regardless of the status of ICP
bit 2 (the EXT INT Active Level bit). This is, if EXT INT is at
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+5V, bit 7 of the Accumulator is set to a logic “1""; but, if
EXT INT is at GND, then Accumulator bit 7 is reset to logic
"o

In the MC3870 (F8 COMPATIBLE) INSTRUCTION SET
summary, the number of cycles shown are ““nominal”
machine cycles. A nominal machine cycle is defined as 4 ¢
clock periods, thus, requiring 2 us for a 2 MHz ¢ clock fre-
quency (4 MHz external time-base frequency).

Also, the summary uses an older nomenclature for register
names. The transiation is as follows:

PCO=P0 Program Counter

PC1=P Stack Register

DCO=DC Data Counter

DC1=DC1 Auxiliary Data Counter

The nomenclature is used in order to be consistent with the
assembly language mnemonics.

For the MC3870, execution of an INS or OUTS instruction
requires 2 machine cycles for ports 0 and 1, whereas ports 4
and 5 require 4 machine cycles.

INSTRUCTION EXECUTION

This section details the timing and execution of the
MC3870 instruction set. Refer to Figure 19 for a MC3870 Pro-
gramming Model.
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FIGURE 19 — MC3870 PROGRAMMING MODEL
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MC3870 INSTRUCTION SET
ACCUMULATOR GROUP INSTRUCTIONS

Operation Mnemonic Operand Function Machine Cycles Status Bits

Op Code Code Bytes Short Long (2 MHz¢) OVR ZERO CRY SIGN
Add Carry LNK A—(A)+CRY 19 1 1 2 170 170 1/0 1/0
Add Immediate Al i A—(A)+Hi’ 24ii 2 1 1 5 170 10 1/0 1/0
And Immediate NI i A (AIAHIT 27ii 2 1 1 5 0 1/0 0 1/0
Clear CLR A—H00' 70 1 1 2 - - - -
Compare Immediate Cl il Hi" + (A +1 250 2 1 1 5 1/0 1/0 1/0 1/0
Complement com A—(A)+H'FF 18 1 1 2 0 1/0 0 1/0
Exclusive or Immediate XI i A (A)+HII 23ii 2 1 1 5 0 1/0 0 1/0
Increment INC A—(A)+1 1F 1 1 2 170 10 1/0 1/0
Load Immediate L it A—HiiI 20ii 2 1 1 5 - - - -
Load Immediate Short Lis i A—HOI" 7i 1 1 2
OR Immediate ol it A—({AWVHII' 22ii 2 1 1 5 0 1/0 0 1/0
Shift Left One SL 1 Shift Left 1 13 1 1 2 0 1/0 0 1/0
Shift Left Four SL 4 Shift Left 4 15 1 1 2 0 1/0 0 1/0
Shift Right One SR 1 Shift Right 1 12 1 1 2 [¢] 1/0 0 1
Shift Right Four SR 4 Shift Right 4 14 1 1 2 0 1/0 0 1

BRANCH INSTRUCTIONS In all conditional branches PO+ (P0) + 2 if the test condition is not met. Execution is complete in 3 short cycles.

Operation “g;e'ggg: Operand  Function Méi'é'e"e Bytes Shor:: yc.esl.ong (2 MHz $) OVR zslat;:.)lJ sg;\sr SIGN

Branch on Carry BC aa PO+~ (PO)+ 1+ H'aa' 82aa 2 2 1 7 - - - -
if CRY=1

Branch on Positive BP aa PO« (PO) + 1+ H'aa’ 81aa 2 2 1 7 - - - -
if SIGN=1

Branch on Zero BZ aa PO—(PO) + 1+ "Haa' 84aa 2 2 1 7 - - - -
if Zero=1

Branch on True BT taa PO+ (PO} + 1+ 'Haa’ 8taa 2 2 1 7 - - - -

TEST CONDITION if any test is true

Branch if Negative BM aa PO+~ (PO} + 1+ H'aa’ 9laa 2 2 1 7 - - - -
if SIGN=0

Branch if No Carry BNC aa PO—(PO) + 14 H'aa’ 92aa 2 2 1 7 - - - -
if CARRY =0

Branch if No Overflow BNO aa PO—(PO) + 1+ H'aa’ 98aa 2 2 1 7 - - - -
it OVR=0

Branch if Not Zero BNZ aa PO« (PO) + 1+ H'aa' 94aa 2 2 1 7 - - - -
if ZERO=0

Branch if False Test BF taa PO (PO) + 1+ H'aa’ Otaa 2 2 1 7 - - - -

TEST CONDITION if all false test bits
[2 [ 2]z T2]
| ovr [ zero| CRY | sIGN]
Branch if ISAR (Lower) BR7 aa PO+ (PO) + 1+ H'aa’ 8Faa 2 2 1 5 - - - -
*7 ISARL#7

PO (PO) + 2 if
ISARL=7 2 2 : 4 - — — —

Branch Relative BR aa PO (PO} + 1+ H'aa’ 90aa 2 2 1 7 - - - -

Jump* JMP aaaa PO+ H'aaaa’ 29aaaa 3 1 3 n - - - -

*Privileged instruction, accumulator contents altered during execution JMP.
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MEMORY REFERENCE INSTRUCTIONS In all Memory Reference Instructions, the Data Counter is incremented DC+ (DC) + 1.

Operation Op Gogs._ Operand _Function Miode.  Byes  ShonLong (2MHzo)l OVR ZERO CRY SIGN
Add Binary AM A< (A)+[(DC)) 88 1 1 1 5 170 1/0 170 - 1/0
Add Decimal AMD A— (A +[(DC)]e 89 1 1 1 5 /0 1/0 170 - 1/0
BCD Adjust
AND NM A+—(A)ALDC)} 8A 1 1 1 5 0 170 -0 1/0
Compare Cc™M DO+ (A) +1 8D 1 1 1 5 10 1/0 1/0 1/0
Exclusive OR XM A—(A)e ((DC)] 8C 1 1 1 5 0 170 0 170
Load LM A—{(DC)) 16 1 1 1 5 - - -
Logical OR oM A~ (ANV[(DC}] 88 1 1 1 5 0 1/0 0 1/0
Store ST A—[(DC)] 17 1 1 1 5 - - -
ADDRESS REGISTER GROUP INSTRUCTIONS
Operation “g;ergggéc Operand  Function MSEZT Bytes Shortc ydesLong (2 MHz ¢) OVR zsegg‘sgrls SIGN
Add to Data Counter ADC DC—(DC) +(A) 8E 1 1 1 5 - - - -
Call to Subroutine® PK POU = (r12); 0c 1 1 2 8 - - - -
POL+(r13),
P« (PO}
Call to Subroutine Pl aaaa P+ (PO), 28aaaa 3 2 3 13 - - - -
Immediate* PO+~ H'aaaa
Exchange DC XDC (DCI=(DCN 2C 1 2 4 - — - -
Load Data Counter LR DC,Q  DCU~(r14), OF 1 1 2 8 - - - -
DCL+(r15)
Load Data Counter LR DC,H DCU=(r0), 10 1 1 2 8 - - - -
. DCL~(r11)
Load DC Immediate DCl aaaa OC H'aaaa’ 2Aaaaa 3 3 2 12 - - - -
Load Program Counter LR PO, Q  POU «(r14), oD 1 1 2 8 - - -
POL « {r15)
Load Stack Register LR P, K PU «(r12), 09 1 1 2 8 - - - -
PL—13)
Return from POP PO —(P} 1C 1 2 4 - - - -
Subroutine®
Store Data Counter LR Q,DC  r14~(DCU), OE 1 1 2 8 - - - -
15— (DCL)
Store Data Counter LR H,DC  r10= DCU, " 1 1 2 8 - - - -
r11—(DCL)
Store Stack Register LR K, P r12+—(PU), 08 1 1 2 8 - - - -
3+ (PL)
SCRATCHPAD REGISTER INSTRUCTIONS (Refer to Scratchpad Addressing Modes)
Operation hg:eg‘:g: Operand  Function Mggr;-:e Bytes Shor:: YCIesLong (2 MHz ¢) OVR zsé';glsg;\s/ SIGN
Add Binary AS r A—(A)+ (1) Cr 1 1 2 10 1/0 10 1/0
Add Decimal ASD 0 A—(A)+ (1) Dr 1 2 4 170 1/0 170 1/0
Decrement DS r re{r)+H'FF 3r 1 1 3 170 1/0 1/0 - 1/0
Load LR Ar A1) 4r 1 1 2 - - -
Load LR A KU A<(n12) 00 1 1 2 - - - -
Load LR A KL A<(r13) 01 1 1 2 - - - -
Load LR A, QU A—(r4) 02 1 1 2 - - - -
Load LR A, QL A+—(r15) 03 1 1 2 - - - -
Load LR r, A r—(A) 5r 1 1 2 - - - -
Load LR KU, A 112—(A) 04 1 1 2 - - = -
Load LR KL, A 13+ (A) 05 1 1 2 - - - -
Load LR QU, A r4—(A) 06 1 1 2 — - - -
Load LR QL, A r16—{A) 07 1 1 2 - - -
AND NS r A= (AA(r) Fr 1 1 2 0 1/0 0 1/0
Exclusive OR XS r A—(A)+ (1) Er 1 1 2 0 1/0 0 1/0

*Privileged instruction, accumulator contents altered during execution of P! instruction
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MISCELLANEOUS INSTRUCTIONS

Operation Mnemonic Operand  Function Machine Cycles Status Bits
Op Code Code Bytes Short Long (2 MHz ¢) OVR ZERO CRY SIGN
Disable Interrupt DI Reset ICB 1A 1 1 2 - - - -
Enable Interrupt® El Set ICB 1B 1 1 2 - - -
Input IN 04,05,06,07 A= (input Port aa) 26aa 2 1 2 8 0 1/0 0 1/0
Input Short INS 0,1 A~ (Input Port AO,A1 1 2 4 0 1/0 0 1/0
OQor 1)
Input Short INS 45,6,7 A+(Input Port a) Aa 1 1 2 8 0 1/0 0 1/0
Load ISAR LR IS,A 1IS—(A) 08 1 1 2 - - - -
Load ISAR Lower LISL bbb ISL+—bbb 6(1bbb)** 1 1 2 - - - -
Load ISAR Upper LIsu bbb ISU—bbb 6(0bbb)** 1 1 2 - - - -
Load Status Register*® LR wW,J W= (r9) 10 1 2 4 10 10 1/0 1/0
No Operation NOP PO—(PO) +1 2B 1 1 2 - - - -
Output*® ouT 04,05,06,07 Output Port 27aa 2 1 2 8 - - - -
aa—(A)
Output Short QuUTS 0,1 Output Port B0,B1 1 2 4 - — - -
0 or 1—(A)
Output Short QuUTS 4,5,6,7 Output Port a~—(A) Ba 1 1 2 8 - - - -
Store ISAR LR A.IS A—(IS) 0A 1 1 2 - - - -
Store Status Reg LR J.W r3—(W) 1E 1 1 2 - - - -
*Privileged instruction
**b=1-bit immediate operand
NOTES
Lower case denotes variables specified by programmer KL Register 13
Function Definitions E(l)J gff;;; 1Czounter
- is replaced by POL Least Significant 8 Bits of Program Counter
() the contents of POU Most Significant 8 bits of Program Counter
() Binary “1s” complement of P Stack Register
+ Arithmetic Add (Binary or Decimal) PL Least Significant 8 bits of Program Counter
® Logical “OR" exclusive PU Most Significant 8 bits of Active Stack Register
A Logical “"AND" Q Registers 14 and 15
v Logical “OR" inclusive QL Reigster 15
H” Hexadecimal digit Qu Register 14
wn Contents of memory specified by () r Scratchpad Register (any address 0 through B)
a Address Variable (four bits) (See Below)
Q gccupl{lamf ; 5 W Status Register
ne bit immediate operan . .
DC Data Counter (Indirect Address Register) Scra?cl:opad Addrgssnng Modes Using IS. {r#0 thr.oygh 8
DC1 Data Counter 1 (Auxiliary Data Counter) r= H’C, Reg!ster Addressed by IS s {Unmodified)
DCL Least significant 8 bits of Data Counter Addressed = H,D, Reg!ster Addressed by IS is Incremented
DCU Most significant 8 bits of Data Counter Addressed r=HE¥ Register Addressed by IS is Decremented
H Scratchpad Register 10 and 11 r=HF llegal OP Code
i Immediate operand (four bits) Status Register
ICB Interrupt Control Bit - No change in condition
N Indirect Scratchpad Address Register 1/0 is set to 1" or 0" depending on conditions
ISL Least Significant 3 bits of ISAR CRY Carry Flag
ISU Most Significant 3 bits of ISAR OVR Overflow Flag
J Scratchpad Register 9 SIGN Sign of Result Flag
K Registers 12 and 13 ZERO Zero Flag
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ORDERING INFORMATION

The following information is required when ordering a
custom MCU. This information may be transmitted to
Motorola in the following media:

PROM(s) MCM2716s or MCM2708s

MDOS disk file

To initiate a ROM pattern for the MCU it is necessary to
first contact your local field service office, local sales person,
or your local Motorola representative.

PROMs — The MCM2708 or MCM2716 type PROMs, pro-
grammed with the customer program (positive logic sense
for address and data), may be submitted for pattern genera-
tion. The PROMs must be clearly marked to indicate which
PROM corresponds to which address space (000-3FF HEX),
(400-7FF) or (000-7FF). See Figure 21 for recommended
marking procedure.

After the PROM(s) are marked they should be placed in
conductive IC carriers and securely packed. Do not use
styrofoam.

FIGURE 21 — PROM MARKING

/]

XXX

—_

XXX

400

xxx = Customer 1D

VERIFICATION MEDIA

All original pattern media (PROMs or Floppy Disk) are filed
for contractual purposes and are not returned. A computer
listing of the ROM code will be generated and returned along

8:60

with a listing verification form. The listing should be
thoroughly checked and the verification form completed,
signed, and returned to Motorola. The signed verification
form constitutes the contractual agreement for creation of
the customer mask. If desired, Motorola will program a blank
2716 EPROM (supplied by the customer) from the data file
used to create the custom mask to aid in the verification pro-
cess.

ROM VERIFICATION UNITS

Ten MC3870s containing the customer’'s ROM pattern will
be sent for program verification. These units will have been
made using the custom mask but are for the purpose of
ROM verification only. For expediency they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts. These RVUs are included in the
mask charge and are not production parts.

FLEXIBLE DISKS

The disk media submitted must be single-sided, single-
density, 8-inch, MDOS compatible floppies. The customer
must write the binary file name and company name on the
disk with a felt-tip pen. The floppies are not to be returned by
Motorola as they are used for archival storage. The minimum
MDOS system files must be on the disk as well as the ab-
solute binary object file (filename .LO type of file) from the
MC3870 cross assembler. An object file made from a
memory dump using the ROLLOUT command is also ad-
missable. Consider submitting a source listing as weli as the
following files: filename .LX (EXORciser® loadable format)
and filename .SA (ASCIl Source Code). These files will of
course be kept confidential and are used 1) to speed up the
process in house if any problems arise, and 2) to speed up
our customer to factory interface if a user finds any software
errors and needs assistance quickly from the factory
representatives.

MDOS is Motorola’s Disk Operating System available on
development systems such as EXORcisers, or EXORsets,
etc.
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MC3870 ORDERING INFORMATION

Date Customer PO Number

Customer Name

Address

City State Zip
Country

Phone Extension

Contact

Customer Part Number

Options:
Reset Pullup 20 No Pullup 3
External Interrupt Pullup 3 No Pullup 3
Port Options:
Standard TTL Open Drain Direct Drive
P4-0 [} c e
P4-1 (o] ] c
P4-2 O (] [ ]
P4-3 C ] [ ]
pa4 ) ] o
P45 o o =)
P4-6 o ] ]
P4-7 c a c
P5-0 famn } (] [ o |
P5-1 [wmn } (] ca
P5-2 ] (e | o
P6-3 ca [wm] ca
P5-4 | ] c
P5-5 —_ [ ] [}
P5-6 ) 0 -
P5-7 s c ]
Pattern Media
[ PROMs (MCM2716 or MCM2708) 3 Floppy Disk
(Customer can send in two extra PROMs,
Motorola will program the customer’s 3 Other
code on these PROMs for code verification.

Clock Mode 3 xtaL C re C3J e CJ external
Clock Freq
Temp Range 3 o-70°C 3 -40-+85°C

Marking Information (12 Characters Maximum)

NOTE: All other media requires prior factory approval.
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MC6801
MC6803

MICROCOMPUTER/MICROPROCESSOR (MCU/MPU)

The MC6801 is an 8-bit single-chip microcomputer unit (MCU) which
significantly enhances the capabilities of the M6800 Family of parts. It in-
cludes an upgraded M6800 microprocessor unit (MPU) with upward-
source and object-code compatibility. Execution times of key instruc-
tions have been improved and several new instructions have been add-
ed including an unsigned multiply. The MCU can function as a
monolithic microcomputer or can be expanded to a 64K byte address
space. Itis TTL compatible and requires one + 5-volt power supply. On-
chip resources include 2048 bytes of ROM, 128 bytes of RAM, a serial
communications interface (SCI), parallel 1/0, and a three-function pro-
grammable timer. The MC6803 can be considered as an MC6801
operating in modes 2 or 3. An EPROM version of the MC6801, the
MC68701 microcomputer, is available for systems development. The
MC68701 is pin and code compatible with the MC6801/03 and can be
used to emulate the MC6801/03. The MC68701 is described in a
separate Advance Information publication.

Enhanced MC6800 Instruction Set

8 x 8 Multiply Instruction

Serial Communications Interface (SCI)

Upward Source and Object Code Compatibility with the M6800
16-Bit Three-Function Programmable Timer

Single-Chip or Expanded Operation to 64K Byte Address Space
Bus Compatibility with the M6800 Family

2048 Bytes of ROM (MC6801 Only)

128 Bytes of RAM

64 Bytes of RAM Retainable During Powerdown

29 Parallel I/0 and Two Handshake Control Lines

Internal Clock Generator with Divide-by-Four Output

—40 to 85°C Temperature Range

—40 to 105°C Temperature Range

MOS

(N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

MICROCOMPUTER
MICROPROCESSOR

L SUFFIX
CERAMIC PACKAGE
CASE 715

P SUFFIX
PLASTIC PACKAGE
CASE 711

GENERIC INFORMATION

Generic Number
Ceramic Package | Plastic.Package
Frequency MHz Temperature L Suffix P Suffix
1.0 0°C to 70°C MC6801L1 MC6801P1
1.0 —40°C to 85°C MC6801CL1 MC6801CP1
1.0 —40°C t0 105°C MC6801VL1 MC6801VP1
1.0 0°C to 70°C MC6803L MC6803P
1.0 —40°C t0 85°C MC6803CL MC6803CP
1.0 —40°C to0 105°C MC6803VL MC8803VP
1.25 0°C to 70°C MC6801L1-1 MC6803P1-1
1.25 —40°C to 85°C MC6801CL1-1 MC6803CP1-1
1.25 0°C to 70°C MC6803L1 MC6803P1
1.25 —40°C to 85°C MC6803CL-1 MC6803CP-1
15 0°C to 70°C MC68A01L1 MC68A01P1
15 0°C to 70°C MCB8A03L MC68A03P
2.0 0°C to 70°C MC68BO1L1 MC88BO1P1
2.0 0°C to 70°C MC68BO3L MC88B03P

PIN ASSIGNMENT

vssl1 @ 7w
XTAL1[] 2 39fsct
EXTAL2 [} 3 38f]sc2
W‘Iq 4 37[3 P30
wRaifs 36[1P31
RESET 6 3B[P32
vee 7 34[1P33
P20 08 B{P34
P21 [} 9 32[1P35
P22 [}10 31[1P36
P23 1 30 [] P37
P24 ﬁ 12 29 [1 P40
P10 13 28{]Pa1
P11 Q14 27 [1P42
P12 26 []P43
P130Q16 25[1P44
P14 []17 24[1P45
P15 18 23[1P46
P16 [}19 22[1pa7
p17020 2 J;’gﬁdby
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MC6801-MC6803

FIGURE 1 — M6801 MICROCOMPUTER FAMILY BLOCK DIAGRAM

e

Expanded Multiplexed MPU
Expanded Non-Multiplexed
|—— Single Chip

P37 A7/07 D7 110 - » P20
P36 A6/D6 D6 110 -3 Mux Port [ » P21
P36 AB/D5 D5 1/0 -em{ Port <:> 2 > P22
P34 A4/D4 D4 1/0 - 3 » P23
P33 A3/D3 D3 110 - > P24
P32 A2/D2 D2 1/0 - RO
P31 A1/D1 D1 1/0 -6 H —
P30 AO/DO DO 1/O - ” -
sSC2 R/W R/W 0353 -—] ( Timer  jed
SC1 AS [0S 153 - v ]

:> SCI

P47 A5 AT /O l«————> P10
Pag  Al4 A6 1/0 o K Address e P11
Pas A13 A5 /O e Port Port 3 p1p
P44 A12 A 10 - 4 1 fe—————>p13
P43 A1l A3 /0 -] le«——————>p14
Pa2 A0 A2 1/O - l«—————» P15
Pal A9 Al 1/0 - Data > l«———————» P16
Pa0  AB A0 1/ - &1 l le——————»-P17

Vee Standoy=—3 128 x 8 20;8,:18

RAM (See Note)

NOTE: No functioning ROM in MC6803.

POWER CONSIDERATIONS

The average chip-junction temperature, T j, in °C can be obtained from:
Ty=Ta+(Ppedja) (4]
Where:
Ta=Ambient Temperature, °C
63 =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=Icc x Ve, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT<PINT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

Pp=K=+(Ty+273°C) 2
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) + 6 AePD2 3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.
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MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitry to protect the in-
puts against damage due to high static voltages
Supply Voltage Vee | 0310 +7.0 v or electric fields; however, it is advised that nor-
Input Voltage Vin -03to0 +7.0 \ mal precautions be taken to avoid application of
Operating Temperature Range TLto TH any voltage higher than maximum rated voltages
MC6801, MC6803 0to 70 to this high-impedance circuit. For proper opera-
MC6801C, MC6803C TA —40 to 85 oC tion it is recommended that Vi and Vgt be con-
MC6801V, MC6803V —40 to 105 strained to the range Vgs < (Vin or Vout) <= VCC.
Input protection is enhanced by connecting

Storage Temperature Range Tstg —~565 to + 150 °C unused inputs to either Vpp or VSs.

THERMAL CHARACTERISTICS

Characteristic Symbol | Value Rating
Thermal Resistance
Plastic ATN 50 °C/W
Ceramic 50

CONTROL TIMING (Vcc=5.0 V £5%, Vg5=0, To=0 to 70°C)

. MC6801 MC6801-1 | MC68A01 | MC68BO1 .
Characteristic Symbol Min | Max | Min [ Max | Min |Max | Min [Max Unit
Frequency of Operation fo 051005 [1.26] 05 |15 | 05 | 20 | MHz
Crystal Frequency fxTaL [ 20 | 40 | 20 [ 5.0 20 | 6.0 | 20 | 80 | MHz
External Oscillator Frequency 4y 20140120 | 50| 20 |60 ] 20 |80 | MHz
Crystal Oscillator Start Up Time tre - 100 | — 100 | — 100 | — 100 | ms
Processor Control Setup Time tpcs | 200 | — 170 | — 140 | — 10 | — ns
DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc +5%, V=0, To=T| to Ty, unless otherwise noted)
MC6801 MC6801C MC6801V
MC6803 MC6803C MC6803V
Characteristic Symbol Min Max Min Max Min Max Unit
Input High Voltage RESET Vss+4.0 Vcc [Vss+4.0 Voe [Vss+4.00 Ve
Other Inputs | V|4 [Vss+2.0] Vcc [Vss+2.2[ Vee [Vss+2.2] Ve \
Input Low Voltage All Inputs VL |Vss-0.3Vgg+0.8Vgs—0.3Vgg+0.8Vgs - 0.3lVgg +0.7 \
Input Load Current Port4 - 0.5 — 0.8 - 0.8
(Vin=0t02.4V) SCI lin - 0.8 — 1.0 - 1.0 mA
Input Leakage Current o
(Vin=0106.25 V) NMI, IRQ1, RESET | lin — 25 - 5.0 - 5.0 uA
Hi-Z (Off State) Input Current
(Vih=0.51t02.4V) Ports1,2,and3 | ITg) - 10 - 20 - 20 A
Output High Voltage
(ILoad= —65pA, Vcc=Min)* Port4,iSC1,SC2 | VoH [Vss+24 — sg+2.4 - sg+2.4 - \
(ILoad= — 100 4A, Vcc = Min) Other Outputs Vss+24| - ss+24 — |[Vss+24 —
Output Low Voltage
(I oad=2.0mA, Vcc = Min) All Outputs | VoL = 55 +0.5) — ss+0.6[ — ss+0.6 Vv
Darlington Drive Current (Vo =1.5V) Port 1 loH 1.0 4.0 1.0 5.0 1.0 5.0 mA
Internal Power Dissipation
(Measured at TA=T|_in Steady-State Operation) PINT - 1200 - 1500 - 1500 mW
Input Capacitance Port 3, Port4, SCI Cin — 12.5 — 125 - 12.5 pF
(Vin=0, TA=25°C, fo=1.0 MHz) Other Inputs - 10 — 10 — 10
Ve Standby Powerdown | Vsgg 4.0 5.25 4.0 5.25 4.0 5.25
Powerup | Vgg 4.75 5.25 4.75 5.25 4.75 5.25 \
Standby Current Powerdown | IsgB - 6.0 - 8.0 - 8.0 mA

*Negotiable to — 100 pA (for further information contact the factory)
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PERIPHERAL PORT TIMING (Refer to Figures 2-5)

MC6801 MC6801-1 | MC68A01 | MC68BO1
MC6803 MC6803-1 | MC68A03 | MC68B03
Characteristics Symbol | Min | Max | Min | Max | Min | Max| Min | Max | Unit
Peripheral Data Setup Time tpDSU | 200 | — 200 | — 150 — 100 | — ns
Peripheral Data Hold Time tppH | 200 — [200] - 10| -] 100 ]| — ns
Delay Time, Enable Positive Transition to OS3 Negative Transition| tosp1 | — |30 | — [ 30} — | 300| — | 260 | ns
Delay Time, Enable Positive Transition to OS3 Positive Transition | togpp | — [ 30 | — | 30| — | 300f — | 250 [ ns
Delay Time, Enable Negative Transition to Peripheral Data Valid tPWD — [ 30 [ — | 30| — | 30| — |20 ]| ns
Delay Time, Enable Negative Transition to Peripheral
CMOS Data Valid tcmMos | — | 20| — [ 20 — | 20| — | 20| ps
Input Strobe Pulse Width tpwis [ 200 | — [200 ]| — 1% - — | 100 ]| — ns
Input Data Hold Time tH 50 - 50 - 40 - 30 - ns
Input Data Setup Time s 20 - 20 - 20 - 20 - ns
FIGURE 2 — DATA SETUP AND HOLD TIMES FIGURE 3 — DATA SETUP AND HOLD TIMES
(MPU READ) (MPU WRITE)
(————MPU Read MPU Write
\ f
E —’<_>F —
- E
tPDSU tPOH
P10-P17 ’
P20-P24 >Z . ,
P40-P47 Data Valid K tPWD > ——-07vee
Inputs tPDH ,
tPDSU
P30-P37 All Data X Data Valid
Inputs* Data Valid Port Outputs %
i NOTES:
*Port 3 non-latched operation (LATCH ENABLE=0) 1. 10 k pullup resistor required for port 2 to reach 0.7 Vcc.
2. Not applicable to P21.
3. Port 4 cannot be pulled above V.
FIGURE 4 — PORT 3 OUTPUT STROBE TIMING FIGURE 5 — PORT 3 LATCH TIMING
(MC8801 SINGLE-CHIP MODE) (MC6801 SINGLE-CHIP MODE)
r MPU access of Port 3*
S3
S
e\ /]
Address  (s0006) X X
Bus
> [=€tosD1 | |=tosD2 P?O'm Data Valid
nputs
033
* Access matches output strobe select (0SS=0, a read;
0SS=1, a write)

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volits, unless otherwise noted.
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BUS TIMING (See Notes 1 and 2)

\dent. MC6801 MC6801-1 | MC68A01 | MC68B01
Number Characteristics Symbol MC6803 MC6803-1 MC68A03 | MC68B03 | Unit
Min | Max | Min | Max | Min | Max | Min | Max
1 Cycle Time toye 10 120} 08| 20 [0.667| 20 | 06 | 20 | pus
2 Pulse Width, E Low PWEL [ 430 |1000| 360 [ 1000 | 300 | 1000 | 210 | 1000 | ns
3 Pulse Width, E High PWEgH | 460 | 1000 360 | 1000 [ 300 | 1000 | 220 {1000} ns
4 Clock Rise and Fall Time tr, tf - 25 - 25 — 25 = 20 ns
9 Address Hold Time tAH 20 - 20 — 20 - 10 = ns
12 Non-Muxed Address Valid Time to E* AV 200 - 150 - 1156 — 70 — ns
17 Read Data Setup Time DSR 80 - 70 — 60 — 40 - ns
18 Read Data Hold Time tDHR 10 - 10 - 10 - 10 - ns
19 Write Data Delay Time tDDW — 226 | — 200 | — 170 | — 120 ns
21 Write Data Hold Time IDHW 20 - 20 - 20 - 10 - ns
22 Muxed Address Valid Time to E Rise* taym | 200 | — | 150 — | 115 — 80 - ns
24 Muxed Address Valid Time to AS Fall* tASL 60 - 50 - 40 - 20 - ns
25 Muxed Address Hold Time TAHL 20 - 20 - 20 - 10 - ns
26 Delay Time, E to AS Rise* tASD |90**| — [70**| — |BO**| — |4b**| — ns
27 Pulse Width, AS High* PWasSH | 220 | — 170 — | 140 — 10 | — ns
28 Delay Time, AS to E Rise* tASED | 90 — 70 = 60 - 45 — ns
29 Usable Access Time* tACC 596 | — 465 | — | 380 — 270 | — ns

* At specified cycle time.

* *taSD parameters listed assume external TTL clock drive with 50% +5% duty cycle. Devices driven by an external TTL clock with 50%
+ 1% duty cycle or which use a crystal have the following tpogp specifications: 100 nanoseconds minimum (1.0 MHz devices), 80 nano-

seconds minimum (1.256 MHz device), 65 nanoseconds minimum (1.5 MHz devices), 50 nanoseconds minimum (2.0 MHz devices)

FIGURE 6 — BUS TIMING

- O
» o) >
E 4 Z w
__ See Note 4 N\ TP
e i ©), <@
R/W, Address W
(Non-Muxed) $
@ ——]
< @ Note 3 (—-@ 5 <_
A(:;!L/xlzgta } cc 00{ } Read Data Muxed -_-:
re——(22, -(———‘
- O @+
Addr/Data K Write Data Muxed >_
Muxed '<_ h
Address @ B > @ @_‘»
Strobe (AS) 1
NOTES: ®_>

1. Voltage levels shown are V| <0.5 V, Vly=2.4 V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.
3. Usable access time is computed by: 12+3—17+4.
4. Memory devices should be enabled only during E high to avoid port 3 bus contention.
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FIGURE 7 — CMOS LOAD

30 pF

Test Point 0_1

FIGURE 8 — TIMING TEST LOAD PORTS 1, 2, 3, 4

vee
R 1.8kQ

Test Point MMD6150

or Equivalent

MMD7000
or Equivalent

C=90 pF for P30-P37, P40-P47, E, SC1, SC2
=30 pF for P10-P17, P20-P24

R =237 k@ for P40-P47, SC1, SC2
=24 kQ for P10-P17, P20-P24
=24 kQ for P30-P37, E

INTRODUCTION

The MCB801 is an 8-bit monolithic microcomputer which
can be configured to function in a wide variety of applica-
tions. The facility which provides this extraordinary flexibility
is its ability to be hardware programmed into eight different
operating modes. The operating mode controls the con-
figuration of 18 of the 40 MCU pins, available on-chip
resources, memory map, location (internal or external) of in-
terrupt vectors, and type of external bus. The configuration
of the remaining 22 pins is not dependent on the operating
mode.

Twenty-nine pins are organized as three 8-bit ports and
one 5-bit port. Each port consists of at least a data register
and a write-only data direction register. The data direction
register is used to define whether corresponding bits in the
data register are configured as an input (clear) or output
(set).
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The term "'port,” by itself, refers to all of the hardware
associated with the port. When the port is used as a ""data
port” or “1/0 port,” itis controlled by the port data direction
register and the programmer has direct access to the port
pins using the port data register. Port pins are labeled as Pij
where i identifies one of four ports and j indicates the par-
ticular bit.

The microprocessor unit (MPU) is an enhanced MC6800
MPU with additional capabilities and greater throughput. Itis
upward source and object code compatible with the
MC6800. The programming model is depicted in Figure 9,
where accumulator D is a concatenation of accumulators A
and B. A list of new operations added to the M6800 instruc-
tion set are shown in Table 1.

The MC6803 can be considered an MC6801 that operates
in Modes 2 and 3 only.
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FIGURE 8 — PROGRAMMING MODEL

7 A 0u7 B8 O} 8.8it Accumulators A and B
T T T T ~1 Or 16-Bit Double Accumulator D
15 D
I15 X E] Index Register (X)
[15 sp ﬂ Stack Pointer (SP)
[15 PC ﬂ Program Counter (PC)
7 0
{1 ] ]H] ]v] 2] v c] condition Cade register tccr
Carry/Borrow from MSB
Overflow
T AC (]
R Negative
b | tRITUPT

Half Carry (From Bit 3)

OPERATING MODES

The MCB8801 provides eight different operating modes (0 expanded multiplexed modes. Table 2 summarizes the char-
through 7) and the MC6803 provides two operating modes (2 acteristics of the operating modes.
and 3). The operating modes are hardware selectable and
determine the device memory map, the configuration of port

3, port 4, SC1, SC2, and the physical location of the inter- MC6801 Single-Chip Modes (4, 7)
rupt vectors. In the single-chip mode, the four MCU ports are con-
figured as parallel input/output data ports, as shown in
FUNDAMENTAL MODES Figure 10. The MCU functions as a monolithic microcom-
The eight operating modes can be grouped into three fun- puter in these two modes without external address or data
damental modes which refer to the type of bus it supports: buses. A maximum of 29 /0 lines and two port 3 control
single chip, expanded non-muiltiplexed, and expanded lines are provided. Peripherals or another MCU can be inter-
multiplexed. Single-chip modes include 4 and 7, expanded faced to port 3 in a loosely coupled dual processor configura-
non-multiplexed mode is 5, and the remaining five modes are tion, as shown in Figure 11.

TABLE 1 — NEW INSTRUCTIONS

Instruction Description
ABX Unsigned addition of accumulator B to index register
ADDD Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator
ASLD or LSLD { Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C bit

BHS Branch if higher or same; unsigned conditional branch {same as BCC)

BLO Branch if lower; unsigned conditional branch (same as BCS)

BRN Branch never

JSR Additional addressing mode: direct

LDD Loads double accumulator from memory

LSt Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C bit

(same as ASL)

LSRD Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C bit
MUL Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator

PSHX Pushes the index register to stack

PULX Pulls the index register from stack

STD Stores the double accumulator to memory

SUBD Subtracts memory from the double accumulator and leaves the difference in the double accumulator

CcPX Internal processing modified to permit its use with any conditional branch instruction
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In single-chip test mode (4), the RAM responds to $XX80
through $XXFF and the ROM is removed from the internal
address map. A test program must first be loaded into the
RAM using modes 0, 1, 2, or 6. If the MCU is reset and then
programmed into mode 4, execution will begin at
$XXFE:XXFF. Mode 5 can be irreversibly entered from mode
4 without asserting RESET by setting bit 5 of the port 2 data
register. This mode is used primarily to test ports 3 and 4 in
the single-chip and non-multiplexed modes.

MC6801 Expanded Non-Multiplexed Mode (5)

A modest amount of external memory space is provided in
the expanded non-multiplexed mode while significant on-
chip resources are retained. Port 3 functions as an 8-bit

bidirectional data bus and port 4 is configured initially as an
input data port. Any combination of the eight least-signifi-
cant address lines may be obtained by writing to the port 4
data direction register. Stated alternatively, any combination
of AO to A7 may be provided while retaining the remainder as
input data lines. Internal pullup resistors pull the port 4 lines
high until the port is configured.

Figure 12 illustrates a typical system configuration in the
expanded non-multiplexed mode. The MCU interfaces
directly with M6800 Family parts and can access 256 bytes of
external address space at $100 through $1FF. [0S provides
an address decode of external memory ($100-$1FF) and can
be used as a memory-page select or chip-select line.

TABLE 2 — SUMMARY OF MC6801/03 OPERATING MODES

Common to all Modes:
Reserved Register Area
Port 1
Port 2
Programmable Timer
Serial Communications interface
Single Chip Mode 7
128 bytes of RAM; 2048 bytes of ROM
Port 3 is a parallel /0 port with two control lines
Port 4 is a parallel 1/0 port
SC1is Input Strobe 3 {IS3)
SC2 is Output Strobe 3 (0S3)
Expanded Non-Multiplexed Mode 5
128 bytes of RAM, 2048 bytes of ROM
256 bytes of external memory space
Port 3 is an 8-bit data bus
Port 4 is an input port/address bus
SC1 is Input/Output Select (I0S)
SC2 is Read/Write (R/W)
Expanded Multiplexed Modes 1, 2, 3, 6*
Four memory space options (64K address space):
(1) No internal RAM or ROM (Mode 3)
(2) Internal RAM, no ROM (Mode 2)
(3) internal RAM and ROM (Mode 1)
(4) Internal RAM, ROM with partial address bus {(Mode 6)
Port 3 is a multiplexed address/data bus
Port 4 is an address bus (inputs/address in Mode 6)
SC1is Address Strobe (AS)
SC2 is Read/Write (R/W)
Test Modes 0 and 4
Expanded Multiplexed Test Mode 0
May be used to test RAM and ROM
Single Chip and Non-Multiplexed Test Mode 4
(1) May be changed to Mode 5 without going through Reset
(2) May be used to test Ports 3 and 4 as 1/0 ports

*The MC6803 operates only in modes 2 and 3.
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FIGURE 10 — SINGLE-CHIP MODE

FIGURE 11 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION

Vce Vce vee
il |
_—XTALT  |—>E _C—XTALY —>E XTAL 1 —>E
e - le— NV = l€— NMI
€ = il
T lxan  |e—rm el Ra1 T |extane <— TRQ1
V¢ Standby ——3» V¢ Standby —3» V¢ Standby —3»
T RESET —>» RESET—3
RESET ——>»| Mceso1 [€—IRQT MC6801 MC6801
Port 1 Port 3, 8 1/0 Lines Port 1
port 1 Port 3 510 4| a—) - o
81/0 Lines P”_81/0 Lines Lines Lines
j&e—— IS3 o_ssh—————-b 1S3
—>083 53 053
Port 2 Port 4
Port 4 Port 2 51/0 Lines
81/0 Lines 8170
51/0 Lines Scl Lines
L Serial 1/0 16-Bit Timer = Port 4 Port 2 L
N 16-Bit Timer - 81/0 51/0 Lines -
\ v
Vvss ss Lines SCl ss
16-Bit Timer
FIGURE 12 — EXPANDED NON-MULTIPLEXED CONFIGURATION
V(_[:c V(ic
XTAL1 —>E —=XTALY Port3 8 » (DO-D7)
s «—— NI - %:ra 8 > (AO.A7)
TT——EXTAL2 TT-EXTAL2 S_ >10S
Vce Standby l«— [RQ1 Vce Standby ——3» R/W R/W
RESET —> E >
Al MC6801 > E
RESET—{ MC6801 R —>] €68
RQ1 —>
Port 1 “ Port 3
81/0 Lines BEata Lines Port 1
——» R/W 81/0
Port 2 J—
51/0 > 10S Port 2
Lines "0"84 51/0
i To el
Serial 170
16-Bit Timer Address Lines Timer L
s Vss

Vss

RAM PIA ACIA
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Expanded-Multiplexed Modes (0, 1, 2, 3, 6)

A 64K byte memory space is provided in the expanded-
multiplexed modes. In each of the expanded-multiplexed
modes port 3 functions as a time multiplexed address/data
bus with address valid on the negative edge of address
strobe (AS), and data valid while E is high. In modes 0 to 3,
port 4 provides address lines A8 to A15. In mode 6, however,
port 4 initially is configured at RESET as an input data port.
The port 4 data direction register can then be changed to
provide any combination of address lines, A8 to A15. Stated
alternatively, any subset of A8 to A15 can be provided while
retaining the remaining port 4 lines as input data lines. Inter-
nal pullup resistors pull the port 4 lines high until software
configures the port.

In mode 0, the reset vector is external for the first two E
cycles after the positive edge of RESET, and internal there-
after. In addition, the internal and external data buses are
connected so there must be no memory map overlap in order
to avoid potential bus conflicts. Mode O is used primarily to
verify the ROM pattern and monitor the internal data bus
with the automated test equipment.

Only the MC6801 can operate in each of the expanded-
multiplexed modes. The MC6803 operates only in modes 2
and 3.

Figure 13 depicts a typical configuration for the expanded-
multiplexed modes. Address strobe can be used to control a

transparent D-type latch to capture addresses AQ-A7, as
shown in Figure 14. This allows port 3 to function as a data
bus when E is high.

PROGRAMMING THE MODE

The operating mode is determined at RESET by the levels
asserted on P22, P21, and P20. These levels are latched into
PC2, PC1, and PCO of the program control register on the
positive edge of RESET. The operating mode may be read
from the port 2 data register as shown below, and program-
ming levels and timing must be met as shown in Figure 15. A
brief outline of the operating modes is shown in Table 3.

PORT 2 DATA REGISTER
5 a4 3 1
I PC2 I PC1 l PCO I P24 | P23 | P22 I P21 | P20 I $0003

Circuitry to provide the programming levels is dependent
primarily on the normal system usage of the three pins. If
configured as outputs, the circuit shown in Figure 16 may be
used; otherwise, three-state buffers can be used to provide
isolation while programming the mode.

TABLE 3 — MODE SELECTION SUMMARY

P22 P21 P20 Interrupt Bus Operating
Mode* | PC2 PC1 PCO ROM | RAM Vectors Mode Mode
7 H H H | | | | Single Chip
6 H H L I | I MUX5, 8) | Multiplexed/ Partial Decode
5 H L H | | I MUX(5. 8) | Non-Multiplexed/ Partial Decode
4 H L L 12) 1 | | Single-Chip Test
3 L H H E E E MUX4) | Multiplexed/No RAM or ROM
2 L H L E | E MUX@4) | Multiplexed/ RAM
1 L L H [ | E MUX(4) | Multiplexed/RAM and ROM
0 L L L | | 13) MUX4) | Multiplexed Test
Legend: NOTES:
| — Internal (1) Internal RAM is addressed at $XX80.
E — External (2) Internal ROM is disabled.

MUX — Multiplexed
NMUX — Non-Multiplexed
L — Logic Zero

H — Logic One

1,2, and 3.

(3) RESET vector is external for two cycles after RESET goes high.
(4) Addresses associated with ports 3 and 4 are considered external in modes O,

(5) Addresses associated with port 3 are considered external in modes 5 and 6.

(6) Port 4 default is user data input; address output is optional by writing to port 4
data direction register.

*The MC6803 operates only in modes 2 and 3.
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FIGURE 13 — EXPANDED MULTIPLEXED CONFIGURATION

Vee
1
—xTAn E
| —
T —exTAL2  fe—TMI
Ve Standby ———m
RESET —3» < Rl
MC8801
Port 1 MCe803 Port 3 8 Lines
81/0 Lines Multiplexed Data/Address
—>R/W
Port 2 r—)AS
51/0 Lines ~ 8PE'rt 4
Serial 1/0 ines
16-Bit Timer Address Bus
Vss
Vee
1
I XTALY
—= Port3 8 8 . Data Bus
(DO-D7)
T—exTAL2  |AS
V¢ Standby ——3»1 atc
RESET —> Fortd >
NMI——» MC6801 |g W 16 (_- )
TRQT—» MC6803 >R/W
E I F
Port 1 ~h —>»>F
81/0
Port 2
51/0
SCi
Timer
Vss
ROM RAM PIA

NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time.

FIGURE 14 — TYPICAL LATCH ARRANGEMENT

GND »-
AS »—
> G 0C 3
> D1 Qq
Port 3 > 7418373 )
Address/Data | »— (Typical) b Address: Ag-A7
>
- Dg Qs
\

b Data: Do-D7

JNERIAIIE
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FIGURE 15 — MODE PROGRAMMING TIMING

See Figure 16
for Diode Arrangement

VMPDD

v
(P20, P21, P22) 7] MPL

Mode Inputs VMPH Min RESET ) MOSZVI;?tCh
(P20, P21, P22) VmMmpL Max -
MODE PROGRAMMING (Refer to Figure 15)
Characteristic Symbol Min | Max Unit
Mode Programming Input Voltage Low* VMPL — 1.8 Vv
Mode Programming Input Voltage High VMPH 4.0 - \
Mode Programming Diode Differential (If Diodes are Used} VMPDD 0.6 - V
RESET Low Pulse Width PWRSTL | 30 | — [ECycles
Mode Programming Setup Time tMPS 20 — | ECycles
Mode Programming Hold Time
RESET Rise Time=1 us tMPH 0 - ns
RESET Rise Time< 1 us 100 —

*For TA= —40°C to 106°C, V\ppL=1.7 V.

FIGURE 16 — TYPICAL MODE PROGRAMMING CIRCUIT

Vee
R2 @ Rig R1& R1
<
__ [ p—
RESET»— s RESET
P20 P20 (PCO)
9
P21-€ P21 (PC1)
10
P22« P22 (PC2)
Mode
Control MC6801
Switches MC6803
NOTES:
1. Mode 7 as shown
2. RpeC = Reset time constant
3. R1=10 k (typical)
4. D=1N914, 1N4001 (typical)
5. Diode V¢ should not exceed VMPDD min.
MEMORY MAPS each operating mode is shown in Figure 17. The first 32 loca-
The M6801 Family can provide up to 84K byte address tions of each map are reserved for the internal register area,
space depending on the operating mode. A memory map for as shown in Table 4, with exceptions as indicated.
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FIGURE 17 — MC6801/03 MEMORY MAPS (Sheet 1 of 3)

1)

2

3

4)

Multiplexed-Test Mode

MC6801
Mode

0

$0000(1) 7
% Internal Registers
$001F
External Memory Space
$0080
b Internal RAM
$00FF 4
P External Memory Space
$F800 4
b Internal ROM
SFFFF(2) / “ Internal Interrupt Vectors(2)
NOTES:

Excludes the following addresses which may be
used externally: $04, $05, $06, $07, and $OF.

Addresses $FFFE and $FFFF are considered

external if accessed within two cycles after a

positive edge of RESET and internal at all other
times.

After two MPU cycles, there must be no over-
lapping of internal and external memory spaces
to avoid driving the data bus with more than one
device.

This mode is the only mode which may be used
to examine the interrupt vectors in internal ROM
using an external RESET vector.

MC6801
Mode

Multiplexed/ RAM and ROM

.$0000(1)
Internal Registers
$001F
External Memory Space
$0080
Internal RAM
$O00FF
External Memory Space
$F800
Internal ROM
SFFEF
$FFFO External Interrupt Vectors
$FFFF
NOTES:

1) Excludes the following addresses which may be

used externally: $04, $05, $06, $07, and $OF.

2) Internal ROM addresses $FFFO to $FFFF are not

usable.
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FIGURE 17 — MC6801/03 MEMORY MAPS (Sheet 2 of 3)

MC6801
MC6803
Mode

Multiplexed/ RAM
s0000(1)
Internal Registers
$001F
External Memory Space
$0080
Internal RAM
$00FF
b External Memory Space
$FFFO
External Interrupt Vectors
SFFFF
NOTES:

1) Excludes the following addresses which may be
used externally: $04, $05, $06, $07, and $OF.

MC6801
MC6803
Mode

Multiplexed/No RAM or ROM

$0000(1)
Internal Registers
$001F
p External Memory Space
$FFFO
} External Interrupt Vectors
$FFFF
NOTES:

1) Excludes the following addresses which may be
used externally: $04, $05, $06, $07, and $OF.

MC6801
Mode
Single-Chip Test

$0000
) Internal Registers
$001F y

Unusable (114}

Y
SXXE0 M} Internal RAM
SXXFF Internal Interrupt Vectors

NOTES:

1) The internal ROM is disabled.

2) Mode 4 may be changed to Mode 5 without hav-
ing to assert RESET by writing a one into the
PCO bit of the port 2 data register.

3) Addresses A8 to A15 are treated as “‘don’t cares”’
to decode internal RAM.

4) Internal RAM will appear at $XX80 to $XXFF.
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FIGURE 17 — MC6801/03 MEMORY MAPS (Sheet 3 of 3)

MC6801
Mode

Non-Multiplexed/ Partial Decode

o000t M)
} Internal Registers
$001F
Unusable
$0080
Internal RAM

$O0FF
0100

¥ External Memory Space
$01FF

Unusable

$F800 /
7

////)/
//// Internal ROM

SFEFF Internal Interrupt Vectors

NOTES:
1) Excludes the following addresses which may not
be used externally: $04, $06, and $OF (no ICS).
2) This mode may be entered without going
through RESET by using mode 4 and subse-
quently writing a one into the PCO bit of the port
2 data register.
Address lines AO to A7 will not contain addresses
untii the data direction register for port 4 has
been written with ones in the appropriate bits.
These address lines will assert ones until made
outputs by writing the data direction register.

3]

MC6801
Mode

Multiplexed/ Partial Decode

o000t 1) 777
internal Registers
$001F
External Memory Space
$0080
Internal RAM
$00FF
External Memory Space
$F800 9
/ internal ROM
SEFFF J Internal Interrupt Vectors
NOTES:

1) Excludes the following addresses which may be
used externally: $04, $06, and $OF.

2) Address lines A8-A15 will not contain addresses
until the data direction register for port 4 has
been written with ones in the appropriate bits.
These address lines will assert ones until made
outputs by writing the data direction register.

$0000
$001F

$0080

$O00FF

$F800

SFFFF

MC6801
Mode

Single Chip
} Internal Registers
Unusable
} Internal RAM
Unusable
(

Internal ROM

Internal Interrupt Vectors
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MC6801/03 INTERRUPTS

The M6801 Family supports two types of interrupt re-
quests: maskable and non-maskable. A non-maskable inter-
rupt (NMI) is always recognized and acted upon at the com-
pletion of the current instruction. Maskable interrupts are
controlled by the condition code register | bit and by in-
dividual enable bits. The | bit controls all maskable inter-
rupts. Of the maskable interrupts, there are two types: IRQ1
and TRQZ. The programmable timer and serial communica-
tions interface use an internal IRQZ interrupt line, as shown
in Figure 1. External devices (and 1S3) use TRQ1. An TRQT in-
terrupt is serviced before IRQ2 if both are pending.

All TRQZ interrupts use hardware prioritized vectors. The
single SCI interrupt and three timer interrupts are serviced in
a prioritized order and each is vectored to a separate loca-
tion. All interrupt vector locations are shown in Table 5.

The interrupt flowchart is depicted in Figure 18 and is
common to every interrupt excluding reset. During interrupt
servicing the program counter, index register, A accumu-
lator, B accumulator, and condition code register are pushed
to the stack. The | bitis set to inhibit maskable interrupts and
a vector is fetched corresponding to the current highest
priority interrupt. The vector is transferred to the program
counter and instruction execution is resumed. Interrupt and
RESET timing are illustrated in Figures 19 and 20.

FUNCTIONAL PIN DESCRIPTIONS

Vce AND Vss

Vce and Vsgs provide power to a large portion of the
MCU. The power supply should provide +5 volts (+5%) to
Ve, and Vgs should be tied to ground. Total power
dissipation (including V¢ standby), will not exceed Pp
milliwatts.

Ve STANDBY

V¢ standby provides power to the standby portion ($80
through $BF) of the RAM and the STBY PWR and RAME
bits of the RAM control register. Voltage requirements de-
pend on whether the device is in a powerup or powerdown
state. In the powerup state, the power supply should provide
+5 volts (£5%) and must reach Vgg volts before RESET
reaches 4.0 volts. During powerdown, V¢ standby must re-
main above Vggp (min) to sustain the standby RAM and
STBY PWR bit. While in powerdown operation, the standby
current will not exceed ISBB.

It is typical to power both V¢ and V¢ standby from the
same source during normal operation. A diode must be used

between them to prevent supplying power to V¢ during
powerdown operation. Vcc standby should be tied to
ground in mode 3.

TABLE 4 — INTERNAL REGISTER AREA

Register Address

Port 1 Data Direction Register* * * 00
Port 2 Data Direction Register* * * 01
Port 1 Data Register 02
Port 2 Data Register 03
Port 3 Data Direction Register* * * 04*
Port 4 Data Direction Register* * * 05* *
Port 3 Data Register 06*
Port 4 Data Register Q07 % *
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte) 0A
Output Compare Register (High Byte) 0B
Output Compare Register (Low Byte) ocC
Input Capture Register (High Byte) oD
Input Capture Register (Low Byte) OE
Port 3 Control and Status Register OF*
Rate and Mode Control Register 10
Transmit/ Receive Control and Status Register n
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 185-1F

* External addresses in modes 0, 1, 2, 3, 5, and 6; cannot be ac-
cessed in mode 5 (no 10S).
* * External addresses in modes 0, 1, 2, and 3.
* % %1 =Qutput, 0= Input.

TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS

MSB LSB interrupt

FFFE FFFF RESET

FFFC | FFFD NMI

FFFA FFFB Software Interrupt (SWI)
FFF8 FFF9 IRQ1 (or 1S3)

FFF6 FFF7 ICF (Input Capture) *
FFF4 FFF5 OCF (Output Capture) *
FFF2 FFF3 TOF (Timer Overflow) *
FFFO FFF1 SCI (RDRF+ ORFE+ TDRE)*

*1RQ2 Interrupt
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RESET-

T—ITMP
17—

Vector —PC

FIGURE 18 — INTERRUPT FLOWCHART

EXECUTE

Stack Machine State
PC, X, A, B, CC

Condition Code Register

Llfn]i[nlz]v]c] Yootor = PC
NMI_| FFFC:FFFD
SWI_|__FFFAFFFB
TP IRQ1_| _ FFF8:FFF9
IcF FFF6.FFF7
OCF_| FFF4FFF5
TOF | FFFOFFF3
sCl FFFOFFF1

©

SCI=TIEeTDRE + RIE®(RDRF + ORFE)

Non-Maskable Interrupt

Software Interrupt

Maskable Interrupt Request 1

Input Capture Interrupt

Output Compare Interrupt

Timer Overflow Interrupt

SClI Interrupt (TDRE+ RDRF + ORFE)
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FIGURE 19 — INTERRUPT SEQUENCE

#6 l #7

Cycle
Last Instruction #1

#2 #3 #4 #5
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#9 #10 #11 #12
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FIGURE 20 — RESET TIMING
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XTAL1 AND EXTAL2

These two input pins interface either a crystal or TTL com-
patible clock to the MCU internal clock generator. Divide-by-
four circuitry is included which allows use of the inexpensive
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF
capacitor should be tied from each crystal pin to ground to
ensure reliable startup and operation. Alternatively, EXTAL2
may be driven by an external TTL compatible clock at 4fg
with a duty cycle of 50% (+5%) with XTAL1 connected to
ground.

The internal oscillator is designed to interface with an AT-
cut quartz crystal resonator operated in parallel resonance
mode in the frequency range specified for fxTaL. The
crystal should be mounted as close as possible to the input
pins to minimize output distortion and startup stabilization
time.* The MCU is compatible with most commercially
available crystals. Nominal crystal parameters are shown in
Figure 21.

RESET

This input is used to reset the internal state of the device
and provide an orderly startup procedure. During powerup,
RESET must be held below 0.8 volts: (1) at least trc after
V¢ reaches 4.75 volts in order to provide sufficient time for
the clock generator to stabilize, and (2) until V¢ standby
reaches 4.75 volts. RESET must be held low at least three E
cycles if asserted during powerup operation.

E (ENABLE)

This is an output clock used primarily for bus synchroniza-
tion. Itis TTL compatible and is the slightly skewed divide-
by-four result of the device input clock frequency. It will
drive one Schottky TTL load and 90 pF, and all data given in
cycles is referenced to this clock unless otherwise noted.

NON-MASKABLE INTERRUPT (NMI)

An NMI negative edge requests an MCU interrupt se-
quence, but the current instruction will be completed before
it responds to the request. The MCU will then begin an inter-
rupt sequence. Finally, a vector is fetched from $FFFC and
$FFFD, transferred to the program counter and instruction
execution is resumed. NMI typically requires a 3.3 kQ
(nominal) resistor to Vcc. There is no internal NMI pullup
resistor. NMI must be held low for at least one E cycle to be
recognized under all conditions.

MASKABLE INTERRUPT REQUEST 1 (IRQ1)

TRQ1 is a level-sensitive input which can be used to re-
quest an interrupt sequence. The MPU will complete the cur-
rentinstruction before it responds to the request. If the inter-
rupt mask bit (I bit) in the condition code register is clear, the
MCU will begin an interrupt sequence. A vector is fetched
from $FFF8 and $FFF9, transferred to the program counter,
and instruction execution is resumed.

TRQT typically requires an external 3.3 k@ (nominal)
resistor to Ve for wire-OR applications. IRQ1 has no inter-
nal pullup resistor.

STROBE CONTROL 1 AND 2 (SC1 AND SC2)

The function of SC1 and SC2 depends on the operating
mode. SC1 is configured as an output. in all modes except
single-chip mode, whereas SC2 is always an output. SC1
and SC2 can drive one Schottky load and 90 pF.

SC1 and SC2 In Single-Chip Mode

In single-chip mode, SC1 and SC2 are configured as an
input and output, respectively, and both function as port 3
control lines. SC1 functions as 1S3 and can be used to indi-
cate that port 3 input data is ready or output data has been
accepted. Three options associated with 1S3 are controlled
by port 3 control and status register and are discussed in the
PORT 3 (P30-P37). If unused, 1S3 can remain unconnected.

SC2 is configured as OS3 and can be used to strobe out-
put data or acknowledge input data. It is controlled by out-
put strobe select (OSS) in the port 3 control and status
register. The strobe is generated by a read (0SS = 0) or write
(0SS =1) to the port 3 data register. 0S3 timing is shown in
Figure 4.

SC1 and SC2 In Expanded Non-Multiplexed Mode

In the expanded non-multiplexed mode, both SC1 and
SC2 are configured as outputs. SC1 functions as input/out-
put select (IOS) and is asserted only when $0100 through
$01FF is sensed on the internal address bus.

SC2 is configured as read/write and is used to control the
direction of data bus transfers. An MPU read is enabled
when read/write and E are high.

SC1 and SC2 In Expanded-Multiplexed Mode

In the expanded-multiplexed mode, both SC1 and SC2 are
configured as outputs. SC1 functions as address strobe and
can be used to demultiplex the eight least-significant ad-
dresses and the data bus. A latch controlled by address
strobe captures address on the negative edge, as shown in
Figure 14.

SC2 is configured as read/write and is used to control the
direction of data bus transfers. An MPU read is enabled
when read/write and E are high.

PORT 1 (P10-P17)

Port 1 is a mode independent 8-bit /O port with each line
an input or output as defined by the port 1 data direction
register. The TTL compatible three-state output buffers can
drive one Schottky TTL load and 30 pF, Darlington tran-
sistors, or CMOS devices using external pullup resistors. Itis
configured as a data input port by RESET. Unused lines can
remain unconnected.

PORT 2 (P20-P24)

PORT 2 DATA REGISTER

7 6 5 4 3 1
I PCZI PC1 I PCO I P24 [ P23 | P22 I P21 I P20 | $0003

Port 2 is a mode-independent, 5-bit, multi-purpose I/0
port. The voltage levels present on P20, P21, and P22 on the
rising edge of RESET determine the operating mode of the
MCU. The entire port is then configured as a data input port.
The port 2 lines can be selectively configured as data output
lines by setting the appropriate bits in the port 2 data direc-
tion register. The port 2 data register is used to move data
through the port. However, if P21 is configured as an out-
put, it will be tied to the timer output compare function and
cannot be used to provide output from the port 2 data
register.

* Devices made with masks subsequent to M5G, M8D, and T5P incorporate an advanced clock with improved startup characteristics.
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FIGURE 21 — M6801 FAMILY OSCILLATOR CHARACTERISTICS

(a) Nominal Recommended Crystal Parameters

Nominal Crystal Parameters*

3.58 MHz 4.00 MHz 5.0 MHz 6.0 MHz 8.0 MHz
Rg 60 2 50 @ 30-50 @ 30-50 @ 20-40 @
Co 3.5 pF 6.5 pF 4-6 pF 4-6 pF 4-6 pF
Cq 0.015 pF 0.025 pF 0.01-0.02 pF 0.01-0.02 pF 0.01-0.02 pF
Q >40 K >30K >20 K >20 K >20 K
*NOTE: These are representative AT-cut crystal parameters only. Crystals of other types of cut may also
be used.
MC6801

L IC1E Rg
CL CL 2 — b 3
T T "
Co

C =20 pF (typical)
Equivalent Circuit

NOTE
TTL-compatible oscillators may be
obtained from:

Motorola Component Products
Attn: Data Clock Sales

2563 N. Edgington St.
Franklin Park, IL 60131
Tel: 312-451-1000
Telex: 433-0067

(b) Oscillator Stabilization Time (tRc)

l
A arsv
Vee

m
d
h S

tRC >
Oscillator
Stabilization
Time, tRC

3-71



MC6801-MC6803

Port 2 can also be used to provide an interface for the
serial communications interface and the timer input edge
function. These configurations are described in PROGRAM-
MABLE TIMER and SERIAL COMMUNICATIONS INTER-
FACE (SCI).

The port 2 high-impedance TTL-compatible output buffers
are capable of driving one Schottky TTL load and 30 pF, or
CMOS devices using external pullup resistors.

PORT 3 (P30-P37)

Port 3 can be configured as an 1/O port, a bidirectional
8-bit data bus, or a multiplexed address/ data bus depending
on the operating mode. The TTL-compatible high-
impedance output buffers can drive one Schottky TTL load
and 90 pF. Unused lines can remain unconnected.

Port 3 In Single-Chip Mode

Port 3 is an 8-bit I/0 port in the single-chip mode, with
each line configured by the port 3 data direction register.
There are also two lines, 1S3 and 0S3, which can be used to
control port 3 data transfers.

Three port 3 options are controlled by the port 3 control
and status register and are available only in single-chip
mode: (1) port 3 input data can be latched using 1S3 as a
control signal; (2) OS3 can be generated by either an MPU
read or write to the port 3 data register, and (3) an IRQ1 in-
terrupt can be enabled by an 1S3 negative edge. Port 3 latch
timing is shown in Figure 5.

PORT 3 CONTROL AND STATUS REGISTER
7 6 5 4 3 2 1 0

1S3
IRQ1| X
Enablel

1S3
Flag

0SS |Latch| X X X

Enable]

$000F

Bit 0-2
Bit 3

Not used.

LATCH ENABLE. This bit controls the
input latch for port 3. If set, input data
is latched by an 1S3 negative edge. The
latch is transparent after a read of the
port 3 data register. LATCH ENABLE
is cleared during reset.

0SS (Output Strobe Select). This bit
determines whether 0S3  will be
generated by a read or write of the port
3 data register. When clear, the strobe
is generated by a read; when set, it is
generated by a write. OSS is cleared
during reset.

Not used.

1S3 1RQ1 ENABLE. When set, an IRQ1
interrupt will be enabled whenever 1S3
FLAG is set; when clear, the interrupt
is inhibited. This bit is cleared during
reset.

1S3 FLAG. This read-only status bit is
set by an IS3 negative edge. It is
cleared by a read of the port 3 control
and status register (with IS3 FLAG set)
followed by a read or write to the port
3 data register or during reset.

Bit 4

Bit 5
Bit 6

Bit 7
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Port 3 In Expanded Non-Multiplexed Mode

Port 3 is configured as a bidirectional data bus (D7-DO) in
the expanded non-multiplexed mode. The direction of data
transfers is controlled by read/write (SC2). Data is clocked
by E (enable).

Port 3:-In Expanded-Multiplexed Mode

Port 3 is configured as a time multiplexed address (A0-A7)
and data bus (D7-D0) in the expanded-multiplexed modes,
where address strobe (AS) can be used to demultiplex the
two buses. Port 3 is held in a high-impedance state between
valid address and data to prevent bus conflicts.

PORT 4 (P40-P47)

Port 4 is configured as an 8-bit 1/0 port, as address out-
puts, or as data inputs depending on the operating mode.
Port 4 can drive one Schottky TTL load and 90 pF and is the
only pert with internal pullup resistors. Unused lines can re-
main unconnected.

Port 4 In Single-Chip Mode

In single-chip mode, port 4 functions as an 8-bit /0 port
with each line configured by the port 4 data direction
register. Internal pullup resistors allow the port to directly
interface with CMOS at 5 volt levels. External pullup resistors
to more than 5 volts, however, cannot be used.

Port 4 In Expanded Non-Multiplexed Mode

Port 4 is configured from reset as an 8-bit input port,
where the port 4 data direction register can be written to pro-
vide any or all of eight address lines, A0 to A7. Internal
pullup resistors pull the lines high until the port 4 data direc-
tion register is configured.

Port 4 In Expanded-Multiplexed Mode

In all expanded-multiplexed modes except mode 6, port 4
functions as half of the address bus and provides A8 to A15.
In mode 6, the port is configured from reset as an 8-bit
parallel input port, where the port 4 data direction register
can be written to provide any or all of upper address lines A8
to A15. Internal pullup resistors pull the lines high until the
port 4 data direction register is configured, where bit O con-
trols A8.

RESIDENT MEMORY

The MC6801 provides 2048 bytes of on-chip ROM and 128
bytes of on-chip RAM.

‘One half of the RAM is powered through the V¢ standby
pin and is maintainable during Vcc powerdown. This stand-
by portion of the RAM consists of 64 bytes located from $80
through $BF.

Power must be supplied to V¢ standby if the internal
RAM is to be used regardless of whether standby power
operation is anticipated.

The RAM is controlled by the RAM control register.

RAM CONTROL REGISTER ($14)

The RAM control register includes two bits which can be
used to control RAM accesses and determine the adequacy
of the standby power source during powerdown operation.
It is intended that RAME be cleared and STBY PWR be set
as part of a powerdown procedure.
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RAM CONTROL REGISTER

7 6 5 4 3 2 1 0
STBY|RAME] X X X X X X
PWR
Bit 0-6 Not used.
Bit 6 RAME RAM Enable. This read/write bit can

be used to remove the entire RAM
from the internal memory map. RAME
is set (enabled) during reset provided
standby power is available on the posi-
tive edge of RESET. If RAME is clear,
any access to a RAM address is exter-
nal. If RAME is set and not in mode 3,
the RAM is included in the internal
map.

Bit 7 STBY PWR  Standby Power. This bit is a

read/write status bit which, when
once set, remains set as long as V¢
standby remains above Vggg (mini-
mum). As long as this bit is set follow-
ing a period of standby operation, the
standby power supply has adequately
preserved the data in the standby
RAM. If this bit is cleared during a
period of standby operation, it indi-
cates that V¢ standby had fallen to a
level sufficiently below Vggp (mini-
mum) to suspect that data in the

standby RAM is not valid. This bit can
be set only by software and is not af-
fected during reset.

PROGRAMMABLE TIMER

The programmable timer can be used to perform input
waveform measurements while independently generating an
output waveform. Pulse widths can vary from several micro-
seconds to many seconds. A block diagram of the timer is
shown in Figure 22.

COUNTER ($09:0A)

The key timer element is a 16-bit free-running counter
which is incremented by E (enable). It is cleared during reset
and is read-only with one exception: a write to the counter
($09) will preset it to $FFF8. This feature, intended for
testing, can-disturb serial operations because the counter
provides the SCl internal bit rate clock. TOF is set whenever
the counter contains all ones.

OUTPUT COMPARE REGISTER ($0B:0C)

The output compare register is a 16-bit read/ write register
used to control an output waveform or provide an arbitrary
timeout flag. 1tis compared with the free-running counter on
each E cycle. When a match occurs, OCF is set and OLVL is
clocked to an output level register. If port 2, bit 1, is con-
figured as an output, OLVL will appear at P21 and the output
compare register and OLVL can then be changed for the next

FIGURE 22 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER
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compare. The function is inhibited for one cycle after a write
to its high byte ($0B) to ensure a valid compare. The output
compare register is set to $SFFFF at RESET.

INPUT CAPTURE REGISTER ($0D:0E)

The input capture register is a 16-bit read-only register
used to store the free-running counter when a ""proper’” in-
put transition occurs as defined by IEDG. Port 2, bit 0 should
be configured as an input, but the edge detect circuit always
senses P20 even when configured as an output. An input
capture can occur independently of ICF: the register always
contains the most current value. Counter transfer is in-
hibited, however, between accesses of a double byte MPU
read. The input pulse width must be at least two E cycles to
ensure an input capture under all conditions.

TIMER CONTROL AND STATUS REGISTER ($08)

The timer control and status register (TCSR) is an 8-bit
register of which all bits are readable, while only bits 0-4 can
be written. The three most-significant bits provide the timer
status and indicate if:

® a proper level transition has been detected,

® a match has occurred between the free-running
counter and the output compare register, and

® the free-running counter has overflowed.
Each of the three events can generate an IRQ2 interrupt

and is controlled by an individual enable bit in the TCSR.
TIMER CONTROL AND STATUS REGISTER (TCSR)

7 6 5 4 3 2 1 0
l ICF [OCF | TOF ] EIC) lEOCIlETOI IIEDG 1OLVL $0008

Bit 0 OLVL Output Level. OLVL is clocked to the
output level register by a successful
output compare and will appear at P21
if bit 1 of the port 2 data direction
register is set. It is cleared during reset.
Input Edge. |EDG is cleared during
reset and controls which level transi-
tion will trigger a counter transfer to
the input capture register:

IEDG =0 Transfer on a negative-edge
IEDG =1 Transfer on a positive-edge.
Enable Timer Overflow Interrupt.
When set, an IRQZ interrupt is enabled
for a timer overflow; when clear, the
interrupt is inhibited. It is cleared dur-
ing reset.

Enable Output Compare Interrupt.
When set, an IRQ2 interrupt is enabled
for an output compare; when clear,
the interrupt is inhibited. It is cleared
during reset.

Enable Input Capture Interrupt. When
set, an IRQ2 interrupt is enabled for an
input capture; when clear, the inter-
rupt is inhibited. It is cleared during
reset.

Bit 1 EIDG

Bit 2 ETOI

Bit 3 EOCI

Bit 4 EICI
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Bit 6 TOF Timer Overflow Flag. TOF is set when
the counter contains all ones. It is
cleared by reading the TCSR (with
TOF set) then reading the counter high

byte ($09), or during reset.

Output Compare Flag. OCF is set
when the output compare register
matches the free-running counter. Itis
cleared by reading the TCSR (with
OCF set) and then writing to the out-
put compare register ($0B or $0C), or
during reset.

Input Capture Flag. ICF is set to in-
dicate a proper level transition; it is
cleared by reading the TCSR (with ICF
set) and then the input capture register
high byte ($0D), or during reset.

Bit 6 OCF

Bit 7 ICF

SERIAL COMMUNICATIONS INTERFACE (SCi)

A full-duplex asynchronous serial communications inter-
face (SCI) is provided with two data formats and a variety of
rates. The SCI transmitter and receiver are functionally in-
dependent, but use the same data format and bit rate. Serial
data formats include standard mark/space (NRZ) and Bi-
phase and both provide one start bit, eight data bits, and one
stop bit. “Baud”’ and "bit rate’” are used synonymously in
the following description.

WAKE-UP FEATURE

In a typical serial loop multi-processor configuration, the
software protocol will usually identify the addresseel(s) at the
beginning of the message. In order to permit uninterested
MPU's to ignore the remainder of the message, a wake-up
feature is included whereby all further SCI receiver flag (and
interrupt) processing can be inhibited until its data line goes
idle. An SCI receiver is re-enabled by an idle string of ten
consecutive ones or during reset. Software must provide for
the required idle string between consecutive messages and
prevent it within messages.

PROGRAMMABLE OPTIONS

The following features of the SCI are programmable:

® format: standard mark/space (NRZ) or Bi-phase

® clock: external or internal bit rate clock

® Baud: one of four per E clock frequency, or external
clock (x 8 desired baud)

® wake-up feature: enabled or disabled

® interrupt requests: enabled individually for transmitter
and receiver

@ clock output: internal bit rate clock enabled or disabled
to P22

SERIAL COMMUNICATIONS REGISTERS

The serial communications interface includes four ad-
dressable registers as depicted in Figure 23. It is controlled
by the rate and mode control register and the transmit/
receive control and status register. Data is transmitted and
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received utilizing a write-only transmit register and a read-
only receive register. The shift registers are not accessible to
software.

Rate and Mode Control Registers (RMCR) ($10)

The rate and mode control register controls the SCI bit
rate, format, clock source, and under certain conditions, the
configuration of P22. The register consists of four write-only
bits which are cleared during reset. The two least-significant
bits control the bit rate of the internal clock and the remain-
ing two bits control the format and clock source.

RATE AND MODE CONTROL REGISTER (RMCR)

| X I X | X I X |cc1|cco[ss1lsso| $0010

Bit 1:Bit 0 SS1:5S0 Speed Select. These two
bits select the baud rate when using
the internal clock. Four rates may be
selected which are a function of the
MCU input frequency. Table 6 lists bit

time and rates for three selected MCU
frequencies.

Bit 3:Bit 2 CC1:CCO Clock Control and Format
Select. These two bits control the for-
mat and select the serial clock source.
If CC1 is set, the DDR value for P22 is
forced to the complement of CCO and
cannot be altered until CC1 is cleared.
If CC1 is cleared after having been set,
its DDR value is unchanged. Table 7
defines the formats, clock source, and
use of P22.

If both CC1 and CCO are set, an external TTL-compatible
clock must be connected to P22 at eight times (8X) the
desired bit rate, but not greater than E, with a duty cycle of
50% (+10%). If CC1:CCO= 10, the internal bit rate clock is
provided at P22 regardless of the values for TE or RE.

NOTE: The source of SCI internal bit rate clock is the timer
free-running counter. An MPU write to the counter
can disturb serial operations.

FIGURE 23 — SCI REGISTERS
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Transmit/Receive Control And Status Register

(TRCSR) ($11)

The transmit/receive control and status register controls
the transmitter, receiver, wake-up feature, and two in-
dividual interrupts and monitors the status of serial opera-
tions. All eight bits are readable while bits O to 4 are also
writable. The register is initialized to $20 by RESET.

TRANSMIT/RECEIVE CONTROL AND STATUS

REGISTER (TRCSR)

4 1
'RDRFIORFEITDHE] RIE | RE | TIE [ TE lwu I $0011

Bit 0 WU

Bit 1 TE

Bit2 TIE

Bit 3 RE

Bit4 RIE

""Wake-up”’ on Idle Line. When set,
WU enables the wake-up function; itis
cleared by ten consecutive ones or
during reset. WU will not set if the line
is idle.

Transmit Enable. When set, P24 DDR
bit is set, cannot be changed, and will
remain set if TE is subsequently
cleared. When TE is changed from
clear to set, the transmitter is con-
nected to P24 and a preamble of nine
consecutive ones is transmitted. TE is
cleared during reset.

Transmit Interrupt Enable. When set,
an TRQZ interrupt is enabled when
TDRE is set; when clear, the interrupt
is inhibited. TE is cleared during reset.
Receive Enable. When set, the P23
DDR bit is cleared, cannot be chang-
ed, and will remain clear if RE is subse-
quently cleared. While RE is set, the
SCI receiver is enabled. RE is cleared
during reset.

Receiver Interrupt Enable. When set,
an IRQ2 interrupt is enabled when

Bit 56 TDRE

Bit 6 ORFE

Bit 7 RDRF

TABLE 6 — SCI BIT TIMES AND RATES

RDRF and/or ORFE is set; when clear,
the interrupt is inhibited. RIE is cleared
during reset.

Transmit Data Register Empty. TDRE
is set when the transmit data register is
transferred to the output serial shift
register or during reset. It is cleared by
reading the TRCSR (with TDRE set)
and then writing to the transmit data
register. Additional data will be
transmitted only if TDRE has been
cleared.

Overrun Framing Error. If set, ORFE in-
dicates either an overrun or framing er-
ror. An overrun is a new byte ready to
transfer to the receiver data register
with RDRF still set. A receiver framing
error has occurred when the byte
boundaries of the bit stream are not
synchronized to the bit counter. An
overrun can be distinguished from a
framing error by the state of RDRF: if
RDRF is set, then an overrun has oc-
curred; otherwise a framing error has
been detected. Data is not transferred
to the receive data register in an over-
run condition. Unframed data causing
a framing error is transferred to the
receive data register. However, subse-
quent data transfer is blocked until the
framing error flag is cleared. * ORFE is
cleared by reading the TRCSR (with
ORFE set) then the receive data
register, or during reset.

Receive Data Register Full. RDRF is
set when the input serial shift register
is transferred to the receive data
register. It is cleared by reading the
TRCSR (with RDRF set), and then the
receive data register, or during reset.

. 4fo— 2.4576 MHz 4.0 MHz 4.9152 MHz
551:550 E 614.4 kHz 1.0 MHz 1.2288 MHz
0] o0 +16 26 pus/38,400 Baud 16 us/62,500 Baud 13.0 ps/76,800 Baud
0 1 +128 208 ps/4,800 Baud 128 ps/7812.5 Baud 104.2 ps/9,600 Baud
1 0 +1024 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3 ps/ 1,200 Baud
1 1 +4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud
* External (P22) 13.0 ps/76,800 Baud 8.0 ps/125,000 Baud 6.5 us/153,600 Baud

*Using maximum clock rate

TABLE 7 — SCI FORMAT AND CLOCK SOURCE CONTROL

Clock Port 2
Ccc1:cco Format Source Bit 2
00 Bi-Phase | Internal | Not Used
01 NRZ Internal | Not Used
10 NRZ Internal Output
n NRz External Input

* Devices made with mask number M5G, M8D, and T5P do not transfer unframed data to the receive data register.

3-76



MC6801-MC6803

SERIAL OPERATIONS

The SCl is initialized by writing control bytes first to the
rate and mode control register and then to the transmit/
receive control and status register. When TE is set, the out-
put of the transmit serial shift register is connected to P24
and serial output is initiated by transmitting a 9-bit preamble
of ones.

At this point one of two situations exist: 1) if the transmit
data register is empty (TDRE=1), a continuous string of
ones will be sent indicating an idle line, or 2) if a byte has
been written to the transmit-data register (TDRE=0), it will
be transferred to the output serial shift register (synchroniz-
ed with the bit rate clock), TDRE will be set, and transmis-
sion will begin.

The start bit (0), eight data bits (beginning with bit 0) and a
stop bit (1), will be transmitted. If TDRE is still set when the
next byte transfer should occur, ones will be sent until more
data is provided. In Bi-phase format, the output toggles at
the start of each bit and at half-bit time when a one is sent.
Receive operation is controlled by RE which configures P23
as an input and enables the receiver. SCI data formats are il-
lustrated in Figure 24.

INSTRUCTION SET

The MC8801/03 is upward source and object code com-
patible with the MC6800. Execution times of key instructions
have been reduced and several new instructions have been
added, including a hardware multiply. A list of new opera-
tions added to the MC6800 instruction set is shown in Table
1.

In addition, two new special opcodes, 4E and 5E, are pro-
vided for test purposes. These opcodes force the program
counter to increment like a 16-bit counter, causing address
lines used in the expanded modes to increment until the
device is reset. These opcodes have no mnemonics.

The coding of the first (or only) byte corresponding to an

executable instruction is sufficient to identify the instruction
and the addressing mode. The hexadecimal equivalents of
the binary codes, which result from the translation of the 82
instructions in all valid modes of addressing, are shown in
Table 8. There are 220 valid machine codes, 34 unassigned
codes, and 2 codes reserved for test purposes.

PROGRAMMING MODEL

A programming model for the MC8801/03 is shown in
Figure 10. Accumulator A can be concatenated with ac-
cumulator B and jointly referred to as accumulator D where
A is the most-significant byte. Any operation which modifies
the double accumulator will also modify accumulator A
and/or B. Other registers are defined as follows:

Program Counter — The program counter is a 16-bit
register which always points to the next instruction.

Stack Pointer — The stack pointer is a 16-bit register
which contains the address of the next available location in a
pushdown/pullup (LIFO) queue. The stack resides in ran-
dom access memory at a location defined by the program-
mer.

Index Register — The index register is a 16-bit register
which can be used to store data or provide an address for the
indexed mode of addressing.

Accumulators — The MPU contains two 8-bit accumu-
lators, A and B, which are used to store operands and results
from the arithmetic logic unit {ALU). They can also be con-
catenated and referred to as the D (double) accumulator.

Condition Code Registers — The condition code register
indicates the results of an instruction and includes the
following five condition bits: negative (N), zero (Z), overflow
(V), carry/borrow from MSB (C), and half carry from bit 3
(H). These bits are testable by the conditional branch in-
structions. Bit 4 is the interrupt mask (I bit) and inhibits all
maskable interrupts when set. The two unused bits, B6 and
B7, are read as ones.

FIGURE 24 — SCI DATA FORMATS
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ADDRESSING MODES

Six addressing modes can be used to reference memory.
A summary of addressing modes for all instructions is pre-
sent in Tables 9 through 12, where execution times are pro-
vided in E cycles. Instruction execution times are sum-
marized in Table 13. With an input frequency of 4 MHz, E
cycles are equivalent to microseconds. A cycle-by-cycle
description of bus activity for each instruction is provided in
Table 14 and a description of selected instructions is shown
in Figure 25.

Immediate Addressing — The operand or "“immediate
byte(s)"” is contained in the following byte(s) of the instruc-
tion where the number of bytes matches the size of the
register. These are two or three byte instructions.

Direct Addressing — The least-significant byte of the
operand address is contained in the second byte of the in-
struction and the most-significant byte is assumed to be $00.
Direct addressing aliows the user to access $00 through $FF
using two byte instructions and execution time is reduced by

eliminating the additional memory access. In most applica-
tions, the 266-byte area is reserved for frequently referenced
data.

Extended Addressing — The second and third bytes of the
instruction contain the absolute address of the operand.
These are three byte instructions.

Indexed Addressing — The unsigned offset contained in
the second byte of the instruction is added with carry to the
index register and used to reference memory without chang-
ing the index register. These are two byte instructions.

Inherent Addressing — The operand(s) are registers and
no memory reference is required. These are single byte in-
structions.

Relative Addressing — Relative addressing is used only for
branch instructions. If the branch condition is true, the pro-
gram counter is overwritten with the sum of a signed single
byte displacement in the second byte of the instruction and
the current program counter. This provides a branch range
of —126 to 129 bytes from the first byte of the instruction.
These are two byte instructions.

TABLE 8 — CPU INSTRUCTION MAP

OP MNEM MODE -~ #]|OP MNEM MODE -~ #|OP MNEM MODE -~ #|OP MNEM MODE ~ #|OP MNEM MODE -~ #
0 . 34 DES © INHER 3 1068 ASL INDXD 6 2[9c cPx DR 5 2[00 suss DR 3 2
01 NOP INHER 2 1]35  Txs ;} 3 1]es  RoOL 6 2|9 JSR 5 2|p1 cwmes 3 2
02 . A 36 PSHA 3 1lea DEC 6 2|9 oS 4 2|p2 sBcs 3 2
03 . 37 PSHB 3 1]es s 9  STS  OIR 4 2oz apoD 5 2
04 LSRD 3 1) pux 5 1]6c INC 6 2|A0 SUBA INDXD 4 2|D4 ANDB 3 2
05  ASLD 3 1] ATs 5 1{e0 TST 6 2|A1 cMPA A 4 2|ps BB 3 2
6 TAP 2 1f3a  ABX 3 1]ee  ump 3 2{A2 ssca 4 2|06 LDAB 3 2
o7 TPA 2 1l A 0 1]6F CLR INDXD 6 2|A3 susD 6 2107 STAB 3 2
08 INX 3 1fsc  pskHx 4 1|7 NEG EXIND 6 3[A4 ANDA 4 2|08 EORB 3 2
09 DEX 3 13 MuL 0 1 n . A A5 BITA 4 2|p9 Apcs 3 2
0A  CLV 2 13 wal 9 172 . A6 LDAA 4 2)0A ORAB 3 2
08B SEV 2 1|3 sw 12 1713 com 6 3|A7 sTAA 4 2lo8 ADDB 3 2
oc  cLe 2 1f40 NEGA 2 1|7 SR 6 3|A8 EORA 4 2)oc oo 4 2
o SEC 2 1 la . 7B e A9 ADCA 4 2]op sTD 4 2
0 cu 2 1|4 7%  ROR 6 3]|AA ORAA 4 2]DE  LDX Y 4 2
OF  SEI 2 1143 COMA 2 1177 AsR 6 3|AB ADDA 4 2|oF sTx DR 4 2
10 SBA 2 1|4 LsRa 2 1] AsL 6 3)Ac cPx 6 2|E0 SUBB INDXD 4 2
1 CcBA 2 1|4 . 79 ROL 6 3|AD JSR 6 2[en cwes A 4 2
12 . 46  RORA 2 174 DEC 6 3|AE LDS \] 5 2] sBCB 4 2
1B 47 ASRA 2. 178 . AFSTS INDXD 5 2 |E3  ADOD 6 2
1w 48 ASLA 2 1)c Ne 6 3|80 SUBA EXTND 4 3 |E4 ANDB 4 2
B e 49 ROLA 2 1| 1St 6 3|81 cmpa A 4 3|es BB 4 2
6 TAB 2 1]4n  DECA 2 17 ume Y 3 3]sz ssca 4 3)e6  LDAB 4 2
17 TBA 2 1] . 7F CLR EXTND 6 383 susp 6 3|e7 sTAB 4 2
8 e 1] 4C INCA 2 180 SUBA IMMED 2 2|B4  ANDA 4 3|8 EORB 4 2
19 DAA  INHER 2 14D TSTA 2 1ler cmpa A 2 285 BiTA 4 3les Abcs 4 2
A . P 82  SBCA 2 2]86 LOAA 4 3|eA ORrAB 4 2
18 ABA INHER 2 1 [|4F CLRA 2 1|83 susD 4 3|87 sTAA 4 3|es  AoDB 4 2
icoo. 50  NEGB 2 1|84 ANDA 2 2|88 EORA 4 3lec oo 5 2
D . 51 e 8  BITA 2 2By ADCA 4 3eo st 5 2
€. 52 8  LDAA 2 2]8A  oRrAA 4 3lee  Lox Y 5 2
W 53 COMB 2 187 e B8  ADDA 4 3 [EF  STX INDXD 5 2
20 BRA  REL 3 2|s4 LSR8 2 1|88 EORA 2 2]Bc cex 6 3|F0 SUBB EXTND 4 3
21 BRN 1} 3 2|5 . 89 ADCA 2 2|BD JSR 6 3fr cups g 4 3
22 BHI 3 2|s6 RORB 2 1 |8A  ORAA 2 2|BE DS Y 5 3|F2 secB 4 3
23 BLS 3 2057 Asrs 2 1l aooa ¥ 2 208F sTS EXIND 5 3 [F3  ADDD 6 3
24 BCC 3 2|s8 Aswe 2 108C CPX IMMED 4 3|co suss IMMED 2 2 [Fa  ANDB 4 3
2% BCS 3 2059 RO 2 108D BSR REL 6 2(Cl cmPB 2 2]r  BiTB 4 3
26 BNE 3 2|sa DEcs 2 108E DS IMMED 3 3|cC2 sBCB 2 2|f6  LDAB 4 3
27 BEQ 3 258 . 8F . €3 ADDD 4 3|F7 staB 4 3
28 BVC 3 2{sC INCB 2 1] susa DR 3 2|ca AnDB 2 2|Ff8 EORB 4 3
9 BVS 3 2|0 TsTB 2 19 cmea 3 2 ce i 2 2 |Fe  ADCB 4 3
27 8PL 3 20se 7 9%  SBCA 3 2]ce LDAB 2 2 |FA  ORAB 4 3
28 BMI 3 2|sF CLRB INMER 2 1 )93  SUBD 5 2 c7 e FB  ADDB 4 3
2 BGE 3 2060 NEG INDXD 6 2 {94  ANDA 3 2|cs eoms 2 2 |Fc LoD 5 3
20 BT 3 2061 . %  BITA 3 2ce ApcB 2 2|f0 sTD 5 3
26 BGT Y 3 262 e 96 LDAA 3 2]ca oraB 2 2 |FE LDx Y 5 3
2 BLE  REL 3 2]63 com 6 2 )97 STAA 3 2|cs AoDB 2 2 |FF STX EXIND 5 3
30 TSX  INMER 3 1 |e4 SR 6 298 EORA 3 2]cc o 3 3

3N 3 1]es e 99 ADCA 3 2|co . * UNDEFINED OP CODE
2 PULA 4 1|66 ROR 6 2 [9n ORAA 3 2fce LbX MMED 3 3

3 PULB 4 167 ASR INDXD 6 2 |9B  ADDA 3 20cF .

NOTES: 1. Addressing Modes

INHER =Inherent
REL = Relative

INDXD = Indexed

IMMED = Immediate
EXTND =Extended DIR =Direct

2. Unassigned opcodes are indicated by """ and should not be executed.
3. Codes marked by "“T"* force the PC to function as a 16-bit counter.
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

Condition Codes
Immed Direct Index Extnd Inherent Boolean/ 5{4]3(2]|1]0
Pointer Operations MNEM|Op|~| #|Op|~| #|{Op|~| #|Op|~| # [Op| ~| # Arithmetic Operation HII{N|[Z|V]|C
Compare Index Register cpx [sc|4]3]acls]2]ac[e] 2]Bc]6]3 X=M:M+1 e TIT[ T[T
Decrement Index Register DEX 03] 1{x-1=x ofele[F]e]e
Decrement Stack Pointer DES 34(3]|1|SP-1—SP oo jefo]e]e
Increment Index Register INX 8l31|x+1—x ofelo [f]e]e
Increment Stack Pointer INS 31{3|1|1SP+1—SP o oo |oe]|e]e
Load Index Register LDX |CE|3| 3|DE[4|2|EE|5| 2|FE|6|3 M= Xy, (M+1) = X|_ (R R|e
Load Stack Pointer LDS |8E|3|3[9E|4]|2|AE[5] 2[BEj5|3 M— SPy,(M+1) —>SP| o | R|e
Store Index Register STX DF|4 2 |EF|B[ 2|FF[5]3 XH—*MX =M+ 1) o | R|e
Store Stack Pointer STS 9F 4| 2 |AF|[5] 2|BF|5|3 SPy—*M,SP —(M+1) BEEHER
Index Reg = Stack Pointer TXS 36|3|1|X-1—5SspP e|e]oe[e]e]e
Stack Pntr = Index Register TSX 30|3[1|SP+1—X e |e|oefe]eole
Add ABX BA[3 1 |B+X—X e [e|e|eie]|e
Push Data PSHX 3C|4 |1 [X —Mgp,SP-1—SP o [e|efe]e]e
Xy = Mgp,SP~1—+SP
Pull Data PULX 38[5 | 1[SP+1—SP,Mgp— Xy el [*
SP+1=*SP,Mgp = X__

TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2)

Condition Codes
Accumulator and Immed Direct Index Extend Inher Boolean 5§143[2]1]0
Memory Operations MNEM|Op|~ | #|Op|~| # |Op|~| # |Op|~ | # |Op| ~ | # Expression H|I [N]Z|V]C
Add Accumulators ABA B[2]1[A+B—A I HHHE
Add B to X ABX 3A|3 |1 [00B+X—X EEEERE
Add with Carry ADCA[89 ]2 [2] 99 [a |2 [aala|2Bo]4 |3 A+M+C—A IEHHBE
ADCB|C9|2 |2|D9]3 |2 |ea|4] 2 [Fol4 |3 B+M+C—B I EIHEE
Add ADDA8B |2 | 2|98 |3 |2 |aB[4| 2 [BB]4 |3 ArM—A I
ADDB|CB|2 |2|DB|3 |2 |84 |2 [F8]4 |3 BrM—A [ IEEHE
Add Double ADDD|C3|4 |3|D3|5 |2 |E3|6]2|F3|6 |3 D+ MM+1—D D IHEE
And ANDA |84 |2 [ 2] 943 |2 |Aa]a |2 [Ba4 |3 AM— A IEHED
ANDB[ca|2 [2|pa|3 2 ]ea|a |2 |rala |3 B-M—B HHEHED
Shift Left, Arithmetic ASL 656207863 — B
ASLA ]2 | T —e 33T
ASLB 582 |1 b7 ©0 I
Shift Left Double ASLD Jos [3 ] < [ [T
Shift Right, Arithmetic ASR 67162 (7716 |3 — o |
ASRA 472 |1 L =[] [+ ]+
ASRB 572 |1 b7 b0 o Je
Bit Test BITA |85 |2 [2]95]3 |2 [A5]4 |2 |85 |4 |3 AM A IHED
BITB |C5|2 |2|D5|3 |2 |e5]4 |2 |F5 |4 |3 B-M o [ [T [r]e
Compare Accumulators CBA 1{2|1|A-B « [« [TTTTT]T
Clear CLR 6F |6 |2 |7F |6 |3 0—M <o [r[s|r[r
CLRA 4k [2 [1 Joo—A « [+ [R[s|R R
CLRB 5F (2 |1 |o0o—8 e [« [R[s|R[R
Compare CMPA 8112 |2]91 3 |2 [Aa1]a [2 [B1]4 |3 A-M o |e Tt
cmes [c1 |2 [2]o1[s [2]er[a {2 |rfa [3 B-M o e B
1's Complement COoM 6316 |2 |7316 |3 M= M o |o R |S
coma 32 [1|[a—a D R [s
coms 532 [1[s—s8 D R [s
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2)

Condition Codes
Accumulator and Immed Direct Index Extend Inher Boolean 413]2]1}0
Memory Operations MNEM([Op|( ~| #[Op| ~| #|Op| ~ | #|Op| ~| # |Op| ~| # Expression IINjZ|V]C
Decimal Adjust, A DAA 19] 2| 1 [Adj binary sum to BCO . !
Decrement DEC 6A[ 6| 2|7A|6] 3 M-1—M i3 .
DECA AA1 21 1 |A-T—A i .
DECB 5A| 2|1 |B-1—8B . .
Exclusive OR EORA|88| 2| 298] 3| 2|{A8]4|2(B8}4]|3 ADM—A . Rje
EORB|C8| 2| 2|D8| 3| 2| E8| 4| 2|F8| 4|3 BO®M—8B . R e
Increment INC 6C|6|2[7C[6]3 M+1—M . .
INCA aCi 21 [A+1—A i .
INCB 5C[2|1|B+1—8B . .
Load Accumulators LDAA[86( 2| 2(96| 3| 2|A6]l4|2{B6|4]{3 M=—A . R|e
LDAB|C6| 2| 2| D6l 3| 2|E6|4|2[F6[4]3 M—B . R| e
Load Double LDD [CC| 3| 3|DC| 4| 2|EC| 5| 2|FC|5]3 M:M+1—D i Rl e
Logical Shift, Left LSL 68|16]12[78]6]3 .
LSLA 8121 .
LSLB 88211 .
LSLD 05|32 i
Shift Right, Logical LSR 64| 6|2|74]6|3 *|R
LSRA 441211 *|R
LSRB 54121 *|R
LSRD 04|31 *IR
Multiply MUL 3D{10| 1 |AxB—D ele el
2's Complement (Negate) NEG 60| 6| 2[70]|6|3 00-M—M .
NEGA 40021 ]|]00-A—A .
NEGB 50|2|1|00-B—B .
No Operation NOP 01121 |PC+1—PC eje|eje]e
Inclusive OR oraalsal 2] 2]ea] 3[ 2]aAl 4 [ 2]BA[4]3 A+M—A AHHRD
oraBfca| 2| 2[pa[ 3] 2]eala|2|Fal4]3 B+M—B BHBEE
Push Data PSHA 36| 3| 1 |A— Stack e|o o e
PSHB 37|3 |1 |B—Stack oo jelofe
Pull Data PULA 324 |1 [Stack—A oo e oo
PULB 33|4 |1 [Stack—B ofofe]e]e
Rotate Left ROL 69| 6[2]79(6|3 — .
ROLA a9]2 |1 ] .
ROLB 59021 b7 0, .
Rotate Right ROR 66/6(2|76]6]3 — d
RORA 4621 - .
RORB 5621 o7 00 .
Subtract Accumulator SBA 10(2|1|A-B—A .
Subtract with Carry SBCA([82]2]|2]|92|3|2|A2|4|2]|B2{4|3 A-M-C—A °
SBCB|C2| 2| 2|D2|3|2|E2[4 [2|F2[4 |3 B-M-C—8B .
Store Accumulators STAA 97|3|2|A7| 4 |2|B7|4 |3 A—M . Rje
STAB D73 [2|E7{4 |2]|F7|4 |3 B—M ° R|e
STD DD[4 | 2 |ED|5 |2 |FD[5 |3 D—M:M+1 . R|e
Subtract SUBA|80|2]|2|9]|3|2|A0|4]|2|B0|4 |3 A-M—A .
SUBB|CO|2|2|DOj3|2|E0|4 |2|FO|4 |3 B-M—8 .
Subtract Double SUBD|83|4[3]93|/5[2|A3|6 [2(B3|6]3 D-M:M+1—D .
Transfer Accumulator TAB 16(2(1|A—8 . R|e
TBA 171211 |B—A . Rie
Test, Zero or Minus TST 6D|6 [2|7D]|6 {3 M- 00 . R|R
TSTA 4D[2 |1 |A-00 . R IR
TSTB 502 |1 (B-00 . R |R

The condition code register notes are listed after Table 12.
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS

Condition Code Reg.
Direct Relative Index Extend | Inherent 5[4]3|2|1]0
Operations MNEM|(Op| ~ Op|~| #|Op{~| #|Op| ~{ #|Op[~| # Branch Test HIIT[N[Z]VIC
Branch Always BRA 20]3|2 None e|efeoiefeofe
Branch Never BRN 21132 None o|lofoe|o]ele
Branch If Carry Clear BCC 2413|2 C=0 e|eofojofele
Branch If Carry Set BCS 25|13(2 c=1 e|ofele]ee
Branch If=Zero BEQ 271312 Z=1 o (ef[efeofe]e
Branch If >Zero BGE 2c|3|2 N®v=0 o|eojoefo]e|e
Branch if >Zero BGT 2€[3]2 Z+(IN® V) =0 efefefefe]e
Branch If Higher BHI 2213|2 C+2=0 e e |elele]e
Branch If Higher or Same BHS 241312 C=0 o |e|o|efe]e
Branch If <Zero BLE 2F|3]2 Z+IN® V=1 efefelele]e
Branch if Carry Set BLO 25(3]2 C=1 e |o|oje e |0
Branch If Lower Or Same BLS 23|32 C+Z=1 oo |efefe |0
Branch If <Zero BLT 20§32 NB V=1 efefelo]e]e
Branch If Minus BMI 2B[3]2 N=1 - o oo oo o
Branch If Not Equal Zero BNE 26|32 Z=0 e o oo e |0
Branch If Overflow Clear BVC 28(3]2 V=0 e o |efeo]e e
Branch if Overflow Set BVS 29312 V=1 o oo |efo]|e
Branch If Plus BPL 2A1312 N=0 e lejeo e o e
Branch To Subroutine BSR 8D |6 |2 e jelejefe e
Jump JMP |6E[3 |2 |7E|3 |3 See Special Operations-Figure 25{ ® o [ e [o [o | o
Jump To Subroutine JSR |9D|5| 2 AD[6 [ 2 |BD|6 o jefejefofo
No Operation NOP 01 (2|1 oo e e e e
Return From Interrupt RTI 3B |10)1 I ; t
Return From Subroutine RTS 39 |5 [ 1 |See Special Operations-Figure 25| ® e [e | e [ fe
Software Interrupt SWI 3F 121 e [Sje|e|e e
Wait For Interrupt WAI 3E[9 |1 o |e|o o |afe

TABLE 12 — CONDITION CODE

REGISTER MANIPULATION INSTRUCTIONS

Condition Code Register

Inherent 51413121 1]0

Operations MNEM | Op | ~ | # | Boolean Operation { H | | N]zZz|V]C

Clear Carry CLC ocl2|1 0—C o e | e o | o R
Clear Interrupt Mask CLI OE | 2 1 0— * |R]e |° . i3
Clear Overflow CLV OA | 2 1 0—V . o | o . R| *
Set Carry SEC |0D |2 ] 1 1—C o |o | o o] e ]| S
Set Interrupt Mask SEI OF | 2 1 11— . S| e . . .
Set Overflow SEV | 0B |2 | 1 1=V o o | o | o | S| e
Accumulator A— CCR TAP [ 06 |2 | 1 A—CCR ! HEERERE
CCR — Accumulator A TPA 07 |2 1 CCR—A . . . . .

LEGEND
Op

Msp

Operation Code (Hexadecimal)
~ Number of MPU Cycles
Contents of memory location pointed to by Stack Pointer

Number of Program Bytes

+ Arithmetic Plus
Arithmetic Minus
Boolean AND
Arithmetic Multiply
Boolean Inclusive OR
Boolean Exclusive OR
Complement of M
Transfer Into
Bit=Zero

Byte=Zero

Solze+x.
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e T wmo<NZ_T

Half-carry from bit 3
Interrupt mask

Negative (sign bit)

Zero (byte)

Overflow, 2's complement
Carry/Borrow from MSB
Reset Always

Set Always

Affected

Not Affected
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E CYCLES

ADDRESSING MODE

anneleYy

uaseyu|

10

10

12

paxepuj

pepueixy

wenag

o1eIpawiwy

INX

JMP
JSR

LDA

LDD
LDS

LDX
LsL

LSLD
LSR

LSRD
MUL
NEG
NOP

ORA
PSH

PSHX
PUL

PULX

ROL
ROR
RTI

RTS

SBA
SBC
SEC
SEI

SEV
STA
STD
STS
STX

suB

SUBD
Swi
TAB
TAP

TBA
TPA
TST

TSX
TXS

WAI

ADDRESSING MODE

anpeloy

jusiayu|

paxapuj

papueix3z

30811

ajepawiw)|

4

ABA
ABX
ADC
ADD

ADDD
AND
ASL

ASLD
ASR
BCC
BCS
BEQ
BGE
BGT
BHI
BHS
BIT

BLE
BLO
BLS
BLT
BMI
BNE
BPL

BRA
BRN
BSR
BVC
BVS

CBA
CLC
CLi

CLR
CLv

Ccmp

COM
CPX

DAA
DEC
DES
DEX

EOR
INC

INS
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 14 provides a detailed description of the information
present on the address bus, data bus, and the read/write
(R/W) line during each cycle of each instruction.

The information is useful in comparing actual with ex-
pected results during debug of both software and hardware
as the program is executed. The information is categorized in
groups according to addressing mode and number of cycles

per instruction. In general, instructions with the same ad-
dressing mode and number of cycles execute in the same
manner. Exceptions are indicated in the table.

Note that during MPU reads of internal locations, the
resultant value will not appear on the external data bus ex-
cept in mode 0. "High order” byte refers to the most-
significant byte of a 16-bit value.

TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5)

l Address Mode and Cycle R/W
Instructions Cycles| # Address Bus . Line Data Bus
IMMEDIATE
ADC EOR 2 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address+ 1 1 Operand Data
AND ORA
BIT SBC
CMP SUB
LDS 3 1 Opcode Address 1 Opcode
LDX 2 Opcode Address+ 1 1 Operand Data (High Order Byte}
LDD 3 | Opcode Address+2 1 Operand Data (Low Order Byte)
CPX 4 1 Opcode Address 1 Opcode
SUBD 2 Opcode Address+ 1 1 Operand Data (High Order Byte)
ADDD 3 | Opcode Address+2 1 Operand Data (Low Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector
DIRECT
ADC EOR 3 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Address of Operand
AND ORA 3 Address of Operand 1 Operand Data
BIT SBC
CMP SUB
STA 3 1 | Opcode Address 1 | Opcode
2 Opcode Address + 1 1 Destination Address
3 | Destination Address 0 Data from Accumulator
LDS 4 1 Opcode Address 1 Opcode
LDX 2 Opcode Address+ 1 1 Address of Operand
LDD 3 | Address of Operand 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
STS 4 1 Opcode Address 1 Opcode
STX 2 | Opcode Address+ 1 1 Address. of Operand
STD 3 | Address of Operand 0 | Register Data (High Order Byte)
4 | Address of Operand + 1 0 Register Data (Low Order Byte)
CPX 5 1 Opcode Address 1 Opcode
SUBD 2 | Opcode Address+ 1 1 Address of Operand
ADDD 3 Operand Address 1 Operand Data (High Order Byte)
4 Operand Address+ 1 1 Operand Data (Low Order Byte)
5 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 5 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Irrelevant Data
3 Subroutine Address 1 First Subroutine Opcode
4 Stack Pointer 0 Return Address (Low Order Byte)
5 | Stack Pointer—1 0 | Return Address (High Order Byte)
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5)

Address Mode and Cycle R/W
Instructions # Address Bus Line Data Bus
EXTENDED
JMP 1 | Opcode Address 1 Opcode
2 Opcode Address + 1 1 Jump Address (High Order Byte)
3 Opcode Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Address of Operand
AND ORA 3 Opcode Address + 2 1 Address of Operand (Low Order Byte)
BIT SBC 4 Address of Operand 1 Operand Data
CMP suB
STA 1 | Opcode Address 1 | Opcode
2 Opcode Address + 1 1 Destination Address. (High Order Byte)
3 Opcode Address+2 1 Destination Address (Low Order Byte)
4 Operand Destination Address 0 Data from Accumulator
LDS 1 Opcode Address 1 Opcode
LDX 2 Opcode Address + 1 1 Address of Operand (High Order Byte)
LDD 3 Opcode Address+ 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 1 Operand Data (High Order Byte)
5 | Address of Operand+ 1 1 Operand Data (Low Order Byte)
STS 1 Opcode Address 1 Opcode
STX 2 | Opcode Address + 1 1 Address of Operand (High Order Byte)
STD 3 | Opcode Address + 2 1 Address of Operand (Low Order Byte)
4 | Address of Operand 0 | Operand Data (High Order Byte)
5 | Address of Operand + 1 0 | Operand Data (Low Order Byte)
ASL LSR 1 Opcode Address 1 Opcode
ASR NEG 2 | Opcode Address+ 1 1 Address of Operand (High Order Byte)
CLR ROL 3 Opcode Address + 2 1 Address of Operand (Low Order Byte)
CcoOM ROR 4 | Address of Operand 1 Current Operand Data
DEC TST* 5 | Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 | Address of Operand 0 New Operand Data
CPX 1 Opcode Address 1 Opcode
SUBD 2 | Opcode Address+ 1 1 Operand Address (High Order Byte)
ADDD 3 Opcode Address + 2 1 Operand Address (Low Order Byte)
4 Operand Address 1 Operand Data (High Order Byte)
5 Operand Address + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Address of Subroutine (High Order Byte)
3 Opcode Address + 2 1 Address of Subroutine (Low Order Byte)
4 Subroutine Starting Address 1 Opcode of Next Instruction
5 Stack Pointer Q Return Address (Low Order Byte)
6 | Stack Pointer—1 0 Return Address (High Order Byte)

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF.
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
INDEXED
JMP 3 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Offset
3 | Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address+ 1 1 Offset
AND ORA 3 | Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 Index Register Plus Offset 1 Operand Data
CMP SUB
STA 4 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register Plus Offset 0 | Operand Data
LDS 5 1 Opcode Address 1 Opcode
LDX 2 | Opcode Address+ 1 1 Offset
LDD 3 | Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 1 Operand Data (High Order Byte)
5 Index Register Plus Offset+ 1 1 Operand Data (Low Order Byte)
STS 5 1 Opcode Address 1 Opcode
STX 2 | Opcode Address+ 1 1 Offset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register Plus Offset 0 | Operand Data (High Order Byte)
5 | Index Register Plus Offset+ 1 0 | Operand Data (Low Order Byte)
ASL LSR 6 1 Opcode Address 1 Opcode
ASR NEG 2 | Opcode Address+ 1 1 Offset
CLR ROL 3 Address Bus FFFF 1 Low Byte of Restart Vector
cOoM ROR 4 Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Index Register Plus Offset 0 New Operand Data
CPX 6 1 Opcode Address 1 Opcode
SUBD 2 | Opcode Address+ 1 1 Offset
ADDD 3 | Address Bus FFFF 1 | Low Byte of Restart Vector
4 Index Register + Offset 1 Operand Data (High Order Byte)
5 | Index Register+ Offset+ 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF Low Byte of Restart Vector
JSR 6 1 Opcode Address 1 Opcode
2 | Opcode Address+1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 | Index Register + Offset 1 First Subroutine Opcode
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer—1 0 Return Address (High Order Byte)

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF.
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus Line Data Bus
INHERENT
ABA DAA SEC| 2 1 Opcode Address 1 Opcode
ASL DEC SEI 2 | Opcode Address+ 1 1 | Opcode of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLv ROR TST
COM SBA
ABX 3 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Opcode Address 1 Opcode
LSRD 2 Opcode Address+ 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Opcode Address 1 Opcode
INS 2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Previous Stack Pointer Contents| 1 Irrelevant Data
INX 3 1 Opcode Address 1 Opcode
DEX 2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Opcode Address 1 Opcode
PSHB 2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Stack Pointer 0 | Accumulator Data
TSX 3 1 Opcode Address 1 Opcode
2 | Opcode Address+1 1 Opcode of Next Instruction
3 Stack Pointer 1 Irrelevant Data
TXS 3 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 | Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Opcode Address 1 Opcode
PULB 2 Opcode Address+ 1 1 Opcode of Next Instruction
3 | Stack Pointer 1 Irrelevant Data
4 Stack Pointer+ 1 1 Operand Data from Stack
PSHX 4 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Irrelevant Data
3 Stack Pointer 0 Index Register (Low Order Byte)
4 Stack Pointer—1 0 Index Register (High Order Byte)
PULX 5 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Index Register (High Order Byte)
5 | Stack Pointer+2 1 Index Register (Low Order Byte)
RTS 5 1 Opcode Address 1 Opcode
2 | Opcode Address+-1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer+1 1 Address of Next Instruction (High Order Byte)
5 Stack Pointer +2 1 Address of Next Instruction (Low Order Byte)
WAI 9 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Opcode of Next Instruction
3 Stack Pointer 0 Return Address (Low Order Byte)
4 | Stack Pointer—1 0 Return Address (High Order Byte)
5 Stack Pointer—2 0 Index Register (Low Order Byte)
6 | Stack Pointer —3 0 | Index Register (High Order Byte)
7 | Stack Pointer—4 0 | Contents of Accumulator A
8 Stack Pointer—5 0 | Contents of Accumulator B
9 | Stack Pointer-6 0 | Contents of Condition Code Register
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5)

Address Mode and Cycle R/W
Instructions Cycles| # Address Bus —[Line Data Bus
INHERENT
MUL 10 1 | Opcode Address 1 | Opcode
2 | Opcode Address+1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 | Address Bus FFFF 1 Low Byte of Restart Vector
8 | Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 | Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer+ 1 1 Contents of Condition Code Register from Stack
5 | Stack Pointer+2 1 Contents of Accumulator B from Stack
6 | Stack Pointer+3 1 Contents of Accumulator A from Stack
7 | Stack Pointer+4 1 Index Register from Stack (High Order Byte)
8 | Stack Pointer+5 1 Index Register from Stack (Low Order Byte)
9 Stack Pointer+6 1 Next Instruction Address from Stack (High Order Byte)
10 | Stack Pointer+7 1 Next Instruction Address from Stack (Low Order Byte)
SWi 12 1 Opcode Address 1 Opcode
2 | Opcode Address+ 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer—1 0 Return Address (High Order Byte)
5 | Stack Pointer—2 0 Index Register (Low Order Byte)
6 Stack Pointer—3 0 Index Register (High Order Byte)
7 | Stack Pointer—4 0 | Contents of Accumulator A
8 | Stack Pointer—5 0 | Contents of Accumulator B
9 | Stack Pointer—6 0 | Contents of Condition Code Register
10 | Stack Pointer—7 1 Irrelevant Data
11 | Vector Address FFFA (Hex) 1 Address of Subroutine (High Order Byte)
12 | Vector Address FFFB (Hex) 1 Address of Subroutine {Low Order Byte)
RELATIVE
BCC BHT BNE BLO 3 1 Opcode Address 1 Opcode
BCS BLE BPL BHS 2 Opcode Address+ 1 1 Branch Offset
BEQ BLS BRA BRN 3 Address Buss FFFF 1 Low Byte of Restart Vector
BGE BLT BVC
BGT BMI BVS
BSR 6 1 Opcode Address 1 Opcode
2 Opcode Address+ 1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Opcode of Next Instruction
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer—1 0 Return Address (High Order Byte)
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JSR, Jump to Subroutine

PC
Direct
RTN
PC
INDXD
RTN
PC
EXTND
RTN

BSR, Branch To Subroutine

pC

RTN

RTS, Return from Subroutine
Pc

Legend:

RTN= Address of next instruction in Main Program to be executed upon return from subroutine

Main Program

$9D=JSR

K

Next Main Instr.

K= Direct Address

Main Program

$AD=JSR

K = Offset

Next Main Instr.

Main Program

$BD=JSR

SH= Subr. Addr.

SL=Subr. Addr.

Next Main Inst.

Main Program

$8D=BSR

+ K=0Offset

Next Main Instr.

Subroutine

$39=RTS

RTNH = Most significant byte of Return Address
RTN = Least significant byte of Return Address
— = Stack Pointer After Execution

K =8-bit Unsigned Value

> SP-2

SP-1
SP

sp
- sP-2
SP-1

sP

SP

SP

SP+1

—» SP+2

FIGURE 26 — SPECIAL OPERATIONS

Stack

RTNp

RTNL

Stack

RTNH

RTNL

Stack

RTNy

RTNL

SWI, Software Interrupt

WAI, Wait for Interrupt

RTN

RTN

RTI, Return from Interrupt

JMP, Jump

INDXD

pC

Main Program

$3F=SWiI

Main Program

$3E=WAI

Interrupt Program

$3B=RTI

Main Program

$6E=JMP

K= Offset

Extended

spP

SP-7
SP-6
SP-5
SP-4
SP-3
SP-2
SP-1

SP

Stack

Condition Code

Acmitr B

Acmitr A

Index Register (Xp)

Index Register (X| )

RTNH

RTNL

Stack

Condition Code

Acmitr B

Acmitr A

Index Register (Xy)

index Register (X[ )

RTNH

RTNL

Main Program

$7E=JMP

KH = Next Address

K= Next Address
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APPENDIX
CUSTOM MC6801 ORDERING INFORMATION
A.0 CUSTOM MC6801 ORDERING INFORMATION data), may be submitted for pattern generation. The
The custom MCB801 specifications may be transmitted to MC2708s must be clearly marked to indicate which PROM
Motorola in any of the following media: corresponds to which address space ($F800-$FFFF). See
1) PROM(s) Figure A-1 for recommended marking procedure.

After the PROM(s) are marked, they should be placed in
conductive IC carriers and securely packed. Do not use
styrofoam.

2) MDOS diskette

The specification should be formatted and packed, as in-
dicated in the appropriate paragraph below, and mailed FIGURE A-1
prepaid and insured with a cover letter (see Figure A-2) to:

XXX XXX
Motorola Inc.
MPU Marketing L10
3501 Ed Bluestein Blvd. £800 FCOO
Austin, Texas 78721

XXX = Customer ID
A copy of the cover letter should also be mailed separately.

A.1 PROMs A.2 DISKETTE (MDOS)

MCM2708 and MCM2716 type PROMS, programmed with EX‘(r)h; lstar;/endtlocatlon should be written on the label.
the custom program (positive logic sense for address and ciser tormat.

FIGURE A-2

CUSTOMER NAME
ADDRESS
cITY STATE Z1p
PHONE ( ) EXTENSION
CONTACT MS/MR
CUSTOMER PART #
TEMPERATURE RANGE PACKAGE TYPE

80° t0 70°C O Ceramic

0O —40 to 85°C O Plastic

O —40 to 105°C

MARKING

PATTERN MEDIA O Standard

0 2708 PROM O Special

0 2716 PROM

O Diskette (MDOS)

(Note 1)

NOTE: (1) Other Media Require Prior Factory Approval

SIGNATURE

TITLE
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MC6801L1 — LILBugTM Monitor

An MC6801 may be purchased without specifying the ROM
pattern. This standard part is labeled as MC6801L1 and
contains a 2K monitor in the ROM. The monitor, LILbug,
may be used to evaluate and debug a program under
development. Details and a source listing are specified in
the “LILbug Manual.”

IMPORTANT NOTICE
Devices made with mask #T5P may generate muitiple framing error
flags in response to unframed data. These devices will eventually syn-
chronize correctly after a framing error, but valid, framed data following
an unframed data byte may generate false framing error flags.

300
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@ MOTOROLA MC6803U4

Advance Information J

HMOS

(HIGH-DENSITY N-CHANNEL, SILICON-GATE)

MICROCOMPUTER/MICROPROCESSOR (MCU/MPU)

The MC6801U4 is an 8-bit single-chip microcomputer unit (MCU) MICROCOMPUTER/
which enhances the capabilities of the MC6801 and significantly MICROPROCESSOR
enhances the capabilities of the M6800 Family of parts. It includes an
MC6801 microprocessor unit (MPU) with direct object-code com-
patibility and upward object-code compatibility with the MC6800. Ex-
ecution times of key instructions have been improved over the MC6800
and the new instructions found on the MC6801 are included. The MCU
can function as a monolithic microcomputer or can be expanded to a
64K byte address space. Itis TTL compatible and requires one + 5-volt

power supply. On-chip resources include 4096 bytes of ROM, 192 bytes PLASPT]SC":)FA'ZEAGE
of RAM, a serial communications interface (SCl), parallel 1/0, and a CASE 711

16-bit six-function programmable timer. The MC6803U4 can be con-
sidered an MC8801U4 operating in modes 2 or 3; i.e., those that do not
use internal ROM.

Enhanced MC6800 Instruction Set
L SUFFIX

@® Upward Source and Object Code Compatibility with the MC6800 CERAMIC PACKAGE
and MC6801 CASE 715

® Bus Compatibility with the M6800 Family
@ 8x 8 Multiply Instruction
® Single-Chip or Expanded Operation to 64K Byte Address Space
® Internal Clock Generator with Divide-by-Four Output PIN ASSIGNMENT
® Serial Communications Interface (SCI)
® 16-Bit Six-Function Programmable Timer vssh @ N w e
® Three Output Compare Functions XTAL1[ 2 39fIsc
® Two Input Capture Functions EXTAL2 q 3 sfisc2
® Counter Alternate Address _ h
® 4096 Bytes of ROM (MC6801U4) Nwig 4 37d P30
® 192 Bytes of RAM TRQ1 Q5 36[1P31
® 32 Bytes of RAM Retainable During Power Down RESET [6 35(1P32
® 29 Parallel /0 and Two Handshake Control Lines vee 7 34133
® NMI Inhibited Until Stack Load pls 13[IP34
® —40°C to 85°C Temperature Range P21 20P3s
P22 [j10 31[1P36
p23Qn 30[1P37
GENERIC INFORMATION poa 12 29 gpm
Package Type Frequency (MHz) Temp G ic Numb
Ceramic 1.0 0°C to 70°C MC6801U4L1 Plo s 3 I]PM
L Suffix 1.0 —40°C 10 85°C | MC6801U4CL1 P11 4 27[1Pa2
1.0 0°C to 70°C MC6803U4L P25 2% up43
1.0 —40°C to 85°C MC6803U4CL1
1.25 0°C to 70°C MC6801U4L1-1 P13[16 25(1pasa
1.2 0°C t0 70°C MCB803U4L-1 piafh7 24[1pa5
Plastic 1.0 0°C to 70°C MC6801U4P1
P Suffix 10 —40°C t0 85°C | MCB801UACP1 P15 Q8 2B[P6
1.0 0°C to 70°C MC6803U4P P16 [J19 22[1Pa7
1.0 —40°C to 85°C MC6803U4CP1 V,
1.2 0°Ct070°C | MCB801U4P1-1 P17020 z ]Sgﬁdby
1.26 0°C to 70°C MC6803U4P-1

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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P37
P36
P35
P34
P33
P32
P31

P30
sC2
sc1

P47
P46
P45
P44
P43
P42
P41
P40

A7/D7
A6/D6
AB/D5
A4/D4
A3/D3
A2/D2
A1/D1
A0/DO
R/W
AS

A15
Al4
A13
A12
AN
A10
A9

A8

N

D7

D5
D4

D2
D1
DO
R/W

08

A7

A5
A4
A3
A2
Al
A0

MC6801U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM

Mode
Select
Logic

>

Al

~d
24 i
QgL = S oo
S8 w EEE
Expanded Multiplexed MPU
Expanded Non-Multiplexed
Single Chip
110 < <J—IjT
1/0 ] Port
170 < Port @1 Mux Y 2
o - 3
110 -]
/0 < RO1
1710 - W —
/0 - A -
083 < K iscl
T3 > A
o
S
=
]
Timer
110 <>
1/0 Address
10 < PZ" P:;m
110 :ﬂ
1/0
1/0 <
/10 < Data )
o ISR
160%8 068
RAM ROM
(See Note)
32x8
Vce Standby —3  Standby
RAM

P10

P11

P12

P13

P14

P15

P16

AIAUIAA}

NOTE: No functioning ROM in MC6803U4.
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P17

TINT
TOUT1
SCLK
RDATA
TDATA

TIN2
TOUT2
TOUT3

170
170
110
1/0
110

1/0
170
1/0
170
1/0
170
1/0
170



MC6801U4, MC6803U4

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee —-0.3to +7.0 Y,
Input Voltage Vin -0.3t0 +7.0 \ This device contains circuitry to protect the in-
Operating Temperature Range TA THto T °oC puts against damage due to high static voltages
MC6801U4, MC6803U4 ~0to70 or electric fields; however, itis adwsed‘that nor-
MCB801U4C, MC6803U4C — 40 to 85 mal precautions be taken to avoid application of
- ry any voltage higher than maximum rated voltages
Storage Temperature Range TS‘Q ~56 to +150 c to this high-impedance circuit. For proper opera-
tion it is recommended that Vi and V oyt be con-
THERMAL CHARACTERISTICS strained to the range Vs g < (Vin or Vout! = VCC-
— 0 Input protection is enhanced by connecting
Characteristic Symbol Value Rating unused inputs to either Vpp or Vss.
Thermal Resistance
Plastic ATN 50 °C/W
Ceramic 50

POWER CONSIDERATIONS

The average chip-junction temperature, TJ, in °C can be obtained from:
Ty=Ta+(Ppedja) (1
Where:
Ta=Ambient Temperature, °C
0 A =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=!ccx Ve, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

Pp=K=+(Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) +6JA*PD2 3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.

CONTROL TIMING (Vcc=5.0V +5%, Vg5=0, TA=0 to 70°C)

MC6801U4 | MCB801U4-1
Characteristic Symbol | MC6803U4 [ MC6803U4-1| Unit
Min | Max | Min | Max
Frequency of Operation fo 05| 10 05 {1256 | MHz
Crystal Frequency fxTAL | 20 | 40 ] 2.0 | 50 |MHz
External Oscillator Frequency 4 fo 201 401 20 | 50 |MHz
Crystal Oscillator Startup Time tre — 100 | — 100 | ms
Processor Control Setup Time tpcs | 200 — [ 170} — ns
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DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vde 5%, Vsg=0, Ta=T| to TH unless otherwise noted)

MC6801U4, MC6801U4C,
MC6803U4 MC6803uU4C
Characteristic Symbol Min Max Min Max Unit
Input High Voltage RESET VIH Vgg+4.0 Vce Vgg+4.0 Vee \
Other Inputs* Vgg+2.0 Vee Vgg+2.2 Vee
Input Low Voltage Alllnputs* ViL Vgs-0.3 | Vgs+08| Vsg-03| Vgs+08 \
Input Load Current Port4 lin - 0.5 - 0.8 mA
SCI — 0.8 - 1.0
Input Leakage Current o
(Vin=01t05.5V) NMI, IRQ1, RESET| lin - 25 - 5.0 A
Hi-Z (Off-State) Input Current
(Vin=0.5102.4V) Port1, Port2, Port3 | ITg) - 10 - 20 rA
Output High Voltage
(ILoad= —65pA, Vcc=Min) Port4, SC1,SC2 | VpH Vgs+2.4 - Vgs+2.4 — Y
(ILoad= =100 A, Ve =Min) Other Outputs Vgs+2.4 - Vgg+2.4 -
Output Low Voltage
(ILoad=2.0mA, V¢ =Min) All Outputs | VoL - Vgg+0.5 - Vgg+06 |V
Darlington Drive Current
(Vo=15V) Port 1 10H 1.0 4.0 1.0 5.0 mA
Internal Power Dissipation
(Measured at Tpo=T|_in Steady-State Operation) * * * PINT - 1200 = 1500 mwW
Input Capacitance
(Vin=0, TA=25°C, Port3, Port4, SC1 Cin - 125 - 12,5 pF
fo=1.0 MHz) Other Inputs - 10.0 - 10.0
V¢ Standby Powerdown | Vsgg 4.0 5.26 4.0 5.25 \Y
Powerup | Vsg 4.75 5.26 4.75 5.25
Standby Current Powerdown | lsgg - 3.0 - 3.5 mA

* Except mode programming levels; see Figure 16.
* *Negotiable to —100 gA (for further information contact the factory).
* * *For the MC6801U4/MC8803U4 T| =0°C and for the MC6801U4C/MC6803U4C T| = —40°C

PERIPHERAL PORT TIMING (Refer to Figures 1-4)

Characteristics Symbol Min Typ Max Unit
Peripheral Data Setup Time tPDSU 200 — - ns
Peripheral Data Hold Time tPDH 200 — — ns
Delay Time, Enable Positive Transition to 0S3 Negative Transition t0SD1 - - 350 ns
Delay Time, Enable Positive Transition to OS3 Positive Transition t0SD2 — - 350 ns
Delay Time, Enable Negative Transition to Peripheral Data Valid
Port 1 tPWD - - 350 ns
Port 2, 3, 4 — — 350
Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid tCMOS — - 2.0 us
Input Strobe Pulse Width tPWIS 200 — — ns
Input Data Hold Time tH 50 — — ns
Input Data Setup Time s 20 — — ns
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FIGURE 1 — DATA SETUP AND HOLD TIMES

(MPU READ)
MPU Read
E
PDSUA <€ tPDH

P10-P17
P20-P24

P40-Pa7 X Data Valid
Inputs*

PDSUS€—>»| [€«—>}tPDH

P30-P37
Inputs* X Data Valid K

*Port 3 non-latched operation (Latch enabie = 0)

FIGURE 3 — PORT 3 OUTPUT STROBE TIMING
(MC6801U4 SINGLE-CHIP MODE)
MPU Access of Port 3*

E
Address (80006) >< X
Bus
tOSD 13> 0SD2-3>
0S3

FIGURE 2 — DATA SETUP AND HOLD TIMES
(MPU WRITE)

MPU Write

tCMO0S

tpwp—» [ ~77707Vee
All Data o

Port Outputs

NOTES:
1. 10 k pullup resistor required for port 2 to reach 0.7 Ve
2. Not applicable to P21
3. Port 4 cannot be pulled above V¢

Data Valid

FIGURE 4 — PORT 3 LATCH TIMING
(MC6801U4 SINGLE-CHIP MODE)

wl

p:?O'P37 Data Valid
nputs k

* Access matches output strobe select (0SS=0, a read; 0OSS=1, a write)

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted.

FIGURE 56 — CMOS LOAD

Test Point QT
I 30 pF

FIGURE 6 — TIMING TEST
LOAD PORTS 1, 2, 3, AND 4

Vce
R =1.8kQ

Test Point MMD6150

or Equiv
MMD7000

or Equiv

C =90 pF for P30-P37
=30 pF for P10-P17
R=37 k@ for P40-P47
=24 kQ for P10-P17

=24 kQ for P30-P37,
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BUS TIMING (See Notes 1 and 2, and Figure 7)

\dent MC6801U4 MC6801U4-1
Nu mb.er Characteristics Symbol MC6803U4 MC6803U4-1 | Unit
Min Max Min Max
1 Cycle Time teye 1.0 20 0.8 2.0 s
2 Pulse Width, E Low PWEL 430 1000 360 1000 | ns
3 Pulse Width, E High PWEH 450 1000 360 1000 | ns
4 Clock Rise and Fall Time tr, tf - 25 - 25 ns
9 Address Hold Time tAH 20 - 20 - ns
12 Non-Muxed Address Valid Time to E* tAv 200 - 150 - ns
17 Read Data Setup Time tDSR 80 - 70 - ns
18 Read Data Hold Time tDHR 10 - 10 - ns
19 Write Data Delay Time tDDW - 226 - 200 ns
21 Write Data Hold Time tDHW 20 - 20 - ns
22 Muxed Address Valid Time to E Rise* tAVM 160 - 120 - ns
24 Muxed Address Valid Time to AS Fall* tASL 40 - 30 - ns
25 Muxed Address Hold Time tAHL 20 - 20 — ns
26 Delay Time, E to AS Rise* tASD 200 - 170 - ns
27 Pulse Width, AS High* PWasH | 100 — 80 — ns
28 Delay Time, AS to E Rise* tASED 90 - 70 - ns
29 Usable Access Time* (See Note 3) tACC 555 - 435 - ns
* At specified cycle time.
FIGURE7 — BUS TIMING
[ () >
N\
TN —® = X
i See Note 4 /3\ _ e
4 =3 @> i ~ () (=
. 9 < (O e
_los,
R/W, Address §6<
(Non-Muxed) = =
See Note 3
O o e [OGL
Addr/Data B N Read Data Muxed y,
Muxed 4 p
22 {19 }—-—H
@—) < @
Addr/Data K) K Write Data Muxed
Musxed — E"
e See Note5 T~
24
< 28
Address
Strobe (AS) SL
< @.Lu
NOTES:

1. Voltage levels shown are V| <0.5V, V4=2.4V, unless othe|

rwise specified.

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.

3. Usable access time is computed by 22 +3— 17 +4.

4. Memory devices should be enabled only during E high to avoid port 3 bus contention.
5. Item 26 is different from the MC6801 but it is upward compatible
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INTRODUCTION

The MC6801U4 is an 8-bit monolithic microcomputer
which can be configured to function in a wide variety of ap-
plications. The facility which provides this extraordinary flex-
ibility is its ability to be hardware programmed into eight dif-
ferent operating modes. The operating mode controls the
configuration of 18 of the 40 MCU pins, available on-chip
resources, memory map, location (internal or external) of in-
terrupt vectors, and type of external bus. The configuration
of the remaining 22 pins is not dependent on the operating
mode.

Twenty-nine pins are organized as three 8-bit ports and
one 5-bit port. Each port consists of at least a data register
and a write-only data direction register. The data direction
register is used to define whether corresponding bits in the
data register are configured as an input (clear) or output
(set).

The term “port” by itself refers to all of the hardware
associated with the port. When the port is used as a “‘data
port’” or “'1/0 port,” it is controlled by the port data direction
register and the programmer has direct access to the port
pins using the port data register. Port pins are labeled as Pjj
where i identifies one of four ports and j indicates the par-
ticular bit.

The microprocessor unit (MPU) is an enhanced MC6800
MPU with additional capabilities and greater throughput. Itis
upward source and object code compatible with the
MC6800 and the MC6801. The programming model is
depicted in Figure 8 where accumulator D is a concatenation
of accumulators A and B. A list of new operations added to
the MC6800 instruction set are shown in Table 1.

The MC6803U4 can be considered an MC6801U4 that
operates in modes 2 and 3 only.

FIGURE 8 — PROGRAMMING MODEL

0 8-Bit Accumulators A and B
0 Or 16-Bit Double Accumulator D

ﬂ Index Register (X)

0] Stack Pointer (SP)

[> sp
[ PC

0] Program Counter (PC)

7 0
[1 | 1 IHI i [NIZIVH Condition Code Register (CCR)

Carry/Borrow from MSB
Overflow

Zero

Negative

Interrupt

Half Carry (From Bit 3)

TABLE 1 — NEW INSTRUCTIONS

Instruction Description
ABX Unsigned addition of accumulator B to index register
ADDD Adds {without carry) the double accumulator to memory and leaves the sum in the double accumulator
ASLD or LSLD | Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit

BHS Branch if higher or same, unsigned conditional branch (same as BCC)

BLO Branch if lower, unsigned conditional branch (same as BCS)

BRN Branch never

JSR Additional addressing mode direct

LDD Loads double accumulator from memory

LSL Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit

(same as ASL)

LSRD Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is shifted into the C bit
MUL Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator

PSHX Pushes the index register to stack

PULX Pulls the index register from stack

STD Stores the double accumulator to memory
SUBD Subtracts memory from the double accumulator and leaves the difference in the double accumulator

CPX Internal processing modified to permit its use with any conditional branch instruction
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OPERATING MODES
The MC6801U4 provides seven different operating modes
(modes 0 through 3 and 5 through 7) and the MC6803U4 pro-
vides two operating modes (modes 2 and 3). The operating
modes are hardware selectable and determine the device
memory map, the configuration of port 3, port 4, SC1, SC2,
and the physical location of the interrupt vectors.

FUNDAMENTAL MODES

The seven operating modes (0-3, 5-7) can be grouped into
three fundamental modes which refer to the type of bus it
supports: single chip, expanded non-multiplexed, and ex-

panded multiplexed. Single chip is mode 7, expanded non-
multiplexed is mode 5, and the remaining 5 are expanded
multiplexed modes. Table 2 summarizes the characteristics
of the operating modes.

MC6801U4 SINGLE-CHIP MODE (7) — In the single-chip
mode, the four MCU ports are configured as parallel in-
put/output data ports, as shown in Figure 9. The MCU func-
tions as a monolithic microcomputer in this mode without
external address or data buses. A maximum of 29 1/0 lines
and two port 3 control lines are provided. Peripherals or
another MCU can be interfaced to port 3in a loosely coupled
dual-processor configuration, as shown in Figure 10.

TABLE 2 — SUMMARY OF MC6801U4/MC6803U4 OPERATING MODES

Single-Chip (Mode 7)

Port 4 is a parallel 1/0 port

Port 3 is an 8-bit data bus

Test mode (mode 0):

Reserved register area

Port 1 input/output operation
Port 2 input/output operation
Timer operation

Resources Common to All Modes

192 bytes of RAM, 4096 bytes of ROM
Port 3 is a parallel 1/0 port with two control lines

Expanded Non-Multiplexed (Mode 5)
192 bytes of RAM, 4096 bytes of ROM

256 bytes of external memory space
Port 4 is an input port/address bus

Expanded Multiplexed (Modes 0, 1, 2, 3, 6*)
Four memory space options (total 64K address space)
(1) Internal RAM and ROM with partial address bus (mode 1)
(2) Internal RAM, no ROM (mode 2)
(3) Extended addressing of internal I/0 and RAM
(4) Internal RAM and ROM with partial address bus (mode 6)
Port 3 is multiplexed address/data bus
Port 4 is address bus (inputs/address in mode 6)

May be used to test internal RAM and ROM

May be used to test ports 3 and 4 as |/O ports by writing into mode 7
Only modes 5, 6, and 7 can be irreversibly entered from mode O

Serial communications interface operation

*The MC6803U4 operates only in modes 2 and 3.
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FIGURE 9 — SINGLE-CHIP MODE
Vclc
L xTAL —>€
=
T —exTAL2  |«— NMI
Vce Standby ——
RESET —> MC6801U4 IRQ1
Port 1
Port 3
‘86|éot #mesr “\ ﬁ 81/0 Lines
-Bit Time l——— 153
0353
Port 4
Port 2
81/0 Lines 51/0 Lines
L Serial 170
= 16-Bit Timer

FIGURE 10 — SINGLE-CHIP DUAL PR

OCESSOR CONFIGURATION

V(I;C V(l;c
hXTAU > E XTAL 1 —>»E
D — NMI (. €— NMI
= [ RQ1 < €— TRQ1
EXTAL2 EXTAL2
V¢ Standby —3 Ve Standby —3»
RESET —3» MC6801U4 RESET— MC6801U4
Port 1 Port 1
81/0 Port 3, 81/0 Lines 8 1/0
Lines Lines
S . - 16-8it Ti
16-Bit Timer 53 »{ 53 6-Bit Timer
1S3 0S3
Port 2 Port 4
51/0 Lires 81/0
sc Lines
16-Bit Timer L Port 4 Port 2 L
- 81/0 51/0 Lines -
\ \Y
ss Lines ScCi Ss
16-Bit Timer

MC6801U4 EXPANDED NON-MULTIPLEXED MODE (5)
— A modest amount of external memory space is provided in
the expanded non-multiplexed mode while significant on-
chip resources are retained. Port 3 functions as an 8-bit
bidirectional data bus and port 4 is configured initially as an
input data port. Any combination of the eight least signifi-
cant address lines may be obtained by writing to the port 4
data direction register. Stated alternatively, any combination
of A0 to A7 may be provided while retaining the remainder as
input data lines. Internal pullup resistors pull the port 4 lines
high until the port is configured.

Figure 11 illustrates a typical system configuration in the
expanded non-multiplexed mode. The MCU interfaces
directly with M6800 family parts and can access 256 bytes of
external address space at $100 through $1FF. 10S provides
an address decode of external memory ($100-$1FF) and can
be used as a memory-page select or chip-select line.
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EXPANDED MULTIPLEXED MODES (0, 1, 2, 3, 6) — A
64K byte memory space is provided in the expanded
multiplexed modes. In each of the expanded multiplexed
modes, port 3 functions as a time multiplexed address/data
bus with address valid on the negative edge of address
strobe (AS) and data valid while E is high. In modes 0, 2, and
3, port 4 provides address lines A8 to A15. In modes 1 and 6,
however, port 4 initially is configured at reset as an input
data port. The port 4 data direction register can then be
changed to provide any combination of address lines A8 to
A15. Stated alternatively, any subset of A8 to A15 can be
provided while retaining the remaining port 4 lines as input
data lines. Internal pullup resistors pull the port 4 lines high
until software configures the port. In mode 1, the internal
pullup resistors will hold the upper address lines high pro-
ducing a value of $FFXX for a reset vector. A simple method
of getting the desired address lines configured-as outputs is
to have an external EPROM not fully decoded so it appears at
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two address locations (i.e., $FXXX and $BXXX). Then,
when the reset vector appears as $FFFE, the EPROM will be
accessed and can point to an address in the top $100 bytes of
the internal or external ROM/EPROM that will configure port
4 as desired.

In mode 0, the reset and interrupt vectors are located at
$BFFO-$BFFF. In addition, the internal and external data
buses are connected, so there must be no memory map
overlap in order to avoid potential bus conflicts. By writing
the PCO-PC2 bits in the port 2 data register, modes 5, 6, and
7 can be irreversibly entered from mode 0. Mode 0 is used

primarily to verify the ROM pattern and monitor the internal
data bus with the automated test equipment.

Only the MC6801U4 can operate in each of the expanded
multiplexed modes. The MC6803U4 operates only in modes
2and 3.

Figure 12 depicts a typical configuration for the expanded
multiplexed modes. Address strobe can be used to control a
transparent D-type latch to capture addresses AQ-A7, as
shown in Figure 13. This allows port 3 to function as a data
bus when E is high.

FIGURE 11 — EXPANDED NON-MULTIPLEXED CONFIGURATION

Vece
|
—xTA0 —>€
- l€— NI
T ——exTAL2
Vce Standby —» l«— TRQ1
RESET —»{ MC6801U4
Port 1
Port 3
186||/32 _Lr{nes ”8 Data Lines
-Bit Timer iy
0o ———> s
Lines Port 4
Serial 170 To 8
16-Bit Timer Address Lines
Vss
vce
-
LI XTALT
(-] i‘éﬁi 87 : 3 (28‘%)
T {extalz [0S > 180 )
Vce Standby —3» R/W > 105
RESET — \ceg01u4 1 > c
NMiI —»
IRQ1 —
8 8 8
Port 1 8 Yle 8
81/0 ) )’
16-Bit Timer
Port 2
51/0
SCl
Timer
\%
ss RAM PIA ACIA
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FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION

V?C
L—1XTALT > E
= -
T—EXTAL2 [&—NMI
Ve Standby — 3!
RESET—1\1co801u4 [——TRQT
MC6803U4
Port 1 Port 3
81/0 Lines “ 8 Lines
16-Bit Timer >R/W Multiplexed Data Address
Port 2 —a3 AS
51/0 Lines “ g
Ser_ual I./O Address Bus
16-Bit Timer T
V-ss
Vce
L—XTAL1
(] Port3 8 8 o Data Bus
T ——EXTAL2  |AS [Caton ] (007
Ve Standby — 3 Portd Add B
RESET: > MC6801U4 — > 1A:i;15)us
NMI=—} \1c6803U4 |R/W 16
TRQT—> >R /W
Port 1 E —3»F
80—
16-Bit Timer yd P e P
Port 2 8l 8 4 8 4
51/0 K d 4
SCI
Timer L
Vss
ROM RAM PIA

NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time.

FIGURE 13 — TYPICAL LATCH ARRANGEMENT

GND >
AS > l
< G OC
- D1 Q1
>
Port 3 > 7415373
Address/Data | »— (Typical)
»
-
D8 Q8

Address AQ-A7

Data DO-D7

it

3-101




MC6801U4, MC6803U4

PROGRAMMING THE MODE

The operating mode is determined at RESET by the levels
asserted on P22, P21, and P20. These levels are latched into
PC2, PC1, and PCO of the program control register on the
positive edge of RESET. The operating mode may be read
from the port 2 data register, as shown below, and program-
ming levels and timing must be met as shown in Figure 14. A
brief outline of the operating modes is shown in Table 3.

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0

[PC2 [ PCT ] PCO [ P24 [ P23 | P2 [ P21 | P20] $03

Circuitry to provide the programming levels is dependent
primarily on the normal system usage of the three pins. If
configured as outputs, the circuit shown in Figure 15 may be
used; otherwise, three-state buffers can be used to provide
isolation while programming the mode.

MEMORY MAPS

The MCB801U4/MC6803U4 can provide up to 64K byte
address space depending on the operating mode. A memory
map for each operating mode is shown in Figure 16. The first
32 locations of each map are reserved for the internal register
area, as shown in Table 4, with exceptions as indicated.

FIGURE 14 — MODE PROGRAMMING TIMING

Mode Inputs
(P20, P21, P22)

MODE PROGRAMMING (Refer to Figure 14)

See Figure 15
for Diode Arrangement
VMPDD

VMPL

T‘ Mode Latch
Level

(P20, P21, P22)

Characteristic Symbol | Min | Max | Unit

Mode Programming Input Voltage Low VMPL - 18 \
Mode Programming Input Voltage High VMpH | 40 — A
Mode Programming Diode Differential (If Diodes are Used) VmpDD | 0.6 - \
RESET Low Pulse Width PWRsTL| 3.0 — | E Cycles
Mode Programming Setup Time tMPS 2.0 — | E Cycles
Mode Programming Hold Time

RESET Rise Time=1 us tMPH 0 - ns

RESET Rise Time< 1 ps 100 | —

TABLE 3 — MODE SELECTION SUMMARY

P22 | P21 | P20 Interrupt Bus
Mode* | PC2 | PC1 | PCO | ROM |RAM | Vectors Mode Operating Mode
7 H H H | | | | Single Chip
6 H H L | | | Mux(2,3) Multiplexed/ Partial Decode
5 H L H | | | NMUX(2,3) | Non-Multiplexed/ Partial Decode
4 H L L[ -1T- — — Undefined(4)
3 L H H E [ E Mux(1, 8 Multiplexed/ RAM
2 L H L E [ E mux(1 Muitiplexed/ RAM
1 L L H | | E Mux(1.3) Multiplexed/ RAM and ROM
0 L L L | | E Mux (1) Multiplexed Test
LEGEND
I — Internal
E — External

MUX — Multiplexed
NMUX — Non-Multiplexed

L — Logic 0"
H — Logic “1”
NOTES:

1. Addresses associated with ports 3 and 4 are considered external in modes 0, 1, 2, and 3.

2. Addresses associated with port 3 are considered external in modes 6 and 6.

3. Port 4 default is user data input; address output is optional by writing to port 4 data direction register.
4. Mode 4 is a non-user mode and should not be used as an operating mode.

5. Mode 3 has the internal RAM and internal registers relocated at $D000-$DOFF.

* The MC6803U4 operates only in modes 2 and 3.
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FIGURE 15 — TYPICAL MODE PROGRAMMING CIRCUIT

Vee
>
R2 R1<€ R1 an MC6801U4
S MCB803U4
6]
RESET» " RESET
P20 P20 (PCO)
P21 0 P21 (PC1)
P22 P22 (PC2)
4 [ 3
NOTES: Mode
1. Mode 7 as shown Control
2. R2.C=Reset time constant Switches
3. R1=10 k (typical)
4. D=1N914, 1N4001 (typical)
5. Diode Vs should not exceed V\pppp min. D D D

FIGURE 16 — MC6801U4/MC6803U4 MEMORY MAPS (Sheet 1 of 4)

Multiplexed Test Mode

Mode

W: Internal Registers MC6801U4 0

NOTES:

1) Excludes the following addresses which may 4) This mode is the only mode which may be
be used externally: $04, $05, $06, $07, and used to examine the entire ROM using an ex-
$OF. ternal RESET vector.

2) The interrupt vectors are at $BFFO-$BFFF. 5) Modes 5-7 can be irreversibly entered from

3) There must be no overlapping of internal and mode 0 by writing to the PCO-PC2 bits of the
external memory spaces to avoid driving the port 2 data register.

data bus with more than one device.
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FIGURE 16 — MC6801U4/MC6803U4 MEMORY MAPS (Sheet 2 of 4)

MC6801U4
Mode

1

$0000(1) 7

$001F 4

$0040

$O0FF

$F000

SFFEF
$FFFO
SFFFF

NOTES:

not usable.
3

direction register.

Multiplexed/RAM & ROM

Internal Registers

External Memory Space

Internal RAM

External Memory Space

Internal ROM

External Interrupt Vectors

1) Excludes the following addresses which may
be used externally:
2) Internal ROM addresses $FFFO to $FFFF are

$05 and $07.

Address lines A8-A15 will not contain ad-
dresses until the data direction register for
port 4 has been written with 1s"" in the ap-
propriate bits. These address lines will assert
“1s" until made outputs by writing the data

MC6801U4
MC6803U4
Mode

2

Multiplexed/RAM

s000001) 7777

$001F

$0040

$O00FF

$FFFO
SFFFF

NOTE:

Internal Registers

External Memory Space

Internal RAM

External Memory Space

External Interrupt Vectors

1) Excludes the following addresses which may
be used externally: $04, $05, $06, $07, and

$OF.
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FIGURE 16 — MC6801U4/MC6803U4 MEMORY MAPS (Sheet 3 of 4)

MC6801U4
MC6803U4 3 mc;semu‘s 5
Mode - ode

Multiplexed/ RAM Non-Multiplexed/ Partial Decode
$0000( ") $0000!1)
Internal Registers
$001F
Unusable
$0040 7
External Memory Space / Internal RAM
$O00FF
$0100
External Memory Space
$O1FF
$DI
Internal Registers(1, 2)
$DO1F Unusable
External Memory Space
$D040!
/// Internal RAM(T) $FO00,
$DOFF 4

External Memory Space / Internal ROM
$FFFO % /

External Interrupt Vectors / / Internal Interrupt Vectors
$FFFF SFFFF
NOTES: NOTES:

1) Relocating the internal registers and the inter- 1) Excludes the following addresses which may
nal RAM to high memory allows the pro- not be used externally: $04, $06, and $0F (no
cessor to make use of direct addressing. 10S).

2) Excludes the following addresses which may 2) Address lines AO to A7 will not contain ad-
be used externally: $D004, $D005, $D006, dresses until the data direction register for
$D007, and $DOOF. port 4 has been written with “1s" in the ap-

propriate bits. These address lines will assert
"1s” until made outputs by writing the data
direction register.
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FIGURE 16 — MC6801U4/MC6803U4 MEMORY MAPS (Sheet 4 of 4)

MC6801U4 MC6801U4
Mode Mode

Multiplexed/Partial Decode Single Chip
0000(1 $0000 .
$ ) Internal Registers Internal Registers
$001F $O01F
External Memory Space Unusable
$0040 $0040
Internal RAM Internal RAM
$OOFF $OOFF

External.Memory Space Unusable
$F000 $F000
Internal ROM Internal ROM
I | Interrupt Vectors Internal Interrupt Vectors
SFFFF nterna up SEFFF
NOTES:

1) Excludes the following addresses which may
be used externally: $04, $06, $OF.

Address lines A8-A15 will not contain ad-
dresses until the data direction register for
port 4 has been written with “1s” in the ap-
propriate bits. These address lines will assert
18" until made outputs by writing the data
direction register.

2
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TABLE 4 — INTERNAL REGISTER AREA MC6801U4/MC6803U4 INTERRUPTS
The M6801 Family supports two types of interrupt re-
Address quests: maskable and non-maskable. A non-maskable inter-
Other rupt (NM) is always recognized and acted upon at the com-
Register Modes | Mode 3 pletion of the current instruction. Maskable interrupts are
Port 1 Data Direction Register* * * 0000 D000 controlled by the condition code register | bit and by in-
Port 2 Data Direction Register* * * 0001 D001 dividual enable bits. The | bit controls all maskable inter-
Port 1 Data Register 0002 D002 rupts. Of the maskable interrupts, there are two types: IRQ1
Port 2 Data Register 0003 | D003 and IRQ2. The programmable timer and serial communica-
Port 3 Data Direction Register® * * 0004* | DOO4* tions interface use an internal IRQ2 interrupt line, as shown
Port 4 Data Direction Register* * * 0005* * | DO0S* * in the block diagram. External devices and 1S3 use [RQ1. An
Port 3 Data Register 0006 | DOO6* TRQ1 interrupt is serviced before IRQZ if both are pending.
Port 4 Data Register 0007* * | DOO7* *
Timer Control and Status Register 0008 DOC8
Counter (High Byte) 0009 D009
Counter {Low Byte) 000A | DoOA __ NOTE
Output Compare Register (High Byte) 000B DOoOB After reset, an NMI will not be serviced until the first
Output Compare Register (Low Bytel 000C DOOC program load of the stack pointer. Any NMI generated
Input Capture Register (High Byte) 000D DOOD before this load will be remembered by the processor
Input Capture Register (Low Byte) 000E DOOE and serviced subsequent to the stack pointer load.
Port 3 Control and Status Register 000F* | DOOF*
Rate and Mode Control Register 0010 D010 -
Transmit/Receive Control and Status Register| 0011 DO11 All IRQ2 interrupts use hardware prioritized vectors. The
Receive Data Register 0012 D012 single SCl interrupt and three timer interrupts are serviced in
Transmit Data Register 0013 D013 a prioritized order and each is vectored to a separate loca-
RAM Control Register 0014 D014 tion. All interrupt vector locations are shown in Table 5. In
Counter Alternate Address (High Byte) 0015 D015 mode 0, reset and interrupt vectors are defined as $BFFO-
Counter Alternate Address (Low Byte) 0016 D016 $BFFF.
Timer Control Register 1 0017 D017 The interrupt flowchart is depicted in Figure 17 and is
Timer Control Register 2 0018 D018 common to every interrupt excluding reset. During interrupt
Timer Status Register 0019 D019 servicing, the program counter, index register, A ac-
Output Compare Register 2 (High Byte) 001A DO1A cumulator, B accumulator, and condition code register are
Qutput Compare Register 2 (Low Byte) 001B DO1B pushed to the stack. The | bit is set to inhibit maskable inter-
Output Compare Register 3 (High Byte) 001C DO1C rupts and a vector is fetched corresponding to the current
Output Compare Register 3 (Low Byte) 001D DO1D highest priority interrupt. The vector is transferred to the
input Capture Register 2 (High Byte) 001E DO1E program counter and instruction execution is resumed. Inter-
Input Capture Register 2 (Low Byte) 001F DO1F rupt and RESET timing are illustrated in Figures 18 and 19.

*External addresses in modes 0, 1, 2, 3, 5, and 6 cannot be
accessed in mode 5 (no 10S).
* * External Addresses in Modes 0, 2, and 3.
* % *1=0utput, 0= Input

TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS

Mode 0 Modes 1-3, 5-7
MSB LSB MsB LSB
BFFE | BFFF | FFFE | FFFF | RESET
BFFC BFFD FFFC FFFD | Non-Maskable Interrupt* *

BFFA BFFB FFFA FFFB | Software Interrupt
BFF8 BFF9 FFF8 FFFO | Maskable Interrupt Request 1
BFF6 BFF7 FFF6 FFF7 | Input Capture Flag*
BFF4 BFF5 FFF4 FFF5 [ Output Compare Flag*
BFF2 BFF3 FFF2 FFF3 [ Timer Overflow Flag*
BFFO BFF1 FFFO FFF1 | Serial Communications Interface*
*[RQZ interrupt
* *@ must be armed (by accessng stack pointer) before an
NMI is executed.
*%x Mode 4 interrupt vectors are undefined.

Interrupt* * *
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1-1TMP
1=
Disarm NMI

Vector ==PC

RESET|FFFEFFFF

Instruction

FIGURE 17 — INTERRUPT FLOWCHART

tack Machine
State
PC, X, A. B, CC

Condition Code Register

CITHTTINTZIV]C]

SCl=TIE-TDRE + RIE+(RDRF + ORFE)
| =ITMP ICI = ICF1+EICI) + (ICF2-EICI2)
1~ 0OCl = (OCF1#EOCIT) + (OCF20EOCI2) + (OCF3#EOCI3)
Vector =PC
Mode 0 Modes 1-3, 5-7|
NMI BFFC-BFFD FFFC-FFFD Non-Maskable Interrupt
SWI_| BFFA-BFFB | FFFA-FFFB Software Interrupt
[[RO1 | BFFB-BFFY | FFFBFFF9 | Maskable Interrupt Request 1
\CF BFF6-BFF7 |  FFF6.FFF7 input Capture Interrupt
OCF BFF4-BFF5 FFF4-FFFS Output Compare Interrupt
TOF | BFF2-BFF3 | FFF2-FFF3 Timer Overflow Interrupt
SCI_|_BFFO-BFF1 FFFO-FFF1 SCl Interrupt

YNE08ION ‘YNLOBION
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FIGURE 18 — INTERRUPT SEQUENCE

"4 #5

#2 ' #3

Cycle
Last Instruction #1
| Bit Set

address 8us X X X XX XXX X X X XXX

Op Code Op Code  SP(n) SP(n-1) SP(n-2) SP(n-3) SP(n-4) SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC

Addr Addr MSB Addr LSB Addr Address
Ra1
—>| |&—trcs
NMI or IRQ2 \
—)1 I(—lPCS
Internal
e Y X X X XXX XX X XXX
Op Code Op Code PCO-7 PC815 XO0-7 X815 ACCA ACCB CCR Irrelevant Vector  Vector First Inst. of
Data MSB LSB Interrupt Routine
Internal R/W \

FIGURE 19 — RESET TIMING

— 525V X ,
4
Vee 7& 75V ! tPCS
I tRC > i tPCS
N —
RESET r 0 08V a0V 0.8 VY
Internal .’

aderns. SERTTTTRRRTTRREIRT {TRRTRTIRRRTRRTRTRRRCRRRROT o X XXX XXX

FFFE | FFFE  FFFE  FFFE  FFFF  New PC FFFE FFFE

Y A IIIAARIIIARAAVER IRRRARTRATARRRRRR ARV | G
oo s STEVTLTITITNRNTY, TETERRRERTINRRRRRRRRRRRRGC, XX X X XX X XX

PC 815 PCO7 First
RNy Hot Valid

Instruction
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FUNCTIONAL PIN DESCRIPTIONS

Vcc AND Vss

Vce and Vss provide power to a large portion of the
MCU. The power supply should provide +5 volits (+5%) to
V¢ and Vg should be tied to ground. Total power dissipa-
tion (including V¢ standby) will not exceed Pp milliwatts.

Ve STANDBY

V¢ standby provides power to the standby portion ($40
through $5F in all modes except mode 3 which is $D040
through $DO05F) of the RAM and the STBY PWR and RAME
bits of the RAM control register. Voltage requirements de-
pend on whether the device is in a power-up or power-down
state. In the power-up state, the power supply should pro-
vide +5 volts (£5%) and must reach Vgpg volts before
RESET reaches 4.0 volts. During power down, V¢ standby
must remain above Vggg (minimum) to sustain the standby
RAM and STBY PWR bit. While in power-down operation,
the standby current will not exceed ISBB.

It is typical to power both V¢ and V¢ standby from the
same source during normal operation. A diode must be used
between them to prevent supplying power to V¢ during
power-down operation.

XTAL? AND EXTAL 2

These two input pins interface either a crystal or TTL-
compatible clock to the MCU internal clock generator.
Divide-by-four circuitry is included which allows use of the
inexpensive 3.58 MHz or 4.4336 MHz color burst TV crystals.
A 20 pF capacitor should be tied from each crystal pin to
ground to ensure reliable startup and operation. Alternative-
ly, EXTAL2 may be driven by an external TTL-compatible
clock at 4 fo with a duty cycle of 50% (+5%) with XTAL1
connected ground.

The internal oscillator is designed to interface with an AT-
cut quartz crystal resonator operated in parallel resonance
mode in the frequency range specified for fxTAL. The
crystal should be mounted as close as possible to the input
pins to minimize output distortion and startup stabilization
time. The MCU is compatible with most commercially
available crystals. Nominal crystal parameters are shown in
Figure 20.

RESET

This input is used to reset the internal state of the device
and provide an orderly startup procedure. During power up,
RESET must be held below 0.8 volts: (1) at least tRc after
V¢ reaches 4.75 volts in order to provide sufficient time for
the clock generator to stabilize, and (2) until V¢ standby
reaches 4.75 volts. RESET must be held low at least three E
cycles if asserted during power-up operation.

E (ENABLE)

This is an output clock used primarily for bus synchroniza-
tion. It is TTL compatible and is the slightly skewed divide-
by-four result of the device input clock frequency. It will
drive one Schottky TTL load and 90 pF, and all data given in
cycles is referenced to this clock unless otherwise noted.

NMi (NON-MASKABLE INTERRUPT)

An NMI negative edge requests an MCU interrupt se-
quence, but the current instruction will be completed before
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it responds to the request. The MCU will then begin an inter-
rupt sequence. Finally, a vector is fetched from $FFFC and
$FFFD ($BFFC and $BFFD in mode 0), transferred to the
program counter, and instruction execution is resumed. NMI
typically requires a 3.3 k@ (nominal) resistor to Vcc. There is
no internal NMI pullup resistor. NMT must be held low for at
least one E cycle to be recognized under all conditions.

NOTE

After reset, an NMI will not be serviced until the first
program load of the stack pointer. Any NMI generated
before this load will remain pending by the processor.

TRQ1 (MASKABLE INTERRUPT REQUEST 1)

TRQ1 is a level-sensitive input which can be used to re-
quest an interrupt sequence. The MPU will complete the cur-
rent instruction before it responds to the request. If the inter-
rupt mask bit (I bit) in the condition code register is clear, the
MCU will begin an interrupt sequence. A vector is fetched
from $FFF8 and $FFF9 ($BFF8 and $BFF9 in mode 0), trans-
ferred to the program counter, and instruction execution is
resumed.

IRQ1 typically requires an external 3.3 kQ (nominal)
resistor to V¢ ¢ for wire-OR applications. IRQ1 has no inter-
nal pullup resistor.

SC1 AND SC2 (STROBE CONTROL 1 AND 2)

The function of SC1 and SC2 depends on the operating
mode. SC1 is configured as an output in all modes except
single-chip mode, whereas SC2 is always an output. SC1
and SC2 can drive one Schottky load and 90 pF.

SC1 AND SC2 IN SINGLE-CHIP MODE — In single-chip
mode, SC1 and SC2 are configured as an input and output,
respectively, and both function as port 3 control lines. SC1
functions as 1S3 and can be used to indicate that port 3 input
data is ready or output data has been accepted. Three op-
tions associated with 1S3 are controlled by the port 3 control
and status register and are discussed in the port 3 descrip-
tion; refer to P30-P37 (PORT 3). If unused, IS3 can remain
unconnected.

SC2 is configured as OS3 and can be used to strobe out-
put data or acknowledge input data. It is controlled by out-
put strobe select (OSS) in the port 3 control and status
register. The strobe is generated by a read (0SS =0) or write
(0SS'=1) to the port 3 data register. 0S3 timing is shown in
Figure 3.

SC1 AND SC2 IN EXPANDED NON-MULTIPLEXED
MODE — In the expanded non-multiplexed mode, both SC1
and SC2 are configured as outputs. SC1 functions as in-
put/output select (I0S) and is asserted only when $0100
through $01FF is sensed on the internal address bus.

SC2 is configured as read/write and is used to control the
direction of data bus transfers. An MPU read is enabled
when read/write and E are high.

SC1 AND SC2 IN EXPANDED MULTIPLEXED MODE —
In the expanded multiplexed modes, both SC1 and SC2 are
configured as outputs. SC1 functions as address strobe and
can be used to demultiplex the eight least significant ad-
dresses and the data bus. A latch controlled by address
strobe captures the lower address on the negative edge, as
shown in Figure 13.



MC6801U4, MC6803U4

FIGURE 20 — MC6801U4/MC6803U4 FAMILY OSCILLATOR CHARACTERISTICS

(a) Nominal Recommended Crystal Parameters

Nominal Crystal Parameters¥

3.58 MHz 4.00 MHz 5.0 MHz
RS 60 Q 50 Q 30-50 @
Co 3.5 pF 6.5 pF 4-6 pF
c1 0.015 pF 0.025 pF 0.01-0.02 pF
Q >40 K >30 K >20K

*NOTE: These are representative AT-cut crystal parameters only. Crystals of other
types of cut may also be used

MC6801U4

0

L cL 2 —9 ——3

T T y

= - i\

C =20 pF (typical)

Equivalent Circuit

OTE
TTL-compatible oscillators may be
obtained from:

Motorola Component Products

Attn: Crystal Clock Oscillators
2553 N. Edgington St

Franklin Park, IL 60131

Tel: 312-451-1000

Telex: 433-0067

(b) Oscillator Stabilization Time (tRc)

Vee ;rus v

“
™

€&—————1RC
Oscillator
Stabilization
Time, tRc
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SC2 is configured as read/write and is used to control the
direction of data bus transfers. An MPU read is enabled
when read/write and E are high.

P10-P17 (PORT 1)

Port 1 is a mode independent 8-bit 1/0 and timer port.
Each line can be configured as either an input or output as
defined by the port 1 data direction register. Port 1 bits 0, 1,
and 2 (P10, P11, and P12) can also be used to exercise one
input edge function and two output compare functions of
the timer. The TTL compatible three-state buffers can drive
one Schottky TTL load and 30 pF, Darlington transistors, or
CMOS devices using external pullup resistors. It is con-
figured as a data input port during RESET. Unused pins can
remain unconnected.

P20-P24 (PORT 2)

Port 2 is a mode-independent, 5-bit, multipurpose 1/0
port. The voltage levels present on P20, P21, and P22 on the
rising edge of RESET determine the operating mode of the
MCU. The entire port is then configured as a data input port.
The port 2 lines can be selectively configured as data output
lines by setting the appropriate bits in the port 2 data direc-
tion register. The port 2 data register is used to move data
through the port. However, if P21 is configured as an out-
put, it is tied to the timer output compare 1 function and can-
not be used to provide output from the port 2 data register
unless output enable 1 (OE1) is cleared in timer control
register 1.

Port 2 can also be used to provide an interface for the
serial communications interface and the timer input edge
function. These configurations are described in SERIAL
COMMUNICATIONS INTERFACE and PROGRAMMABLE
TIMER.

The port 2 three-state TTL-compatible output buffers are
capable of driving one Schottky TTL load and 30 pF, or
CMOS devices using external pullup resistors.

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0
[pca Tpct [ pco [ paa [ P23 [ P22 [ P21 [ P20 | 303

P30-P37 (PORT 3)

Port 3 can be configured as an 1/0O port, a bidirectional
8-bit data bus, or a multiplexed address/data bus depending
on the operating mode. The TTL compatible three-state out-
put buffers can drive one Schottky TTL load and 90 pF.
Unused lines can remain unconnected.

PORT 3 IN SINGLE-CHIP MODE — Port 3 is an 8-bit 1/0
port in the single-chip mode with each line:configured by the
port 3 data direction register. There are also two lines, 1S3
and 0S3, which can be used to control port 3 data transfers.

Three port 3 options are controlled by the port 3 control
and status register and are available only in single-chip
mode: 1) port 3 input data can be latched using 1S3 as a con-
trol signal, 2) OS3 can be generated by either an MPU read
or write to the port 3 data register, and 3) an IRQ1 interrupt
can be enabled by an 1S3 negative edge. Port 3 latch timing
is shown in Figure 4.

PORT 3 CONTROL AND STATUS REGISTER

7 6 5 4 3 2 1 0
183 | 183 Latch
Flag | IRQ1 X 0ss Enable X X X $OF

Bits 0-2 Not used.

Bit 3 Latch Enable — This bit cctrols the input latch for
port 3. If set, input data is latched by an IS3
negative edge. The latch is transparent after a read
of the port 3 data register. Latch enable is cleared
during reset.

Bit 4 0SS (Output Strobe Select) — This bit determines
whether OS3 will be generated by a read or write of
the port 3 data register. When clear, the strobe is
generated by a read; when set, it is generated by a
write. OSS is cleared during reset.

Bit 5 Not used.

Bit6 1S3 IRQ1 Enable — When set, an TRQ1 interrupt
will be enabled whenever the 1S3 flag is set; when
clear, the interrupt is inhibited. This bit is cleared
during reset.

Bit 7 1S3 Flag — This read-only status bit is set by an 1S3
negative edge. It is cleared by a read of the port 3
data register or during reset.

PORT 3 IN EXPANDED NON-MULTIPLEXED MODE —
Port 3 is configured as a bidirectional data bus (D7-DO) in the
expanded non-multiplexed mode. The direction of data
transfers is controlled by read/write (SC2). Data is clocked
by E (enable).

PORT 3 IN EXPANDED MULTIPLEXED MODE — Port 3is
configured as a time multiplexed address (A7-AQ) and data
bus (D7-D0) in the expanded multiplexed mode where ad-
dress strobe (AS) can be used to demultiplex the two buses.
Port 3 is held in a high-impedance state between valid ad-
dress and data to prevent bus conflicts.

P40-P47 (PORT 4)

Port 4 is configured as an 8-bit 1/0 port, as address out-
puts, or as data inputs depending on the operating mode.
Port 4 can drive one Schottky TTL load and 90 pF, and is the
only port with internal pullup resistors. Unused lines can re-
main unconnected.

PORT 4 IN SINGLE-CHIP MODE — In single-chip mode,
port 4 functions as an 8-bit 1/O port with each line con-
figured by the port 4 data direction register. Internal pullup
resistors allow the port to directly interface with CMOS at
5-volt levels. External pullup resistors to more than 5 volts,
however, cannot be used.

PORT 4 IN EXPANDED NON-MULTIPLEXED MODE —
Port 4 is configured from reset as an 8-bit input port where
the port 4 data direction register can be written to provide
any or all of eight address lines A0 to A7. Internal pullup
resistors pull the lines high until the port 4 data direction
register is configured.
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PORT 4 IN EXPANDED MULTIPLEXED MODE — In all ex-
panded multiplexed modes except modes 1 and 6, port 4
functions as half of the address bus and provides A8 to A15.
In modes 1 and 6, the port is configured from reset as an
8-bit parallel input port where the port 4 data direction
register can be written to provide any or all of upper address
lines A8 to A15. Internal pullup resistors pull the lines high
until the port 4 data direction register is configured where bit
0 controls A8.

RESIDENT MEMORY

The MC6801U4 provides 4096 bytes of on-chip ROM and
192 bytes of on-chip RAM.

Thirty-two bytes of the RAM are powered through the
V¢ standby pin and are maintainable during Vcc power
down. This standby portion of the RAM consists of 32 bytes
located from $40 through $5F in all modes except mode 3
which is $D040 through $DO5F.

Power must be supplied to Vcc standby if the internal
RAM is to be used regardless of whether standby power
operation is anticipated.

The RAM is controlled by the RAM control register.

RAM CONTROL REGISTER ($14)

The RAM control register includes two bits which can be
used to control RAM accesses and determine the adequacy
of the standby power source during power-down operation.
It is intended that RAME be cleared and STBY PWR be set
as part of a power-down procedure.

RAM CONTROL REGISTER
7 6 5 4 3

2 1 0
ISTBY
PWRRAME,XleXIX‘XLXJSM
Bits 0-6 Not used.

Bit 6 RAM Enable — This read/write bit can be used to
remove the entire RAM from the internal memory
map. RAME is set (enabled) during reset provided
standby power is available on the positive edge of
RESET. If RAME is clear, any access to a RAM ad-
dressis external. If RAME is set, the RAM is includ-
ed in the internal map.

Bit 7 Standby Power — This bit is a read/write status bit
which when cleared indicates that Vcc standby
has decreased sufficiently below Vsgg (minimum)
to make data in the standby RAM suspect. It can
be set only by software and is not affected during
reset.

PROGRAMMABLE TIMER

The programmable timer can be used to perform
measurements on two separate input waveforms while in-
dependently generating three output waveforms. Pulse
widths can vary from several microseconds to many
seconds. A block diagram of the timer is shown in Figure 21.

COUNTER ($09:0A), ($15, $16)
The key timer element is a 16-bit free-running counter
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which is incremented by E (enable). It is cleared during reset
and is read-only with one exception: in mode 0 a write to the
counter ($09) will configure it to $FFF8. This feature, intend-
ed for testing, can disturb serial operations because the
counter provides the SCI internal bit rate clock. The TOF is
set whenever the counter contains all ones. If ETOl is set, an
interrupt will occur when the TOF is set. The counter may
also be read as $15 and $16 to avoid inadvertently clearing
the TOF.

OUTPUT COMPARE REGISTERS ($0B:0C), ($1A:1B),
($1C:1D)

The three output compare registers are 16-bit read/write
registers, each used to control an output waveform or pro-
vide an arbitrary time-out flag. They are compared with the
free-running counter during the negative half of each E cy-
cle. When a match occurs, the corresponding output com-
pare flag (OCF) is set and the corresponding output level
(OLVL) is clocked to an output level register. If both the cor-
responding output enable bit and data direction register bit
are set, the value represented in the output level register will
appear on the corresponding port pin. The appropriate OLVL
bit can then be changed for the next compare.

The function is inhibited for one cycle after a write to its
high byte ($0B, $1A, or $1C) to ensure a valid compare after
a double byte write. Writes can be made to either byte of the
output compare register without affecting the other byte.
The OLVL value will be clocked out independently of
whether the OCF had previously been cleared. The output
compare registers are set to $FFFF during reset.

INPUT CAPTURE REGISTERS ($0D:0E), ($1E:1F)

The two input capture registers are 16-bit read-only
registers used to store the free-running counter when a
“proper” input transition occurs as defined by the cor-
responding input edge bit (IEDG1 or IEDG2). The input pin’s
data direction register should be configured as an input, but
the edge detect circuit always senses P10 and P20 even
when configured as an output. The counter value will be
latched into the input capture registers on the second
negative edge of the E clock following the transition.

An input capture can -occur independently of ICF; the
register always contains the most current value. Counter
transfer is inhibited, however, between accesses of a double
byte MPU read. The input pulse width must be at least two E
cycles to ensure an input capture under all conditions.

TIMER CONTROL AND STATUS REGISTERS

Four registers are used to provide the MC6801U4/
MC6803U4 with control and status information about the
three output compare functions, the timer overflow func-
tion, and the two input edge functions of the timer. They
are:

Timer Control and Status Register (TCSR)

Timer Control Register 1 (TCR1)

Timer Control Register 2 (TCR2)

Timer Status Register (TSR)
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FIGURE 21 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER
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TIMER CONTROL AND STATUS REGISTER (TCSR)
($08) — The timer control and status register is an 8-bit
register of which all bits are readable, while only bits 0-4 can
be written. All the bits in this register are also accessible
through the two timer control registers and the timer status
register. The three most significant bits provide the timer
status and indicate if:

1. a proper level transition has been detected at P20,

2. a match has occurred between the free-running

counter and output compare register 1, or

3. the free-running counter has overflowed.

Each of the three events can generate an IRQ2 interrupt
and is controlled by an individual enable bit in the TCSR.
TIMER CONTROL AND STATUS REGISTER
7 6 5 4 3 2 1 0
[ick1 [ocr1 | ToF [ eicn [eocn [etor [iepe1 Jovii] sos

Bit 0 Output Level 1 — OLVL1 is clocked to output level
register 1 by a successful output compare and will
appear at P21 if bit 1 of the port 2 data direction
register is set and the OE1 control bit in timer con-
trol register 1 is set. OLVL1 and output level
register 1 are cleared during reset. Refer to TIMER
CONTROL REGISTER 1 (TCR1) ($17).

Bit 1 Input Edge 1 — |EDGH1 is cleared during reset and
controls which level transition on P20 will trigger a
counter transfer to input capture register 1:
IEDG1=0 transfer on a negative-edge
IEDG1=1 transfer on a positive-edge
Refer to TIMER CONTROL REGISTER 1 (TCR1)
($17).

Bit 2 Enable Timer Overflow Interrupt — When set, an
IRQ2 interrupt will be generated when the timer
overflow flag is set; when clear, the interrupt is in-
hibited. ETOI is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 (TCR2) ($18).

Bit 3 Enable Output Compare Interrupt 1 — When set,
an IRQ2 interrupt will be generated when output
compare flag 1 is set; when clear, the interrupt is in-
hibited. EOCI1 is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 (TCR2) ($18).

Bit 4 Enable Input Capture Interrupt 1 — When set, an
TRQZ interrupt will be generated when input cap-
ture flag 1 is set; when clear, the interrupt is in-
hibited. EICI1 is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 (TCR2) ($18).

Bit5 Timer Overflow Flag — The TOF is set when the
counter contains all ones ($FFFF). It is cleared by
reading the TCSR or the TSR (with TOF set) and
the counter high byte ($09), or during reset. Refer
to TIMER STATUS REGISTER (TSR) ($19).

Bit 6 Output Compare Flag 1 — OCF1 is set when output
compare register 1 matches the free-running
counter. OCF1 is cleared by reading the TCSR or
the TSR (with OCF1 set) and then writing to output
compare register 1 ($0B or $0C), or during reset.
Refer to TIMER STATUS REGISTER (TSR) ($19).

Bit 7 Input Capture Flag — ICF1 is set to indicate that a
proper level transition has occurred; it is cleared by
reading the TCSR or the TSR (with ICF1 set) and
the input capture register 1 high byte ($0D), or dur-
ing reset. Refer to TIMER STATUS REGISTER
(TSR) ($19).

TIMER CONTROL REGISTER 1 (TCR1) ($17) — Timer
control register 1 is an 8-bit read/write register which con-
tains the control bits for interfacing the output compare and
input capture registers to the corresponding /0 pins.

TIMER CONTROL REGISTER 1
7 6 5 4 3 2 10
[oes T oe2 | oe1 Jiepcz]iepcioLvisfoLvizjowviy| $17

Bit 0 Output Level 1 — OLVL1 is clocked to output level
register 1 by a successful output compare and will
appear at P21 if bit 1 of the port 2 data direction
register is set and the OE1 control bit is set. OLVL1
and output level register 1 are cleared during reset.
Refer to TIMER CONTROL AND STATUS
REGISTER (TCSR) ($08).

Bit 1 Output Level 2 — OLVL2 is clocked to output level
register 2 by a successful output compare and will
appear at P11 if bit 1 of port 1 data direction register
is set and the OE2 control bitis set. OLVL2 and out-
put level register 2 are cleared during reset.

Bit 2 Output Level 3 — OLVL3 is clocked to output level
register 3 by a successful output compare and will
appear at P12 if bit 2 of port 1 data direction register
is set and the OE3 control bitis set. OLVL3 and out-
put level register 3 are cleared during reset.

Bit 3 Input Edge 1 — IEDG1 is cleared during reset and
controls which level transition on P20 will trigger a
counter transfer to input capture register 1.
IEDG1=0 transfer on a negative-edge
IEDG1=1 transfer on a positive-edge
Refer to TIMER CONTROL AND STATUS
REGISTER (TCSR) ($08).

Bit 4 Input Edge 2 — IEDG2 is cleared during reset and
controls which level transition on P10 will trigger a
counter transfer to input capture register 2.
IEDG2=0 transfer on a negative-edge
IEDG2=1 transfer on a positive-edge

Bit b Output Enable 1 — OE1 is set during reset and
enables the contents of output level register 1 to be
connected to P21 when bit 1 of port 2 data direc-
tion register is set.

OE1=0 port 2 bit 1 data register output
OE1=1 output level register 1

Bit 6 Output Enable 2 — OE2 is cleared during reset and
enables the contents of output level register 2 to be
connected to P11 when bit 1 of port 1 data direc-
tion register is set.

OE2=0 port 1 bit 1 data register output
OE2=1 output level register 2
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Bit 7 Output Enable 3 — OE3 is cleared during reset and
enables the contents of output level register 3 to be
connected to P12 when bit 2 of port 1 data direc-
tion register is set

OE3=0 port 1 bit 2 data register output
OE3=1 output level register 3

TIMER CONTROL REGISTER 2 (TCR2) ($18) — Timer
control register 2 is an 8-bit read/write register (except bits 0
and 1) which enable the interrupts associated with the free-
running counter, the output compare registers, and the input
capture registers. In test mode 0, two more bits (clock and
test) are available for checking the timer.

TIMER CONTROL REGISTER 2
(Non-Test Modes)

7 6 5 4 3 2 1 0
[eici2 [ eicn [ eoci]eociz[eocn Jeror T1 ] 1] w8

Bits 0-1 Read-Only Bits — When read, these bits return a
value of 1. Refer to TIMER CONTROL REGISTER 2
(Test Mode).

Bit 2 Enable Timer Overflow Interrupt — When set, an
IRQ2 interrupt will be generated when the timer
overflow flag is set; when clear, the interrupt is in-
hibited. ETOIl is cleared during reset. Refer to
TIMER CONTROL AND STATUS REGISTER
(TCSR) ($08).

Bit 3 Enable Output Compare Interrupt 1 — When set,
an IRQ2 interrupt will be generated when the out-
put compare flag 1 is set; when clear, the interrupt
is inhibited. EOCI1 is cleared during reset. Refer to
TIMER CONTROL AND STATUS REGISTER
(TCSR) (508).

Bit 4 Enable Output Compare Interrupt 2 — When set,
an IRQ2 interrupt will be generated when the out-
put compare flag 2 is set; when clear, the interrupt
is inhibited. EOCI2 is cleared during reset.

Bit 5 Enable Output Compare Interrupt 3 — When set,
an TRQ2 interrupt will be generated when the out-
put compare flag 3 is set; when clear, the interrupt
is inhibited. EOCI3 is cleared during reset.

Bit6 Enable Input Capture Interrupt 1 — When set, an
IRQ2 interrupt will be generated when the input
capture flag 1 is set; when clear, the interrupt is in-
hibited. EICI1 is cleared during reset. Refer to
TIMER CONTROL AND STATUS REGISTER
(TCSR) ($08).

Bit 7 Enable Input Capture Interrupt 2 — When set, an
IRQ2 interrupt will be generated when the input
capture flag 2 is set; when clear, the interrupt is in-
hibited. EICI2 is cleared during reset.

The timer test bits (test and clock) allow the free-running
counter to be tested as two separate 8-bit counters to speed
testing.

TIMER CONTROL REGISTER 2
(Test Mode)

7 6 5 4 3 2 1 0
[eici2 | eien [ eocis] eociz] eocn [ eton T Test]crock] s18

Bit 0 CLOCK — The CLOCK control bit selects which
half of the 16-bit free-running counter (MSB or
LSB) shouid be clocked with E. The CLOCK bitis a
read/write bit only in mode O and is set during
reset.

CLOCK =0 — Only the eight most significant bits
of the free-running counter run with TEST=0.
CLOCK =1 — Only the eight least significant bits
of the free-running counter run when

TEST=0.

Bit 1 TEST — the TEST control bit enables the timer test
mode. TEST is a read/write bit in mode 0 and is set
during reset.

TEST=0 — Timer test mode enabled:

a) The timer LSB latch is transparent which
allows the LSB to be read independently
of the MSB.

b) Either the MSB or the LSB of the timer is
clocked by E, as defined by the CLOCK
bit.

TEST=1 — Timer test mode disabled.

Bits 2-7 See TIMER CONTROL REGISTER 2 (Non-Test
Modes). (These bits function the same as in the
non-test modes.)

TIMER STATUS REGISTER (TSR) ($19) — The timer
status register is an 8-bit read-only register which contains
the flags associated with the free-running counter, the out-
put compare registers, and the input capture registers.

TIMER STATUS REGISTER

7 6 5 4 3 2 1 0
[icr2 [ ick1 JocesJocrz2ocri]tor [ 1 [ 1 | s19

Bits 0-1 Not used.

Bit 2 Timer Overflow Flag — The TOF is set when the
counter contains all ones ($FFFF). It is cleared by
reading the TSR or the TCSR (with TOF set) and
then the counter high byte ($