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INTRODUCTION

This is a book which is still in transition.

As the second volume in a two-volume set, the purpose of this book is to describe
some real products. which implement the general concepts covered in Volume |.

The prohblem is that we could describe some real products in many ways — and at
many levels.

Since writing the first edition of "’An Introduction To Microcomputers’’, we have
come to the conclusion that what is really needed is a comprehensive and detailed
description of all microcomputer LSl devices. These descriptions must stand
alone; the reader must not be referred to vendor literature for.any additional infor-
mation. But meeting this goal is a very substantial undertaking. In the end, we will
produce a universal LSI microcomputer device reference handbook. Rather than
wait the year or two it would take to generate the desired end product, we have
elected to achieve our goal one step at a time.

This book represents Step 2 towards our ultimate goal. Step 2 is not as big as it
should have been, but the first edition of Volume Il sold more rapidly than antici-
pated, allowing little time for production of this new book.

In this book devices of the 8080A, 8085, 8048, MC6800, 280, 9440, MCS6500,
PACE and SC/MP microcomputers are described in approximately the detail we
believe to be necessary. Other devices are described at a more superficial level,
and refer you to vendor literature for complete information.

These are the additions that have been made to this revision of Volume Il:

1) New chapters have been added describing the 8085 and the 8048 products. The
8085 is Intel's B0B0A enhancement, while the 8048 is Intets new one-chip
microcomputer. These products are described completely.

2) A brief discussion of the new Hewlett Packard MC2 microprocessor is given. This
microprocessor is unlikely to be sold as a chip in the foreseeable future — a fact
which is reflected in the level of the product description provided. '

3) Descriptions of the National Semiconductor PACE and SC/MP, plus the Fairchild
9440, have been expanded to provide what we believe is total, stand alone docu-
mentation.

4) The 8080A coverage has been expanded to clearly identify incompatibilities in sec-
ond source products. Two serial /0 devices manufactured by NEC have been ad-
ded.

5) Minor product enhancements have been identified for the F8 and MC6800 product
lines.

6) The new Z80 CTC and Z80 DMA devices are described in detail in the Z80 chapter.

7)  We have described how support devices of one microprocessor can be used with
anather microprocessor.
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Two products have been removed from the first revision of Volume II. The
EA9002 from Electronic Arrays has been withdrawn by the manufacturer. The
PPS-8 from Rockwell is now selling in such low volume that the product is being
manufactured by Rockwell only to fill a small number of existing orders. Chapters
describing the EA9002 and the PPS-8 have therefore been eliminated.

Note that this book does not include detailed programming descriptions for any
microcomputer. Instruction set summaries are given and that is all. Two additional
series of books are devoted strictly to programming. The first is a *‘Programming
For Logic Design” series aimed specifically at microprocessors being used in a
digital logic environment — where programming is a simple alternative for com-
binatorial logic. The second is a more traditional ‘‘Assembly Language Program-
ming’’ series that treats microcomputers like small general purpose computers —
and pays no special attention to digital logic applications. These three books are
currently available in the ‘‘Programming for Logic Design’’ series:

1) 8080 Programming For Logic Design
2) 6800 Programming For Logic Design
3) 280 Programming For Logic Design

Planned for release in 1977 are Cosmac and 8048 Programming For Logic Design
books.

In the traditional ’Assembly Language Programming’’ series, ‘“8080/8085 As-
sembly Language Programming’’ is currently available, while ‘6800 Assembly
Language Programming’’ and “Z80 Assembly Language Programming’’ are plan-
ned for release in 1977.

We continue. to request that you, the reader, send comments regarding what
should be included in future revisions of this book. In particular, we would ap-
preciate guidance from you as to whether Chapters 4, 5, 6, 7, 8 and 9 adequately
describe the subject matter — and if not, why not.

Regarding this book, some conventions need to be defined.

Signals may be active high, active low or active in two states. An active high sig-
nal is one which, in the high state, causes events to occur, while in the low state
has no significance. A signal that is active low causes events to occur when in the
low state, but has no significance in the high state. A signal that has two active
states will cause two different types of events to occur, depending upon whether
the signal is high or low; this signal has no inactive state. Within this book a signal
that is active low has a bar placed over the signal name. For example, WR iden-
tifies a ““write strobe’’ signal which is pulsed low when data is ready for external
logic to receive. A signal that is active high, or has two active states, has no bar
over the signal name.

Every microcomputer instruction set is described with two tables. One table iden-
tifies the operations which occur when the instruction set is executed, while the
second table defines object codes and instruction times.

Because of the wide differences that exist between one instruction set and
another, we have elected not to use a single set of codes and symbols to describe
the operations for all instructions, in all instruction sets. We believe any type of
universal convention is likely to confuse rather than clarify; therefore each in-
struction set table is preceded by a list of symbols as used within that table alone.

A short benchmark program is given to illustrate each instruction set. Some com-
ments regarding benchmark programs in general are, however, in order. We are
not attempting to highlight strengths or weaknesses of different devices, nor
does this book make any attempt at comparative analyses, since the criteria
which make one microcomputer better than another are simply too dependent on
the application.
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Consider an application which requires relatively high speed pro- | COMPARATIVE
cessing. The only important criterion will be program execution | ANALYSIS

speed, which may limit the choice to just one of the microcom-
puters we are describing

Execution speeds of all of the microcomputers may. on the other hand, be quite adequ-
ate for a second application; in this case, price may be the only overriding factor.

In a third application, a manufacturer may have already invested in a great deal of
engineering development expense, using one particular microcomputer that was
available in quantity earlier than any others; the advantages or disadvantages of using
a different microcomputer, based on minor cost of performance advantages, wilt likely
be overwhelmed by the extra expense and time delays involved with switching in mid-
stream.

In Chapter 21 we will look at a logical procedure for determining which is the right
microcomputer for a new application, taking into account the various factors that
could influence an as yet unmade decision.

And what about benchmark programs? BENCHMARK
PROGRAMS

The.e have been a number of benchmark programs in the
literature, purporting to show the strengths or weaknesses of
one microcomputer versus another; individual manufacturers have added to the
confusion by putting out their own competing benchmarks, aimed at showing
their product to be superior to an immediate rival.

Benchmark programs are misleading, irrelevant and worthless for these reasons:

1) In a majority of microcomputer applications, program execution speed, and
minor variations in program length, are simply overwhelmed by pricing con-
siderations.

2) Even assuming that for some specific application, program length and execu-
tion speed are important, trivial changes in the benchmark program definition
can profoundly alter the results that are obtained. This is one point we will
demonstrate in this book, while describing individual instruction sets.

3) Benchmark programs are invariably written by the smartest programmers in
an organization, and they take an enormous amount of time to ensure pro-
gramming accuracy and excellence. This is not the level at which any user
should anticipate “‘run of the mill'”” programmers working; indeed, a far more
realistic evaluation of a microcomputer’s instruction set could be generated
by giving an average programmer too little time in which to implement an in-
completely defined benchmark. This will more closely approximate the work-
ing conditions under which real products are developed. Of course, defining
the "‘average programmer’’, ‘‘too little time’’ and an “‘incomplete specifica-
tion”’ are all sufficiently subjective that they defy resolution.
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We will demonstrate the capriciousness of benchmark programs via the following
benchmark program:

Raw data has been input to a general purpose input buffer, beginning at IOBUF.
This raw data is to be moved to a permanent table, which may be partially filled:
the raw data is to be stored in the data table starting with the first unfilled byte.
The benchmark may be illustrated as follows:

I0BUF TABLE
Filled

HOW THIS BOOK HAS BEEN PRINTED

Notice that text in this book has been printed in boldface type and lightface type.
This has been done to help you skip those parts of the book that cover subject
matter with which you are familiar. You can be sure that lightface type only ex-
pands on information presented in the previous boldface type. Therefore, only read
boldface type until you reach a subject about which you want to know more, at which
point start reading the lightface type
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Chapter 1
4-BIT MICROPROCESSORS
AND
THE TMS1000 SERIES
MICROCOMPUTERS

The earliest microprocessors were all 4-bit devices; that is to say, data was operated on
in 4-bit units, frequently referred to as “nibbles”. Early microprocessors were 4-bit
devices simply because the concept of an LSI CPU was ambitious enough; start-
ing with an 8-bit CPU would have been foolhardy.

But LSl technology has advanced so rapidly that there is an inconsequential difference
between the cost of manufacturing an 8-bit CPU chip as against a 4-bit chip. Manufat-
turers attempted to maintain an artificial price differential between their 4-bit and 8-bit
CPUs in order to prolong the life of the 4-bit product; but the pressure of competition
has all but extinguished these price differentials — with the result that the 4-bit
microprocessor is a dying product. Price is the only advantage that 4-bit
microprocessors offer when compared to the more capable 8-bit microprocessor.

Early 4-bit microcomputers included such devices as the Intel 4004 and 4040 and the
National Semiconductor IMP-4. These early 4-bit microcomputers require package
counts that exceed typical 8-bit microcomputers that are now available: therefore the
economics of today dictate that the intel 4004, the Intel 4040 and the IMP-4 offer
less capability for more money. Only the most unusual application could be more eco-
nomically implemented using one of these three 4-bit microcomputers, rather than a
simple 8-bit device such as the F8, COSMAC, SC/MP, or one of the 28-pin MCS6500
series CPUs. We consider the intel 4004, the Intel 4040 and the IMP-4 to be ob-
solete devices; therefore they are not described.

Itis interesting to note that even though these three 4-bit microcomputers are obsolete,
they will continue to have a significant market for many years to come, based on pro-
ducts that were designed around them before they became obsolete. The fact that they
are obsolete simply means that were you to design a new product today, you would be
better off using one of the simple 8-bit microcomputers. That does not mean it would
be economical to redesign a product that already exists, simply to take advantage of
more recent microcomputer developments. The cost of re-engineering around a new
microcomputer will likely overwhelm any savings that may accrue.

The TMS1000 series microcomputer devices, manufactured by Texas Instru-
ments, are still economically very viable — even though they are 4-bit devices.
This is because the TMS1000 is a one-chip microcomputer. ROM RAM CPU and
1/0 logic are all provided within a single package. Only Fairchild offers an
equivalent, single chip 8-bit microcomputer; and it is only just becoming available
in limited quantities. The low cost associated with the single chip TMS1000
microcomputer package makes this the product of choice for a large number of
simple applications that can be accommodated within the logical confines of the
TMS1000.
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In reality, the TMS1000 is a family of six 4-bit microcomputers whose differences
are summarized in Table 1-1. The various microcomputers are sufficiently similar
for us to describe them together.

Table 1-1. TMS1000 Series Microcomputer Summary

™S TMS T™S ™S T™S TMS

1000 1200 | 1070 1270 | 1100 1300
Package Pin Count 28 40 28 40 28 40
ROM Program Bytes* 1024 1024 1024 1024 2048 2048
RAM Data Nibbles** 64 64 64 64 128 128
R Signal Outputs 1 13 " 13 1 16
O Data Outputs 8 8 8 10 8 8
Maximum Rated Voltage 20 20 35 35 20 20
Typical Power Dissipation- 16V/ 15V/ 15V/ 15V/ 16V/ 15V/

90mwW 90mwW 90mWwW 90mwW] 90mwW | 90mw

*A Byte is eight bits
**A Nibble is four bits

Figure 1-1 illustrates that part of our general microcomputer system logic which is
implemented by the TMS1000 series microcomputers. This figure is deceptive
since it would be hard to compare the primitive 1/0 capabilities of the TMS1000
with a device such as the 8255 Programmable Peripheral Interface device, which
is described in Chapter 4. Nevertheless, Figure 1-1 does indicate the logic which
is provided by a TMS1000 series microcomputer, albeit in a primitive form.

The fact that the TMS1000 series microcomputers are single chip devices has a
number of secondary, nonobvious implications. Most important of all, there are no such
things as support devices. The 1024 or 2048 bytes of ROM represent the exact amount of pro-
gram memory which will be present; there can be neither more nor less. Similarly, the 64 or 128
nibbles of RAM cannot be expanded Direct memory access logic is not present - and its pre-
sence would make very little sense anyway, with the small total ROM and RAM memory availa-
ble, there simply is not the opportunity to transfer blocks of data long enough to warrant bypass-
ing the CPU '

Interrupts, similarly. would be of marginal value to a TMS1000 microcomputer. Given the small
amount of program memory available and the very low cost of the package, it would be hard to
justify the complexities of interrupt logic, simply to have the microcomputer perform more than
one task

All devices of the TMS1000 microcomputer family are implemented using PMOS technology.
A single -15V power supply is required

The fastest clock frequency which can drive a TMS1000 series microcomputer has a 2.5 microse-
cond cycle time. All instructions execute in six clock cycles, or 15 microseconds, but beware of
making direct execution speed comparisons between the TMS1000 and the 8-bit microcom-
puters which are described next A TMS1000 program will usually be considerably longer than
the 8-bit microcomputer equivalent because the TMS1000 instruction set is more primitive; but
this is not always true It is possible for the TMS1000 instruction set to equal or surpass many 8-
bit microprocessors. in terms of instruction efficiency. for certain control applications

The manufacturer of the TMS1000 is

TEXAS INSTRUMENTS, INC
-P. 0. Box1443
Houston, Texas - 77001
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TMS1000 PROGRAMMABLE REGISTERS
TMS 1000 programmable registers may be illustrated as follows:

4-bit Accumulator

2- or 3-bit X register ;» 6- or 7-bit Data Counter

4-bit Y register

6-bit Program-Counter .
4-bit Page register 10- or 11-bit Program Counter

1-bit Chapter flag (optional)

6-bit Subroutine Return register

4-bit Page Buffer. register

1 dlme

Apart from being only four bits wide, the Accumulator is a typical primary Accumulator.
It is the principal source and destination for data that is being operated on

Taken together, the X and Y registers constitute a 6- or 7-bit Data Counter which ad-
dresses the 64 or 128 nibbles of RAM The X register is two or three bits wide and the Y register
is four bits wide. Since the X and Y registers are indeed separate and distinct registers, RAM is
effectively divided into four or eight pages, each of which is 16 nibbles long A four-page RAM
may be illustrated as follows

4-Bit
DATA
MEMORY
NIBBLES

Page 0

Page 1

Page 2

Page 3

N
]
T T\t et~ A —————



The Y register, in addition, serves as a secondary Accumulator and an output Ad-
dress register. We will describe its use as an output Address register shortly

Those TMS1000 series microcomputers that provide 128 nibbles of RAM have a 3-bit X register
RAM is then divided into eight 16-nibble pages

The Program Counter and Page Address register, taken together, constitute a 10-
‘bit Program Counter. They are, in reality, separate and distinct registers, with the result that
program memory is divided into sixteen 64-byte pages,

Those TMS1000 microcomputers that provide 2048 bytes of prograrﬁ memory
have an additional 1-bit flag, referred to as Chapter Logic, which is used to select
-one of two alternate 1024-byte ROM chapters.

The Subroutine Return register is simply a buffer for the | TMS1000
Program Counter register. Similarly, the Page Buffer | SUBROUTINES
register is a simple buffer for the Page Address register.
These two buffer registers allow the TMS1000 a single level of subroutine call logic. When .a
subroutine is called, the contents of the Page Address register and Page Buffer registers are
exchanged. the Program Counter register contents are moved to the Subroutine Return register,
and a new value provided by the subroutine call instruction is loaded into the Program Counter
This may be illustrated as follows

[ ] l l I l I [ ] Instruction object code

————— e ———

v /‘\ |
Program Counter [ l l I Subroutine Return register

Page Address register Page Buffer register

TMS1000 MEMORY ADDRESSING MODE

TMS1000 microcomputers have separate and distinct program and data memo-
ries. There are no instructions capable of writing into program memory and data memory cannot
contain instruction object codes

Data memory is accessed using implied addressing. The X and Y registers combine to
serve as a Data Counter; we have just described this use of the X and Y registers

Only subroutine Call instructions and Branch instructions address program memo-
ry. These instructions address program memory using variations of absolute,
paged direct addressing.

We have already illustrated the addressing logic of a subroutine Call

A Branch instruction loads the Program Counter from the “instruction, just as a Call instruction
does. If the Branch instruction occurs in a subroutine — that is, in the sequence between a
subroutine Call instruction and a subroutine Return instruction — the Page Address register will



not be affected. However, execution of a Branch instruction outside a subroutine will load the
Page Address register from the Page Buffer register. The two types of program branch may be il-
lustrated as follows

’

Ll l l I I l I1 Instruction object code

e A i

Program Counter

Page Address register m Page Buffer register

—————

Oniy if Branch occurs
outside a subroutine

TMS1000 STATUS FLAGS

The TMS1000 series microcomputers have a single status flag which combines to
serve as a Carry status and a simple logic decision status. Ail Branch and
subroutine Call instructions are conditional; the Branch or subroutine Call occurs only if
the status flag is 1.

The unique feature of the status flag as compared to most status logic is that its passive level is
high {1} If an instruction causes the status flag to be reset to 0, it will revert to 1
after a single instruction cycle:

Revert

CLOCK

STATUS

| Instruction | Instruction | Instruction

| 1 - 2 | 3

— e ——

Instructions that test the condition of the status flag must directly follow the instruction which
modifies the level of the status flag

TMS1000 INPUT AND OUTPUT LOGIC

The only data input to a TMS1000 series microcomputer occurs as 4-bit nibbles,
referred to in Texas Instruments literature as K inputs. Instructions that access the K in-
puts simply input whatever signal levels exist at the time of the access

TMS1000 series microcomputers output data referred to as O outputs, and control
signals referred to as R outputs.

There are eight data or O outputs; but they are created in an unusual way. O output logic
receives, as inputs, the contents of the Accumnulator, plus the status flag. These five data bits



create the eight O output signals according to a matrix which you must define when you order
the TMS10Q0 microcomputer. This may be illustrated as follows:

B
B ——
Accumulator J e} — e
Contents ) e O Output S—
Matrix
N > O Outputs
.
Status flag —mmmeip>] e 3
.

As the illustration above would imply, the five inputs select 32 of the possible 256 signal com-
binations which can be output via the eight O outputs.

The control R outputs are treated as 11, 13 or 16 single control signals. Refer to Table 1-1, which
identifies the number of R output signals available with each of the TMS 1000 series microcom-
puters. You can set or reset R output signals individually. The Y register is used to
identify the individual R signal which is being set or reset.

TMS 1000 SERIES MICROCOMPUTER PINS AND SIGNALS

Figures 1-2 through 1-7 illustrate the pins and signals of the TMS1000 series
microcomputers. Note that the TMS1000 and TMS1100 microcomputers have identical pins
and signals. Since signals are consistent for the entire family of microcomputers, they will be de-
scribed together

The four data inputs are provided by K1, K2, K4 and K8. We would name these signals
DIO, DI, DI2 and DI3 to be consistent with common microcomputer terminology; however, Texas
Instruments literature uses the signal names K1, K2, K4 and K8 to represent the binary level of
each signal.

R8 i 4 28 > R7
R <t 2 27 PP R6
R10 €— 3 26 p—>» R5
VDD ey 4 25 =P R4
K1 gt 5 24 j——3p R3
K2 cnnpd 6 23 R R2
i; —pd 7 TMS 1000 22 Ry R1
—3] 8 21 3 RO
INIT e 9 20 frem——— VS5
07 g 10 19 Jegg—— 0SC2
06 gdq 11 18 hegf—— OSC1
05 ey 12 17 o= 00
04 g—q 13 16 =3y O1
03 i 14 15 =3 02
Pin Name Description Type
K1, K2, K4, K8 Data input Input
00 - 07 Data output Output
RO - R10 Control output Qutput
0SC1, 0OSC2 Timing Input
INIT Power on reset Input
VDD, Vss Power and Ground

Figure 1-2. TMS1000 Microcomputer Signals And Pin Assignments
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Rg € 1 4 pP—» R7
R ®—— 2 39 % R6
R10 <¢—— 3 38 9= RS
R11 €—qp 4 37 r—-—-—)- R4
R12 i 5 36 P R3
Vpp g 6 35 e
[ Qe——. N SR
K2 3] 8 33
| CRpp— 32 B
K8 gl 10 31 ppn R2
INT g 11 TMS1200 30 Lo g1
07 —ag 12 29 peew» RO
] 13 28 fe Vss
—_— 1 27 jeg—— 0SC2
N 26 jag—- OsCI
06 -—q 16 25 3 00
05 w—iq 17 24 by O1
04 4 18 23— 02
03 €— 19 22 e
e 20 21 Jre—
Pin Name Description Type
K1, K2, K4, K8 Data input Input
00 -07 Data output, Output
RO - R12 Control output Qutput
0SC1, 0SC2 Timing Input
INIT Power on reset Input
VoD, Vss Power and Ground

Figure 1-3. TMS1200 Microcomputer Signals And Pin Assignments

A8 :: 1 28 % Rr7
R9 2 27— re
R10 €——1 3 26 p—» R5
vop =1 4 25 PP R4
K1 =Pt 5 24 P> R3
K2 e——3»f 6 23 p——P» R2
K8 eyl 7 22 f—3 R1
K8 ——3p] 8 T™MS1070 21 b—— vss
INIT ————pl 9 20 3 RO
07 g 10 19 p—— 0OSC2
06 <gf——rq 11 18 jg— oOsc1
05 —i 12 17— 00
04 €13 16 =3 01
03 -——q14 15 =P 02
Pin Name Description Type
K1, K2, K4, K8 Data input Input
00 - 07 Data output Output
RO - R10 Control output Output
0SC1, 0SC2 Timing Input
INIT Power on reset Input
VpD, VSS Power and Ground

Figure 1-4. TMS1070 Microcomputer Signals And Pin Assignments




Rg @y 40 Jrmmmnee
R9 e o 39 P> R7
R10 oy 3 38 fad RE
Rl €— 4 37 3 RS
: R12 md 5 36 |3 R4
VDD i & 3% 3 R3
K1 o] 7 34 b
K2 ———p] 8 L —
K4 s g 32 gr—
KB m—dl 10 ryigize 3 P
INIT o 11 30 jueegp- R2
B s B 29 P R1
e 13 28 vss
07 <— 14 27— RO
06 <—d 15 26 k= 05C2
05 gt 16 25 e 05C1
09 g 17 24 i 00
04 < 18 23— 01
03 g 19 2 P 02
08 <—— 9 21—
Pin Name Description Type
K1, K2, K4, K8 Data input Input
00 - 08 Data output Output
RO - R12 Control output Output
0SC1, 0sC2 Timing Input
INIT Power on reset Input
VpD. VSS Power and Ground

Figure 1-5. TMS1270 Microcomputer Signals And Pin Assignments

Rg - 1 28 PP Rr7
RO @€ 2 27 p—9 Re
R10 - 3 26 =P R5
Vpp ~——f 4 25 p—P R4
S = ] 24 pe—egp» R3
K2 ] 6 23 b R2
K4 —p] 7 TMS1100 22 fpm R1
K8 ! 8 21 feapy~ RO
INIT o~ 9 20 Fowemm  VSS
07 g 10 19 let—— OSC2
06 g 11 18 g OSC1
05 med 12 17 |pmep 00
04 -« 13 16 e 01
03 ¢y 14 15 Jomemgp 02
Pin Name Description Type
K1, K2, K4, K8 Data input Input
00 - 07 Data output Output
RO - R10 Control output Output
0SC1, 0sC2 Timing input
INIT Power on reset Input
VDD, VSS Power and Ground

Figure 1-6. TMS1100 Microcomputer Signals And Pin Assignments



R1] *—f 1 40 P nio
Ri2 i 2 39 PP g
R13 <€—q] 3 38 =P Rg
R14 i 4 37 pe—P g7
R15 et 5 36 j—3 R6
VD e 6 fcL: | N——
K1 e 7 34 femp RS
K2 emeeimi 8 33 P~ R4
K4 =3 g 32 p—P R3
K8 =31 10 [picia00 31 =P R2
INIT eyt 11 30 fp———3» R1
07 <g—q 12 29 p—3 RO
~—— 13 28 pr—— V35S
—— 14 27 & 0SC2
————— 15 26 p—— 0OSC1
06 <—q 16 25 fmmd 00
05 e 17 28 by 01
04 <—f 18 23— 02
03 % 19 22 Jreemee.
— 20 21 Jr——
Pin Name Description Type
K1, K2, K4, K8 Data input Input
00 - 07 Data output Qutput
RO - R15 Control output : Output
0sC1, 0sC2 Timing Input
INIT Power on reset Input
Vpp. Vss Power and Ground

Figure 1-7 TMS1300 Microcomputer Signals And Pin Assignments
The O outputs are provided by 00 - 07, or, in the case of the TMS1270, 00 - 09.

The R outputs occur at RO - R15, or some smaller number of R outputs, depending
on the microcomputer

OSC1 and OSC2 are timing inputs and outputs. A number of timing options are provided.
Al TMS1000 series microcomputers contain internal clock logic which you can access in con-
junction with an external RC circuit as follows

— V4
0sc1 Vvss
S| AN
0sc2 - AN VDD

You can also input an externally created clock signal at OSC1, in which case OSC2 must be con-
nected to ground (VSS). When you have more than one TMS1000 series microcomputer in a
configuration, it is a good idea to synchronize the many microcomputers by driving them with a
single clock signal

INIT is a power on reset signal. Following power on, INIT should be input high (VSS) for at
least six consecutive clock cycles. The Reset operation stores binary ones in the Page Address



register and the Page Buffer register. The O outputs, the R outputs and the Program Counter are
all zeroed Thus, the first instruction executed will have the hexadecimal address, 3C04¢

3

1111000000

Page Address register Program Counter

3 C 0

TMS1000 SERIES MICROCOMPUTER INSTRUCTION
EXECUTION

No microcomputer described in this book has simpler instruction execution timing than the
TMS1000 series  All instructions generate one byte of object code. There are no two or
three-byte object codes. Similarly, every instruction executes in a single machine cycle,
as timed by the system clock

TMS1000 SERIES MICROCOMPUTER INSTRUCTION SET

There are variations in the instruction sets of the different microcomputers in the TMS1000
series. However, the different instruction sets are similar enough for us to describe
them all in Table 1-2. As compared to similar tables for other microcomputers in this book,
Table 1-2 has an additional column which identifies the instructions which are available with each
of the TMS1000 series microcomputers

Within the confines of a single chip microcomputer, the instruction set defined in Table 1-2 is
both powerful and effective It would be easy to point out instruction set features which. from a
"programmer’s point of view. are undesirable, however. the TMS1000 series microcomputers are
more oriented to digital logic than other devices described in this book (with the possible excep-
tion of the single chip F8). The TMS1000 is not a product that gets programmed., rather its in-
struction set is a means of defining an optional portion of the ROM mask. Within this context, the
instruction set is very adequate Note that since you are dealing with a single chip
microcomputer, there is nothing to prevent you from redefining the Control Unit,
and thus creating your own instruction set.

THE BENCHMARK PROGRAM

The benchmark program we are using throughout this book in order to exercise the various
microcomputer instruction sets is essentially meaningless in any TMS 1000 application. Given 64,
or at most. 128 nibbles of RAM, the whole concept of moving data among tables is meaningless
We therefore simplify the problem and look upon IOBUF as external logic Instead of reading from
I0BUF. we will input K data We will assume that each block of K data is preceded by a nibble
- which defines the number of data nibbles to follow

IO
- N -/

n data nibbles
follow

Thus each block of data that is input must be fifteen nibbles, or less. in length

LDX TBHI LOAD TABLE PAGE ADDRESS
TKA INPUT FIRST K NIBBLE, IT EQUALS DATA NIBBLE TO
FOLLOW
TAY MOVE TO Y XY NOW ADDRESSES END OF TABLE
LOOP TKA INPUT NEXT DATA NIBBLE
TAM SAVE IN MEMORY
DYN DECREMENT Y

BR LOOP IF'Y NOT O, RETURN FOR NEXT NIBBLE



Symbols are used in Table 1-2 as follows:

Registers

Statuses

Inputs and

bb

B
DATA
LABEL
RILYD

X

[ xlmsB)
[Ix.y1l
[[X.YIB)
[1

—_—

A — Accumulator

X.Y — Data Counter. Y also serves as .an output address.

PC — Program Counter

PA — Page Address register

CF — Chapter Flag (one bit)

SR —— Subroutine Return register

PB — Page Buffer

ST — The Status Flag

C— The status flag reflects a Carry. That is, it is set if there is a Carry from the
most significant bit (MSB), and reset otherwise.

NE — The status flag reflects "not equal” That is, it is set if the compared bits are not
equal, and reset if they are equal

Outputs

K~ the four input lines

O — the five-bit Output register

R — the control outputs

Two bits in the object code which specify one of the four bits of a RAM location:

3 2 1t 0 - Bit No.

I I I I I*—RAM location

AAA

00

—m 10

e ()]

1

Operand which specifies one bit of a RAM location

2. 3, or 4 bits of immediate data

Destination of Branch instruction (8 bits of direct address in the object code)

The control output line specified by the contents of the Y register.

One bit of immediate data or direct address in the object code

The most significant bit of the X register

The contents of the RAM location addressed by the contents of the Data Counter
The specified bit of the RAM location addressed by the contents of the Data Counter
Contents of location enclosed within brackets If a register designation is enclosed
within the brackets, then the designated register's contents are specified. If K or R is
enclosed within the brackets, then the data at the inputs or control outputs is
specified

Data is transferred in the direction of the arrow

Data is exchanged between the two locations designated on either side of the arrow.

Where two object codes are given, the first is the code used in the TMS1000, TMS1200,

TMS1070.
TMS1300

and TMS1270. while the second is the object code used in the TMS1100 and

X in one of the rightmost two columns means the instruction is implemented on the designated
TMS1000 device
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DATA SHEETS

TMS 1000/1200 AND TMS 1100/1300 ELECTRICAL AND MECHANICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)*

Voltage applied to any device terminal (seeNote 1) . . . . . . . . . . . . . . . . . . . . =20V
Supplyvoltage, VPD - . . . . . . . . o v e 4 e e e e v e e o ... . . . —20Vt03V
Datainputvoltage . . . . . . . .+ .+ 4 . e v e e e e e e .. . . . . —20V1t003V
Clock input voltage . . . O AL AR X AT
Average output cyrrent (see Nute 2) Ooutputs . . .« . . .« . e e e e e —24 mA
Routputs . . . . . . . . « . « v « « « o o . . . =14mA

Peak outputcurrent: O outputs . . . . . . . . . . ¢ . v e e e e e e e e e . .. —4BmA
Routputs . . [ e e e e e e . ... .. —28mA

Continuous power dissipation: TMS 1000/1 100 NL O 10 [ )
TMS1200/1300NL. . . . . . . . . . . . .. 600 mW

Operating free-air temperature range . . . . S 0 Cto70°C
Storage temperature range . . . . . . e e e e e -55°C to 150°C

*Stresses beyond those listed under *‘Absolute Maximum F!atmgs” may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the ‘“Recommended Operating Conditions”
section of this specification is not implied. Exposure to absol d ians for periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vpp (see Note 3} —14 -15  ~175 \
" . K 1.3 -1 0.3
High-tevel input voltage, V1 {see Note 4} INTT or Clack 3 1 03 v
Low-level input voltage, V1|_ (see Note 4) K VoD -4 \
INIT or Clock Vpp —15 -8
Clock cycle time, te(g) 25 3 10 s
Instruction cycle time, tc 15 60 us
Pulse width, ciock high, tw(gH) , 1 “s
Pulse width, clock low, talsl ) 1 us
Sum of rise time and pulse width, clock high, t, + tw(aH) 125 HS
Sum of fall time and pulse width, clock low, tf + ty(s1) 1.25 ol
Qscillator frequency, fose 100 400 kHz
Operating free-air temperature, Tp ] 70 °c

NOTES: 1. Unless otherwisa noted, all voltages are with respect to Vgs.

2. These average vaiues apply for any 100.ms period.

3. Ripple must not exceed 0.2 volts peak-to-peak in the operating frequency range,

4. The algebraic ion whore the itive (1 ive) limit is desi as maximum is used in this specification for
fogic voltage Jevals only.

= ——— — — ViH(e)

ViLie)

I I

| l

Vop — — |— P !
— b e !

| e twion —»] e twiom :

tr

!‘ telo)

NOTE: Timing points are’80% (high) and 10% (low)

EXTERNALLY DRIVEN CLOCK INPUT WAVEFORM




ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED) -

PARAMETER . TEST CONDITIONS MIN_ TYPt MAX |UNIT
Iy Input current, K inputs Vi=ov 50 300 500 uA
v High-level output voltage | Ooutputs .| Ig=—10mA 1% “oet v -
OH  (see Note 1) [Rouputs | Tp=—2mA 675 —04
oL Low-level output current VoL = Vpp —100 | uA
Average supply current from Vpp
1 All outputs open . -6 -10 A
- Dblav) 75 1000/1200 fsee Note 2) pute op "
Average supply current from Vpp Al 7 1 A i
1 outputs open - - N
: 00! 11151100/1300 (see Note 2) puts e " 3
Average power dissipation .
P All outputs open 20 175 | mW
AV “rrs 1000/1200 (see Note 2 puts ope m
5 Average power dissipation
; P All outputs opel 105 193 [ mw
‘ (AV) 1M51100/1300 (see Note 2) puts open m
Tose internal oscillator frequency . Rt =B0 k2,  Cox-A47pF | 250 300 350 | kHz
[} ~ Small-signal input capacitance, K inputs Vi =0, T=1KkHz 10 oF
Cile) _ Input capacitance, clock input vI=0, =100 kHz 25 oF

TA(l typical values are at Vpp = —15 V, Tp = 25°C,
}Parts with Vo of —2 V minimum, —1.3 V typical, are available if requested.
NOTES: 1. The algebraic where the itive () ive) fimit is desi as i is used in this
specification. for logic voltage lavels only.
2, Values are given for the open-drain O and R output configurations. Pull-down resistars are optionally available on all
outputs and increase Ipp,

SCHEMATICS OF INPUTS AND OUTPUTS

TYPICAL OF ALL O AND R
TYPICAL OF ALL O AND R QUTPUTS WITH OPTIONAL
TYPICAL OF ALL K INPUTS OPEN-DRAIN OUTPUTS PULL-DOWN RESISTORS

Vss Vss

INPUT ,_? Ves ,.j
— j *’]r-b
7 .

fimsoke L—OOUTPUT —

Voo

-0 QUTPUT

Voo

The O outputs have nominally 60 §2 on-state impedance; however, upon request a 130-Q buffer can be mask program-
med,

The value of the pull-down resistors is mask alterable and provides the following nominal short-circuit output currents
{outputs shorted to Vsg):

O outputs: 100, 200, 300, 500, or 900 uA

R outputs: 100, 150, or 200 uA



INTERNAL OR EXTERNAL CLOCK

If *he internal oscillator is used, the OSC1 and OSC2 terminals are shorted together and tied to an external resistor to.
VDD and a capacitor to VssA If an external clock is desired, the clock source may be connected to OSC1 and OSC2
shorted to Vgg.

TYPICAL INTERNAL OSCILLATOR FREQUENCY
vs
EXTERNAL RESISTANCE

CONNECTION FOR INTERNAL OSCILLATOR 400 - Y [T ]
\ Vpp=~15V E
Ta=25'C 3
1,300 N\ .
E \ 3
- p
i N\ ]
gL \ \ \ ]
200
s O :
§ FCoxt= 100pF \47pF 7pF\|OpF \op \
\ ]
100 \
© 20 40 60 80 100 120 140 160 180 200
Ryxt — Extornal Resistance — kS
TYPICAL BUFFER CHARACTERISTICS
O OUTPUTS R OUTPUTS
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT -
vs vs
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
- Voo--15v B = [T - S
o e —H /7’ ‘{ Max-RaTED ) :D‘: ;5:: v T y ]
“ / v, l0(pesk) | / 25 A MAX-RATED |0 (peakl 43
< -40 ¢ < <
E I // ) €
El o f—— 4 A MAX-RATED 10(ay}
£ 8 of / g -2 A I, |
& a0 H S/ 3 R o
H - F «y s
2 == g —~15 | MOST NEGATIVE -)
° / ° VoH FOR K INPUT W2 [ I e e
T L, MAX-RATED . H COMPATIBILIT A=
i ( 10tav) 2 10 | sl [/ S
k4 A K / /‘V
I 1
z -10 z / V] |
= / ? 2 5fTve » -
1/ L MIN Vo AT ~10 mA {Least Positive) L
N Ll L1 R MIN Vi AT —2 mA (Least Positive)
] =) Z2 -3 py 5 o -1 -2 -3 -4 5
VoH - High-Level Output Voitege — V VoK ~ High-Lewel Qutput Vaitage — V.

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NQTED)*

Voltage applied to any device terminal (see Note!) . . . . . . . . . . . . . . . . . . ..-20V
Supply voltage, Vop - - - e e e e e e . . . . . . . =20Vto03V
Data input and output voltage wuth VDD apphed (see Note 2) © v e e . . . . . . .. .-35Vi003V B
Clock input and INIT input voltage . . C e e e e e w . v ... ... . =20V1003V
Average output current (see Note 3): O outputs e e e e e e e e e e e s s .. 25mA .=
Routputs . . . . . . . . . . . . . .. ... .. -12mA ;
Peak outputcurrent: Qoutputs . . . . . . . . . . . . . . . . . . . . ..... -5mA
Routputs . . e e e e ... 2amA ]
Continuous power dissipation: TMS 1070 NL N (4 { X1 1\ (4 R
TMST220NL. . . . . L L L oL 600 mW =
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . .. 0 C to 70°C !
Storage temperature range . . . . . . . . . . . . . . . . ~55°C to 150°C

“Stresses beyond those listed under “Absolute Maximum Ratings" may cause permanant damage to the device. This is a strass rating only and
functional operation of the device at these or any other conditions beyond those indi in the Operating C
ssction of this specification is not implied. Exposure to absol i for periods may affect device reliability.




RECOMMENDED OPERATING CONDITIONS

for logic voltage levels only,

PARAMETER MiN NOM MAX UNIT
Supply voltage, Vpp {see Note 4) ~14 —~15 175 \'4
High-level input voltage, V| (see Note 5) K =6 03 v
INIT or Clock -1.3 -1 0.3
: K (See Note 2} ~35 —8
Low-leve! input voltage, V|i_ (see Note 5} INIT or Ciock Vor T = v
[ Clock cycle time, tolg) 35 3 0 P
Instruction cycle time, t¢ 15 60 us
= Pulse width, clock high, ty(pH) 1 Hs
Pulse width, clock low, ty (gl } 1 Hs
Sum of rise time and pulse width, clock high, t; + tw(gH) 1.26 s
Sum of fall time and pulse width, clock low, tf + ty(pL) 1.25 us
Oscillator frequency, fose 100 400 kHz
Operating free-air temperature, TA 0 70 °c
NOTES: 1. Unless otherwise noted. all voltages are with respect to Vgg.
2. Vpp must be within the i specified in 5.4,
3. These average values apply for any 100-ms period,
4. Ripple must not exceed 0.2 volts peak-to-peak in the operating frequency range.
5. The aigebraic where the itive (I limitis as is used in this for
logic voltage lavels anly.
“ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)
PARAMETER TEST CONDITIONS MinN TYPt MAX UNIT
Iy Input current, K inputs 40 100 300 HA
Vo High-level output voltage [ o outputs —1 —05 v
(see Note 1} | Routputs 45 -2.25
oL Lowdevel output current VoL = Vpo 100 A
IDD(av) Average supply current from Vpp All utputs open 6 ~10 mA
P{av) Average power dissipation Al outputs open 90 175 mwW
fosc Internal oscillator frequency Rext =50 k2,  Cgyr =47 pF 250 300 350 kHz
C; Small-signal input capacitance, K inputs Vi=0V, f=1kHz 10 pF
Ci{p)  Input capacitance, clock input Vi=0V, =100 kHz 25 pF
tAlf typical values are at Vpp = —16 V, Tp = 25°C.
NOTE 1: The algebraic where the { ive) fimit is as is used in this spucification




Chapter 2
THE FAIRCHILD F8

The F8 has had a profound impact on the microcomputer industry. When it first ap-
peared, the F8 was dismissed as an off-beat product with a strange set of chips
and a ridiculous instruction set. The chip set was strange because logic was
organized with the goal of minimizing chip counts; in contrast, microprocessors
such as the 8080 and 6800 were designed with logic distributed functionally on
chips — one traditional CPU logic function per chip. The F8 instruction set is in-
deed strange, and in some cases quite limiting, but it reflects the simple chip
design of the F8 CPU.

. The vast majority of microprocessors are now going into consumer products. In
this market place the two-chip F8 system provided by a 3850 CPU and 8351 PSU
quickly came to dominate; any other microcomputer system requires 7 or more
chips to provide the same variety of logic functions as the two-chip F8 system.
The economics of consumer product volumes render the inefficiencies of the F8
instruction set inconsequential, with the result that in 1977 the F8 will be the
world’s leading microprocessor — in terms of CPU sales. The 8080A still has the
largest number of individual users.

In recognition of the F8 success story, Intel has created the 8048 — a one-chip
microcomputer described in Chapter 6 of this book.

F8 devices described in this chapter:

- The 3850 CPU THE FAIRCHILD

- The 3851 Programmable Storage Unit (PSU), which pro- | F8 DEVICE SET
vides Read-Only Memory, plus various additional logic
functions.

- The 3852 Dynamic Memory Interface (DMI), which primarily provides interface
logic for dynamic or static read-write memory.

- The 3853 Static Memory Interface (SMI), which primarily provides interface
logic for static read/write memory.

- The 3854 Direct Memory Access (DMA), which, in conjunction with the 3852
DMI, implements Direct Memory Access logic.

- The 3856 and 3857 16K Programmable Storage Units (PSU 16), which are varia-
tions of the 3851 PSU, but provide more Read-Only Memory.

We are also going to look at the 3859 and 3870 single chip microcomputers,
which are really an alternative to, rather than a member of the 3850 device set.

Figure 2-1 illustrates a 3850 CPU based F8 microcomputer system.
All devices of the F8 family require +5V and +12V power supplies.

Using a 500 ns clock, instruction cycle time is 2 usec. Instruction execution times range
from 1 to 6.5 instruction cycles, or 2 to 13 usec.

N-channel isoplanar MOS technology is used for the F8.



FAIRCHILD SEMICONDUCTOR
464 Ellis Street
Mountain View, California 94040

MOSTEK, INC
P.O. Box 169
Carrollton, Texas 75006

THE 3850 CPU

The principal manufacturer for the F8 is:

The second source is

Functions implemented on the 3850 CPU are illustrated in Figure 2-2.

These are the functions which one would expect to find on a CPU chip, and which
are on the 3850 CPU:

- The Arithmetic and Logic Unit
- The Control Unit and Instruction Register

- Logic needed to interface the System Bus with the control signals which are input and
output by the CPU.
- Accumutator register

There is no memory addressing logic, and there are no memory addressing -
registers on the 3850 CPU. Stack Pointer, Program Counter and Data Counter
registers are all maintained on memory chips, and memory interface chips.

With the Fairchild scheme, memory addressing logic will be duplicated if more
than one memory device is present in an F8 microcomputer system. We will dis-
cuss shortly how potential address contention problems are resolved under these
circumstances.

3851, 3856 or 3857 Program S(orag:}
Unit (PSU)

interrupt

Request

1/0 Port  1/0 Port

3850 CPU

Interrupt

Request 3853 Static

1/0 Port 1/0 Port Memory Interface

r

|

|

! i

' |

' [
£1 (smi
2 l
& [
i : ] ] I A
£ | 64 byte RAM Prog Timer | Prog Timer
=]
E I
£1 ALY ROM 1 RAM STATIC
El and INTERFACE -

| RAM

< cu Mem Addr Log I LOGIC

|

" A | 1 | O\

! i \ I Y ¥

] SYSTEM BUS

[

I [ | I A

e e e 4

RAM
f
DYN(:M C INTERFACE DMA
LOGIC CONTROL
STATIC DMA CONTROL LOGIC 2854 D)
RAM irect
Memory Access
3852 Dynamic * ‘ | (DMA)
Memory Interface
(DMI) —_
A maximum of 65,536 bytes of memory may be present in an F8 microcomputer system.
- Figure 2-1. A Fairchild F8 Microcomputer System

2-2



NdD 0S8€E 84 Piuditeq ayy 40 2B "z-z ainbiy

Alowapy 1P : siauiy
SlIAA/PRBY - ; SHOd.0/i : AlowBN AuO pesy 1 a|qewweiboiy
21607 aoeysiy] . oiBoq soppeiul : 21607 soeysiu; pue _M__Ww.m“n_mwﬂmﬂ“m_
b1 : : © SHOc i = Buissa. - -
puebuissa.pRY NVHY . - m,o\_ . ! LISS8IPPY NOY UONedIUNWWOD O /1
SNE W3LSAS
e uonengly
191uN07) wesboiy == ] 1607 aoeysivsng Alioig 1dnLB1Yl
J9UI0g HoBIS W -
2607 ; _ L unjoauoy - [s801n0Q lewselxg WOy
[041U0D) SS9y e S159nDaY 1ANLIAIU|  fua—m
Alows 1931Q s memwuom uononisul. a|pueH o1 21607
(spsaunon e1eq s - -
1 - :
(sysisibay | ~ wunaboy
i pue onawiyiny

L Jojenuindoyy

2-3



Two advantages accrue from having no memory address logic on the CPU chip:

1) No address lines are needed on the System Bus, so neither the CPU nor connecting
devices need 16 address pins. These 16 pins are used instead for two 8-bit 1/0
ports at each device. .

2) The real estate on the CPU chip which would have been used by Address registers
and memory. addressing logic is available for other purposes:; it is used to imple-
ment 64 bytes of read-write memory.

Having 1/0 ports and read-write memory on the CPU chip paves the way for some
very low-cost small microcomputer configurations; for example, the 8350 CPU and
the 3851 PSU form a two-device microcomputer system, with all of the necessary pre-
requisites for reasonable performance. The 3859 and 3870 single chip microcomputers
are simply a combination of 38560 CPU and 3851 PSU — with minor enhancements.

The disadvantage of removing memory addressing logic from the CPU chip is that
memories can no longer connect directly to the System Bus; this bus has no ad-
dress lines; therefore, separate logic devices must create the interface needed by stan-
dard memories. In the F8 system this is done by the 3852 DMI and the 3853 SMi
devices.

Clock signal generation logic is also part of the 3850 CPU. This is now standard
among microcomputers. Depending on the signal timing accuracy demanded by an ap-
plication, either a crystal or a resistor-capacitar network can be connected at 3850 in-
put pins; clock logic generates the timing signals required by other devices within the
F8 microcomputer system. There is als6 the option of slaving a 3850 CPU by receiving
timing signals from some other source, bypassing 3850 CPU clock logic.

F8 PROGRAMMABLE REGISTERS

These are the programmable registers of the F8 CPU:

8-BIT 5-BIT STATUS SCRATCHPAD BYTE ADDRESS
ACCUMULATOR REGISTER {W) SCRATCHPAD  DECIMAL OCTAL HEXADECIMAL

L ] J 0 0 0

6-BIT INDIRECT SCRATCHPAD ! 1 !

ADDRESS REGISTER (ISAR) 2 2 2

[]
H [
W register of 3850 CPU e J 9 1 9
DCO register of 3851 PSU ] H 7) HU 10 12 A
3850 DMI and 3853 SMI ) t HL] 1 13 B8
PC1 (Stack) register of 3851 K KU | 12 14 c
PSU, 3852 DMI and 3853 SMI KL 13 15 D
DCO or PCO registers of 3851 Q Qu 14 16 E
PSU, 3852 DMI and 3853 SMI aL 15 17 F
H is equivalent to a Data : H 18 20 10
Counter buffer register
K is equivalent to a Stack 58 72 3A
register buffer 59 73 38
Q is equivalent to a Data 60 74 3¢
Counter or Program Counter 61 75 30
buffer register 62 76 3E
63 77 3F
F8

There is one 8-bit Accumulator, which may be likened tothe Pri- | ACCUMULA -
mary Accumulator (AO) of our hypothetical microcomputer. [ TOR

Wherever there is a choice, this Accumulator is the usual source
or destination for data operations associated with any instruction’s execution.
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The 64-byte scratchpad may be viewed either as a small [F8 SCRATCHPADJ
read-write memory, or as 64, 8-bit secondary Accumula-
tors. The first 11 saatchpad bytes may be accessed directly, as though they were secondary Ac-
cumulators. Remaining RAM bytes can only be accessed using a form of implied memory ad-
dressing, where a 6-bit register (identified as the ISAR register) must provide the address of the
byte being accessed. The ISAR register is in every way identicai to a 6-bit Data Counter.

There is no Program Counter, and there are no Data Counters on the 3850 CPU.
However, as illustrated above, 6 of the 64 scratchpad bytes communicate directly
with Program Counter and Data Counter registers on other devices of the F8
microcomputer system. What this means is that the F8 provides register-to-register Move in-
structions that move data between scratchpad bytes and Data Counters or Program Counters on
other devices.

These Address registers are implemented on the 3851 PSU, 3852 DMI and 3853
SMlI devices:

16 Bits Data Counter DCO

16 Bits Data Counter buffer DC1
16 Bits Program Counter PCO

16 Bits Stack register PC1

Data Counter DCO is an implied addressing register, as de- F8 DATA
scribed for our hypothetical microcomputer. COUNTERS

Data Counter DC1 is simply a buffer for the contents of Data

Counter DCO. Implied addressing via Data Counter DC1 is not allowed. The only instruction that
accesses Data Counter DC1 is an instruction which will exchange the contents of Data Counters
DCO and DC1. Data Counter DC1 is not present in the 3851 PSU.

Program Counter PCO serves the same function in an F8 § F8 PROGRAM
system as it does in our hypothetical microcomputer. COUNTER

The Stack register (PC1) is, in reality, a buffer for Program | F8 STACK
Counter PCO; the Stack register does not address an area in read-write | REGISTER
memory, and there are no Push or Pop instructions, as described in
Volume |, Chapter 6. Interrupts and Jump-to-Subroutine instructions save
the contents of Program Counter PCO in Stack register PC1, before loading a new address into
Program Counter PCO:

Old Address from PCO
Old Address in

is moved to PC1
New Address . /\[ [ PC1 is lost

Program Counter PCO Stack register PC1

The classical Stack can be implemented in an F8 system, but a short program needs to be written
to do this.

Since address registers are present on every PSU, DMl or SMI | F8 ADDRESS
device in an F8 microcomputer system, these registers will be | REGISTERS
duplicated in any F8 system that contains more than a § DUPLICATION
minimum amount of memory. So long as the microcomputer
system has been correctly configured, this presents no problem. Every memory
device contains identical connections to the common System Bus, and instructions that modify
the contents of any address register, do so identically for all memory devices. For example, if
there are three memory devices, and therefore three Program Counters in an F8 systemn, every
Program Counter is incremented identically after every byte of object code is fetched. This being
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the case, address registers on different memory devices will always contain identical address in-
formation.

When there are two or more memory devices in an F8 system, which will respond to a memory
reference instruction?

Every memory device has its own permanently defined address space. An address space is a
range of memory addresses to which one, and only one device will respond. So long as the ad-
dress spaces of memory devices within the F8 system do not overlap (and if they do that is a logic
design error) there is no chance of memory contentions arising. either for read or write operations.

‘But there is one exception. Since the 3851 PSU does not contain a DC1 register, it does not res-
pond to an instruction that exchanges the contents of DCO and DC1 registers. If such an instruc-
tion is executed, it is possible for the DCO registers of the 3851 PSUs to contain different address
information from the DCO registers of 3852 and/or 3853 devices. Each of the different addresses
can be within the address space of the 3851 PSU, or the DMI/SMI devices. respectively. Should
this situation arise, both devices will attempt to respond to a memory reference instruction.
Eliminating this contention is simply a question of ensuring that instructions that exchange Data
Counter contents are executed in pairs.

F8 MEMORY ADDRESSING MODES

Different memory addressing options are provided for scratchpad memory, and for
memory external to the 3850 CPU.

It is important.to note that scratchpad memory byte addresses have no connec-
tion with external memory byte addresses.

As you will see in Table 2-2, there are different instructions to reference
scratchpad bytes and external memory.

A scratchpad reference instruction must identify one scratchpad byte via an address in the range
0 through 63.

A memory reference instruction identifies an external memory byte via an address in the range of
0 through 65,535.

A scratchpad reference instruction cannot reference memory, and a memory referencing instruc-
tion cannot reference a scratchpad byte; therefore, the fact that memory bytes can have ad-
dresses in: the range O through 63 will not cause confusion. If this point confuses you, just im-
agine the Scratchpad as 64 Accumulators; the hypothetical microcomputer described in Volume
I Chapter 7 has two Accumulators, but it can still address memory locations 0000 and 0001: the
F8has 64 scratchpad Accumulators which does not prevent it from addressing memory locations
0000 through 003F .

External memory is always addressed using implied address- | EXTERNAL
- ing, with auto-increment, via Data Counter DCO. No other ex- | MEMORY
ternal memory addressing modes are provided. ADDRESSING

There are a number of instructions which load immediate data into Data
Counter DCO; data may also be transferred between Data Counter DCO and scratchpad bytes, an
it is possible to add the contents of the Accumulator to Data Counter DCO.

Q

In order to understand scratchpad addressing, one has to view it as | SCRATCHPAD
neither representing 64 Accumulators, nor 64 bytes of read-write memo- MEMORY
Ty, but rather something in between the two. ADDRESSING
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There are a number of register-register instructions that operate on the Accumula-
tor, and one of the first 12 scratchpad bytes using object code as follows:

76 5 43 21 0

INEERENR

N, o \atiE

L.oooo

One scratchpad byte from bytes O through 11 is
specified

1011
An instruction that accesses the Accumulator and one
of the scratchpad bytes, is specified

This type of object code treats the first 12 scratchpad bytes DIRECT
as secondary Accumulators. SCRATCHPAD

“Any scratchpad byte may be addressed via the ISAR register, ADDRESSING
using implied addressing; that is to say, the 6-bit number in the ISAR

{which can have a value in the range O through 63) identifies-the one scratchpad byte which will
be accessed by the next scratchpad referencing instruction.

The ISAR register provides implied addressing, and implied addressing § IMPLIED

with auto-increment or auto-decrement; however, only the low order § SCRATCHPAD
three bits of the ISAR register are involved in the auto-increment or auto- f ADDRESSING
decrement operation:

54 3 2 1 0

R g e e

These three bits may be incremented or decremented by an
implied addressing: scratchpad memory reference with
auto-increment/decrement.

These three bits are not affected by an auto-increment or an
auto-decrement operation.

F8 scratchpad bytes may therefore be accessed, as contiguous, 8-byte buffers, with wraparound
auto-increment or auto-decrement within each 8-byte buffer.

F8 instructions, as shown in Table 2-2, use the symbolrin | r SCRATCHPAD
the operand to represent scratchpad addressing. This is what - | ADDRESSING
the symbol r represents:

e If r is a number between 0 and 11, one of scratchpad bytes O through 11 is addressed directly.
elf ris S, implied addressing via ISAR is specified.

e If ris |, implied addressing via ISAR, with auto-increment of the low order three implied address
bits is specified.

e If ris D, implied addressing via ISAR, with auto-decrement of the low order three address bits is
specified.
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FAIRCHILD F8 STATUS FLAGS

There is a Status register, also called the W register, which holds five status flags
as follows:

321 0 sitnNo

4
é olzlcls| Stetus register (W)
B

A % 4‘ A Lsign

Carry

St 7610

Overflow

Interrupt Control Bit

The O, Z, C and S status flags are identical to the flags with equivalent symbols, as described in
Volume |, Chapter 6 for our hypothetical microcomputer.

The Interrupt Control Bit is treated as a fifth status; this status will not be modified by arithmetic or
logic operations but it will be transferred, as a unit with the other four status flags, to or from
Scratchpad pyte 0.

F8 CPU PINS AND SIGNALS

3850 CPU pins and signals are illustrated in Figure 2-3. A description of these sig-
nals is useful as a guide to the way in which the F8 microcomputer system works.

The Data Bus lines (DBO - DB7) and the control lines (ROMCO - ROMC4) provide
the heart of all data and control information flow.

The Data Bus lines are common, bidirectional lines, and are the only conduit for data to be
transmitted between devices of an F8 microcomputer system.

A lack of address lines on the System Bus usually means that data and addresses
must be multiplexed on a single set of eight lines — which slows down all memo-
ry reference operations; they must now proceed in three serial increments, rather
than in one parallel increment. In the F8 System Bus, multiplexing is rarely
needed, since addresses originate within memory devices, or memory interface
devices, whence they are transmitted directly to memory. In other words, the only
time addresses are ever transmitted on the Data Bus is when they are being transmitted as data.

Refer to Figure 2-1. Suppose a memory reference instruction needs to access a byte of dynamic
RAM. ROMC control signals (described in the next paragraph) specify that the memory byte
whose address is implied by the Data Counters {DCO) is to be referenced. Every memory device
receives the ROMC control signals, but only the 3852 DMI finds that its address space includes
the Data Counter implied address; therefore, only the 3852 DMI will respond to the memory
reference instruction. The 38562 DMI then outputs an address directly to dynamic RAM:; this ad-
dress is not transmitted via the System Bus. If the memory reference instruction requires data to
be input to, or output from dynamic RAM, the data transfer occurs directly between the System
Bus and Dynamic RAM, bypassing the 3852 DM entirely.

Since the 3851 PSU, the 3852 DMI and the 3853 SMI devices all contain
address registers and address generation logic, they also contain rudimen-

tary arithmetic and logic units and control units equivalent to very primitive CPUs. Every in-
struction’s execution causes the 3850 CPU to output a sequence of signals on the
five control lines, ROMCO - ROMC4. Each five-bit combination of ROMC signal states iden-
tifies one of 32 possible operations which the memory devices may have to perform to ac-
complish one step of an instruction’s execution. For example, ROMC state 00000 causes the con-
tents of the memory byte addressed by the Program Counter to be transmitted to the CPU: this is
the “instruction fetch” ROMC state. Table 2-1 summarizes the interpretation of ROMC states.
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@ and WRITE are two timing signals output by the 3850 CPU to synchronize events within
the rest of the F8 system

The EXT RES line disables interrupts and loads a O address into the Program Counters,
causing program execution to restart with the instruction code stored in external memory byte O.

INT REQ and ICB are signals used for overall interrupt control. INT REQ is the master
line on which all interrupt requests are transmitted to the 3850 CPU. ICB is output low by the CPU
if interrupts are enabled, and it is output high by the CPU if interrupts are disabled.

RC, XTLX and XTLY are the three pins used for clock inputs. These three pins may be
connected to an external resistor-capacitor network, an external crystal or to a single external tim-
ing signal

The two I/O ports which are part of the 3850 CPU device use pins 1/000 - /007
and 1/010 - 1/017, respectively.

¢~ ! 40 € RC
WRITE gy 2 39 3 XTLX
Vpp —— 3 38 pe—— XTLY
VGG 4 37 p—— EXT RES
70703 <P~ 5 36 P 17004
DB3 ~¢—Pp4 6 35 fg—p DB4
7013 <P 7 34 P /014
70712 -3 8 33 f—Pp (/0 15
_bB2 <P o 2850 32 &P~ DB5
70 02 ——31 10 CPU 31 e /005
17007 —g—> 11 30 f&— 7006
DB1 ~—P4 13 29 &> DpBs
1/0 11 =Pt 13 28 &P 1/0 16
/010 =] 14 27 et 1/0 17
DBO -$—P= 15 26 > DB7
7600 ~—3= 16 25 | 1/007
ROMCO =i 17 24 e VSS
ROMC1  «ap~—at 18 23 jeg—== INT REQ
ROMC2 -~ 19 22— ICB
. ROMC3 ~—1 20 21 ROMC4
Pin Name Description Type
*DBO - DB7 Data Bus Lines Bidirectional
*&, WRITE Clock Lines Output
1/0 00 - 1/0 07 1/0 Port Zero Bidirectional
1/0 10-1/0 17 1/0 Port One Bidirectional
*ROMCO - ROMC4 Control Lines Output
*EXT RES External Reset Input
*INT REQ Interrupt Request Input
+*icB Interrupt Control Bit Output
RC Clock Oscillator input
XTLX Crystal Clock Line Output
XTLY External Clock Line input
Vss, VDD, VGG Power Lines

*These signals connect to the System Bus.

Figure 2-3. Fairchild 3850 CPU Sgnals And Pin Assignments
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Table 2-1. ROMC Signals And What They Imply

ROMC CYCLE
FUNCTION

4 3 21 HEX LENGTH

0 0 0 O 00 SL Instruction Fetch. The device whose address space includes the con-
tents of the PCO register must place on the Data Bus the op code ad-
dressed by PCQ. Then all devices increment the contents of PCO.

0 0 0 O 01 L The device whose address space includes the contents of the PCO
register must place on the Data Bus the contents of the memory
location addressed by PCO. Then all devices add the 8-bit value on
the Data Bus, as a signed binary number, to PCO.

0 0 0 1 02 L The device whose DCO addresses a memory word within the address
space of that device must place on the Data Bus the contents of the
memory location addressed by DCO. Then all devices increment DCO.

0 0 0 1 03 LS Similar to 00, except that it is used for Immediate Operand fetches
{using PCO) instead of instruction fetches.

00 1 0 04 S Copy the contents of PC1 into PCO.

0 0 1 0 05 L Store the Data Bus contents or write bus contents into the memory
location pointed to by DCO. increment DCO,

00 1 1 06 L Place the high order byte of DCO on the Data Bus.

0o 0 1 1 07 L Place the high order byte of PC1 on the Data Bus.

0 1 0 0 08 L All devices copy the contents of PCOinto PC1. The CPU outputs zero
on the Data Bus in this ROMC state. Load the Data Bus into both
halves of PCO thus clearing the register.

0o 1 0 O 09 L The device whose address space includes the contents of the DCO
register must place the low order byte of DCO onto the Data Bus.

0 1 0 1 0A L All devices add the 8-bit value on the Data Bus, treated as a signed
binary number, to the Data Counter.

o 1 0 1 0B L The device whose address space includes the value in PC1 must
place the low order byte of PC1 on the Data Bus.

0o 1 1 0 oC L The device whose address space includes the contents of the PCO
register must place the contents of the memory word addressed by
PCO onto the Data Bus. Then all devices move the value which has
just beert placed on the Data Bus into the low order byte of PCO.

0o 1 1 0 oD S Ali devices store in PC1 the current contents of PCO, incremented by
1. PCO is unaltered.

o 1 1t [ L The device whose address space includes the contents of PCO must
place the contents of the word addressed by PCO onto the Data Bus.
The value on the Data Bus is then moved to the low order byte of
DCO by all devices.

o 1 1 1 OF L The interrupting device with highest priority must place the low order
byte of the interrupt vector on the Data Bus. All devices must copy
the contents of PCO into PC1. All devices must move the contents of
the Data Bus into the low order byte of PCO.

1t 0 0 O 10 L Inhibit any modification to the interrupt priority logic.

1 0 0 O 1" L The device whose memory space includes the contents of PCO must
place the contents of the addressed memory word on the Data Bus.
All devices must then move the contents of the Data Bus to the up~
per byte of DCO.

10 0 1 12 L All devices copy the contents of PCO into PC1. All devices then move

the contents of the Data Bus into the low order byte of PCO.




Table 2-1. ROMC Signals And What They Imply {Continued)

HEX

CYCLE
LENGTH

FUNCTION

ROMC
3 2
0 0
0 1
0 1
01
o 1

1 0

10
10
10
11
11
L
11

L

LorS

The interrupting device with highest priority must move the high
order half of the interrupt vector onto the Data Bus. All devices must
move the contents of the Data Bus into the high order byte of PCO.
The interrupting device will reset its interrupt circuitry (so that it is no
longer requesting CPU servicing and can respond to another inter-
rupt),

All devices move the contents of the Data Bus into the high order
byte of PCO.

All devices move the contents of the Data Bus into the high order
byte of PC1.

All devices move the contents of the Data Bus into the high order
byte of DCO.

All devices move the contents of the Data Bus into the low order
byte of PCO.

All devices move the contents of the Data Bus into the low order
byte of PC1.

All devices move the contents of the Data Bus into the low order
byte of DCO.

During the prior cycle an 1/0 port timer or interrupt control register
was addressed. The device containing the addressed port must
move the current contents of the Data Bus into the addressed port.
During the prior cycle the Data Bus specified the address of an 1/0
port. The device containing the addressed 1/Q port must place the
contents of the 1/0 port on the Data Bus. (Note that the contents of
timer and interrupt coritrol registers cannot be read back onto the
Data Bus.)

None.

Devices with DCO and DC1 registers must switch registers. Devices
without a DC1 register perform no operation.

The device whose address space includes the contents of PCO must
place the low order byte of PCO onto the Data Bus.

The device whose address space includes the contents of PCO must
place the high order byte of PCO on the Data Bus.




F8 TIMING AND INSTRUCTION EXECUTION

All instructions are executed in cycles, which are timed by the trailing edge of
WRITE.

There are two types of instruction cycle, the short cycle which is four ® clock periods
long, and the long cycle which is six ® clock periods long. The long cycle is sometimes refer-
red to as 1.5 cycles. WRITE high appears only at the end of an instruction cycle. Timing may be il-
lustrated as follows:

>

WRITE i ' ‘

I
WRITE / \ E / \
|

Start of End of End of
new short long
cycle cycle cycle

The simplest instructions of the F8 instruction set execute in one short cycle. The most complex
instruction (Pl) requires two short cycles plus three long cycles.

Table 2-3 summarizes the sequence in which short (S} and long (L) machine cycles
are executed for each F8 instruction. ROMC states defining operations performed
during each machine cycle are summarized in Table 2-1.

A SUMMARY OF F8 INTERRUPT PROCESSING

The interrupt handling capabilities of the F8 system are described with the 3851
PSU and 3853 SMI devices. Although many different interrupt priority arbitration
schemes could be implemented, the simplest scheme would be to daisy chain
3851 PSUs, terminating the daisy chain with a 3853 SMI if present.

As sgon as an interrupt is acknowledged, the contents of Program Counters (PCO) are saved in
Stack registers (PC1); then an interrupt vector address is loaded into the Program Counters. This
address is a permanent mask option for PSUs, with the exception of bit 7, which discriminates
‘between timer interrupts and external interrupts. The interrupt address vector is completely pro-
grammable for the 38563 SMI, again with the exception of bit 7, which discriminates between
timer interrupts and external device interrupts.

Post-interrupt housekeeping operations must be handled via an appropriate program. Defining
just what this program consists of is not simple; an F8 system has only the Accumulator and
Status register which must be saved, but at the other extreme, it has the entire scratchpad which
could be saved.

THE F8 INSTRUCTION SET

Table 2-2 summarizes the F8 instruction set; instructions are grouped into catego-
ries that conform with our hypothetical microcomputer instruction set, as de-
scribed in Volume 1, Chapter 7.

With reference to Table 2-2, refer to the F8 addressing modes description for an explanation of
“r”, which occurs in the operand column to represent some of the scratchpad addressing op-
tions.

One of the more confusing aspects of F8 programming is to understand the ways in which data
may be moved between di.ﬁerent registers; this information is therefore summarized in Figure
2-4,
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The following symbols are used in Table 2-2:

A
ADDR
C
DATA3
DATA4
DATAbB
DCO
DC1
DPCHR

DIsSP
FMASK

PCO
PC1

SR
TMASK

The Accumulator

A 16-bit memory address
Carry status

A 3-bit binary data unit
A 4-bit binary data unit
A b-bit binary data unit
Data Counter register
Data Counter buffer

Scratchpad Data or Program Counter Half Registers. These are KU (Register
12), KL (Register13), QU (Register14) and QL (Register15).

An 8-bit signed binary address displacement.
A 4-bit mask composed of a portion of the Status register (W):

3 2 1 0 - BitNo.

I | I I l""‘" FMASK

AA 1\

+ Sign status

Carry status
e Zer0 status

Overflow status

Scratchpad Data Counter Register H (Registers 10 and 11).
The Interrupt Control Bit in the Status register (W).
Indirect Scratchpad Address Register
Scratchpad Register 9
Scratchpad Registers 12 and 13
Overflow status
A 4-bit I/0 port number
An 8-bit 1/0 port number
Program Counter
Stack register
Scratchpad Registers 14 and 15
Any of the following operands and Scratchpad addressing modes:
R direct address of bytes O through 11
S implied addressing via ISAR
I implied addressing via ISAR, with auto-increment
of the low order three ISAR bits
D implied addressing via ISAR, with auto-decrement
of the low order three ISAR bits
A'Scratchpad register number in the range 0 - 11
Sign status
The register specified by the r argument
A 3-bit mask composed of a portion of the Status register (W):
2 1 0 <€ BitNo.

I I I ] < rvasx

A
l Sign status
==t Carry status
e Zer0 status
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w The CPU Status register

4 Zero status

x <y.z > Bits y through z of the quantity x. For example, A <3,0 > represents the low order four
bits of the Accumulator; ADDR < 15,8 > represents the high order 8 bits of a 16-bit
memory address.

[1 Contents of location enclosed within brackets. If a register designation is enclosed with-
in the brackets, then the designated register's contents are specified. If an 1/0 port
number is enclosed within the brackets, then the 1/0 port contents are specified. If a
memory address is enclosed within the brackets, then the contents of the addressed
memory location are specified.

[rn Implied memory addressing; the contents of the memory location or register designated
by the contents of a register.

A Logical AND

\ Logical OR

R Logical Exclusive OR

— Data is transferred in the direction of the arrow.

—— Data is exchanged between the two locations designated on either side of the arrow.

Under the heading of STATUSES in Table 2-2, an X indicates statuses which are modified in the
course of the instructions’ execution. If there is no X, it means that the status maintains the value
it had before the instruction was executed. A 0 or 1 means the status is cleared or set, respec-
tively.
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THE BENCHMARK PROGRAM

Now. consider our benchmark program; for the F8 it looks like this:

DCI TABLE LOAD TABLE BASE ADDRESS
LM LOAD DISPLACEMENT TO FIRST FREE BYTE
ADC ADD TO BASE ADDRESS
XDC SAVE THIS ADDRESS IN DC1
DCI IOBUF LOAD 1/0 BUFFER BASE ADDRESS
LOOP LM LOAD NEXT BYTE FROM I/0O BUFFER
XDC SWITCH ADDRESSES
ST STORE IN NEXT BYTE OF TABLE
XDC SWITCH ADDRESSES
DS 0 DECREMENT 1/0 BUFFER LENGTH
BNZ LOOP RETURN IF NOT END
LR H,DC IF END, STORE SECOND BYTE OF CURRENT
LR AHL TABLE ADDRESS AS DISPLACEMENT TO
DCI TABLE FIRST FREE BYTE
ST

The benchmark program above makes the following assumptions:

1) The 1/0 buffer can be located anywhere in read-write memory.

2) The number of occupied bytes in the 1/O buffer is maintained in scratchpad byte 0. Thus
decrementing scratchpad byte O to zero provides the 1/0 buffer length.

3) The permanent data table beginning memory address has all Os for the low order eight bits:

XXXXXXXX00000000
I ———— o o™
Binary representation of permanent table beginning memory address
X may be O or 1

The table is not more than 256 bytes long, and the displacement to the first free byte is
stored in the first byte of the table. Since the table beginning address has Os in the low order
eight bits, the displacement to the first free byte also becomes the low order eight bits of the
first free byte address:

Table beginning address  PQOO RS

Address of first free byte PQRS

PQ and RS are hexadecimal digits
All of the above assumptions are valid — and depending upon the application, may also be

realistic. Removing any of the above assumptions will make the F8 program longer, by removing
one of the inherent strengths of the F8 instruction set.

2-22



7 ACCUMULATOR 0 LRT.A
1 ]41——-—LE;fJ
0
7 ISAR 0 1
2
3
Register 4
Address 5
Pointer 6
! 7
7 STATUS 0 8
wow 2
LRW.J A
icB e
OVERFLOW B
ZERO c
CARRY D
SIGN
— E
F
10
3F
15 DATACOUNTER O
: T LRDCH
Memory LR H,DC
Address | LR DC.Q
Pointer LR Q,DC

CPU

GENERAL
REGISTERS
0
1
2
3
4 B,
5 interrupt,
6 Reset
7 .
8 PK ;15 PROGRAM COUNTER 0
J 19 > I |
H 10 LR P0,Q |
i PK,
"‘ " ‘" Interrupt
- 12 . Reset
) 13 ﬁ POP
2 “ 15 STACK POINTER
Qg 115 LR PK
~]16 |
’ LRKP o
L]
L]
®
63

Figure 2-4. Instructions That Move Data Between The Scratchpad And Various Registers
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Table 2-3. Timing And ROMC States For F8 Instruction Set

7 ROMC ROMC
. MNEMONIC | OPERAND(S) § CYCLE | statE MNEMONIC | OPERAND(S) | CYCLE STATE
- ADC L A JMP ADDR L 3
= s 0 L [of
- Al DATA8 L 3 L 14
T S 0 S [
AM L 2 u DATAS L 3
S 0 S o]
AMD L 2 LIS DATA4 S 0
S 0] LISL DATA3 S 0
AS r S 0 Lisu DATA3 S 0
ASD r S 1C M L 2
S 0 S 0
BF DATA4,DISP S 1c LNK s 0
Branch { L 1 LR Als S 0
S 0 LR AKL S 0
S 1C LR AKU S 0
{ S 3 LR AQL S 0
Branch s 4] LR AQU S 0
DISP S 3 LR Ar S 0
No Branch S 0 LR DCOH L 16
L 1 L 19
Branch» ‘: s 0 s 0
! DATA3,DISP s 1c LR DCO,Q L 16
S 3 L 19
Branch s 0 S 0
{ s 1c LR H,DCO L 6
Branch L 1 L g
S 0 S 0
Cl DATAS8 L 3 LR ISA S 0
S 0 LR JW S 0
Cm L 2 LR K.P L 7
S [} L B
com S 0 S [}
DCI ADDR L 1 LR KLA S 0
s 3 LR KU,A S 0
L E LR P.K L 15
S 3 L 18
S 0 S 0
DI S 1C LR PCO,Q L
S 0 L
DS r L 0 S
El s 1C LR Q,DCo L 6
S [¢] L 9
IN P8 L 3 s 0
L 18 LR QLA S 0
S [} LR Qu,A S 0
INC S 0 LR rA S 0
INS Oor1 S 1C LR w,J S 1C
S 0 S 4]
INS 2 L 1C Ni DATAS8 L 3
through L 18 s o]
15 S 0 NM L 2
(INTERRUPT) L 1c S 0
L 08 NS r s 0
L 13 o] DATA8 L 3
S 0 S 0




Table 2-3. Timing And ROMC States For F8 Instruction Set (Continued)

ROMC
MNEMONIC | OPERAND(S) | CYCLE } graTe

oM L 2
S 0
ouT P8 L 3

L 1A
S 0

ouTs Oor1 S 1ic
S 0

ouTs 2 L 1c

through L 1A
15 S 0
Pl ADDR L 3
S D

L Cc

L 14

S 0

PK L 12
L 14

S 0
POP S 4
S ]

(RESET) S 1c
L 8

S [

St 1 s o]
SL 4 S 0
SR 1 S 0
SR 4 S [}
ST L 5
s 0
Xi DATAS8 L 3
S 0
XM L 2
S 0
XS r S o]

The following symbols are used in Table 2-4:

aaaa Four bits choosing the register addressing mode:
0000-1011 Registers O - B directly addressed
1100 ISAR addresses the register
1101 ISAR addresses the register. Increment low three bits of ISAR.
1110 ISAR addresses the register. Decrement low three bits of ISAR.
1111 NOP. No operation is performed if aaaa = F.

cc Two bits choosing a Scratchpad register:
00--KU Scratchpad Register 12
01--KL Scratchpad Register 13
10--QU  Scratchpad Register 14
11--QL  Scratchpad Register 15

d One bit of immediate data.
eeee A 4-bit port number.
QQQQ A 16-bit address.



RR An 8-bit, signed displacement.

SS An 8-bit port number.

When two numbers are given in the "Machine Cycles” column (for example 3/3.5), the first is the
execution time if no branch is taken, and the second is execution time if the branch is taken.

Table 2-4. F8 Instruction Set Object Code

OBJECT MACHINE l OBJECT MACHINE
INSTRUCTION | CODE BYTES | CYCLES INSTRUCTION CODE BYTES | cYCLES
ADC 8E 1 25 LNK 19 1 1
Al DATA8 24 YY 2 25 LR A.DPCHR 000000ce 1 1
AM 88 1 25 LR AlS 0A 1 1
AMD 89 1 2.5 LR Ar 0100aaaa 1 1
AS ¢ 11008aaa 1 1 LR DCH 10 1 4
ASD r 1101aaaa 1 2 LR DC,Q OF 1 4
BC DISP 82 RR 2 3/3.6 LR DPCHR,A 000001cc 1 1
BF DATA4,DISP| 1001dddd 2 3/3.6 LR H,DC 11 1 4
RR LR IS,A 0B 1 1
BM DISP 91 RR 2 3/3.6 LR JW 1E 1 1
BNC DISP 92 RR 2 3/35 LR K,PC1 08 1 4
BNO DISP 98 RR 2 3/3.5 LR PCO,Q oD 1 4
BNZ DISP 94 RR 2 3/3.5 LR PC1,K 09 1 4
BP DISP 81 RR 2 3/35 LR Q,D0C 3 1 4
BR DISP 30 RR 2 35 LR rA 0101aaaa 1 1
BR7 DISP 8F RR 2 3/35 LR W,J 1D 1 2
BT DATA3,DISP| 10000ddd 2 3/35 NI DATA8 21 YY 2 25
RR NM 8A 1 2.5
BZ DISP 84 2 3/3.5 NOP 2B 1 1
AR NS r 1111asaa 1 1
Cl DATA8 25 YY 2 25 Ol DATA8 2 Yy 2 25
CLR 70 1 1 oM 88 1 25
cm 8D 1 2.5 OUT P8 27 SS 2 4
COM 18 ! 1 OUTS P4 1011eeee 1 4
DCI ADDR 24 oooaf d 6 PI ADDR 28 cacaf| 3 65
Dl A ! 2 PK oc 1 4
DS r 0011aaaa 1 1.5 POP 1c 1 2
E '8 ; 2 sL 1 13 1 1
::CPB 261:'3 ; ? sL 4 15 1 1
SR 1 12 1 1
INS P4 1010eeee 1 4 SR 4 1 . ;
JMP ADDR 29 Qoaa 3 55 ST 17 1 25
LI DATA8 20 YY 2 25 XDC 2 ) 2
LIS DATA4 0111dddd ! ! Xi DATAS 23 vy 2 25
LISL DATA3 01101ddd 1 1 XM sc ] 25
LISU DATA3 01100ddd 1 1 XS r 1110883 ) 1
LM 16 1 25
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THE 3851 PROGRAM STORAGE UNIT (PSU)

This has been the principal read-only program storage device in small F8
microcomputer systems.

Figure 2-5 illustrates functions provided by the 3851 PSU. Device pins and signals are
given in Figure 2-6
In the future, the 3851 PSU is likely to be rendered obsolete by the 3856 and 3857 16K

Programmable Storage Units. An erasable, programmable read-only memory (EPROM)
version of the 3851 PSU is also likely to be made available

As shown in Figure 2-5, the 3851 PSU is, in fact, more than a ROM unit. However,
we will begin the description of this device by describing its program storage
capabilities.

Every 3851 PSU has 1024 bytes of read-only memory, the | PSU
contents of which must be defined at the time the chip is cre- | ADDRESS
ated. There is also a 6-bit page select mask, which must be | SPACE
specified when the chip is created; the page select represents
the high order six bits of the memory address for all ROM bytes of the PSU. As
such, the page select defines the PSU’'s address space.

Recall that every 3851 PSU contains its own memory addressing logic, which accesses
a Data Counter (DCO). a Program Counter (PCO) and a Stack register (PC1). When a
ROMC state output by the 3850 CPU, and received by the 3851 PSU, identifies a
memory reference operation. the ROMC state also identifies whether the memory ad-
dress is to be found in PCO or in DCO. In response to this ROMC state, PSU memory ad-
dressing logic will compare its 6-bit page select mask with the high order six bits of the
specified address register's contents

151413121110 9 8 7 6 54 3 2 1 0 BitNo.

XXX TTTE T LT Jreoeroe
i
!
)

Y} Page Select Mask

If there is coincidence, the 3851 PSU will respond to the memory reference operation:; if
there is no coincidence, the 3851 PSU addressing logic modifies the contents of ad-
dress registers, as might be required by the ROMC state, but it does not respond to the
actual memory reference instruction

In addition to having read-only memory and memory addressing logic, the 3851
PSU has two 1/0 ports, interrupt request and priority handling logic and a program-
mable timer.

Two /0 ports are available on the 3851 PSU for much the same reason they are availa-
ble on the 3850 CPU. The 3851 PSU needs no address pins since the source and
destination for address information flow is entirely within the 3861 PSU; from the Data
Counter, or the Program Counter, to read-only memory on the PSU chip. The 16 pins
that would normally be used to input or output addresses instead provide two 1/0 ports.

Interrupt logic and the programmable timer logic are con- | PROGRAMMABLE
nected. TIMER

The basic time unit of the programmable timer is 31 times the

microcomputer system clock frequency. The timer can be programmed to time-out
after any number of time intervals in the range O to 264. The programmable timer can
also be stopped by loading it with FF16. A time-out is marked by a timer interrupt re-
quest.
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T0E7 >4 1 40 j—p= DB7
1/0A7 <-pud 2 39 je~pp DB6
VGG 3 38 -3 1/0B6
VDD 4 37 by 1/0 A8
EXT INT w=—-dpi 5 36 jeg—P 1/0 A5
PRIOUT —-¢—d4 6 35 hag—p» 1/0B5
WRITE w—epped 7 34 b~ DBS
b =Pt 8 33 j-» DB4
INT REQ &~ 32 > 1/0OB4
PRIN = 10 3851 31 & 1/0Ad
DEDR -4 11 PSU 30 &3 1/0A3
— 12 29 feg=Pp= T/083
ROMC4 ——Pof 13 28 fag—p DB3
ROMC3  epud 14 27 jg—y» DB2
ROMC2 eyt 15 26 jg— 1/0B2
ROMC1 ~—34 16 25 =P 1/0 A2
ROMCO ——3pd 17 24 | 1/0 Al
Vss ~——o 18 23 &> 1/0B1
/OAD g3 19 22 p—» DB1
7080 <®34 20 21 jg—» DBO
Pin Name Description Type
1/0 AQ - 1/0 A7 1/0 Port A Input/Output
1/0 BO - 1/0 B7 1/0 Port B Input/OQutput
DBO - DB7 Data Bus Tristate, Bidirectional
ROMCO - ROMC4 Control Lines Input
&, WRITE Clock Lines Input
EXT INT External Interrupt Input
PRI IN Priority In Input
PRI OUT Priority Out Qutput
INT REQ Interrupt Request Qutput
ﬁﬁﬁ Data Bus Drive Qutput
‘Vss, VDD, VGG Power Supply Lines input

Figure 2-6. 3851 PSU Signals And Pin Assignments

Interrupt request and priority arbitration logic works as follows:

Interrupt requests may arrive from two sources: the programmable timer, | F8 PSU
as described above, or from an external device. Under program control | INTERRUPT
you select which of the two interrupts (if either) is going to be | LOGIC
acknowledged.

The 3851 PSU has a “priority in” and a “priority out” signal. Typically the “priority in" signal will
be the ICB signal from the 3850 CPU, or it will be the “priority out” signal from another device in
an F8 system.

If the “priority in” signal is true, and an interrupt request which can be acknowledged is true, then
“priority out” is output false, and an interrupt is transmitted to the 3850 CPU.

If the “priority in”" is true, but a valid interrupt request is not pending, then “priority out” is passed
on true.

If “priority in”" is faise, then no interrupt request can be acknowledged, and “priority out” is
passed on as false.

Another mask option of the 3851 PSU is an interrupt address vector. Once an inter-
rupt has been acknowledged by the CPU, the address in the interrupt vector is transmitted to the
Program Counter of the 3851 PSU, and the Program Counters of any other memory devices in
the F8 system. This becomes the address at which execution continues; that is, it is the begin-
ning address of the interrupt service routine.dedicated to this individual 3851 PSU.
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One bit of the interrupt address vector {it is bit 7) is set or reset to identify the interrupt request as
external, or as-coming from the PSU’s programmable timer:

151413121110 9 8 76 543210

Interrupt Addr
LI TITTITITIOTT0 veor
Y 3

Set to 0 for a programmable timer interrupt,
set to 1 otherwise

All other bits are unalterable. mask options

THE 3856 AND 3857 16K PROGRAMMABLE
STORAGE
UNITS (16K PSU)

These two devices are enhancements of, and replacements for the 3851 PSU
which we have just described.

An interesting characteristic of microcomputer devices is that residual markets remain for pro-
ducts long after enhancements have appeared on the market. This is unlikely to be true for the
3851 PSU. The 3856 and 3857 16K PSUs offer advantages over the 3851 PSU that are significant
enough to render the 3851 PSU obsolete.

Superficially, Figure 2-5 represents the logic implemented on all three PSUs — the 3851, 3856
and 3857. Table 2-5 summarizes the differences between the devices. These are
the most significant features of the 3856 and 3857 PSUs:

1) RESET sets all I/O port pins and address lines to zero. in the 3851 PSU RESET leaves I/0 port
pins indeterminate — and this has caused problems in many applications.

2) The Interval Timers of the 3856 and 3857 PSUs are binary decrementers rather than
polynomial shifters — with the result that you can read timer contents directly and determine
lapsed times. Also a programmable option allows you to measure pulse widths being input to
the PSU.

3) The 3857 PSU uses the 16 pins of the two 8-bit I/O ports for 16 address lines, so that addi-
tional ROM or RAM can be interfaced directly to a 3857 PSU — without requiring a 3852
DMI or 3853 SM, as was the case with the 3851 PSU.

4) The 3856 and 38567 PSUs both provide 2K bytes of ROM for program storage; this is twice
the program memory available on the 3851 PSU. This significantly increases the scope of
two-device F8 microcomputer systems.

THE 3852 DYNAMIC MEMORY INTERFACE (DMI)

Primarily this device contains the necessary address generation and memory
refresh logic needed to include dynamic read-write memory in an F8 system.

Because of the way in- which the F8 microcomputer system is organized,
however, memory refresh and direct memory access logic are closely related.
That is why, in Figure 2-9, a small part of the direct memory access control logic is
shown as being implemented on the 3852 DMI chip.
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7087 @ 1 40 &> Dpp7
1/0 A7 <=3 2 39 PP DB
v —— 3 38 p-P= 7086
Vop 4 37 &P 7046
EXTINT —3»1: 5 36 JEP= |/0 A5
PRIOUT #— 6 35 PP 17085
WRITE =3 7° 34 pP - DB5
o> 8 33 j@¢-P DB4
INT REQ <& 9 3866 32 pg—P 1/0B4
PRATIN —{ 10 16K PSU 31 @B /0 A4
DBEDR <t~——q - 11 - 30 pegPss 1/O'A3
STROBE <—-d 12 29 b /0 B3
ROMC4 —J»d 13 28 pg—p DB3
ROMC3 —P»- 14 27 pg=p DB2 .
ROMC2 =31 15 26 P 7082
ROMCT —p= 16 25 p&p JOAZ
ROMCO ——3»{ 17 24 &> i/0A1
\ 18 23 p—p- 1/0B1
1/OAD -1 19 22 &> DBI
70 B0 = 20 . 21 | D8O
Pin Name Description Type
1/0 A0 - 170 A7 1/0 Port A Input/Output
1/0 BO - 1/0B7 1/0 Port B Input/Output
STROBE STROBE for.1/0 Port A ~ Output .
DBO - DB7 Data Bus Tristate, Bidirectional
ROMCO - ROMC4 Control Lines Input
@, WRITE Clock Lines Input
EXT INT External Interrupt Input
PRI IN Priority In Input
PRI OUT Priority Out Output .
INT REQ Interrupt Request Output
DEDR Data BusDrive Output
Vss. VDD, VGG Power Supply Lines -

Figure 2-7. 3856 PSU Signals And Pin Assignments

Figures-2-7 and 2-8 illustrate the pins and signals of the 3856 and 3857 16K PSUs respectively.
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Table 2-5. A Summary Of Differences Between 3851, 3856 And 3857 PSUs

FUNCTION 3851 PSU 3856 PSU 3857 PSU
ROM 1024 bytes 2048 bytes 2048 bytes
1/0 Ports 2 x 8 bits 2 x 8 bits None
Address lines None None 16
Interrupt Priority in and Priority in and Priority in only.
signals Priority out Priority out Must be end of
daisy chain.
Interrupt Enable timer or Enable timer and/or Enable timer and/or
options external, but not external external

Timer register

both
8-bit Polynomial

8-bit Count down

8-bit Count down

Timer decrement 31 clock cycles 2,8,320r 128 2,8 ,320r 128
interval clock cycles clock cycles
Timer stop/start No Yes Yes
control
Timer readback No Yes Yes
Timer read No Yes Yes
pulse width?
RESET zero No Yes No I/0 ports
1/0 ports?
ADDR10 €1 1 40 P DB7
ADDROY €y 2 39 € DB6
VGG 3 38— ADDR12
Vbp ——1 4 37 |~ ADDR13
EXT INT =34 5§ 36 p——» ADDR14
ADDR15 ~@—i 6 35 p—3= ADDR11
WRITE ——3=1 7 34 g3 DBS
o —p 8 33 jag» DB4
INT REQ ~€—{ 9 3857 32— ADDRO7
PRIIN =34 10 16K PSU 31 p——3= ADDROO
DBDR ~¢—] 11 30 j—3»~ ADDRO1
CPU READ —— 12 28 3 ADDRO3
ROMC4 ~——P=t 13 28 €3 DB3
ROMC3 ——3=1 14 27 [ DB2
ROMC2 =3 15 26 |43 ADDRO4
ROMC1 =—3»4 16 25 p—J ADDRO5
ROMCO ——3»f 17 24 P> ADDRO2
Vgg ——1 18 23 p—3 ADDRO8
RAM WHIE €—{ 19 22 pa—»- DB1
ADDROS <€—] 20 21 J€—3p DBO
Pin Name Description Type
ADDROO - ADDR15 Address Lines Output
CPU READ Memory Read Enable Qutput
RAM WRITE Memory Write Signal Output
DBO - DB7 Data Bus Tristate, Bidirectional
ROMCO - ROMC4 Control Lines input
@, WRITE Clock Lines Input
EXT INT External interrupt Input
PRI IN Priority In Input
INT REQ Interrupt Request Output
DBDR Data Bus Drive Qutput
Vss, VpD: VGG Power Supply Lines

Figure 2-8. 3857 PSU Signals And Pin Assignments
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Figure 2-10 illustrates pins and signals of the 3852 DMI.

C

onceptually, memory addressing logic of the 3852 DMI is very similar to 3857

PSU memory addressing logic; there are, however, some differences between the
3852 DMI memory addressing and the 3851 or 3856 PSU:

i

The 3852 DMI contains two Data Counters, DCO and DC1. The presence of the auxiliary Data
Counter (DC1) has no immediate impact on memory addressing logic within the 3852 DMI.
However, as we discussed earlier, its presence in an F8 system that also includes a 3851 PSU
calls for programming caution.

Data and address flows surrounding a 3852 DMI are totally unlike the 3851 or 3856 PSU. In
the case of these PSUs, addresses are transmitted entirely within the logic of the PSU; the
only communication needed between a PSU and the CPU is via the eight Data Bus lines of
the System Bus. The DM, on the other hand, generates a 16-bit address, which it outputs
directly to the read-write memory which it is controlling.

These address pins are equivalent to 3857 PSU address pins — that is, the address pins
which a CPU would have, if the CPU contained memory addressing logic for the microcom-
puter system. In other words, the 3852 DMI creates the address lines and control signals,
which so far as the read-write memory is concerned, are lacking on the F8 System Bus. The
F8 System Bus does, however, contain data lines needed by the read-write memory to ac-
tually transmit data to, or from the CPU.

Data and address flows around the 3852 DMI may be illustrated as follows:

Data lines { A A
System
Control lines Bus
Dafa being —3p Data being input to, / A
written or :‘ead or out from address
flows via this regi .
gisters uses this
connection V ) 4 o i V y 4
. < Address lines 3857 PSU
Dynamic < or
RAM I 3852 DMI
< Control lines
A
Address o s
Space
Master Logic -
Enable

3)  Unlike the 3851,.3856 or 3857 PSU, the 3852 DMI has no on-chip logic to determine address

space for read-write memory which the DMI is controlling. Address space determination is
made by logic in between the DMl and the read-write memory. Typically, selected high order
address lines output by the DMI are gated through elementary Boolean logic components to
create the master enable signal used to strobe attached read-write memory. This is illustrated
above.
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VGG 1 40 P~ Vpp
d —p4 2 39 j<— ROMC4
WRITE ——3nd 3 38 b€&— ROMC3
MEMIDLE «g¢—4q 4 37 jg—— ROMC2
CPUSLOT P4 5 36 pe— ROMC!
RAM WRITE wgf—eq 6 35 P~ ROMCO
CYCLE REQ -fdqd 7 34 pe—3p CPU READ
ADDR7 ¢— 8 33 jg~P= REGDR
ADDR6 «——y 9 32 pb—J» ADDRIS
ADDRS g 10 3852 31 9 ADDRI4
ADDRS <—] 11 oM 30 }—p ADDRI3
ADDR3 -¢—{ 12 29 }—3 ADDR12
ADDR? -4 13 28 p—39» ADDRM
ADDR1 <—1 14 27— ADDR10
ADDRO #—{ 15 26 p—3»- ADDRS
DBO -#P{ 16 25 p—P» ADDRB
DB1 <> 17 24 fug-P= DB?
DB2 <P 18 23 b DBS
DB3 =P 19 22 g~ DBS
VGG g 20 21 P~ DB4
Pin Name Description Type
DBO - DB7 Data Bus Lines Tristate, Bidirectional
ADDRO - ADDR15 Address Lines Tristate, Output
&, WRITE Clock Lines Input
MEMIDLE DMA Timing Line Output
CYCLE REQ RAM Timing Line Output
CPU SLOT Timing Line Input/Output
CPU READ RAM Timing Line Qutput
REGDR Register Drive Line input/Output
RAM WRITE Write Line Tristate, Output
ROMCO - ROMC4 Control Lines Input
Vss. VDD, VGG Power Lines Input

Figure 2-10. 3852 DMI Signals And Pin Assignments

The process of refreshing dynamic memory and implementing direct memory ac-
cess, are integrally related in an F8 system.

The presence of a separate DMI interface device means that | F8 DMI

there can be a limited overlap between a memory reference | MEMORY
operation which was initiated by the CPU, and a memory | REFRESH
reference operation that is not initiated by the CPU.

Two types of memory reference operations are not initiated by the CPU: memory
refresh and direct memory access.

Let us consider how a direct memory access may follow a CPU-initiated memory
read operation. These are the events which occur:

1) Upon receiving an appropriate ROMC state from the CPU, the 3852 DMI outputs a 16-bit
memory address, together with a read strobe; these outputs from the 3852 DM are received
by read-write memory.

2) Read-write memory responds by placing data directly on the Data Bus. The data must remain
stable on the Data Bus until the CPU has had time to read the data.

3} While data is stable on the Data Bus, DMA logic may apply a new | F8 DIRECT
memory address to read-write memory. Following the arrival of ad- §} MEMORY
dress and control signals at read-write memory, there is a fixed time | ACCESS
delay before read-write memory responds by placing data on the

2-36



Data Bus. This time delay can overlap with time when prior data must be stable on the Data
Bus. This may be illustrated as follows:

Address Bus _Refresh Address i Address
|
X Data stable ><:X DMA
Data Bus o CPU 1 Data Stable

I |
——)1 overlap l-(—-
| |

DMI logic outputs control signals which identify the way in which each memory
access period is being used; there are three possibilities:

1) Memory is communicating with the F8 System Bus.

2) Memory is not communicating with the System Bus, but since it is dynamic memory it is
being refreshed.

3) Memory is not communicating with the System Bus and is available for external access.

Cases 2 or 3 above may follow case 1 in separate memory access periods of the same instruction
cycle. .

THE 3854 DIRECT MEMORY ACCESS
(DMA) DEVICE

This device receives memory access period identification signals output by the
3852 DMI. Based on the direct memory access requirements specified by the cur-
rently executing program, the DMA device accesses read-write memory during
available memory access periods, as defined by the 3852 DMI. Figure 2-11 illustr-
ates 3854 DMA pins and signals.

These are the variables which must be specified for a direct memory access
operation:

1) The beginning address for the memory buffer into which data must be written, or out of
which data must be read

2) The length of the buffer.
3) Whether data is to be written or read out of the buffer

Once a direct memory access operation has been initiated, it proceeds in parallel
with other events occurring within the F8 microcomputer system, using memory
access periods which are defined by the 3852 DMI as available for direct memory
access. In other words, direct memory access operations in no way slow down program execu-
tion that may be occurring in parallel.

DMA data transfer may be high speed or low speed. Low speed DMA transfer means
that each DMA access is enabled by a signal from the external device stating that it is ready to
transmit or receive data. High speed access assumes that the external device will always be ready
to transmit or receive data; therefore every single available memory access period is utilized

As a direct memory access operation proceeds, after each access, the memory address is incre-
mented, and the buffer length is decremented. Memory address, buffer length and DMA controls
are stored in buffers which the CPU accesses as though they were /0 ports. The contents of
these 1/0 ports may be written into, or read at any time. This means that the F8 DMA
system allows total flexibility for every type of programmable DMA operation;
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these include such things as stopping a DMA operation temporarily, or interrogating a DMA
operation, to determine how far it has progressed.

Indefinite DMA transfer may also be specified. In this case, no buffer length is given;
rather, the DMA operation will proceed until stopped:

DIRECTION: «—— 1 40 p— DWS
ENABLE <—f 2 39— STROBE
XFER ~— 3 38 j—~— LOAD REG
XFER REQ ——3» 4 37 je— MEMIDLE
VGG =g 5 36 jt——
Vpp =~y 6 35 e VGS
ADDRS el 7 34 p——p> ADDRO
ADDR9 <— 8 33 b3 ADDRI1
ADDR10 <—4 9 32 pe——3 ADDR2
ADDR11 < 10 3% 5 L5 ApoRs
ADDR12 €—qf 11 OMA L ADDR4
ADDR13 «g—qf 12 29 }—>= ADDRS
ADDR14 <p—aq 13 28} ADDR6
ADDR15 <y 14 27 j——3 ADDR?
Pl w—Ppd 15 26 pe&——— READ REG
P2 ——Ppd 16 25 [ WRITE
DB7 <3 17 24 =P DBO
DB6 <P 18 23 j—> DB1
DB5 P4 19 22 pe—P DB2
DB4 <P~ 20 21 jet—3 DB3-
Pin Name Description Type
DBO - DB7 Data Bus Lines Tristate, Bidirectional
ADDRO - ADDR15 Address Lines Tristate, Output
b, WRITE Clock Lines Input
LOAD REG/READ REG Registers Load/Read Line input
P1, P2 Port Address Select Input
MEMIDLE Memory Idle Line Input
XFER REQ Transfer Request Line Input
ENABLE, DIRECTION Control Status Lines Output
DWS, XFER DMA Write Siot, Transfer Output
STROBE Output Strobe Line QOutput
Vss. VDD, VGG Power Lines Input

Figure 2-11. 3854 DMA Signals And Pin Assignments

THE 3853 STATIC MEMORY INTERFACE (SMI)

The 3853 SMI provides interface logic for static read-write memory, that is, for
memory which does not need to be refreshed. Logic implemented on this device is
illustrated in Figure 2-12, and is a simple combination of functions which have
already been described for the 3851 PSU and for the 3852 DMI. Figure 2-13 ii-
lustrates 3853 SMI pins and signals.

The description of memory interface logic which was given for the 3852 DMI ap-
plies also for the 3853 SMI. The 3853 SMI, however, does not identify memory
access periods, and cannot be used to implement direct memory access.

Because the 3853 SMI does not have memory refresh or direct memory access support. logic,
there is unused real estate-on the SM! chip. The real estate is used to implement a programmable

2-37




801ASQ (INS) 80BHBIU| AIOWBIN ONEIS £G8E 84 8UL JO 01B0T

21-7 8inbiy

ETRT

AIOWBIA 10817

|

(8)481un0) eYEQ

(spaisibay

B

"

]

1815168y UOHONIISY)

AOWaN SLIO, AJOWBa A
™ BIIAA/ PRBY $HO4 O/ HOWBIN ANG peay ™ aigewiwriBbolg
L] 0B momtw«‘c_; 21607 aoeyiely| 21607 aoejiaI| pue 21607 adepaIy|
pue BUISSBIPPY AYH sHod O/1 BuIssaIpPY NOY 18l|eled o1 jeusg
: Y UONEeIUNWWOD) O/}
SNg W3ILSAS
: . uonenigly
iE:o.u Em_mo._,a b 21607 aoejalul sng A0t 1dnuBIY]
e —————————
191104 Y081 e
21607 : . HUM [0U0D S90IAD(] |BUIBIXT WO
e}  [01UO7 sSB00Y s1senbay 1dnualuy

s|pueH 0121807

101BINWINDDY

wupy 01507
pue oNBWIYILY

21807 %001 ,

2-38



timer, and interrupt processing logic, as described for the 3851 PSU. There are, however, two
small differences between interrupt logic as implemented on the PSU and the SMI devices; they

are:

1) The 3853 SMI interrupt address vector is not a permanent mask option, as it is on the PSU,

rather it is programmable.

2) The 3853 SMI has no priority output line, which means that in a daisy chain interrupt con-
figuration it must have lowest priority; that is, it must come at the end of the daisy chain.

Vg —1 1 40 F— VDD
o —31 2 33 f€— ROMC4
WRITE —3 3 38 - p-— ROMC3
INT REQ ~<— 4 37 p&— ROMC2
PRIIN —3 5 36 p-4— ROMCI
RAM WRITE ~¢—-4 6 35 P~ ROMCO
EXTINT —3=1 7 34 p—3» CPU READ
ADDR7 ~gf—q 8 33 P> REGDR
ADDR6 - <#——f 9 1853 32 }—3> ADDR15
ADDR5 «g——{ 10 sMmi 31— ADDR14
ADDR4 ~ag— 11 30 f——P ADDR13
ADDR3 -g—4 12 29— ADDRI2
ADDR2 -g— 13 28 p——3 ADDR11
ADDR1  ~—af—-4 14 27 g~ ADDR10
ADDRO -t— 15 26 P> ADDRO
DBO <ty 16 25 3= ADDR8
DB1 ~gf—pef 17 24 pd—Pp DB7
DB2 3= 18 23 =~ DBE6
DB3 - 19 22 fe—3p- DBS
Vgg sl 20 21 &3 DB4
Pin Name Description Type
DBO - DB7 Data Bus Lines Bidirectional
ADDRO - ADDR15 Address Lines Output
b, WRITE Clock Lines Input
INT REQ Interrupt Request Output
PRI IN Priority In Line Input
RAM WRITE Write Line Qutput
EXT INT External Interrupt Line Input
REGDR Register Drive Line Input/Output
CPU READ CPU Read Line Output
ROMCO - ROMC4 Control Lines input
Vss, VoD, VGG Power Supply Lines Input

Figure 2-13. 3853 SM Signals And Pin Assignments

THE 3859 AND 3870 F8 MICROCOMPUTERS

These were the first single chip, 8-bit microcomputers to be available commer-

cially.

The 3859 is manufactured by Fairchild and is simply a combination of the 3850
CPU and the 3851 PSU, implemented on a single chip and subject to certain -

enhancements and changes.
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The 3870 is manufactured by Mostek; it is equivalent to a 3850 CPU plus a 3856
PSU. When you compare the 3870 and 3859, these are the principal advantages of
the 3870: :

1) The 3870 has 2048 bytes of read-only memory whereas the 3859 has 1024 bytes
of read-only memory.

2) The chip manufacturing technique used by Mostek for the 3870 allows the ROM
mask to be defined during the final chip creation step. This has enabled Mostek to
offer ROM masking for a $1000.00 charge. In contrast the 3859 or any other typical
ROM masking charge will vary between $10,000 and $15,000.

3) The 3870 uses a single +5V power supply. The 3859 uses two power sup-
plies: +5V and +12V.

Figure 2-14 illustrates that part of our general microcomputer system’s logic
which is provided by the 3859 and 3870 microcomputers.

If you look again at Figure 2-1, the broken line which defines the bounds of a minimum
F8 system also defines the bounds of the 3859 and 3870 microcomputers. Thus, the
3859 and 3870 microcomputers offer the following logic:

1) 1024 bytes of ROM for program storage for the 3859. This ROM must, of course,
be defined when you order a 3859 microcomputer The 3870 has 2048 bytes of
ROM.

2) 64 bytes of read/write memory.

3) The standard CPU of the 3850.

4) The standard memory addressing logic of the 3851 PSU. Since the 3859 has a
total addressable space of 1024 ROM bytes, it only needs ten address lines. The ad-
dress registers are therefore all 10 bits wide, rather than being 16 bits wide as was
the case with the 3851 PSU. The 3870, having 2048 ROM bytes, requires 11-bit ad-
dress registers.

5) Four /O ports are provided, corresponding to the two 3850 and two 3851 1/0
ports. However, only 31 of the 32 1/0 port pins support bidirectional data. The 32nd
pin is an output only line

6) Clock logic is internal to the 3859 and the 3870 as is the case with the 3850 CPU.

7) A programmable timer is provided. It is the 3851 PSU type of timer, rather than
the 3856/3857 variety.

8) Interrupts may be requested by an interval timer timeout, or by external logic
‘Under program control you can enable one or the other interrupt. You cannot ena-
ble both interrupts simultaneously.

Note that the external RESET signal which is input to the 3859 microcomputer operates
as described for the 3850 CPU and 3851 PSU; the RESET enhancements of the
3866/3857 PSUs are not available. Following a Reset, therefore, 1/0 port pins of the
3859 microcomputer will be undefined.

The 3859 microcomputer is designed to operate with a 1.5 microsecond cycle
time. The device is manufactured using N-channel Isoplanar MOS technology and
it is packaged as a 40-pin DIP.

2-40



$181NdWOS0IIN 0/8E PUY BS8E 2UL JO 21607 |-z 8inbig

|

Aiouiopy : : Siau |
SUIATPRSY SHod O/1 Aowapy Aug pesy 1 sjqewwesboly’
5160 aoepoly] 21607 aoeBU| o@mc._ soepisluf pue w.mmo.w mww*%w%m.
ue Buissal SUO, Buissal 18jjeJed O ey
w PPV VY ; HOd O/1 1SS21PPY INCY UOREIUAWILIO? O/
- SN8 W31SAS
: ; g uonegly
181UNOY) WeIB0IY - e 21b07 adepBIy] sng Awioug 1Bl
1810 YOS e
a1607 : A j0BUG) S801A8(] [EUIBIXT WO L4
{011UQY) SS800Y T —— s1sanbay 1dnisiuy
Alowap 1auQg p=ed Jo315163Y UONONNSU) a|puey o1 21607

l

(5)301un03 e1eq e

(spa1sibay

J103gInuIndoy

wun 2160
PUE DiaWIyY

21607 %0019

2-41



DATA SHEETS

This section contains electrical data and timing specifications for the following F8 devices dis-
cussed in this chapter:

3850 CPU )
3851 Programmable Storage Unit
: 3852 Dynamic Memory Interface
4 38563 Static Memory Interface
3854 Direct Memory Access Controller

ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired)

v +15V to =-.3V

GG
VDD + 7V to -.3V
RC, XTLX and XTLY +15V to -.3V (RC with 5KQ series resistor)
All other Inputs + 7V to -.3V
Storage Temperature -55°C to +150°C
Operating Temperature 0°C to 70°C

NOTE: All voltages with respect to VSS'
DC CHARACTERISTICS: VSS = 0v, VDD = 5V+5%, VGG = 12V+5%, 'I'A =0 to 70°C

SUPPLY CURRENTS

SYMBOL PARAMETER MIN. | TYP. | MAX.| UNITS| TEST CONDITIONS
IDD VDD Current 30 80 mA f=2MHz, Outputs unloaded
IGG VGG Current 15 25 mA f-2MHz, Outputs unloaded
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A Summary of 3850 CPU Signal AC Characteristics

AC CHARACTERISTICS: VSS =0V, Vpy = 5V = 5%, Vg = 12V + 5%, TA = 0°C to +70°C

FSYMBOL PARAMETER MIN. |TYP.|MAX, UNITS|TEST CONDITIONS
Px* External Input Period |0.5 10 uS

wa* External Pulse Width |200 P, =200 | nS to, ty <300S
tx1 Ext. to ¢ - to - Delay|20 110 nS

tx2 Ext. to ¢ + to + Delay|20 125 nS

Pa % Period 0.5 10 uS

Pw] ¢ Pulse Width 180 P2-180 | nS tr,tf=50nS;CL=100pf
tdl ¢ to WRITE + Delay 60 150 | 250 ns CL = 100 pf

td2 ¢ to WRITE - Delay 60 150 | 225 nS CL = 100 pf

sz WRITE Pulse Width Pe-100 Po nS tr,tf=50nS typ;CL=1OOpf
PwS WRITE Period; Short 4P

PNL WRITE Period; Long 6Po

td3 WRITE to ROMC Delay 80 300 | 550 nS CL = 100 pf
td4* WRITE to ICB Delay 550 ns |G = 50 pf

td5 WRITE to INT REQ Delay)| 430 nS CL = 100 pf
’SX* EXT RES set-up time 1.0 us CL = 20 pf

tsu* 1/0 set-up time 300 nS

th* I/0 hold time 50 nS

to* I/0 Output Delay 2.5 uS CL = 50 pf
tdbo* WRITE to data bus 250 | 500 nS

High Impedance

tdb1* WRITE to DB Stable 0.6 |1.3 uS L= 100 pf
tdb2 WRITE to DB Stable 2Po 2Po+1.4Q uS CL = 100 pf
tdb3* DB Set-up 200 nS

tdb4* DB Set-up 350 nS

tdb5 DB Set-up 500 nS

tdb6* DB Set-up 350 nS

The parameters which are starred in the table above represent those which are most
frequently of importance when interfacing to an F8 system. These encompass I/0
timing, external timing generation -and possible.external RAM timing. Unshaded
parameters are typically those that are only relevant between F8 chips and not
normally of concern to the user.

Input and output capacitance is 3 to 5 pf typical on all pins except VDD’ VGG’
and V..
SS
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired)

+ -
VGG 15V to -0.3Vv
Vbp - + 7V to -0.3Vv
I/0 Port Open Drain Option +15V to =0.3V
External Interrupt Input -600pA to 225uA
All other Inputs & Outputs + 7V to -0.3V
Storage ‘Temperature -55 C to +150 C
Operating Temperature 0°C to +70°C
NOTE: All voltages with respect to Vgg-
DC CHARACTERISTICS: VSS = 0.0v, VDD = +5V+5%, VGG = +12V+5%,
T = 0°C to 70°C
A
SUPPLY CURRENTS
SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS
IDD VDD Current 30 70 mA £=2MHz, Outputs
Unloaded
IGG VGG Current 10 18 mA f=2MHz, Outputs
Unloaded
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A Summary of 3851 PSU Signal AC Characteristics

AC CHARACTERISTICS: VSS =0V, Vo, = 5V 5%, Voo = 12V 5%, Ty = 0°C to +70°C

—

P wmn

SYMBOL PARAMETER MIN. TYP. MAX. UNITS | TEST CONDITIONS
Po ¢ Period .5 10 us
PHy ® Pulse Width h 180 Pe-180 0S| t.,te=50nS typ.
td ® to WRITE + Delay 60 250 ns |, =100pf
td, ¢ to WRITE - Delay 60 225 ns | ¢ =100pf
td4 WRITE to DB Input Delay 2P+1.0 us
PU, WRITE Pulse Width Pe-100 o nS | t,,te=50nS typ.
P WRITE Period; Short 4po
PHL WRITE Period; Long 6P
td, WRITE to ROMC Delay 550 ns
td WRITE to DB Output Delay| ppg+100-td, [2Pe+200|2Pe+850-td | nS | C, =100pF
7 | WRITE to DEDN - Delay 2
tdg WRITE to DBDR + Delay 200 nS Open Drain
try WRITE to TNT REQ - Delay 430 ns | ¢ =100pf [1]
tr, WRITE to INT REQ + Delay 430 nS | C,=100pf [3]
tpr; PRT TN to TNT REQ-Delay 240 ns | C, =100pf [2]
tpr, | PRTIN to TNT REG+Delay 430 nS | ¢, =<100pf
tpd, | PRTIN to PRT OUT-Delay 300 ns | € =50pF
tpd, | PRI IN to PRT 0UT+Delay 365 nS | C,=50pf
tpdg WRITE to PRT OUT+Delay 700 nS CL=50pf
tpd, | WRITE to PRT OUT-Delay 640 ns | ¢ =50pf

Assume Priority In was enabled (PRT IN = 0) in previous F8 cycle before
interrupt is detected in the PSU.

PSU has interrupt pending before priority in is enabled.

Assume pin tied to INT REQ input of the 3850 CPU.

The parameters which are shaded in the table above represent those which are
most frequently of importance when interfacing to an F8 system. Unshaded
parameters are typically those that are relevant only between F8 chips and
not normally of concern to the user.

Input and output capacitance is 3 to 5 pF typical on all pins except VDD’
Vv and Vec.

GG* SS



DC ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired).

\Y +15V to -.3V
GG
VDD +7V to =.3V
All other Inputs & Outputs +7V to -.3V
o 0,

Storage Temperature -557C to 150 °C

i ° 70°¢
Operating Temperature 0°C to

Note: All voltages with respect to VSs
DC C o : = = = = et
HARACTERISTICS: Vg =0V, Vpp=SVE5%, V =12vi5%, T,=0 to 70°C

SUPPLY CURRENTS

SYMBOL | PARAMETER MIN | TYP. |MAX |UNITS |TEST CONDITIONS
IDD VDD Current 35 70 mA f=2 MHz, outputs unloaded
IGG VGG Current 13 30 mA f=2 MHz, outputs unloaded
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Timing Characteristics for 3852 DMI Output Signals



3852 DMI Output Signals Timing Summary

(SYMBOL PARAMETER MIN TYP |MAX UNITS| NOTES
P¢ ¢ clock period - - Fig 2.9
td, ¢ to WRITE - Delay |-~ - Fig 2.9
tadl Address delay if 50 300500 ns 3

PCO
tad2 Address delay to tcsz+50 tcsz+200 ns 3
high 2z (short cycle
with DMA on)
tad3 Address delay to tcsz+50 tc52+400 ns 3
refresh (shoxt
cycle with REF on)
tad4 Address delay if DC 2P¢~td2+50 2P¢+400—td2 ns 3
tad Address delay to tcsz+50 tesg+200 ns 3
5 high Zz (long cycle
with DMA on)
tad Address delay to tcs,+50 tcs,+400 ns 3
6 ) 3 3
refresh (long cycle
with REF on)
tcrl CPU READ - Delay 50 250450 ns 1
tcr2 CPU READ + Delay 2P%+50-642 2P¢+400—td2 nS 1
tcs1 CPU SLOT + Delay 80—td2 320—-td2 nsS 1
tes CPU SLOT - Delay 2P%+60-td 2Po+420~td,| nS 1
2 2 2
(PCO access)
tes CPU SLOT - Delay 4Po+60~td 2P¢+420-td,| nS 1
3 2 2
(DC access)
tm, MEMIDLE + Delay 2P%+50-td 4P9+400~-td,| nS 1
1 I 2 2
(PCO access)
tm MEMIDLE - Delay 4Po+50~td 4P9+350~td, | nS 1
2 2 2
(PCO access)
tm MEMIDLE + Delay 4Po+50-td 4P%+400~-td, | nS 1
3 2 2
(DC access)
tm, MEMIDLE - Delay 6P<1>+50-—td2 6P¢+350—td2 ns 1

(DC access)
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3852 DMI Output Signals Timing Summary (Continued)

SYMBOL | PARAMETER MIN TYP|MAX UNITS |[NOTES

tcyl WRITE to CYCLE REQ SO-td2 400—td2 ns 1, 4
- Delay .

tcy2 WRITE to CYCLE REQ P®+80—td2 P@+400—td2 nsS 1, 4
+ Delay

tey, |CYCLE REQ + to + 2P 1,4
Edge Delay

tcy, |CYCLE REQ - to - 2P¢ 1, 4
Edge Delay

twrl RAM WRITE - Delay 4P®+50—td2 4P®+450—td2 nS 3

twrz RAM WRITE + Delay 5P¢+50—td2 5P®+300—td2 nS 3

twr3 RAM WRITE Fulse 350 Po nS 3

Width
twr4 RAM WRITE to High tcs2+40 tcsz+200 ns 3
Z Delay

trg, |REGDR - Delay 70 300{500 ns

trg2 REGDR + Delay 2P<1>+80-td2 2P¢+500—td2 ns 1

td4 WRITE to Data Bus 2P9+1000 ns

Input Delay
td7 WRITE to Data Bus 2Pd>+100—td2 2P¢+85Q:td2 ns 2
Output Delay

Notes:

1. Cp, = 50 pf

2. Cp, = 100 pf

3. Cp, = 500 pf

4. CYCLE REQ is a divide by 2 of ¢ for all instructions except
the STORE instruction.

5. On a given chip, the timing for all signals will tend to track.
For example, if CPU SLOT for a particular chip is fairly slow
and its timing falls out near the MAX delay value specified,
then the timing for all signals on that chip will tend to be
out near the MAX delay values. Likewise for a fast chip whose
signals fall near the MIN values. This is a result of the
fact that processing parameters (which affect device speed)
are quite uniform over small physical areas on the surface of
a wafer.

6. Input and output capacitance is 3 to 5 pf typical on all pins
except VDD' VGG’ and VSS'

2-56



DC ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired).

v +15V to -.3V
GG
v +7V to -.3V
DD
All other Inputs & Outputs +7V to -.3V
0 o
Storage Temperature -55°C to 150°C
0 o,
Operating Temperature 0°C to 70°C

Note: All voltages with respect to VSS

DC CHA : = = - - o
CHARACTERISTICS: Vg =0V, Vpp=5V5%, Vi =12V#5%, T,=0 to 70°%C

SUPPLY CURRENTS

SYMBOL | PARAMETER MIN | TYP. {MAX {UNITS | TEST CONDITIONS
IDD VDD Current 35 70 mA £=2 MHz, outputs unloaded
IGG VGG Current 13 30 mA f=2 MHz, outputs unloaded

2-57




Jo

LM SaNIT

Ss3yaay

Ndd

sng viva

|
i -
~N
_
i
T 1 | i
o i
£ !
| |
+ |
! e
_
|
_ [ B—
I
5 !
. i |
g )
5
o P~
< = B
M o~
o~
|
§i tr
£ g |! ¥y
- k i .W
y |« i3 I F y _v
i
av3y ALIUM WYY b [GEL ] 1NdNI 1ndLn0 D3y INI

2v

tprz_.‘

-Jtpr.lrv

[*—tex
~\

sng viva

NI 1Y

034 INI  INI iX3
d

3853 Signal Timing

2-58



3853 SMI Output Signals Timing Summary

SYMBOL | PARAMETER MIN, TYP, | MAX, UNITS | NOTES

Pe ¢ clock period - - Fig 2-9

td2 ¢ to WRITE - Delay -- - - Fig 2-9

tad] Address delay if PCO| 50 300 | 500 nS 3

tad4 Address delay if DCO 2P¢—td2+50 2Pc1>+400-td2 ns 3

tery CPU READ - Delay 50 250 | 450 nS 1

ter, CPU READ + Delay 2Pq>+50-td2 2P¢+400—td2 ns 1

twry RAM WRITE - Delay 4P<I>+50-td2 4P®+450—td2 nS 3

twr,, RAM WRITE + Delay 5P¢+50-td2 5Pc1>+300-td2 ns 3

twr, | RAM WRITE puise 350 Po nsS 3

trg] REGDR -~ Delay 70 300 | 500 nS 1

trg, REGDR + Delay 2P¢+80-td2 2P<1>+500~td2 n$ 1

td4 WRITE to Data Bus 2P2+1000 nS
Input Delay

td7 WRITE to Data Bus 2Pe+1 OO—td2 2P<b+850-td2 nsS 2
Output Delay

try WRITE to INT REQ - 430 nS 6
Delay

tr, WRITE to TNT REQ + 430 ns 8
Delay

tpry | PRIIN to INT REQ - 240 ns 7
Delay

tpr, | PRTIN to INT REQ + 240 nS 2
Delay

toy EXT INT set-up time | 400 ns -

Notes:

1. CL = 50 pf

2. CL = 100 pf

3. CL = 500 pf

4. On a given chip, the timing for all signals will tend to track.

For example, if CPU SLOT for a particular chip is fairly slow and its
timing falls out near the MAX delay value specified, then the timing
for all signals on that chip will tend to

values.
values.

be out near the MAX delay

(which affect device speed) are quite uniform.

Likewise for a fast chip whose signals fall near the MIN
This is a result of the fact that processing parameters

Input and Output capacitance is 3 to 5 pf typical on all pins except
VDD’ VGG’ and VSS'

Assume Priority In was enabled (PRT IN = 0) in previous F8 cycle before
interrupt is detected in the PSU.

PSU has interrupt pending before priority in is enabled.

Assume pin tied to INT REQ input of the 3850 CPU.




ELECTRICAL SPECIFICATIONS

Summary of 3854 DMA Signal Characteristics

ABSOLUTE MAXIMUM RATINGS (Above which useful 1ife may be impaired)

Note:

v
v

GG
DD

A11 other Inputs & Outputs
Storage Temperature

Operating Temperature

DC CHARACTERISTICS:

=0v, V

A11 voltages with respect to V

DD

+15V to -.3V
+ 7V to -.3V
+ 7V to -.3V

-55°C to 150°C

0°C to 70°C

SS

SUPPLY CURRENTS

= +5V+5%, VGG = +12V+5%, TA

=0 to 70°C

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS
IDD VDD Current 20 40 mA f=2MHz, Outputs
Unloaded

IGG VGG Current 15 28 mA f=2MHz, Outputs
Unloaded
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contents of a selected register onto the DATA BUS only while

READ REG is high,

prior cycle. 1I/0 address assignment is made using pins Pl and

if there was a similar address match during the

P2
3854 DMA Deyice Signals Summary
SYMBOL | PARAMETER MIN. |TYP.{MAX. [JUNITS|NOTES
Po ¢ Clock Period .5 10 uS Note 1
Pw1 ¢ Pulse Width 180 P2-180| nS to tf = 50 nS typ
td] ¢ to WRITE + Delay 60 300 nS Note 1
td2 ¢ to WRITE - Delay 60 250 nS Note 1
sz WRITE Pulse Width P2-100 Pe nS tr’ tf = 50 nS typ
td3 WRITE to READ/LOAD REG Delay 600 nS
td4 DB Inpqt Set-up Time 300 nS
tds XFER REQ to MEMIDLE Set-up |200 nS
td7 MEMIDLE to ADDR True 50 200 |500 nS CL = 500 pf
td} MEMIDLE to ADDR 3-State 30 250 nS CL = 500 pf
td8 READ REG to DB Output 40 300 ns CL =100 pf
td9 WRITE to ENABLE & 450 nS CL = 50 pf
DIRECTION + Delay
tdg MEMIDLE to ENABLE - Delay 400 nS CL = 50 pf
td10 MEMIDLE to XFER & 300 nsS CL = 50 pf
DWS + Delay
td10 MEMIDLE to XFER & 300 nS CL = 50 pf
DWS - Delay
td11 @ to STROBE + Delay 30 200 nsS L 50 pf
td1] ¢ to STROBE - Delay 30 200 nS CL = 50 pf
Notes:

1. These specifications are those of ¢ and WRITE as supplied by the 3850 CPU.
2. Input and output capacitance is 3 to 5 pf typical on all pins except VDD’

VGG’ and VSS'




Chapter 3
THE NATIONAL SEMICONDUCTOR
SC/MP

Describing this microprocessor immediately after the F8 is a good idea because
the two products contrast well. The F8 differs more markedly from minicomputers
than any other 8-bit microprocessor described in this book. SC/MP, by way of
contrast, is one of the more minicomputer-like products.

When we say that SC/MP is a more minicomputer-like product what we mean is that its
logic distribution and instruction set are more traditional.

The SC/MP is a single device, not a family of devices. The single device provides
Arithmetic and Logic Unit, Control Unit, registers and memory addressing logic. exactly
what you would expect to find in any minicomputer Central Processing Unit. There are
no additional devices forming an SC/MP “family”. comparable to the F8 PSU DMI or
SMI. Additional logic that will support SC/MP consists of standard off-the-shelf buffers,
bidirectional drivers, ROM and RAM. This approach is the same as that taken with PACE,
National Semiconductor’s other single-chip microprocessor which is described later in
this book among the 16-bit microprocessors. Both SC/MP and PACE provide a wealth of
control signals and thus limit the need for special-purpose support chips.

The only current manufacturer for SC/MP is:

NATIONAL SEMICONDUCTOR INC
2900 Semiconductor Drive
Santa Clara, CA 95050

Although there is an agreement between Rockwell International and National Semicon-
ductor to exchange microcomputer technical information and produce each other's
products, at the present time Rockwell International has not elected to second source
SC/MP.

Figure 3-1 conceptually illustrates the logic functions which are implemented on
the SC/MP chip. One of the weaknesses of Figure 3-1, and the equivalent figures
for the other microcomputers, is that the way in which logic functions are imple-
mented cannot be identified. SC/MP, for example, implements non-CPU logic at a
very elementary level, weil suited for simple applications only.

Nonetheless, Figure 3-1 does reveal a few of the rather sc/mp
unusual capabilities provided by SC/MP. Notice that Serial-to- SERIAL 1/0
Parallel Interface Logic is shown as implemented by the
SC/MP chip. SC/MP has two serial 1/0 device pins. one for serial binary input data, the
other for serial binary output data. The assembly and disassembly of serial-to-parallel
data is accomplished by one SC/MP instruction.

Figure 3-1 also shows Programmable Timer logic as being implemented by the
SC/MP chip. This is barely justifiable — the SC/MP instruction set includes a Delay
instruction that is used to generate timed durations ranging from 13 to 131,693
microcycles. Note, however, that during this delay interval the CPU can be performing
no other actions: the CPU is, in effect, operating solely as a programmable timer. This is
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obviously quite different from having a separate logic device that performs this timer
function within a system. Once again, this points out the weakness of a generalized
representation such as Figure 3-1.

One other area of non-CPU logic shown as being implemented |SC/MP DMA

by SC/MP further illustrates this point. A portion of the Direct | AND

Memory Access (DMA) logic is provided by SC/MP using a | MULTIPROCESSOR
few signals to control bus access. A significant amount of {LOGIC

external logic would still be required to obtain an operational
DMA system. Therefore, Figure 3-1 can be misleading because it cannot indicate the
way in which the CPU implements a particular function. In this particular case there is
also a significant area of non-CPU logic provided by SC/MP that is nowhere indicated
by Figure 3-1: The signals that can be used for DMA are primarily intended to
simplify the design of multiprocessor systems. This is a very unusual logic function
for a CPU to provide and therefore is not even suggested in Figure 3-1. But for SC/MP,
the inclusion of this multiprocessor-oriented logic makes a lot of sense: its low cost and
modest performance makes it a likely candidate for multiprocessor systems.

There are two versions of the SC/MP CPU: the original ver- SC/MP
sion uses P-channel silicon-gate MOS/LS! technology and its AND
part number is ISP-8A/500; the new version (SC/MP-1l) uses SC/MP-lI

N-channel technology and its part number is ISP-8A/600. The
two versions are functionally equivalent and fully compatible in terms of object
code and pin configuration. (A few minor signal level conversions are required for
complete signal compatibility: see Figure 3-3.) The SC/MP-II provides some signifi-
cant advantages over the original version — it is twice as fast and uses only one-
fourth the power of the original P-channel version. Additionally, while SC/MP re-
quires two power sources (a +5 volt and a -7 volt supply), SC/MP-II needs only a
single +5 volt supply. Throughout this chapter. we will simply refer to the CPU as
SC/MP: all the descriptions apply to both versions of the CPU unless we specifically
mention SC/MP-I.

Both versions of the SC/MP CPU have an on-chip clock oscilla- |SC/MP

tor and can use a capacitor, crystal, or TTL clock input to drive JINSTRUCTION
the clock. The P-channel SC/MP can run at a maximum frequency JEXECUTION
of 1 megahertz which results in instruction execution times in the |SPEED

range of 10 to 50 microseconds. SC/MP-Il can operate at frequen-
cies up to 4 megahertz with resulting instruction execution times in the range of 5 t0 25
microseconds. Notice, that although the input frequency for SC/MP-Il can be four times
that of SC/MP, the instruction execution time for SC/MP-Il is twice as fast (not four
times as fast): This is because of internal differences in the way the on-chip clock
oscillator uses the timing inputs.

Both versions of SC/MP provide TTL-compatible input and SC/MP
output signals. LOGIC
SC/MP PROGRAMMABLE REGISTERS LR

SC/MP has an 8-bit Accumulator, an 8-bit Extension register, a 16-bit Program
Counter, three 16-bit Pointer registers, and an 8-bit Status register. These pro-
grammable registers are illustrated as follows:

8 bits Accumulator (A)
8 bits Extension register (E}
16 bits Program Counter {PC) or Pointer Register 0 (PO}
16 bits Pointer Register 1(P1)
16 bits Pointer Register 2 (P2)
16 bits Pointer Register 3 (P3)
8 bits Status register
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The Accumulator is a single, primary Accumulator, as described for our hypotheti-
cal microcomputer.

The Extension register is used to assemble or disassemble serial-to-paraliel data
for serial data input and output. This register is also used as a buffer for the Ac-
cumulator.

- The Program Counter is 16 bits wide; therefore up to 65,536 SC/MP
bytes of memory may be addressed in the normal course of MEMORY
events. The four high-order bits of the Program Counter repre- PAGES

sent page select bits; therefore the memory of a SC/MP
system is divided into 16 pages of 4096 words each.

Notice that the Program Counter is shown as Pointer Register O; this is done because
some instructions move data between Pointer registers including the Program Counter.
There is one other unusual fact about the SC/MP Program Counter: the four most sig-
nificant bits {the page select bits) of the Program Counter are never incremented
during the instruction fetch sequence. Instead, when the last address of a page is
reached, the Program Counter ‘‘wraps-around’’ to the first address of the current
page. For example, if the Program Counter contains 2FFF1g, when it is incremented
the new contents of the Program Counter will be 20001¢ instead of 300016. The page
select bits of the Program Counter can only be changed by executing an instruction
that loads a new value into the most significant bits of the Program Counter.

Note that the four high-order address bits are not output on separate address pins; in-
stead they are output on the data lines at the beginning of an input/output cycle and
must be demultiplexed by external logic in order to generate page select signals.

The three Pointer registers are Data Counters that can also be used as Index
registers, Page Pointers, or Stack Pointers. Typically, you would assign a specific
function to each register. For example, the following assignments might be used:

P1 - ROM Pointer
P2 - Stack Pointer
P3 - Subroutine Pointer

These arbitrary assignments also reveal several interesting facts about the architecture
of SC/MP. First, the SC/MP CPU does not provide an on-chip stack; instead, a stack can
be maintained in memory using one of the Pointer registers as a Stack Pointer. Sec-
ondly, the SC/MP instruction set does not include a Jump-to-Subroutine instruc-
tion: one of the Pointer registers must be used to hold subroutine addresses which can
then be swapped with the Program Counter. We will discuss this in detail when we de-
scribe the SC/MP instruction set.

ADDRESSING MODES

The SC/MP memory reference instructions use program-relative direct address-
ing, indexed addressing, and auto-indexed addressing. All memory reference in-
structions are two-byte instructions and have the following object code format:

76 54 3 21 0= BitNo 7 0

l I ] l l l l I l L displacement l
Aj:

01 =PTRO
10 = PTR1
11 = PTR2

0 = PC-relative or indexed
1 = Auto-indexed

Opcode
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Program relative and indexed addressing are as described in Volume 1, Chapter 6.
We will just re-emphasize here that all addressing in SC/MP is paged and uses the
wrap-around technique — that is, there is no carry from the low order 12 bits of an ad-
dress into the most significant 4 bits of an address We mentioned this earlier when we
discussed the Program Counter and it also applies to indexed addressing Thus, if the
sum of the Index register (that is, one of the Pointer registers) and the second object
code byte contents (displacement) is more than FFF{g. the Carry bit will be discarded.
This may be illustrated as follows:

Pointer register (Index register) displacement

i ¢ | B4 |

e

|

Effective Address = 1FB4 + 4D

1F B 4
+
Expected resuit

Discard CarwJ\Actual Result is 1001,

Remember, all arithmetic operations during address formation, regardless of the
addressing mode, obey this wrap-around technique: there is never a carry from
bit 11 into bit 12.

The auto-indexing mode of addressing provided by SC/MP instructions is actually
an auto-increment/auto-decrement operation. When auto-indexing is specified, the
displacement, as a signed binary number, is added to the contents of a Pointer register
in order to compute an effective address. If the displacement is less than zero, the
Pointer register is decremented by the displacement before the memory access If the
displacement is equal to or greater than zero, then the contents of the Pointer register is
the effective address and the Pointer register contents are incremented by the displace-
ment after the memory access. This method of auto-increment and auto-decrement
addressing is the same as that described in Volume | with one significant
difference: SC/MP allows an address to be incremented or decremented by any
value in the range O - 127 instead of just by a value of one.

SC/MP STATUS REGISTER

SC/MP has a programmable 8-bit Status register which may be illustrated as
follows:

cyftlov |se | sa | E | k2

b6 b0

Circled numbers represent device pin numbers to which bits of the Status register are
connected
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The Carry (CY), Link (L) and Overflow (OV) status bits are typical microcomputer
status bits as were described in Volume |, Chapter 7.

The two sense bits, SB and SA, are tied to SC/MP device pins. These two bits
directly reflect the state of the logic signals applied to the device pins and thus
can be used to detect external events. Although there are no SC/MP instructions
that allow you to directly jump or branch on the condition of one of these bits, a se-
quence of masking and testing instructions can be used to accomplish the same effect,
albeit somewhat slower. The SA and SB bits are read-only bits. Instructions may
‘read the status of these two bits, but only incoming signals may change their con-
dition. For example. an instruction that moves the contents of the Accumulator to the
Status register may modify any of the other status bits, but bits 4 and 5 will'not change.
The SA bit serves a dual function. If the Interrupt Enable (IE) bit is set to one, the
SA input serves as the interrupt input. We will discuss interrupt processing later in
this chapter

FO, F1 and F2 are control flags that are tied to SC/MP device pins. The state of
these three flags may be changed under program control and may be used to con-
trol external devices. When the state of any of these flags is changed, it is im-
mediately reflected by a change in the signal level at the associated device pin.

SC/MP CPU SIGNALS AND PIN ASSIGNMENTS

Figure 3-2 illustrates the SC/MP pins and signals. A description of these signals is
useful as a guide to the way in which an SC/MP microcomputer system works.

The 12 address lines ADOO - AD11 output memory and I/O device addresses.
These are tristate lines, and may be floated, giving external logic control of the
Address Bus. The four most significant address bits (AD12 - AD15) are time
multiplexed on the data lines.

The eight Data Bus lines DBO - DB7 are multiplexed, bidirectional data lines via
which 8-bit data units are input and output, and on which statuses and address
bits are output at the beginning of any input/output cycle. Statuses on the Data
Bus identify the type or purpose of the input/output cycle. The address bits on the
Data Bus are the four most significant address bits (AD12 - AD15) which can be
used to generate page select signals for memory or peripheral devices. Table 3-1
describes the status and address information that is output on the Data Bus. Like
the address lines, the data lines are tristate.

SENSEA SENSEB FLAGO, 1, and 2 are pin connections for the similarly named
Status register bits described earlier.

SIN and SOUT are used in combination with the SI0 instruction for serial input of
data to the Extension register and serial output of data from the Extension
register.

The remaining signals (excluding clock, power and ground) may be divided into bus ac-
cess. Data Bus definition, and timing control signals

You will notice that some of the SC/MP pins in Figure 3-2 | SIGNAL

have two sets of signal names: the names enclosed in { DIFFERENCES
parentheses reflect the nomenclature used with SC/MP-1l. | BETWEEN SC/MP
Aside from the clock and power signals which we shall discuss | (P-CHANNEL)
separately. the only difference between SC/MP and SC/MP-Il | AND SC/MP-HI

is in the polarity of bus access signals: Bus Request §(N-CHANNEL)
(BREQ/NBREQ), Enable In (ENIN/NENIN), and Enable Out
(ENOUT/NENOUT). The “N" prefix to each of the SC/MP-II signals indicates that these
signals are negative-true — as opposed to the positive- (or logic “1”) true signals for the
P-channel SC/MP. In the descriptions that follow, we will use P-channel SC/MP
nomenclature. If you are using the N-channel SC/MP-Il version, you must simply invert
these signals
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NWDS ~e——q 1 40 Vg (GND)
NRDS —————j 2 39 — NADS
(NENIN) ENIN ———3o-{ 3 38 el X2 (XOUT)
(NENOUT) ENOUT ~we—od 4 37 e X1 (XIN)
{NBREQ) BREQ ~aiffm——a_ & 36 frm——m— AD11
NHOLD ~—iind 6 35 p——= AD10
NRST ey 7 34 3= ADO3
CONT =wipmmd 8 33 ADO8
DB7 ~ef——§ 9 32 B ADOT
DB6 ~<—a=-% 10 SC/MP 31 = AD06
DBS ~=ai—~jui 11 30 3= AD05
DB4 ~atffi—{ 12 29 ADO4
DB3 i~ 13 28 p— ADO3
DB2 ~af——pu—q 14 27 p————iz— ADO2
DBl <eff——pe-3 15 26 =3 ADO1
DBO ~tgttmfl 16 25 fme—3==  ADOO
SENSEA ———p-§ 17 24 Bt GIN
SENSEB =mememiiimgl 18 23 el SOUT
FLAGO -y 19 22 B £ AG2
{GND) Vgg 20 21— | AG1
PIN NAME+ DESCRIPTION TYPE
X1,X2 Crystal/Capacitor Connections Input
*DBO - DB7 Data Bus Bidirectional, Tristate
*AD0O - AD11 Address Lines Qutput, Tristate
*SENSEA,SENSEB External Status Input Input
*FLAGO,1.2 Fags Output
*NRST Reset input
*CONT Halt/Continue - Input
*BREQ (NBREQ) Bus Request/Busy Bidirectional
*ENIN (NENIN) Data Bus Enable Input
*ENOUT (NENOQUT} CPU Bus Access Status Output
*NADS Address on Data Bus Output
*NRDS Data Input Strobe Output, Tristate
*NWDS Data Output Strobe Output, Tristate
*NHOLD Clock Delay Input
SiN Serial Data In input
SOuUT Serial Data Out Output
Vaa-VssiVee GND) Power and Ground

*These signals connect to the System Bus.
1 Signals in parenthesis are SC/MP-Il signal names.

Figure 3-2. SC/MP CPU Signals And Pin Assignments

Before the SC/MP CPU can begin any input/output operation, SC/mMP

it must dain access to the System Busses. This approach BUS ACCESS
reflects the design philosophy behind SC/MP. It is a relatively low- CONTROL
cost, low-performance CPU and the designers anticipated that it | SIGNALS
would frequently be used in multiprocessor systems or in systems
utilizing Direct Memory Access Accordingly. three signals are provided to control ac- .
cess to the System Busses -

BREQ is used as a bus busy input indicating that some other device is using the
System Busses, and as a bus.request output when the System Busses are free
and SC/MP.requires access to the busses.

ENIN is a control signal which is input to the CPU by external logic. When ENIN is
low, the CPU is denied access to the System Busses and the SC/MP address and
data lines are held in tristate mode.
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ENOUT is the CPU’s output response to ENIN. When output high, ENOUT indicates
that ENIN is high. therefore, the CPU can gain access to the System Busses, but it has
not done so. If ENOUT is low, it indicates either that ENIN is low, therefore the CPU is
being denied access to the System Busses or, if ENIN is high, then it indicates that the
CPU is using the System Busses

When the CPU has gained access to the System Busses, SC/MP DATA
three signals identify the way in which the CPU is using BUS DEFINITION
the Data Bus. SIGNALS

NADS is output to indicate that a valid address has been

output on the address lines and that the low order four bits of the Data Bus con-
tain the high order four bits of a 16-bit address. NADS also indicates that status
information is being output on the high order four bits of the Data Bus.

NRDS, when output by the CPU, indicates that the CPU wishes to receive data on
the Data Bus.

NWDS when output by the CPU, indicates that data is being output by the CPU on
the Data Bus. NWDS may be used by external logic as a write strobe.

There are three signals which control CPU timing. SC/MP TIMING

NRST is a system reset signal. When input low, it aborts any CONTROL

in-process operations. When returned high, all programmable SIGNALS

registers are cleared. and program execution begins with the
instruction fetched from memory location 0001 1.

CONT may be input to stop the CPU between instructions. When CONT is input
low, all CPU operations are halted after the current instruction execution has been com-
pleted. The CPU remains halted until CONT goes high

NHOLD is an input signal used during input/output operations to lengthen the
allowed time interval for devices to respond to CPU access requests.

SC/MP TIMING AND INSTRUCTION EXECUTION

The SC/MP timing for instruction execution is very simple. Instruction execution
times are expressed in terms of microcycles. A typical instruction is executed in 10
microcycles and one or more of these microcycles is an input/output cycle. The length
of a microcycle depends on the frequency of the clock inputs to the CPU: with the P-
channel SC/MP, the minimum microcycle length is 2 microseconds; for SC/MP-II, the
N-channel version, minimum microcycle length is 1 microsecond. Thus, typical instruc-
tion execution time is 20 microseconds for the P-channel SC/MP, and 10 microseconds
for SC/MP-II. All microcycles, whether internal machine cycles or input/output cy-
cles, are of the same length: the only variance occurs when the NHOLD signal is
used to stretch an input or output cycle.

There are basically only three types of SC/MP machine (or micro) cycles: data in-
put (read) cycles, data output (write) cycles, and internal microcycles. The execu-
tion of each instruction is merely a concatenation of these three types of microcycles.

SC/MP does, however, output some status information at the |SC/MP
beginning of every input or output cycle which provides a more |1/0 CYCLE
precise definition of the purpose of that microcycle. Table 3-1 lists [{STATUS

the information which may be output on the data line at the begin- INFORMATION

ning of an 1/0 cycle (when NADS is low). Table 3-2 defines the
way in which the status information may be interpreted to identify the various possible
types of microcycles



Table 3-1. Status And Address Output Via The Data Lines
During The Beginning Of An 1/0 Cycle

DATA BUS
SYMBOLS BIT DEFINITION

H-Flag 7 Indicates that a Halt instruction has been executed.

D-Flag 6 Indicates that a Delay instruction has been executed and that a
delay cycle is starting.

i-Flag 5 Indicates thatthe CPU is in the fetch cycle for the first byte of an
instruction.

R-Flag 4 When high, indicates that the 1/0 cycle is a read cycle and that input
data should be placed on the Data Bus when NRDS is active. When low,
indicates that the 1/0 cycle is a write cycle and that the Data Bus
will contain output data when NWDS is active.

AD15 3

AD14 2 The four most significant bits of a 16-bit address.

AD13 1 Can be used as page select signals.

AD12 0

Table 3-2. Statuses Output On The Data Bus For
Various Types Of Machine Cycles

TYPE OF MACHINE CYCLE
Status Data Bus
Information Bit Instruction Halt Delay Data Input Data Output
Fetch Instruction Instruction {Read) (Write)

H-Flag 7 ) 1 0 0 0
D-Flag [ 0 0 1 0 0
|-Flag 5 1 1 0 0 0
R-Flag 4 1 1 1 1 0

SC/MP BUS ACCESS LOGIC

Since the SC/MP CPU must gain access to the System Busses before it can per-
form an input or output cycle, we will describe the bus access logic before dis-
cussing input/output cycles.

Figure 3-3 illustrates the bus access logic processing sequence that occurs
whenever the SC/MP CPU is going to perform an input/output cycle.

First, the bidirectional BREQ line is tested. If the BREQ input is high, it indicates that the
System Bus is currently in use: the CPU holds the outputs of the address and data
lines, and the NRDS and NWDS signals in the high-impedance (tristate) mode.

When the BREQ input signal is low {or goes low) it indicates that the System Bus is free,
and the CPU then outputs a logic "1 on the BREQ line. This informs external devices
(for example, other SC/MP CPUs or a DMA controller) that a request for bus access has
been initiated.

The CPU next tests the state of the ENIN input line. ENIN is essentially the “bus grant”
signal: if it is low, it indicates the Bus Request (BREQ) is denied and the CPU remains in
an idle state with its output held in the high impedance mode. When the ENIN input is
high (or goes high) it indicates that the CPU's bus request has been granted and the 1/0
cycle can now be initiated
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- Initiate an 1/0 cycle.
START {Instruction fetch, data

input, or data output)

CHECK
BREQ
INPUT

If BREQ input high, bus is busy. Address
and data lines, and NRDS, NWDS held

-BREQ YES in tristate mode.
INPUT —
HIGH

NO

BUS IS AVAILABLE.
OUTPUT BREQ Request bus access.
HIGH

If ENIN low, bus access is
denied until ENIN goes high.

BUS
ACCESS
GRANTED

!

PERFORM
1/0 CYCLE

!

SET BREQ OUTPUT
LOW WHEN 1/0
COMPLETE

Figure 3-3. SC/MP Bus Access Logic Processing Sequence

When the I/O cycle has been completed, the CPU sets the BREQ output low to indicate
that it has finished using the System Bus and that its outputs are once again in the high
impedance mode.

There are a couple of aspects of the bus access sequence | SUSPENSION
which are not revealed by Figure 3-3. OF A SC/MP

First, the SC/MP CPU has the rather unusual capability of sus- 1/0 CYCLE
pending an 1/0 operation after it has already begun. If the ENIN

input line goes low while the CPU has access to the bus, the SC/MP address and data -
lines will go to the high impedance state, thus relinquishing access to the System
Busses. The BREQ output signal will remain high and, when the ENIN input line subse-
quently goes high once more, the input/output cycle which had been suspended will
begin again.




This ability to suspend an I/0 cycle might be quite useful in a system where bus access
is granted on a priority basis. In such a system, it is conceivable that one or more of the
system devices (another CPU, for example) might have overriding priorities and require
immediate access to the System Busses. The SC/MP bus access logic we've just de-
scribed allows this to be accomplished with no difficulty whatsoever. There is,
however, one gray area in this 1/0-suspend function. If a SC/MP 1/0O cycle is nearly
complete, it would seem to be more efficient to go ahead and complete the cycle rather
than suspending it and then restarting the entire cycle later. This is precisely what
SC/MP does. Unfortunately, the SC/MP literature does not tell us where this “‘point-of-
no-return” lies within an 1/0 cycle. One would assume, or at least hope that this point is
prior to the time when NRDS or NWDS is sent out. These signals are the read and write
strobe signals; if they were repeated when an 1/0O cycle was restarted, the same data
might be read or written twice — a potentially vexing situation. However, you are at
least assured that if ENIN goes low while SC/MP is performing an 1/0 cycle, the cycle
will be performed —— either by continuing to completion or by being restarted when the
System Busses are again available.

If you refer back to Figure 3-3 once again, you will § SC/MP ENOUT
notice that there is no mention of the third SC/MP bus | SIGNAL USED
access control signal —ENOUT. This is not an over- | TO ESTABLISH

sight — it is simply due to the fact that the ENOUT signal § ACCESS PRIORITIES
performs a rather specialized function which is not necess-
ary to an understanding of the SC/MP bus access logic. The primary function of the
ENOUT output signal is as an enabling signal in systems where a “‘daisy chain”’
technique is used to establish priorities for bus access. We will defer a discussion of
this use of ENOUT until later in this chapter when we discuss the use of SC/MP in
multiprocessor and DMA systems.

If the SC/MP CPU is used in a single-processor, non-DMA | SC/MP 1/0
system then there is no need for the built-in bus access logic. | WITH BUS

In these cases, which may in fact be in the majority, the bus | ACCESS LOGIC
access signals should be connected so that the SC/MP CPU is | CONTINUOUSLY
always guaranteed immediate access to the System Busses. | ENABLED

This is easily accomplished by making the following connec-

tions:

SIGNAL CONNECT TO

SC/MP BREQ VGG through a puli-down resistor
ENIN VsS
ENOUT Leave unterminated

SC/MP-II NBREQ VCC via external resistor
NENIN Ground
NENOUT Leave unterminated

In the descriptions of SC/MP input/output operations that follow, we will always
assume that the SC/MP CPU has already been granted access to the System
Busses, and that this access is not interrupted (or suspended).
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SC/MP INPUT/OUTPUT OPERATIONS

Once the SC/MP CPU has control of the System Busses, an actual input or output
cycle can begin. As we mentioned earlier in this chapter, the execution of any SC/MP
instruction includes some combinations of input/output cycles and internal machine
cycles. Figure 3-4 illustrates the bus utilization required for each of the SC/MP in-
structions, and also reveals an interesting, non-obvious fact about SC/MP in-
put/output operations. Observe that each bus utilization interval is shown as being
two microcycles in duration. This is true because each input/output operation effec-
tively requires two microcycles. The CPU spends a portion of the first microcycle
gaining access to the System Bus and placing address and status information on the
address and data lines. The actual data transfer (read or write) occurs during the second
microcycle. This can be confusing if you are designing a DMA or multiprocessor
system: the actual time that the bus is available is a great deal less than you would ex-
pect if you based your computations solely on the number of read and write cycles re-
quired for each instruction. To make this more clear, refer to Table 3-3 which lists the
read cycles, write cycles, and total microcycles required for execution of each SC/MP
instruction. If you total up each of the columns from this table, you come up with the
following figures:

Total Read Cycles = 79
Total Write Cycles = 3
Total Input/Output Cycles = 82
Total Microcycles = 466

Based on these figures, it would appear that bus utilization is less than 20% (82/466).
However, since the CPU maintains control of the bus for approximately two microcycles
each time a read or write cycle is performed. the actual bus utilization is quite a bit
greater than you would have expected. For precise timing parameters refer to the data
sheets at the end of this chapter. Keep in mind that bus utilization computations should
be based not only on these data sheets, but also on the actual program being used
since bus utilization is directly related to the composition of instructions which com-
prise your program — these calculations can differ significantly from any theoretical
calculations based solely on a CPU’s complete instruction set.

Now, having discussed those areas of SC/MP bus access and utilization which might be
confusing, let us proceed to examine the actual data input/output operations — we will
find that these SC/MP operations are quite straightforward.

Figure 3-5 illustrates the timing for a standard SC/MP data in- SC/MP
put cycle. This timing applies regardless of whether the input cy- DATA INPUT
cle is to access data from memory or peripheral devices and also CYCLE
applies to instruction fetch operations.

Once the CPU has gained access to the System Busses, the input cycle begins by pre-
senting address and statuses on the address and data lines. When the NADS signal
is sent out, the least significant 12 bits of address data are valid on the SC/MP address
lines, and the SC/MP data lines are outputting status information and the most signifi-
cant 4 bits of address information. Table 3-1 defines the information that is output on
the data lines while NADS is true. When these address bits and/or status bits need to
be latched. either the leading or trailing edge of NADS can be used as a clock signal
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Table 3-3. SC/MP Instruction Execution Times

| READ | wRITE TOTAL READ | WRITE TOTAL

INSTRUCTIONT evcies | cveies | microcvees | I™NSTRUCTIONT oveies | evoies | microcycees

ADD 3 0 19 JP 2 0 9, 11 for Jump

ADE 1 0 7 Jz 2 0 9, 11 for Jump

ADI 2 0 11 LD 3 0 18

AND 3 0 18 LDE 1 0 6

ANE 1 0 6 Lol 2 0 10

ANI 2 0 10 NOP 1 0 5

CAD 3 0 20 OR 3 0 18

CAE 1 0 8 ORE 1 0 6

cal 2 0 12 ORI 2 0 10

CAS 1 0 6 AR 1 0 5

coL 1 0 5 RAL 1 0 5

csA 1 0 5 scL 1 0 5

DAD 3 0 23 SI0 1 0 5

DAE 1 0 11 SR 1 0 5

DAI 2 0 15 SRL 1 0 5

DINT 1 0 6 ST | 2 1 18

LD 3 1 22 XAE 1 0 7

DLY 2 0 13 - 131593 XOR 3 0 18

HALT 2 0 8 XPAH 1 0 8

IEN 1 0 6 XPAL 1 0 8

LD [ 3 1 22 XPPC 1 0 7

VP 2 0 1 XRE 1 0 6

JINZ 2 0 9, 11 for Jump X7 2 0 10

Note: If slow memory is being used, the appropriate delay should be added for each read or write cycle.

BREQ , -
ENN NN

NADS

DB7 - DBO

_J

Floating Floating
AD11 - ADOO ———{ Address Valid _)___
. - AD15 Input Dat:
Floating AAmj s Floating e Floating
nd Status Valid
| SR
Output

Floating
NRDS __—._J'_—L

Figure 3-5. SC/MP Data Input Cycle

r-‘ Floating

Shortly after the trailing edge of NADS, the Data Bus is floated and the Read Data
Strobe (NRDS) signal is output. Valid input data is expected prior. to the trailing

edge of NRDS

The SC/MP data output cycle begins in the same way as the [ SC/MP:

data input cycle. The only difference is that immediately after | DATA OUTPUT
the status/address information is output on the data lines, the CYCLE

write or output data is placed.on the data lines. As shown in
Figure 3-6, the NWDS signal is sent out to indicate when valid output data is present.
Either the leading or trailing edge of NWDS could be used to latch the output data into

external data latches.
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BREQ , \_
ENIN W
NADS _——\___J

Floating Floating

AD11 - ADOO —-{ Address Valid

AD12 - AD15

Floating
DB7 - DBO _._i-—-——-(f\d Status Outputl Qutput Data Valid
Floating . Floating

Figure 3-6. SC/MP Data Output Cycle

anting .

The data input/output cycles just described allow approx- [SC/MP NHOLD}"
imately one microcycle for external logic to respond. If addi- |SIGNAL FOR
tional access time is required, the NHOLD input signal to the |SLOW 1/0
CPU can be used to lengthen an input/output cycle. The JOPERATIONS
NHOLD signal can be set low any time prior to the trailing edge of
NRDS or NWDS as shown in Figure 3-7; this causes the trailing edge of NRDS or NWDS
to be delayed until after NHOLD has been returned high. On data input cycles, the time
until valid input data must be presented is simply delayed. On data output cycles, the
valid output data is maintained on the data lines by the CPU until the delayed trailing
edge of NWDS

3

NADS \ ’ «

NHOLD \ J
Normal strobe timing
NRDS/NWDS \ \ 2. ¢"\
144

Figure 3-7. NHOLD Signal Used To Lengthen SC/MP 1/0 Operation

Delayed strobe

The NHOLD signal causes the 1/O cycle to be lengthened in increments of 1/2
microcycle. There is no limit on the duration of the NHOLD signal.

THE SC/MP HALT STATE

The SC/MP Halt state differs from those described for other microprocessors in -
this book in one significant and unusual way — execution of the SC/MP Halt in-
struction does not cause the CPU to enter the Halt state. Instead, when SC/MP ex-
ecutes a Halt instruction, it simply outputs the H-Flag status on data line 7 (DB7) when
NADS is true.

In order to actually place the CPU in the Halt state the CONT input signal to the
CPU must be forced low.

You can use external logic to force CONTIN low either in response to the H-Flag or com-
pletely asynchronously: whenever a low is applied to the CONTIN input. the CPU en-
ters the Halt state upon completion of the current instruction. Figure 3-8 shows a circuit
that can be used to force the CPU into the Halt state when a Halt instruction is ex-
ecuted. When DB7 is output high while NADS is true, it indicates the Halt.instruction
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has been executed: this combination of events is used to generate a low-going pulse
(NHALT) which is applied to the clear (CLR) input of a D flip-flop. The Q output of the
flip-flop is applied to the CONT input signal to the CPU. Thus, whenever a Halt instruc-
tion is executed, the CPU will be forced into the Halt mode. CPU operation is resumed
when the start switch S1 is momentarily closed to the NO contacts. This causes a posi-
tive-going clock pulse that sets the D flip-flop and returns the CONT input to the CPU
high.

+ 5V
PRE CONT DB7
D Q
7474 SC/MpP
NC
s1
START SWITCH g ek NADS
INCER
DEBOU LR
= NO
NHALT

Figure 3-8. Circuit To Cause Programmed Halt For SC/MP CPU

While the SC/MP CPU is in the Halt state, the address and data lines are floated.
The CPU remains in the Halt state until the CONT input is returned high. There is
one exception to this rule: if an interrupt request is detected while in the Halt
state, the CPU responds to the interrupt by executing a single instruction. Thus,
you could use the first instruction of your interrupt service routine to reset the external
CONT input signal, and thereby terminate the Halt state.

SC/MP INTERRUPT PROCESSING

The SENSEA input signal to the SC/MP CPU serves as the interrupt request line if
bit 3 of the CPU’s Status register is set to “'1"". Bit 3 of the Status register is the
Interrupt Enable (IE) flag and can be set using the Interrupt Enable {IEN) instruc-
tion.

When interrupts are enabled, the SENSEA input line is tested at the beginning of
every instruction fetch operation as shown in Figure 3-9. If SENSEA is high, the IE
flag is reset, and the contents of the Program Counter are exchanged with the
contents of Pointer Register 3. In other words, Pointer Register 3 must contain the
beginning address of your interrupt service routine. The return address, that is. the ad-
dress at which program execution must continue after the interrupt request has been
serviced, is now held in Pointer Register 3. Thus, the return-from-interrupt sequence
would be to set the IE flag high and then once again exchange the contents of the Pro-
gram Counter and Pointer Register 3 to resume the main program.
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Let us examine some of the special requirements and limitations of this interrupt
processing sequence. First, before enabling interrupts you must load Pointer
Register 3 (P3) with the beginning address of your interrupt service routine.
Notice that the contents of P3 should actually be one less than the beginning ad-
dress of the first instruction since the new contents of the Program Counter will
be incremented prior to fetching the instruction. -

INTERRUPT = = o= am o

RESET INTERRUPT
ENABLE FLAG
EXECUTE XPPC 3

4

INCREMENT PROGRAM
COUNTER. FETCH AND
EXECUTE INSTRUCTION

L

Figure 3-9. SC/MP Interrupt Instruction Fetch Process



Next, if you compare the interrupt response of SC/MP to those of most other
‘microcomputers or to our hypothetical microcomputer described in Volume I, you
will notice that the following two steps are missing:

1) There is no interrupt acknowledge signal.
2) None of the SC/MP register contents are saved.

In a SC/MP system, both of these functions are left up to your interrupt service
routine. For example, you might provide an interrupt acknowledge indication using one
of the CPU Flag outputs or by outputting a specially defined address. If it is necessary to
save the contents of the SC/MP registers, this must also be done by your program using
a software stack or a predefined area of read/write memory. You must also provide the
instructions necessary to restore the contents of any “saved” registers since, as we
shall discuss next, the return-from-interrupt sequence used by SC/MP is also quite pri-
mitive.

The final unusual aspect of the SC/MP interrupt system is | SC/MP RETURN-
that there is no Return-From-Interrupt instruction. Instead, | FROM-INTERRUPT
as we mentioned earlier, the last instruction of your inter- | TECHNIQUE

rupt service routine must be an XPPC P3 instruction which
restores the original contents of the Program Counter by exchanging the contents
of PC and P3. This might seem quite straightforward, but it will require some
special programming considerations.

The XPPC P3 instruction, which we just mentioned, restores the correct value to the
Program Counter — but what about P3? Remember that P3 is always supposed to point
to the beginning address (minus 1} of your interrupt service routine (if interrupts are
enabled). Yet, the interrupt response sequence we just described loaded the contents
of P3 into the Program Counter (PC) and then incremented the PC. And, as our interrupt
serviceé routine is executed. the contents of PC will be incremented each time an in-
struction is executed. Thus, when we complete the interrupt service routine and again
exchange the contents of PC and P3, we will be loading P3 (our service routine pointer)
with a value that has been altered. So. the problem is — how do we perform an inter-
rupt service routine and ensure that P3 will contain the correct pointer value upon com-
pletion of the service routine.

The solution to this quandary requires a closer examination of interrupt service
routines. A typical interrupt service routine might consist of three primary segments.
One segment would be the entry point to the routine and would include such things as
register save operations: let us call this segment “S1”. The second segment would be
the instruction sequence which actually services the device which requested the inter-
rupt: we will call this segment “S2”. The final segment would restore registers and



other system elements to their ‘pre-interrupt’ values, and then return control to the
main (interrupted) program: we will call this segment “S3". Thus, the entire interrupt
recognition/response/return sequence might be represented as follows:

(We will use arbitrary addresses to simplify our discussion.)

After the SC/MP responds
to the interrupt:

re 0390} -

re 8040 }—n—

MAIN
PROGRAM
003E
003F
-t Interrupt request recognized at this point.
0040 SC/MP performs an XPPC P3 operation.
INTERRUPT
SERVICE
ROUTINE -
. 053F
0
st 540
Entry point
and save
.
054F
s2 0550
Main body
of service
routine . o55F
Ss3 0560
Restore
routine
and retum
to main
program 056F i~ Last instruction of your interrupt

service routine is XPPC P3.
After this ir

)

Control is returned to Main Program
resuming at point of interruption.
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This sequence causes a proper return to the interrupted program but, as we have dis-
cussed, does not leave us with our desired pointer value (053F in this example) in P3.
The solution requires us to rearrange the segments of our interrupt service routine as
follows:

MAIN
PROGRAM
003E
003F

PC — 2040 Interrupt request recognized
P3

INTERRUPT
SERVICE
ROUTINE

s3 0530 - 2

Restore
\ e routine
After SC/MP responds and return .
o the interrupt: to main Last instruction of your service
program 053F =ag— routine is XPPC P3

PC 0540 st 0540 <=t~ First instruction of

Entry interrupt service routine

P3 0040 point and

save routine
054F

0550

S2
Main body
of service

routine .
055F <=t~ This location contains a Jump instruction

to the beginning of S2 at address 0530

Now, our entry point for the interrupt service routine is still 0540, so we load P3 with a
pointer of 053F as before. However, by rearranging the segments and adding a Jump
instruction at the end of the second segment (S2), we can have the last instruction of
our interrupt service routine located at 053F. When this instruction (XPPC P3) is ex-
ecuted the following operation occurs:

Before After

We have now returned control to the main program and we have also restored the con-
tents of P3 to the required pointer value to allow servicing of subsequent interrupts.
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One final point: the CPU’s interrupt processing sequence resets the Interrupt
Enable (IE) flag to zero. To allow subsequent interrupts to be serviced, your ser-
vice routine must set the IE flag to *1’". This would typically be the next to last in-
struction of your interrupt service routine. So the sequence of instructions would be:

IEN SET IE FLAG TO 1
XPPC P3 RETURN TO MAIN PROGRAM
FIRST INSTRUCTION OF SERVICE ROUTINE

SC/MP DMA AND MULTIPROCESSOR OPERATIONS

Because the SC/MP CPU is a low-cost, low-performance microprocessor, its designers
anticipated that it would frequently be used in systems which include other devices of
equal or greater intelligence and processing power. Accordingly, logic is provided on
the CPU which provides a simple yet effective method of operating in systems
where the System Busses are shared. The logic required to implement a shared-bus
system is essentially the same regardless of whether the purpose is to allow another
device {such as a high-speed peripheral) to perform a DMA operation or if it is required
because there is more than one CPU operating in the system. There are a few rather
subtle differences between the techniques used and we shall point these out as we pro-
ceed with our discussion.

As we have already described, three SC/MP signals are dedi- SC/MP

cated to bus-sharing activities; BREQ is an input/output BUS-SHARING
signal which serves both as a bus-request and bus-busy CONTROL
signal, ENIN is effectively a bus-grant input signal, and SIGNALS

ENOUT is an output signal that can be used to establish
priorities in daisy chained configurations. Let us begin by seeing how SC/MP might
operate in a system which includes a DMA controller.

The DMA logic provided by the SC/MP CPU is nearly the inverse of that provided
by other microcomputers in this book. Most CPUs assume that they always have con-
trol of the System Busses. If another system device requires access to the System
Busses. it makes a request to a DMA controller which, in turn, inputs a signal to the
CPU requesting that the CPU yield control of the busses. When the CPU has no need for
the bus, it outputs an acknowledgement signal to the DMA controller which then sends
a bus-grant signal to the requesting device. The SC/MP CPU, however, competes for
the System Busses just as any other system device: it never assumes that it has
control of the busses. Thus, there are really no special considerations that need be ac-
counted for when designing DMA logic for systems that include the SC/MP CPU. The
DMA controller can treat the CPU as simply another device {no different from a periph-
eral device, albeit the CPU might be assigned to a higher priority) that requires access
to the System Busses. Therefore, a typical DMA application would only require the use
of the SC/MP BREQ and ENIN signals as shown in Figure 3-10,
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BREQ
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ENIN
(DMACKO)

DMAREQ1

DEVIC

DMACK 1

SYSTEM BUSSES

DMAREQ2

2

DMACK2

o

Figure 3-10. Using SC/MP In A System With Direct Memory Access

“Now let us look at how the SC/MP bus-sharing logic might
be used in a multiprocessor system. It is in such a system
that the CPU’s bus-sharing logic can be most appreciated.
First, let us restate the rules which govern the conditions
of the SC/MP ENOUT output signal.

SC/MP IN
MULTIPROCESSOR
SYSTEMS

1). ENOUT is always low while SC/MP is actually using the System Busses; that
is, while the ENIN input and BREQ output are both high.

2) When SC/MP is not using the System Busses (either BREQ output or ENIN in-
put low}, ENOUT is held in the same state as the ENIN input.

The effect of these rules may not be immediately obvious. To see how they func-
tion to simplify bus-sharing, let us construct a simple multiprocessor system con-

sisting of two SC/MP CPUs and some memory.
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Vgg -7V)

: |

BREQ1 BREQ2
ENINT ENOUT1 ENIN2
SC/MP SC/MP
#1 #2

% SYSTEM BUSSES i

MEMORY

There are three possible situations that can exist with this configuration.

1) If one of the CPUs is currently using the bus, it is outputting a high on the BREQ
line. This automatically prevents the other CPU from vying for the bus until the
BREQ line goes low upon completion of the bus access by the first CPU.

2) if neither CPU is currently using the bus, the BREQ line is low. If one of the CPUs re-
quires bus access, it can now output a high on the BREQ line. Once again, this will
prevent the other CPU from subsequently vying for the bus.

Thus far there would seem to be no need for any control signals except the
bidirectional BREQ line. However, it is when the third possible situation is en-
countered that the ENIN and ENOUT signals are needed.
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3) If both CPUs require bus access at the same time, each will test the BREQ line and,
finding it low. will output a high on BREQ. This simultaneous occurrence of re-
quests for bus access is resolved by using the ENIN and ENOUT signals. The opera-
tion of these bus access signals to resolve this situation can be illustrated as
follows:

SC/MP #1 BUS SC/MP #2 BUS
ACCESS COMPLETE ACCESS COMPLETE

Y
BREQ1 t

| AN
BREQ2 ¢ \

%

ENIN1 ¢
= SC/MP #2,
GRANTED BUS ACCESS
ENOUT1
b)Y
) SY

[TTT

ENIN2
).
\ o
SC/MP #2 DENIED SC/MP #2 GRANTED
BUS ACCESS BUS ACCESS

When the BREQ line goes high it applies a high input to the ENIN1 input of SC/MP #1.
Since BREQ1 is also high at this time, SC/MP #1 now has access to the bus and it out-
puts a low on ENOUT1. This is applied to the ENIN2 input to SC/MP #2 and thus denies
bus access by SC/MP #2 Notice that SC/MP #2 holds its BREQ2 output signal high
even though its request has not yet been granted. When SC/MP #1 has finished its bus
access, the BREQ1 output returns low. However, since the BREQ? output is still high,
ENIN1T remains high. This condition of BREQ1 low and ENIN1 high causes the ENOUT 1
signal to go high thus enabling SC/MP #2

This arrangement allows the first CPU in a daisy-chain string to have the highest
priority for bus access and also automatically allows any other CPU to gain im-
mediate access to the busses whenever they become available.

Now that we have described the way in which the bus-sharing |SC/MP CONTROL
logic of the SC/MP CPU can be used in a multiprocessor | TECHNIQUES IN
system, let us continue just a bit further and describe a few MULTIPROCESSOR
more common considerations that you must deal with if you JAPPLICATIONS

are designing a multiprocessor system. We will limit this dis-
cussion primarily to hardware and control considerations since programming in a
multiprocessor system can become quite complex and is beyond the scope of this book.
However, the techniques we will describe here are the first step towards simplifying the
programming for such a system.

The first operation that you must deal with in any microcomputer system is in-
itialization of the system. This operation requires some additional thought when
designing a multiprocessor system. Typically, one CPU will be the primary or controll-
ing CPU: how do you ensure that this CPU has control of the system when power is
first applied?

Figure 3-11 illustrates an easy method of establishing system control upon in-
itialization. The system reset signal (NRST), which is generated at power-up, is applied
to SC/MP #1. The Flag1 output from SC/MP #1 is then applied to the NRST input of
SC/MP #2. Since the Flag 1 line is connected to abit in the CPU's Status register which
is set to zero on power-up,:SC/MP #2 will be held in a reset condition until SC/MP #1
executes an instruction which sets that bit {and thus, the Flag 1 output line) high.
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Initialization ————7- NRST
Circuit
SC/MP
#1
21
FLAG!1
7
NRST
SC/MpP
#2

Figure 3-11. One Method Of Initializing A SC/MP Multiprocessor System

Of course, this method requires the FLAG 1 output from SC/MP #1 to be dedicated to
this initialization operation. If this is a problem, you could use two separate initialization
circuits with, for example, the RC time constant for the SC/MP #2 circuitry being
greater than that of the circuitry for SC/MP #1. This approach, however, does not pro-
vide the positive control of the first method we described.

Once the multiprocessor system has been initialized and is running. the bus-sharing
logic that we've already described will resolve contentions between the CPUs as far as
access to System Busses is concerned. However, there m