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INTRODUCTION

This is the first of two volumes that replace An Introduction to Microcomputers: Volume 2 — Some Real Pro-
ducts. This volume describes microprocessors and dedicated support devices. Volume 3 describes general sup-
port devices. )

We define a ‘‘dedicated’’ support device as one best used with its parent microprocessor. We define a
‘’general’”’ support device as one which can be used WIth any microprocessor.

Unfortunately, categorizing support devices as "dedncated" or ‘‘general’’ is not always straightforward. Cer-
tainly IM6100 and TMS9900 support devices have CPU interfaces which are peculiar to the parent
microprocessor, so using them with other microprocessors makes little sense. Most MC6800 microprocessor
support devices are also considered dedicated because they use the MC6800 clock signal. This clock signal is
automatically generated by an MC6800 microprocessor or its clock device. it can be derived quite inexpen-
sively in other microcomputer systems; nevertheless, we include MC6800 support devices in Volume 2,
because in our opinion the added clock logic is not compensated for by any performance capabilities over and
above those which you would find in a competing devico that did not require the added clock logic.

When reading Volumes 2 and 3, therefore, you should bear in mind that we have had to be subjective when
deciding whether some parts should be described in Volume 2 or Volume 3. Do not automatically use support
parts described in Volume 2 without checking equivalent parts described in Volume 3. Conversely, there may
be instances where your application is better served by a support device described in Volume 2. In general, you
can look upon Volume 3 support devices as CPU-independent, while Voliume 2 devices are CPU-dependent.

In order to cope with the rapid evolution of new parts, Volumes 2 and 3 have been printed loose-leaf. Each
volume will have six updates per year, appearing at bimonthly intervals. For Volume 2, updates will appear in
November, January, March, May, July and September. Each September the entire book will be reprinted, in-
cluding the past year's updates. If you have inserted your updates, you will not need to buy a new book next
year. For your convenience, an order form may be found at the back of this book.

SIGNAL CONVENTIONS

Signals may be active high, active low or active in two states. An active high signal 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 identifies 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.

TIMING DIAGRAM CONVENTIONS

Timing diagrams play an important part in the description of any microprocessor or support device. Timing
diagrams are therefore used extensively in this book. All timing diagrams observe the following conventions:

1) A low signal level is equivalent to no voltage. A high signal level is equivalent to voltage present:

I——-—————-— Voltage present

No voltage
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2)

3)

4)

5)

6)

7)

A single signal making a low-to-high transition is illustrated like this:

/

high

low

A single signal making a high-to-low transition is illustrated like this:

high

| S

When two or more parallel signals exist, the notation:

f—_ signals change

states that one or more of the parallel signals change level. but the transition (high-to-low or low-to-high) is
unspecified. : :

A three-state single signal is shown floating thus:

Signal
floating

A three-state bus containing two or more signals is shown floating thus:

When one signal condition triggers other signal chlanges, an arrow indicates the relationship as follows:

Condition
here

Causes
change
here

Thus a signal making a low-to-high transition would be illustrated triggering another signal making a high-to-low
transition as follows:

A signal making a high-to-low transition triggering a bus change of state would be illustrated as follows:

-
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8) When two or more conditions must exist in order to trigger another logic event. the following illustration is used:

These
conditions

cause
change
here

Thus a low-to-high transition of one signal occurring while another signal is low would be illustrated triggering a
third event as follows:

._.\ - [____.
9) When a single triggering condition causes two or more events to occur. the following illustration is used:

This
condition

causes
-these
changes

Thus a low-to-high transition of one signa! triggering changes in two other signal levels would be illustrated as
follows:

10)  All signal level changes are shown as square waves. Thus rise and fall times are ignored. These times are given in
the data sheets which appear at the end of every chapter.

INSTRUCTION SET CONVENTIONS

Every microcomputer instruction set is described with two tables. One table identifies the operations which oc-
cur 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 instruction 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 comments 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 microcamputer better than another are simply too dependent on the application.
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ATTENTION WRITERS

' Osborne & Associates is seeking qualified contributors to future updates of Volumes 2 and 3.
Qualified contributors must have an excellent technical background, they must be able to write clearly,
‘and they must be unaffiliated with any manufacturer of semiconductor devices. Faculty at universities
are particularly welcome as contributors. '

A contributor, when selected, will be assigned a specific category of parts to keep updated. Keep-
ing parts updated will include describing new parts in the category as they appear, and improving the
description of parts that are already covered

If you would hke to become a contributor to Volume 2 and/or Volume 3, please write stating your
qualifications and the categories of parts that you believe you could cover competently. If possible, send
us a sample of your work; we suggest two or three pages of a part description following the format pre-
sented in these books as closely as possible. Send material to:

OSBORNE & ASSOCIATES, INC.
P.O. Box 2036 '

Berkeley, California 94702
Attention: Volume 2/3 Contributors
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Chapter 1
4-BIT MICROPROCESSORS AND THE TMS1000
SERIES MICROCOMPUTERS

The earliest microprocessdrs were all 4-bit devices; that is to say, data was operated on in 4-bit units, frequently refer-
red to as “nibbles”. Early microprocessors were 4-bit devices simply because the concept of an LS| CPU was am-
bitious enough; starting with an 8-bit CPU would have been foolhardy.

But LSI technology has advanced so rapidly that there is an inconsequential difference between the cost of manufac-
turing an 8-bit CPU chip as against a 4-bit chip. Manufacturers attempted to maintain an artificial price differential bet-

“ween 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 economically implemented using one of
these three 4-bit microcomputers, rather than a simple 8-bit device such as the 3870, COSMAC. 8048, or one of the
38-pin MCS6500 series CPUs. We consider the Intel 4004, the Intel 4040 and the IMP-4 to be obsolete devices;
therefore they are not described.

It is 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 products that were designed around them before they became ob-
solete. 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, initially manufactured by Texas Instruments, are still econom-
ically very viable — even though they are 4-bit devices. This is because the TMS1000 is a one-chip microcom-
puter. ROM, RAM, CPU and 1/0 logic are all provided within a single package. The low cost associated with the
single-chip TMS1000 microcomputer package makes this the product of choice for a large number of simple ap-
plications that can be accommodated within the logical confines of the TMS1000.

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. PMOS and CMOS versions
are now available. Some CMOS versions manufactured by Motorola. have the part number MC141000.

Table 1-1. TMS1000 Series Microcomputer Summary

' TMS ™S ™S T™MS T™S TMS ™S T™S MC MC
1000 1200 1070 1270 1100 | 1300 | 1000C | 1200C | 141000141200

Package Pin Count - 28 40 28 | 40 28 40 28 40 28 40
ROM Program Bytes® 1024 1024 1024 1024 2048 2048 1024 | 1024 1024 | 1024 -
RAM Data Nibbles** 64 64 64 64 128 128 - 64 64 64 64
R Signal Outputs 1 13 |1 13 1 16 10 16 1 16
O Data Outputs 8 8 8 10 8 8 8 8 8 8
Maximum Rated Voltage 20 20 35 35 20 20 6 6 6.5 6.5

Typical Power Dissipation | 15V/ 16v/ 15v/ 15v/ 15v/ 15v/ | sv/ 5v/ 5v/ 5V/ -
90mW | 90mW | 90mw [ 90mW | SOmW | 90mW | 16mw 5mW | 2.6mwW | 2.5mW
3v/ 3v/

' . 0.5mw | 0.6mW
—v— . — .

*A Byte is eight bits  **A Nibble is four bits
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Figure 1-1 illustrates that part of our .general microcomputer system logic which is implemented by the
TMS 1000 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 Volume lll. Nevertheless, Figure 1-1 does indicate the logic which is provided by a TMS1000
series microcomputer, albeit in a primitive form.

Logic to Handle

Interrupt Requests
- from

External Devices

A

Stack Pointer

Y

Interrupt Priority
Arbitration

]
[

|/O Communication
<] Serial to Parallel
Interface Logic

Direct Memory
Access Control
Logic

S

Programmable ¢
Timers

z ‘ -
Figure 1-1. Logic of the TMS1000 Series Microcomputer

The fact thét the TMS1000 series microcomputers are single-chip devices has a number of secondary, non- -ob-
vious implications. Most |mportant of all, there are no such things as support devices. The 1024 or 2048 bytes of ROM
represent the exact amount of program 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 presence
would make very little sense anyway: with the small total ROM and RAM memory available, there SImply is not the op-
portunity to transfer blocks of data long enough to warrant bypassing the CPU.

interrupts, similarly, would be of marginal value to a TMS1000 microcomputer. Given the small amount of program
memory avallable 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. Selected CMOS parts are
also available.
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A single -15V power supply is required for PMOS parts. CMOS parts use power supplies in the range +3V to +6.5V.

The fastest clock frequency which can drive a TMS1000 series microcomputer has a 2.5 microsecond cycle time. All in-
structions execute in six clock cycles, or 15 microseconds; but beware of making direct execution speed comparisons
between the TMS1000 and the 8-bit microcomputers 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 prime manufacturer of the TMS1000 is:

TEXAS INSTRUMENTS, INC.
P.O. Box 1443
Houston, Texas 77001

A second source for CMOS parts with MC14xxxx part numbers (see Table 1-1) is:

MOTOROLA INCORPORATED
CMOS Products Division
3501 Ed Bluestein Blvd.

Austin, Texas 78721

TMS100° PROGRAMMABLE REGISTERS

TMS1000 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

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.
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Taken together, the X and Y registers constitute a 6- or 7-bit Data Counter which addresses 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 in-
deed separate and distinct registers, RAM is effectively divided into four or elght pages, each of which is 16 mbbles
long. A four-page RAM may be illustrated as follows:

4-Bit -

DATA -
MEMORY
'NIBBLES

x
<

S, — 00

| A o

Page 0

Page 1

Page 2

m 3
N\ G A ——

2E
2F
30

Page 3
3D

3E
3F

The Y register, in addition, serves as a secondary Accumulator and an output Address 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 program 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 Program Counter register. Similarly, | TMS1000

the Page Buffer register is a simple buffer for the Page Address register. These two buffer | SUBROUTINES
registers allow the TMS1000 a single level of subroutine call logic. When a subroutine is called,
the contents of the Page Address 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 I ] Instruction object code

Program Counter [ ] R [ —I Subroutine Return register
Page Address register R R Page Buffer register
R -
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TMS1000 MEMORY ADDRESSING MODE

TMS 1000 microcomputers have separate and distinct program and data memories. 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 memory. 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 with a new address, which is provided by 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 branches may be illustrated as follows:

L I i J j T r | -Instruction object code
V\~
Program Counter I l I |\¥ I I l

Page Address register" m Page Buffer register

s, rpr”’

Only if Branch ogcurs
outside a subroutine

TMS1000 STATUS FLAGS

The TMS 1000 series microcomputers have a single status flag which combines to serve as a Carry status and a
simple logic decision status. All 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 instruc-
tion causes the status flag to be reset to O, it will revert to 1 after a single instruction cycle:

Revert
Reset /
. ] l
|
CLOCK
\\lf
|

|
|
I
STATUS
I 1

Instruction Instruction | Instruction
| o 2 | 3

—— e ——
it §

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 Instru-
ments literature as K inputs. Instructions that access the K inputs simply input whatever signal levels exist at the time
of the access.

TMS 1000 series microcomputers output data referred to as O outputs, and control signals referred to as R out-
puts.



There are eight data or O outputs; but they are created in an unusual way. O output logic receives, as inputs, the con-
tents of the Accumulator. 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 TMS1000 microcomputer. This may be illustrated as follows:

-
. — >
Accumulator )~
Contents ) —»] Or\/?;trg(m — 0 outputs
) S
Status flag —— —
[

As the illustration above would imply, the five inputs select 32 of the possible 266 signal combinations 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 TMS1000 series microcomputers. 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.

TMS1000 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 described together.

The four data inputs are provided by K1, K2, K4 and K8. We would name these signals DIO, Di1, 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 --— 1 28— R7
RS --w— 2 27 p—— R6
R10 ~t—— 3 26— R5
(Vgg in MC141000) Vvpp — 4 25 |—— R4
K1 ~——#1 5 24 — R3
K2 —»‘ 6 23 p——b» R2
K4 —1 7 TMS1000 22 p—b» R1
K8 ~—1 8 21 - RO
INT ——=l 9 20 f——— Vgg (Vpp in MC141000)
07 -a——— 10 19 j-—— 0SC2
06 ~a—n 18 t—— osc1
05 wg——f12 17 p— 00
04 --— 13 16— O1
03 --— 14 15 f—— 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
Vpp. Vss Power and Ground

Figure 1-2. TMS1000 and MC141000 Microcomputer Signals and Pin Assignments
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R8 -w— 1 40 ~= R7
R9 ~-p—rq 2 39 & R6
R10 -u 3 38 = R5
R11 -— 4 37 & R4
R12 % 5 36— R3
(Vg in MC141200} Vpp 6 35 R15
K1 ——p=1 7 34 R14 } in MC141200 only
K2 —p=1 3 33 R13
K4 ——p=1 9 32
K8 —»=110  TMS1200 31 = R2
INT ——] 11 30— g1
07 - 12 29 = RO
413 28 Vgs (Vpp in MC141200)
14 27 0sc2
15 26 r‘_—-d— 0scC1
06 -~ 16 25 - 00
05 -t 17 24 & 01
04 - 18 23 & 02
03 -t 19 22
20 21
Pin Name Description Type
K1, K2, K4, K8 Data input Input
00-07 Data output Output
RO-R12,R13-R15 Control output QOutput
0SC1, 0SC2 Timing Input
INIT Power on reset Input
Vpp. Vss Power and Ground

Figure 1-3. TMS1200 and MC141200 Microcomputer Signals and Pin Assignments

Fo
=
0 ~NO OB WN =

INIT ——
07 --—

06 =t
05 -
04 ~—]
03 ~—

w

5

- —-
W N

28 |——® R7

27 P R6
26 # R5
25 - R4
24 —» R3
23 —» R2
TMS1070 22 - Rt
21 Vsg
20 - RO

19 f-$—— 0SC2
18 p-g—— 0OSC1

Pin Name

K1, K2, K4, K8
00- 07

RO - R10
0scC1, 0sc2
INIT

Vpp. Vss

17 - 00

16 & 01

15 - 02
Description Type
Data input Input
Data output Output
Cont;ol output Output
Timing . Input
Power on reset Input

Power and Ground

Figure 1-4. TMS1070 Microcomputer Signdls and Pin Assignments




R8 ] 1 40 p——

R a—— 2 39 }—» &7
R10 -—] 3 38— R6
R g—— 4 37— RS
R12 -g—— 5 36 — R4
Vbp 6 35— R3

K1 ——i 7 34 p—

K2 ———p{ 8 33 p——

K4 ——p={ 9 ‘ 32 p———

K8 ~———p=t 10 TMS1270 31 feeem—

INIT ——] 11 30— R2
C —2 29— R1
¢ {13 28 b—— Vgg
© 07 -—— 14 27 p—b RO

06 ~g— 15 26 f-@—— OSC2

05 e——] 16 25 ja— osci
" 09 ~a— 17 24 }—= 00

04 <g—] 18 - 23— 01

03 -g——f 19- 22 p——p 02

08 -g— 20 2 p————

Pin Name Description Type
K1, K2, K4, K8 Data input Input

00-09 : Data output Output

RO - R12 . -Control output . Output

0SC1, 0sC2 Timing Input

INIT Power on reset Input.

Power and Ground

Voo Vss

Figure 1-6. TMS1270 Microcomputer Sighals and Pin Assignments

R8 -—1 1 28 |—® R7
R -—— 2 27 p—b R6
R10 -g— 3 26 p— R5

“Vpp - 4 25 —= R4

K1 ——={ 5 24 —#> R3

K2 =1 6 © 23— R2

K4 ——p»4 7 TMS1100 22 —P R1

K8 ——»{ 8 21 —& RO
INIT ——=1 9 20 b—— Vss
© Q7 -@—— 10 19 j-— 0SC2
06 -g—— 11 18 j-—— OSC1
. 05 -— 12 17 f—= 00
04 -gg—113 16 ¢—» O1

03 -—1 14 © 15 p——=» 02 .

Pin Name Description Type

K1, K2, K4; K8  ° Datainput Input

00-07 *°  Data output Output

RO - R10 Control output Output

0SC1, 0SC2 Timing Input

INIT . Power on reset Input

Vpp. Vss Power and Ground

Figure 1-6. TMS1100 Microcomputer Signalsand‘Pin Assignments
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R11 - 1 40 —® R10
R12 - 2 39— R9
R13 =% 3 38— R8
R14 ~—— 4 37— R7
R15 - 5 36— R6
Vbp 6 35 p—————
K1 ——H 7 34— RS
K2 —] 8 33— R4
K4 ——H 9 32p—» R3
K8 ~—#4 10 TMS1300 31 p——» R2
INT ———a=] 11 30— R1
07 - 12 29— RO
13 28 p—— Vgg
— 14 27 pg— 0SC2
15 ) | 26 fg—— 0SC1
05 ~<—] 16 25— 00
05 :: 17 28— 01
04 | 18 23— 02
03 «-g——{ 19 22 fb———
20 21
Pin Name Description Type
K1, K2, K4, K8 Data input Input
00-07 Data output Output
" 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.

0SC1 and OSC2 are timing inputs and outputs. A number of timing options are provided. All TMS1000 series
microcomputers contain internal clock logic which you can access in conjunction with an external RC circuit as
follows:

L I£
0sc1 I 1€ Vss
osc2 ‘ ll ©- M- Vop

You can also input an externally created clock signal at OSC1, in which case 0SC2 must be connected 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 (Vgg) 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 3C01¢.
Page Address register | E

1111000000
D Vel N

———

3 [ 0

Program Counter

1-9



TMS1000 SERIES MICROCOMPUTER INSTRUCTION EXECUTION

No micrécomputer described in this book has simpler instruction execution timing than the TMS1000 series. All in-
structions generate one byte of object code. There are no two- or three-byte object codes. Similarly, every instruc-
tion 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 mlcrocomputers

Within the confines of a single-chip microcomputer, the instruction set defmed in Table 1-2 is both powerful and effec-
tive. 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 oriented to digital logic. The TMS1000 is not a product that gets
programmed:; rather, its instruction 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 TMS1000 application. Given 64, or at most, 128 nibbles of RAM, the whole con-
cept of moving data among tables is meaningless. We therefore simplify the problem and look upon IOBUF as external
logic. Instead of reading from IOBUF, 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:

& K1
HEEEEEEEEED
. - K8
~ —
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:
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
Statuses:
“ 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.
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Inputs and Qutputs:

K - the four input lines
O - the five-bit Output register
R - the control outputs
bb Two bits in the object code which specify one of the four bits of a RAM location:

3 2 1 0 -.—Bit No.
<g—— RAM location

bb
00
10
01
1
b Operand which specifies one bit of 8 RAM location
data 2, 3, or 4 bits of immediate data
label Destination of Branch instruction (6 bits of direct address in the object code)
R(CY]) The control output line specified by the contents of the Y register.
X One bit of immediate data or direct address in the object code.

[X1(MSB) The most significant bit of the X register
[[X.Y]]  The contents of the RAM location addressed by the contents of the Data Counter.
[[X.Y]l{b) 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.
~—— - Datais 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, and TMS1270,
while the second is the object code used in the TMS1100 and TMS1300.

X in one of the rightmost three columns means that the instruction is implemented on the designated TMS1000 device.
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Table 1-2.- TMS1000 Series Instruction Set Summary

" TMS1000
Tvpe | MNeEmonic | opERAND ST ' OPERATION PERFORMED OBJECT | IMs1200 | TMS1100 § MC141000
c NE CODE ~TMS$1070 TMS1300 MC141200
TMS1270
© KNEZ X If [K]+#0, ST —1 03 X X
Set status only if data on input lines is not 0. OF X
TKA [KI—[A] 08 X X X
Load Accumulator with data on input lines.
SETR RIIYD —1 0o X X X
Q Set R output addressed by contents of Y
= RSTR RI[Y)—0 oc X X X
Reset R output addressed by contents of Y.
TDO [0] —([AlST) 0A X X- X
’ Transfer data from Accumulator and status flag to the 0 outputs.
‘CLO [0} —o0,, 08 X X
Clear the O Output register.
E TAM [Al—IIX,Y]] . 03 X X
o Store A I to RAM location add) d by of XY Data Counter. 27 X
=08 ™Y (Ix.y1—{vi : 22 X X X
s E Load Register Y from RAM. .
> E TMA [[x.YI1—1Al 21 X X X
E u Load Accumulator from RAM.
s XMA [[X.¥]l—[A] 2€ X ,
3 Exchange contents of RAM locatuon addressed by Data Counter XY with those of 03 X X
o Accumulator.
w TAMIY [Al1-IEXY1L [YI—[Y]+1 . 20 X X
> g Store Accumulator to RAM and increment contents of Y register, -
6 u TAMIYC X [AI=IIX.Y]); [Y]—[Y]+1; ST —C 26 x
E § 3 Store Accumulator to RAM and increment contents of Y register. Set status flag
=5 é only if there is a carry.
>Ea TAMDYN X [AI=[IXY1L; [YI—[¥1-1; ST —C 24 x
5, E ‘.3 Store Accumulator to RAM and decrement contents of Y reguster Set status flag
E ; only if there is no borrow.
& g TAMZA [Al=1IXY)); [Al—0 04 X
2 Store Accumulator to RAM and then clear Accumutator. 26 X X
AMAAC X [Al—[[X,Y]]+ [A]; ST—C 26 X X -
E In] ' Add contents of RAM location to those of Accumulator. Set status ﬂag only if 06 X
g 5 there is a carry.
uy g SAMAN X [A)—IIX,Y])-[AL; ST —C . 27 X X
E E ] Subtract A lator  from those of RAM location, Set status flag only e X
5 I ; if there is no borrow. B - )
SE8[ wmac X [AI—[[XY]1+1; ST —C 28 x X
E 5 Load contents of RAM location to Accumulator and increment. Set status flag 3E X
§ 2 only if there is a carry. RAM contents are unchanged.




€l-l

© ADAM OSBORNE & ASSOCIATES, INCORPORATED

Table 1-2. TMS1000 Series Instruction Set Summary (Continued)

STATUSES OBJECT }Mglggg TMS1100 | Mc141000
TYPE MNEMONIC | OPERAND - " OPERATION PERFORMED CODE ;mg:g;g T™™s1300 | mc141200
w DMAN X [Al—{IXY]]-1; ST —C 2A X X
g ’ Load of -RAM | to A I and decrement. Set status flag 07 X
g only if there is no borrow. RAM contents are unchanged.
we ALEM X i (Al << [IXY]), ST —1 29 X X
w Set status flag only if Accumulator contents are less than or equal to those of 01 X
: é =) RAM location addressed by Data Counter XY.
¥y MNEA X | W IIXY)] #[AL ST —1 00 x
g o 2 Set status flag only if contsnts of RAM location are not equal to those of Ac-
wx 'z‘ . cumulator,
2606 MNEZ x| i (XYl #0,8T—1 26 X X
; E e . Set status flag only if contents of RAM location are hot equal to zero. 3F X
g2 SBIT . b [[X.Y1Kb) —1 001100bb X X X
2 Set specified bit of RAM locatlon addressed by contents of Data Counter XY.
8 RBIT b {[X.Y]Kb) —0 001101bb X X X
3 Reset specified bit of RAM i ddi d by of Data Counter XY. .
. TBIT1 b X | ST —I[XY]}b) . 001110bb X X X
Test speciﬁed' bit of RAM location and set status flag only if the bit is set. !
TCY data [v}—'data 0100xxxx X X . X
W ’ Load Register Y immediate.
g TCMIY “data (X, Y1}~ data; [Yl—[Yl+1 0110xxxx X X X
3 . _ Load RAM location i and i contents of Register Y. y
§ LDX data | [X]—data 001111xx X
- . Load Register X immediate. 00101xxx . X X
LDP data [PB]—data 0001xxxx X X
_Load Page Butfer register immediate. .
ALEC data X I [A]l=s data, ST —1 O111xxxx X X
Set status flag only if Accumulator contents are less than or equal to immediate .
. data.
" YNEC data X 1f [Y] # ‘data, ST —1 0101xxxx X X X
E . Set status flag only if contents of Register Y are not equal to immediate data.
’ = A2AAC X {Al—[A)+2; ST —C 78 X
- Add 2 to Accumulator contents. Set status flag only if there is a carry.
) A3AAC x [Al—[Al+3;ST—C 7 X
w . Add 3 to Accumulator contents. Set status flag only if there is a canry. .
] A4AAC x [Al=[A]+4; ST —C 7C X
a ) . Add 4 to Accumulator contents. Set status flag only if there is a camry.
s "ASAAC X [A]—[Al+5; ST —C. 72 X
s Add 5 to Accumulator contents. Set status flag only if there is a carry.
= AGAAC X "[Al—[Al+6;ST—C 06 X X
Add 6 to Accumulator contents. Set status flag only if there is a carry. 7A X
ATAAC X [(Al—[Al+7;ST—C - 76 X
Add 7 to Accumulator contents. Set status flag only if there is a carry.
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Table 1-2. TMS1000 Series Instruction Set Summary (Continued)

STATUSES OBJECT Im:: ggg ‘1 T™s1100 MC141000
TYPE | MNEMONIC | OPERAND o e OPERATION PERFORMED- CODE ‘TMS1070 TMS1300 MC141200
T TMS1270 N
ABAAC X [Al—[A]l+8;ST—C- . 01 X - X
Add 8 to Accumulator contents. Set status flag only if there is a carry. 7E X
= ASAAC X [Al—[A]+9; ST —C 7 . X
g — .Add 9 to Accumulator contents. Set status flag only if there is a carry.
wa A10AAC X [AI—[A]+10;8T —C 05 X
() g Add 10 to Accumulator contents. Set status. flag only if ghere is a carry. 7‘9 X
FE AN1AAC X [A)—[A)+11; ST —C 75
g g Add 11 to Accumulator contents. Set status flag only if there is a carry.
20 | anaac x [Al—{A]+12; ST —C 70 x
= Add 12 to Accumulator contents. Set status flag only if there is a carry.
2 A13AAC X [Al—[Al+13; ST —C 73 X
. . Add 13 to Accumulator contents. Set status flag only if there is a carry.
A14AAC X [Al—[A]+14;ST—C 8 X
. Add 14 to Accumulator contents. Set status flag only if there is a carry.
s RETN [pcl—[sR], [PAl—[PBI OF X X X
3 Return from subroutine.
BR label If ST =1, then [PC]—Ilabel; 10xxxxxXX X X X
3 Z . outside subroutine, [PA]1-[PB]
5 = Branch if status flag is set. .
29 CALL tabel If ST =1, then [SR1—[PC]+1, [PBI—I[PA}, [PC]—1abel 100000 X X X
é o Call subroutine if status flag is set. A subroutine call within a subroutine will act as
a © a branch, and load the Page Buffer from the Page Address register:
[PC]— LABEL
[rBl—[PA]
4 « TAY [Al=(Y] 24 X X
www : Transfer Accumulator contents to Register Y. 20 X
- > :
@9 o TYA [Yl—[A] 23 X X X
gvg 2 Transfer Register Y contents to Accumulator.
'
81 ¢ YNEA x | WIvI£[ALST—1 _ 02 X X X
'g- .(_73 g Set status flag only if contents of Y register are not equal to those of Accumula-
goa tor,
e O .
CLA fal—o 2F X X
[+ = Clear Accumulator. 7F X
22 1A [AI—[A]+1 0F X X
8 . Increment Accumulator. No status affected.
=0 IAC X [Al—[Al+1;ST—C . 70 X
Increment Accumulator, Set status flag only if there is a carry. '
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Table 1-2. TMS1000 Series Instruction Set Summary (Continued)

STATUSES TMS1000
OBJECT TMS1200 TMS1100 MC141000
RAND PERA N
TYPE | MNEMONIC | OPERAN c - OPERATION PERFORMED CODE TMS1070 TMS1300 MC141200
TMS1270
DAN X [A]—[A]-1;ST—C 07 X X
Decrement Accumulator. Set status flag only if there is no borrow. 77 X
yc X [Yl—[Y]+1:8T—C 28 X X
E Increment Register Y. Set status flag only if there is a carmry. 05 X
< - DYN X [Yl—[Yl-1:sT—C 2 X X
=] . . .
ww Decre_ment Register Y. Set status flag only if there is no borrow. 04 X
&3 CPAIZ x [AI—[Al+1;if [A} =0,5T —1 , P X X
[ = Negate A [ {twos compl ). Set status only if result is 3D X
w> .
-] 2010,
0 —[x] .
5 o COMX [X1—I[x] 00 X X
w - Complement contents of X register {ones complement). .
c comx [x}msB) — [XIMSB) 09 X
Complement most significant bit of X register.
comc CF —CF 0B X

Complement Chapter flag.
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DATA SHEETS

This section contains specific electrical and timing data for the TMS 1000 series microcomputer.



TMS 1000/1200 AND TMS 1100/1300

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

Voltage applied to any device terminal (seeNote 1) . . . . . . . . . . . . . . . . . . . . =20V
Supplyvoltage, VDD - - . . . . + « + « ¢« ¢+« + « . . o« . . . . .-20Vt03V
Datainputvoltage . . . . . . . . +« « « 4« 4 4 4 4 e e v e e i 4 e 4. . . =20Vt003V
Clock input voltage . . . . . e e e e e e e e e e e e ... . . —20V1O03V

Average output current {see Note 2): Ooutputs . . . . . . . . . . « « « « « « « « . . —24mA
Routputs . . . . ... . . . . « + « + +« « v« . . =14mA

Peak outputcurrent: Ooutputs . . . . . . . . . . 4 .« 4« 4 e 4 4 4 4 4 o« . . . —48mA
Routputs . . . . . . . . . . .« . . 4 e e e i e e .. . —28BmA

Continuous power dissipation: TMS 1000/1100NL. . . . . . . . . . +« « « « « « « . . 400mW
TMS1200/1300NL. . . . . . . . . + v « + « « + « « . 600mMmW

Operating free-air temperature range . . . . « + « + « & 4 4 v v v« + « « . . . .0Cto70°C
Storage temperature range . . . . . . . . 4 4 e+ e e 4 4 4 e e e« . . . . =-55°Cto150°C

*Stresses beyond those listed under *’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the ‘“Recommended Operating Conditions"
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vpp (see Note 3) —14 -15 1756 v
High-level input voltage, V| (see Note 4} K a3 = 03 \%
INIT or Clock -13 -1 03
Low-leve! input voltage, V| (see Note 4) K VoD 4 v
INIT or Clock VbD -15 —8
Clock cycle time, t() 25 3 10 us
Instruction cycle time, t¢ 15 60 us
Pulse width, clock high, twipH) 1 us
Pulse width, clock low, twiol) 1 us
Sum of rise time and pulse width, clock high, t. + tw(¢H) 1.25 Hus
Sum of fall time and pulse width, clock fow, tf + ty(pL) 1.25 us
Oscillator frequency, fosc 100 400 kHz
Operating free-air temperature, T 0 70 °c

1. Unless otherwise noted, all voltzaes are with respect to Vgs.

2. These average values 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 convention where the most-positive (least-negative) limit is designated as maximum is used in this specification for
logic voltage levels only,

Vpp — — |- 1——— |
—f o - ey |
| Je— twior) —» o= twiom —

e te() ———————»

NOTE: Timing points are 90% (high) and 10% (low),

|
I

| | ViL(e)
|

FIGURE 7 — EXTERNALLY DRIVEN CLOCK INPUT WAVEFORM

Data sheets on pages 1-D2 through 1-D5 are reproduced by permission of Texas Instruments Incorporated.

1-D2
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TMS 1000/1200 AND TMS 1100/1300
ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE

(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS MIN TYPT MAX |UNIT
I Input current, K inputs V=0V "50 300 500| pA
v High-level output voltage O outputs lop=—10mA —1.11 -06t v
OH  (see Note 1) Routputs | 1= —2mA 075 -04
loL Low-level output current VoL =VpD —100 | uA
Average supply current from Vpp
| All outputs open —6 10| mA
DOV 15 1000/1200 (see Note 2) puts op
| N Average supply current from Voo Al 2 1 A
tput - — m
DOlav)  11151100/1300 (see Note 2) outputs open
Average power dissipation
P All outputs o 20 175 w
{AV) M 100071200 (see Note 2 outeuts open m
Average power dissipation
P All output: 105 193 W
{AVY 7MS1100/1300 (see Note 2) outputs open ' ™
fosc Internal oscillator frequency =50 k92, Cext =47 pF 250 300 350 | kHz
C; Small-signal input capacitance, K inputs V=0, f=1kHz 10 pF
Cite) Input capacitance, clock input V) =0, f =100 kHz 25 pF

TAIl typical values are at Vpp = ~15 V, T4 = 25°C.,
fParts with Vo of —2 V minimum, —1.3 V typical, are available if requested.

NOTES: 1.

specification for logic voltage levels only,
2, Values are given for the open-drain O and R output configurations, Pull-down resistors are optionally available on all
outputs and increase | pp (see Section 4.4).

SCHEMATICS OF INPUTS AND OUTPUTS

TYPICAL OF ALL OANDR

TYPICAL OF ALL O AND R OUTPUTS WITH OPTIONAL
TYPICAL OF ALL K INPUTS OPEN-DRAIN OUTPUTS PULL-DOWN RESISTORS
v v Vss -
INPUT js by
¢ .J
— j —
|
4 _l
I% —l = OUTPUT
R = 50 k2
—]——OOUTPUT —>
Voo
Vob

The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this

The O outputs have nominally 60 £ on-state impedance; however, upon request a 130-8 buffer can be mask program-

med (see note (1] section 4.3).

The value of the pull-down resistors is mask alterable and provides the following nominal short-circuit output currents

(outputs shorted to Vss):

O outputs:

100, 200, 300, 500, or 900 uA

R outputs: 100, 150, or 200 pA.



TMS 1000/1200 AND TMS 1100/1300
INTERNAL OR EXTERNAL CLOCK ©

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

TYPICAL INTERNAL OSCILLATOR FREQUENCY
. B £ ]
EXTERNAL RESISTANCE

CONNECTION FOR INTERNAL OSCILLATOR 400 ]

) Cext E N Vop=-15V | | E
osc1 °—'1’_—|(_'° Vss 3 \ Ta=25°C i
‘ 3 \ 3
300 F .
0sC2 0———JD—NW—O Vbp T . \ . ]
: : Rext 1 [ ]
b N\ ]
‘.:200 [ \\ N N B
o - .
= —cm-wops\on 27pF\ 10pF \Op \
§ [ . \ 3

100 N

0 20 40 60 80 100 120 140 160 180 200
Reyxt — External Resistance — k2

TYPICAL BUFFER CHARACTERISTICS

. O OUTPUTS o ) R OUTPUTS
HIGH-LEVEL OUTPUT CURRENT H|GH~LEVEL OUTPUT CURRENT
vs N vs
HIGH-LEVEL OUTPUT VOLTAGE . HIGH-LEVEL OUTPUT VOLTAGE
-50 =3 T
Vpp=-15V 7T Pl VD'D-—‘ISV S I /_,.__‘
Do y -{ MAX-RATED .
Ta=25°C Ty Y 2 Ta-25°C MAX-RATED | 3
) / lotpeak) |, ~ 25 / 0 peakl £1 .
E 40 / /I £ ‘ . ’ V/
! / )4 . MAX-RATED I0(ay) 7
€ 1
£ ;/ NS / iy’ Z S RS
3 -30 i L / ] '\" Q&
5 7 o v e </ ;5”
8 / 5 —15 [ MOST NEGATIVE <
o _/' Y/ ';/‘7‘" % VoH FOR K INP! r‘.— mT
T 0 0 MAX-RATED | COMPATIBILITY >
:
% ( / “y l0lav) %’; ~10 l__’: .516 g.//
. W i
) T
I .
I
-g -10 //f_'? r S strve / 1 /,4
H/ L_ MIN Vol AT —10mA (Least Positive) — /P
0 I | I l ‘ J l ° MIN Vol AT —2 mA (Least Positive)
0 - -1 -2 -3 —4 5 o -1 ) 3 -a s

VoH — High-Level Output Voltage — V VoH — High-Level Output Voltage — v

1-D4
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TMS 1070/1270

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE

(UNLESS OTHERWISE NOTED)*

Voltage applied to any device terminal (see Note 1) ., . . . . . . . . .

Supply voltage, Vpp . . - Ce .

Data input and output voltage wuh VDD applied {see Note 2)

Clock input and INIT input voltage . . .

Average output current (see Note 3): Ooutputs . . . . . . . . . . .
R outputs

Peak output current: Ooutputs . . . ..
R outputs
Continuous power dissipation: TMS 1070 NL

TMS 1270 NL .

Operating free-ai( temperature range . .
Storage temperaturerange . . . . . . .

P T Y

. =20V

-20V 1t 0.3V
—-35Vto 03V
-20Vto 03V

—2.5mA
-12 mA

-5 mA
—24 mA
400 mW
600 mW

0°C to 70°C
—55°C to 150°C

*Stresses beyond those listed under ‘*Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the *Recommended Operating Conditions’
section of this specification is not implied, Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vpp (see Note 4) —~14 -15  -175 v
High-level input voltage, V| (see Note 5) :<N|T o ClooK _1_2 = gg \Y

. K (See Note 2) —-35 -8

Low-level input voltage, V| (see Note 5) INIT or Clock Vob 5 oy \ -
Clock cycle time, t¢(e) 25 3 L‘ us
Instruction cycle time, te 15 60 'y
Pulse width, clock high, ty(pH) 1 us
Putse width, clock low, ty(sL) 1 us
Sum of rise time and pulse width, clock high, tr + tw(gH) 1.25 us
Sum of fall time and pulse width, clock low, tf t+ tw(pL) 1.25 Hs
Oscillator frequency, fosc 100 400 kHz
Operating free-air temperature, Ta ] 70 °C

. Unless otherwise noted, all voltages are with respect to Vgg.

. Vpp must be within the recommended operating conditions specified in 5.4,

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

1
2
3, These average values apply for any 100-ms period.
4
S

. The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this specification for

logic voltage levels only,

ELECTRICAL CHARACTERIST|CS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE

(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
I Input current, K inputs V=0V 40 100 300 A
Vo High-level output Voltage O outputs lg=—-1mA -1 —-0.5 v

{see Note 1) R outputs lg=~10mA -45 =225

oL Low-level output current VoL =VbD —-100 HA
IpD(av) Average supply current from Vpp All outputs open -6 -10 mA
P(av) Average power dissipation All outputs open 90 175 mwW
fosc Internal oscillator frequency Rext = 50 k2, Cext =47 pF 250 300 350 kHz
C; Small-signal input capacitance, K inputs V=0V, f=1kHz 10 pF
Ci(¢)  Inputcapacitance, clock input =0V, f=100 kHz 25 pF

T Al typical values are at Vpp=—-15V,Ta = 25°C.

NOTE 1: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this specification .

for logic voltage levels only.
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Chapter 2
THE MOSTEK 3870
(AND FAIRCHILD F8)

The F8 has had a profound impact on the microcomputer industry. When it first appeared, the F8 was discussed
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
8080A and 6800 were designed with logic distributed functionally on chips - one traditional CPU logic function
per chip. The F8 instruction set is indeed strange, and in some cases qunto limiting, but it reflects the simple
chip design of the F8 CPU.

Many microprocessors ara now going into consumer products. In this marketplace, the two-chip F8 system pro-
vided by a 3860 CPU and a 3851 PSU gained an early dominant position. Other microprocessors available when
the F8 was introduced required seven or more chips to provide the same capabilities as the two-chip F8. The
economics of consumer product volumes rendered the inefficiencies of the F8 instruction set inconsequential;
as a result, in 1977 the F8 was the world’s leading microprocessor in terms of CPU sales.

In recognition of the F8 success story, most microprocessor manufacturers have introduced one-chip and two-
chip microcomputer systems.

Since the F8 3850 CPU/3851 PSU configuration was the world's first two-chip 8-bit microcomputer system, the F8 was
the easiest 8-bit microprocessor to convert into a one-chip microcomputer. Fairchild, the F8 prime source, and
Mostek, the F8 second source, both designed one-chip microcomputers around the F8. Fairchild designed the
3869, which was a simple combination of the 3860 CPU and 3851 PSU on a single chip. Mostek developed a
more ambitious one-chip microcomputer, the 3870. Mostek developed the 3870 ahead of the Fairchild 3859;
therefore, Fairchild dropped the 3869 and became a second source for the 3870. Thus. the original F8 second
source, Mostek. is now the new prime source, while the original prime source, Fairchild, is now a second source.

The majority of F8 customers have small configurations which convert readily to the 3870. This being the case, the
3870 is the F8 product being actively marketed, while the old F8 chip set is now manufactured to meet the needs of
existing customers and to represent a possible expansion for any customer whose application will no longer fit within
the confines of the 3870. In this chapter, therefore, we begin by examining the 3870 in detail. Descriptions of the
F8 CPU and its support devices follow

These are the F8 devices described: THE FAIRCHILD
- The 3860 CPU. F8 DEVICF SET

- The 38561 Programmable Storage Unit (PSU), which provides read-only memory plus
various additional logic functions.

- The 3862 bynamic Memory Interface (DMI), which primarily provides interface logic for dynamic or static
read-write memory.

- The 3863 Static Memory Interface (SMI), which primarily provides interface logic for static read/write memo-
ry.

- The 3854 Direct Memory Access (DMA), which, in conjunction with the 3862 DMI, implements Direct Memo-
ry Access logic.

- The 3856 and 3857 16K Programmable Storage Units (PSU 16) which are variations of the 3851 PSU but pro-
vide more read-only memory.

- The 3861 PIO, which provides the additional logic functions of the 3861 PSU but has no read-only memory.
- The 3871 PIO, which is equivalent to the 3861 PIO but has logic characteristics identical to the 3870.
Some additional 3870 series products are planned for delivery in late 1978 and early 1979.
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The 3872 is identical to the 3870, except that program memory is doubled from 2048 to0 4096 bytes. The 4096 bytes of
program memory are configured as 4032 bytes of read-only memory and 64 bytes of read/write memory. Thus, the
3872 will have 128 bytes of read/write memory, of which 64 are in the scratchpad and an additional 64 are in external
memory. ’

The 3873, which will probably be available in early 1979, is equivalent to a 3870 with one serial I/0 channel added.

The 3876. which will probably be available in late 1978, is equivalent to a 3870 with 64 bytes of additional read/write
memory: that is to say. in addition to the 2048 bytes of Pprogram memory there will be 64 bytes of scratchpad memory
and an additional 64 bytes of external read/write memory. This-additional 64 bytes of external read/write memory will
have a low power standby option, allowmg you to maintain data in these 64 bytes while power has been removed from
the rest of the device. . .

Figure 2-1 illustrates logic associated with individual F8 devices, and the 3870 one-chip microcomputer.

All devices of the F8 family require +5V and +12V power supplies. The 3870. however, uses a single +5V power sup-
ply. .

Using a 500 ns “clock, instruction cycle time is 2 usec. |nstruct|on executlon times range from 1t06.5 mstrucnon cy-
cles, or 2 to' 13 usec.

N-channel isoplanar MOS technology is used for the F8.
N-channel ion injection technology is used for the 3870.

The 3870 Microcomputer |

t

/

. /
3852 Dynamic Memory Interface

(DMI)

: 3850 CPU 3851, 3856 or 3857 Program Storage :
: Unit (PSU) !
! |
]
] Interrupt Request | Interrupt Request
. ! .
R ' |
| 1/OPort I/O Port I/0 Port 1/0 Port |
| | 3853 Static -
l l ’ Memory Interface -
| | (SMI)
| 1 '
| | . .
| 1
| - -3 | - -
: 64-byte RAM Prog Timer : Prog Timer
1 ALU o ROM I RAM
I and . - —d INTERFACE |a—|  STATC
| cu ] Mem Addr Log LOGIC
B t B i 1 t A
SYSTEM BUS
RAM
DYNAMIC INTERFACE DMA
.or : . LOGIC ; '
L —— CONTROL
STATIC DMA CONTROL LOGIC
RAM
La——— '

\ - 3854 Direct

Memory Access
(DMA)

A maximum of 65,536 bytes of memory may be present in an F8 microcomputer system.

Figure 2-1. A Fairchild/Mostek F8 Microcomputer System
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The principal manufacturer for the F8 is:

FAIRCHILD SEMICONDUCTOR -
464 Ellis Street
Mountain View, CA 94040

The second source is:

MOSTEK, INC.
P.0. Box 169
Carrollton, TX 75006

The principal manufacturer for the 3870 is:

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

Second sources are:

FAIRCHILD SEMICONDUCTOR
464 Ellis Street
Mountain View, CA 94040

MOTOROLA, INC.
Semiconductor Products Division
3501 Ed Bluestein Blvd. -
Austin, TX 78721

THE 3870 ONE-CHIP MICROCOMPUTER

Functions implemented on the 3870 microcomputer are illustrated in Figure 2-2,

Some caution must be exercised when looking at Figure 2-2; functions shown as present should not always be
considered equal to larger systems. For example, read/write memory and memory addressing are shown as completely
present; however, only 64 bytes of read/write memory are provided, with no possibility of expansion. 1/0 ports and in-
terface logic are shown as provided, but the 3870 itself has only four I/0 ports. Programmable timers and interrupt han-
dling logic are shown as present, yet only one interrupt request line is available and only one programmable timer is
present -- again with no possibility for expansion.

There is, in fact, a sharp contrast between the expansion philosophy of the 3870 as compared to 3870

the Intel 8048. The 3870 is simply not expandable; if your application overflows the 3870 you EXPANSION
can keep your programs, but you must revert to the F8 chip set. In contrast, the 8048 is ex-
pandable, albeit in a somewhat clumsy fashion. Thus, when an application overflows a 3870, you can keep your pro-
grams but you must throw away your 3870 chips. When an application overflows the 8048, you can keep the 8048
already in hand, using expansion capabilities to support new functions.
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Direct Memory

Access Control
Logic

Interrupt Priority
Arbitration

i
i

1/0 Communication)
~gP»{ Serial to Parallel
. Interface Logic

:

Figure 2-2. Logic of the Fairchild/Mostek 3870 Microcomputer
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3870/F8 PROGRAMMABLE REGISTERS
These are the programmable registers of the 3870 and F8:

Scratchpad Byte Address

m Accumulator (A) Scratchpad Decimal Octal Hexadecimal

11 bits in the 3870,i16 bits in the FBl Program Counter (PCO) 0 0 0
11 bits in the 3870,16 bits in the@ Program Counter buffer, or Stack register (PC1) 1 1 1
11 bits in the 3870, 16 bits in the FamData Counter (DCO) 2 2 2
11 bits in the 3870,16 bits in the F8] Data Counter buffer (DC1) ' !
]
6 bits Scratchpad Address register (ISAR) : :
5 bits J Status register (W) : :
T [
W register «ag~ - J 9 1 9
H ’ 10 12 A
DCO register - P{ HU
HL " 13 B
K KU 14
PC1 (Stack) register 4————-—-—»{ 12 ¢
KL 13 15 D
14 1 E
DCO or PCO registers 4—-—0——>{ au 6
‘ aL 15 17 F
H is equivalent to a Data 1 1 16 20 10
. 1}
Counter buffer register :
K is equivalent to a Stack 58 72 3A
register buffer
Q is equivalent to a Data 59 73 38
Counter or Program Counter 60 74 3C
buffer register 61 75 3D
62 76 3E
63 77 3F

There is one 8-bit Accumulator, which may be likened to the Primary Accumulator (AO) of | 3870/F8
our hypothetical microcomputer. Wherever there is a choice, this Accumulator is the usual | ACCUMULATOR
source or destination for data operations asscciated with any instruction’s execution.
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The 64-byte scratchpad may be viewed either as a small read-write memory, or as 64 8- .| 3870/F8

bit secondary Accumulators. The first 11 scratchpad bytes may be accessed directly, as | SCRATCHPAD
though they were secondary Accumulators. Remaining RAM bytes can only be accessed using
a form of implied memory addressing, 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 identical to a 6-bit Data Counter.

Data Counter DCO is an implied addressing register, as described for our hypotheucal 3870/F8 DATA
microcomputer. COUNTERS

Data Counter DC1 is simply a buffer for the contents of Data Counter DCO. Impljed address-
ing 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.

Program Counter PCO serves the same function in a 3870 or F8 system as it does in | 3870/F8 PROGRAM
our hypothetical mlcrocomputer COUNTER

The Stack register (PC1} is, in reality, a buffer for Program Counter PCO; the Stack register | 3870/F8 STACK
does not address an area in read-write memory, and there are.no Push or Pop instructions as | REGISTER

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:

Oid Address from PCO
is moved to PC1 o Address in

\g/—\ /

Program Counter PCO Stack register PC1

New Address

The classical Stack can be implemented in a 3870 or F8 system. but a short program needs to be written to do this.

Read-only memory is always addressed using implied addressing, with auto-increment, via | MEMORY
Data Counter DCO. No other 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, and lt is possible to add the contents of the Accumulator to Data
Counter DCO.

In order to understand scratchpad ‘addressing, one has to view it as representing neither 64 | SCRATCHPAD
Accumulators nor 64 bytes of read-write memory, but rather as something between the | MEMORY
two. ADDRESSING

3870 MEMORY ADDRESSING MODES

The 3870 microcomputer has two separate and distinct memories:

1) There is the 64-byte scratchpad, which is the only read/write memory available.
2) There are 2048 bytes of read-only memory, which must contain all programs, but may also contain constant data.

We will refer to addressing of the 64-byte scratchpad as ‘‘scratchpad addressing’’, while ‘’‘memory addressing’’
refers to the 2048 read-only memory bytes.

It is important to note that the scratchpad and the read-only memory have separate and distinct address spaces.
Scratchpad locations have addresses in the range O through 6310. while read-only memory locations have addresses in
the range 0 through 20471(. Thus, addresses O through 6310 can access both a scratchpad byte and a read-only
memory location; however, this will never cause confusion since separate and distinct instructions access scratchpad
as against read-only memory. Since no one instruction can access both scratchpad and read-only memory, there is no
possibility for confusion.
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Instructions which access scratchpad memory use the four low-order object code bits to identify Scratchpad Address-
ing mode, as follows:

7 6 5 4 3 2 1 0 -a—BitNo. )
I l Ll l 1 I | l‘—— Scratchpad access instruction object code

e, ot
0000
- . } Directly address one of Scratchpad bytes O through 11
1011 ’
1100° S - Implied addressing via ISAR
11Q1 ! - Implied addressing via ISAR

with auto-increment of three
low-order ISAR bits.

1110 D - Implied addressing via ISAR
with auto-decrement of three-
low-order ISAR bits.

There are a number of register-register instructions that operate on the Accumulator and on one of the first 12
scratchpad bytes, using object codes as follows:

7 6

(TTT]

[ [ 1]

t .

4 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 as secondary Accumulators. DIRECT
SCRATCHPAD

Any scratchpad byte may be addressed via the ISAR register using implied addressing; that ADDRESSING

is to say, the 6-bit number in the ISAR (which can have a value in the range O through 63) iden-
tifies the one scratchpad byte which will be accessed by the next scratchpad referencing instruc-
tion. :

The ISAR register provides implied addressing. and implied addressing with auto-increment or | IMPLIED )
auto-decrement; however. only the low-order three bits of the ISAR register are involved in the | SCRATCHPAD
auto-increment or auto-decrement operation: ADDRESSING

5 4 3 2 1 .0 -—BitNo.

L[| [ fe—mon

These three bits may be incremented or decremented by an im-
plied addressing scratchpad memory reference with auto-in-
crement/decrement.

Specifies an instruction that accesses the Accumulator and one
of the scratchpad bytes

F8 scratchpad bytes may therefore be-accessed as contiguous 8-byte buffers, with wraparound auto-increment or
auto-decrement within each 8-byte buffer.
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Instructions shown in Table 2-2 use the symbol rin the operand to represent scratchpad ad- | r SCRATCHPAD
dressing. This is what the symbol r represents: ADDRESSING

- 1f r is a number between 0 and 11, one of scratchpad bytes O through 11 is addressed directly.

-1f ris S, implied addressing via ISAR is specified.

-If ris |, implied addressing via ISAR, with auto-increment of the low-order three implied address bits, is specified.
-1f ris D, implied addressing via ISAR, with auto-decrement of the low-order three address bits, is specified.

Given the various ways in which scratchpad memory can be addressed. this is the most effective way of configuring
scratchpad:

0 89 ABCDEF10 1718 1F 20 2728 2F 30 3738 3F

Secondary H K Q Buffer 1 Buffer 2 Buffer 3 Buffer 4 Buffer 5 Buffer 6

Accumulators + 1
Data Counter (DCO) or Program Counter (PCO) buffer

Stack (PC1) buffer
Data Counter (DCO) buffer
Status register (J) buffer

Treat scratchpad bytes O through 8 as nine secondary Accumulators; access these bytes using direct scratchpad ad-
dressing.

Wherever possible, use scratchpad bytes 9 through F only as buffers for their associated registers; when accessing
these bytes. use the specific instructions which transfer data between these scratchpad bytes and their associated
registers.

Although you can address scratchpad bytes 9, A, and B by using direct addressing, do not do so when these
scratchpad bytes are being used as buffers for the Status registers (W) and Data Counter (DCO).

While indirect addressing via ISAR can access any scratchpad byte, you should avoid addressing scratchpad bytes 0
through F in this fashion. Wherever possible, use ISAR only to address scratch bytes 101g through 3F1g: divide this
area into 8-byte buffers as illustrated. Because | addressing auto-increments only the three low-order ISAR bits, this
form of scratchpad byte addressing will wrap around within one 8-byte buffer, as follows:

[T T ]wsw

X X X 0 0 0
X X X 0 0 1
X X X 01 0
X X X 0 1 1
X X X 1 0 0
X X X 1 0 1
X X X 1 1 0
X X X 1 1 1
X X X 0 0 0
X X X 0 o0 1
etc.

Similarly. D implied addressing via ISAR will wrap around within eight scratchpad byte divisions. as follows:

[TTTTT]en

v><><><><><><><><><><
HXXXXXXXXXX
XX XXXXXXXX
~ 0000 4a=a0
~—00—-200==0
~“0—~0—-0—-0=0

@
-3
(1]



© ADAM OSBORNE & ASSOCIATES, INCORPORATED -

3870/F8 STATUS FLAGS

The Status register, also called the W register, holds five status flags, as follows:

4 321 0 sitNo.

(': O]z|c|S| Status register (W)
B
Sign

Carry

Zero
Overflow
Interrupt Control Bit

The O. Z, C and S status flags are identical to the flags with equivalent symbols, as described in Volume I, 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 byte 0.

3870 PINS AND SIGNALS
3870 pins and signals are illustrated in Figure 2-3.

XTL1 ——= 40 H—— Vce
XTL2 —»=] 2 39 f¢—— RESET
P0-0; 3 38 f4— EXTINT
PO-1! 4 37 |—p P10
PO-2 5 36 f—w PI1-1
Po-3 6 35 fet—= P1-2
STROBE 7 34 fat—p= P1-3
P4-0 8 33 j«g—p» P5-0
P4-1 9 32 fag— P5-1
Pa_2 10 3870 3 fet—w P52

Microcomputer o | g P53
29 [t—= P5-4
28 [—p» P5-5
27 f—= P5-6

—_
w N

R

4-7 15 26 f—p P5-7
P07 16 25 |—mw= P17
-6 17 24 jag—p» P1-6
P05 18 23 jet—wm P15
PO-4 19 22 jt—p P1-4
GND 20 21 f—— TEST
Pin Name Description Type
-0 - PO-7 1/0 Port O " Bidirectional
P1-0-P1- 1/0 Port 1 Bidirectional
4-0 - P4-7 1/0 Port 4 Bidirectional
P5-0 - P5-7 1/0 Port 5 Bidirectional
STROBE Ready Strobe Output
EXT INT External Interrupt Input
RESET External Reset Input
TEST Test Line Input
XTL1, XTL2 Time/Clock Input
Vee, GND - - Power Supply Lines Input

Figure 2-3. 3870 Microcomputer Signals and Pin Assignments
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32 of the 40 signals implement four 8-bit 1/0 ports which are addressed as 1/O Ports 0, 1, 4 and 5.
Pins POO through PO7 implement 1/0 Port 0. : . o
Pins P10 through P17 implement I/0 Port 1.

Pins P40 through-P‘4_7yimplement 1/0 Port 4.

Pins P50 through P67 implement 1/0 Port 5. ,

1/0 port characteristics are described fo!lowing signal definitions.

STROBE is a handshaking control signal associated with 1/0 Port 4. Whenever data is output to 1/0 Port 4, STROBE
is pulsed low for approximately three clock periods.

External interrupt requests are input via EXT INT.

RESET is a master reset input. When it is grounded the following events occur: 3870 -
1) Program Counter contents (PCO) are pushed onto the Stack register (PC1) RESET
2) The ICB bit of the Status register is reset to 0; this disables all mterrupts

3). I/OPort4and b pins all output +5V. Reset does not affect 1/0 Port 0 and 1 pins. ‘

4) Other internal registers are not affected. i

The TEST input is used to test hardware. Normally the TEST pin is connected to ground, or it is left unconnected.
When a voltage between 2V and 2.6V is connected to TEST. I/O Ports 4 and 5 become output and input connections to
the internal Data Bus; as follows:

K/ 1/0 Port 5 is a wire-OR input to the internal Data Bus it is
N\ . logically false (Port pin 1 = Data Bus 0)

1/0 Port 4 is the internal Data Bus output; it is logically true.

Dat:
Data Bus {Port pin 1 = Data Bus 1)

When a voltage level between +6V-and +7V is applied to the TEST pin, /0 Ports 4 and 5 are connected to the internal
Data Bus as illustrated above; but, in addition, internal program memory is dlsconnected from the Data.Bus. This allows
instruction codes to be entered via 1/0 Port 5.

The TEST pin should be used for test purposes only. Do not use TEST. durlng normal 3870 operations. You can-
not, for example, use TEST as a means of transferring data between the Data Bus and external logic via /0 Ports 4 and
5. Also, you cannot use TEST to supercede internal program memory with an external program memory. This is
because timing associated with the test conditions differs markedly from normal instruction execution timing.

XTL1 and XTL2 are clock signal inputs. These two clock signal inputs can be used in one of | 3870 CLOCK
four ways. ) ) LOGIC

If XTL1 and XTL2 are both grounded, then an internal oscillator within the 3870 generates the clock signal. In-
ternal oscillator frequencies ranging between 1.7MHz and 4MHz are allowed.

An external crystal may be connected across XTL1 and XTLZ2; in this case the external crystal determines clock fre-
quency. Any frequency in the range 1 MHz to 4 MHz is allowed. There are internal 20 pF capacitors between XTL1 and
ground and XTL2 and ground: therefore. external capacitors are not required. This may be illustrated as follows:

i a—
3 1 MHzto 4 MH:

XTLZ———J
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If an external clock signal is used, then it should be applied to pin XTL2, and pin XTL1 should be left open.

The internal clock signal generated will have a frequency that is half of the external clock signal frequency. For exam-
ple. in order to generate a 1 MHz internal clock signal, a 2 MHz external clock signal must be applied to pin XTL2.

It is also possible to generate the internal 3870 clock signal using resistor capacitor (RC) or inductor capacitor
(LC) circuits. The RC mode may be illustrated as follows:

R Vec
XTL2

[ (Capacitor C is optional)

XTL1

R

Capacitance
Minimum frequency
Maximum frequency

4K © Minimum

20.5 pF + 2.5 pF + C
1/(11RC + 65 ns)
1/(RC + 15 ns)

The external capacitor C is optional, since there is a 20.5 pF |nternal capacnor
The LC mode may be illustrated as follows

XTL1 ‘I '
T c {Capacitor C is optional)
XTL2 L g

Inductor L =" 0.1 mH.(minimum)
Inductor quality = (Q) =40
If the external capacitor (C) is present, it must be 30 pF or less.
Capacitance = 10pF + 1.3pF + C .
Frequency = 1/(2 7 \/LC)

3870 INSTRUCTION TIMING AND EXECUTION

All 3870 instructions execute as a sequence of ‘‘long’’ and ‘‘short’’ machine cycles. A long machine cycle lasts
six clock periods. A short machine cycle lasts four clock periods. For each 3870 instruction, Table 2-2 identifies the
sequence of long and short machine cycles via which the instruction executes. By referring to this table, you can com-
pute instruction execution times as a function of clock frequency.

Note that Table 2-2 refers to ROMC states. ROMC states have no meaning when you are using a 3870; however, they
constitute five signals output by the 3850 CPU in an F8 configuration, as described later in this chapter. Since Table
2-2 applies to both the 3870 and the F8, ROMC states are identified.

3870 1/0 PORTS

The 3870 has four 8-bit I/0 ports, which we defined when descnbmg 3870 pins and signals. I/0 ports are ad-
dressed via port numbers 0, 1, 4, and 5. 1/0 port addresses 6 and 7 are also reserved by the 3870; 1/0 Port 6 is
used to output control codes and to input interrupt status. 1/0 Port 7 is used to access interval timer logic.

0. 1,4, 5,6, and 7 are the only I/0 port addresses which have any meaning within a 3870. Output instructions that ad-
dress any other I/0 port act as “'no operation” instructions. Input instructions that address any other port will clear the
Accumulator. Nevertheless, the 3870 instruction set, as defined in Table 2-1, includes both long-form and short-form
1/0 instructions, allowing any I/0 port to be accessed with addresses in the range 0 through 255. This permits the 3870
instruction set to be completely compatible with the full F8 instruction set -- a necessity if 3870 programs are to be
transportable to larger F8 configurations.



Every one of the 3870 I/O port pins is truly bidirectional. Logic associated with each pin may be illustrated as
follows:

<
[o]
(2]

Output

Buffer
Port
) a—>o- 1/0
Pin

o1

DATA BUS (wired-OR configuration) 1— vy

READ PORT
LOAD PORT

.

The pin Iog|c illustrated above is present in the 3870 microcomputer and the 3871 PIO only; other devices have
the F8 1/0 pin characteristics.

If you do not understand digital logic, then you will not understand the illustration above, but that is not particularly im-
portant. The above illustration explains exactly how bidirectional I/O port pin logic works. From a programmer’s point
of view, this simply translates into the fact that you can freely input and output data without worrying about prior I/0
port contents. However, all 1/O port pins have inverted logic. This means that when you write 1 to an 1/0 port pina 0
voltage will be generated, while a +5V voltage will be generated if you output O to the pin. Conversely, external logic
will cause your program to input 1 if it grounds a pin, while it will cause your program toinput O if it applies +5V to the
pin.

The output buffer portion of 1/0 port pin logic determines the pin characteristics. Standard TTL logic is provided
by the standard output buffer, which may be illustrated as' follows:

- Vee

6K Q (typical)
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You can buy 3870 devices with different output buffers at I/O Ports 4 dnd 5, but not at1/0 Ports 0 and 1. 1/0 Ports O
and 1 pins can only have the standard output buffer illustrated above. There are two optional output buffer designs
available for pins of 1/0 Ports 4 and 6. A direct drive output is similar to the standard output, but it sources more cur-
rent. Logic is illustrated as follows:

Vee

. 1K (typical)

1

The other option is an open drain output, which may be illustrated as follows:

—

The open drain output allows you to tie pins together; you can then wire-AND two or more pins when data is output.
Consider the following configurations:

Pa3

Pé4

P45

If all outputs are high, then the wire-AND will be high: however, if any one of the three outputs goes low, then the wire-
AND resulting from all three outputs will also go low.

3870 INTERRUPT LOGIC
External logic can input an interrupt request to the 3870 via the EXT INT signal.
Interrupt requests may also be generated internally by timer/counter logic.

There are two levels of interrupt enable/disable logic within the 3870. There is a Control | 3870
register (described later in this chapter) which has bits 0 and 1 set aside to selectively ena- | INTERRUPT
ble or disable external interrupts and timer/counter interrupts, respectively. If one or both of | DISABLE
these interrupts are enabled. then any interrupt request is still subject to master ena-
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ble/disable logic, which i is spemfied by the lnterrupt Control bit of the Status register (bn 4°of the W reglster).
This may be nIIustrated as fo|lows

l - To CPU
1 0 <sgp————— BitNo.

T T I

For all bits:
1 =enable
0 = disable

Ll 1]

“Latch

External Interrupt

Timer/Counter 'Interrupt

A timer/counter interrupt request is latched. If timer/counter interrupt logic has been disabled via Control register
bit 1, then an interrupt request will be held until t|mer/counter interrupts are subsequently enabled; the interrupt re-
quest will then occur.

External interrupt requests are not latched. An external mterrupt request W||| only occur if the EXT INT signal makes
an active transition while external interrupts have been enabled by Control register bit 0.

Any interrupt request that reaches Status register logic will be latched. Thus, if Status register bit 4 is O when
either an external interrupt request or a timer/counter interrupt request occurs, then the mterrupt request will be held
pendmg until Status register bit 4 is subsequently set to 1.

A reset or power-on operation disables all interrupts; the Status and Control reglsters are cleared

Timer/counter interrupt requests have priority over external interrupt requests. Thus, if a timer/counter interrupt
request and external interfupt request occur simultaneously and both are enabled. then the timer/counter interrupt re-
quest will be acknowledged.

When any interrupt request is acknowledged, further in{errUpts are disabled via the Status register; however, in-
terrupt enable/disable logic associated with the Control register.is not affected. Thus, an external interrupt request will
be held pending for the duration of a timer/counter interrupt sévice routine’s execution. However, the external inter-
rupt request will be removed if, at any time whlle n is held pending, external interrupts are specifically dlsabled via bit0
of the Control register.

If a timer/counter interrupt request is generated while an external interrupt service routine is being execute_d. then
Status register interrupt disable logic will prevent the timer/counter interrupt request from interrupting the external in-
terrupt service routine. However, the timer/counter.interrupt request will be-held pending until interrupts are subse-
quently enabled at the Status register. If for any reason timer/counter interrupts have been specifically disabled via
Control register bit 1, then any subsequent timer/counter mterrupt request Wl|| be delayed until tlmer/counter |nterrupt
logic is specmcany enabled vid bit 1 of the Control reglster . .

When an interrupt request is acknowledged the Program Counter (PCO) contents are saved on the Stack regnster (PC1).
For a Timer interrupt request, a new value, 0201g, is Ioaded lnto the Program Counter

02015\ /\

PCO PC1
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When an external interrupt request is acknowledged. Program Counter (PCO) contents are saved in the Stack register
(PC1). then the new value 0AQO1¢ is loaded into the Program Counter (PCO). Thus, interrupt service routines for timer
and external interrupts must originate at memory locations 0201 and 0AQ1g, respectively.

Since a reset or power-on clears the Program Counter, the beginning of program memory must be allocated thus:

Program
Memory

000 ‘Initialization begins here

Timer interrupt service routine

020 begins here

External interrupt service routine

0A0 begins here

TIMER/COUNTER LOGIC
3870 timer/counter logic represents a significant enhancement over prior F8 logic.

3870 timer/event counter logic consists of an 8-bit binary Counter register together with a Buffer register and
associated logic. The two registers are accessed as I/0 Port 7. Data output to I/0 Port 7 is written into the Counter
register and the Buffer register. Data input from Port 7 is read from the Counter register only. This may be illustrated
as follows: .

Buffer Register

Out to
1/0 Port 7

Counter Register > [n from 1/0 Port 7

Timer/Counter
Logic

The scheme illustrated above allows timer/counter logic to operate in a “free running” mode. Whenever the contents
of the Counter register decrement to 0, the new Counter register contents are taken from the Buffer register, and a
timer interrupt request occurs. This may be illustrated as follows:

Counter Buffer
Register Register
_Contents Conten_ts

02 XX
01 . XX
# Timer interrupt request
00 XX
XX XX
xx-1 Coxx
xX-2 XX
etc. etc.

You can read Counter reglster contents at any time, even while the tumer/counter is operating. by inputting from 1/0
Port 7; Counter register contents will be input. .

Timer/counter logic can be operated in Interval Timer mode, in Pulse Width Measurement mode, or in Event
Counter mode. The contents of a Control register (which is accessed as 1/0 Port 6) determine the mode in which
timer/counter logic will operate. We will describe the Control register after discussing timer/counter operating
modes.



In Interval Tlmer mods, tlmer/counter logic is used to compute time intervals. In order to | 3870
compute a time interval, the timer/counter register contents are decremented at fixed | INTERVAL
““decrement’’ intervals. The decrément interval is equal to a number of clock periods, as | TIMER MODE
specified by the control code. The decrement interval may range between a low of two clock
periods anhd a high of 400 clock periods. If. for example, a 500 nanosecond clock is employed and the decrement inter-
val is 100 clock periods, thén the Counter register contents will be decremented once every 50 microseconds. If the in-
itial value output to1/0 Port 7 is 20010 (0816) then in Interval Timer mode, timer/counter logic will time out once ev-
ery 10 milliseconds.

Time interval = 0.5 x 100 x 200 microseconds

The time delays which can be generated using timer/counter logic in Interval Timer mode are given by the following
equation:
Time interval = Reset value x Decrement time interval

The reset value is the value written out to I/O Port 7; it may have any value in the range O .through 255. 0 is in fact
equivalent to a count of 256, since the decrement ends with a Timer interrupt request when Counter register contents
decrement from 1 to 0.

In Interval Timer mode, timer/counter logic operates as follows:
1) An initial value must be output to 1/0 Port 7. This becomes the reset value.

2) Using an appropriate control code, you select Interval Timer mode and options. The control code also starts and
stops timer/counter logic in Interval Timer mode.

3) Once started by an appropriate control cade. the Counter register continuously decrements, reloads and redecre-
ments.

4) In order to stop the timer/counter when operating in Interval Timer mode, you must output an appropriate control
code.

Each time the Counter register decrementé to ‘0‘ a timer interrupt request is generated. If timer inierru"pt requests are
enabled, then the interrupt request will be acknowledged if timer interrupt requests are disabled, the interrupt request
will.be latched and will be held pending until timer’ mterrupt requests are subsequently enabled.

If interrupts are enabled when timer/counter logic times out in Interval Timer mode, there will be a small time delay
before the interrupt is acknowledged: no interrupt cah be acknowledged until the conclusion of the currently executing
instruction,. plus the next instruction if it is privileged. (Privileged instructions are instructions which cannot be inter-
rupted; they are identified in Table 2-1) In the worst case. it is possible for 49 clock periods to elapse between the
timer/counter timing out and a timer interrupt being acknowledged; on the average, between 24 and 30 clock periods
will separate these two events. If long delays betwéen a time-out and interrupt acknowledge are not acceptable, then
you must avoid executing pnvneged mstrUctlons while timer/counter logic is operating in Interval Timer mode.

In Pulse Width Measurement mode, tlmer/cdunter logic measures the duration of a pulse | 3870

which is input on the EXT INT pin. Under program control, you can measure a low pulse: PULSE WIDTH
MEASUREMENT
MODE

EXT INT -\ V [
| \

START STOP
TIMER TIMER

or you can measure a high pulse:

EXT INT I ‘ - \
) i
START STOP
TIMER TIMER

Stop and start logic represents the only difference between Pulse Width Measurement mode and Interval Timer mode.
As illustrated above, it is EXT INT signal transitions that start and stop timer/counter logic in'Pulse Width mode. In ad-
dition, you can use control codes to stop timer/counter logi¢ in Pulse Width mode.

2-16
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An external interrupt request occurs at the trailing edge of the EXT INT pulse. This external interrupt request will be
acknowledged only if external interrupts have been enabled. If external interrupts are disabled, no interrupt request oc-
curs. That is to say, if external interrupts are enabled at some point after the end of a pulse, no interrupt request will be
pending. :

Within the pulse itself, timer/counter decrement logic works exactly as described for Interval Timer mode. The Counter
register contents are decremented once each decrement interval; the decrement interval is defined in Interval Timer
mode. If the timer/counter does not time-out within the pulse width, then on the trailing edge of the pulse the
timer/counter is stopped. By inputting from I/O Port 7, you read the contents of the Counter register at the trailing edge
of the pulse; the difference between this input value and the initial reset value can be used to compute the pulse dura-
tion, as follows:

Pulse duration = (Initial reset value - final Counter register contents) x decrement time interval

For example, suppose the initial reset value output to I/0 Port 7 is 1001 (6416). while the final value input from 1/0
Port 7 is 1690 (101¢): if the control code has set timer/counter logic to decrement once every 100 microseconds, then
the pulse width must be 8.4 milliseconds:

Pulse width = {100 - 16) x 100 microseconds

If the Counter register does time-out within a pulse, then a timer interrupt request occurs, the Buffer register contents
are loaded into the Counter register, and decrementing restarts. Program logic must respond to the timer interrupt re-
quest by incrementing a scratchpad counter; the total pulse time is computed as follows: .

Pulse duration = {Initial reset value - final Counter register contents)
x decrement time interval
x initial reset value x decrement time interval
x scratchpad counter contents

Suppose, for example, that the initial reset value output tol/0 Port 7 is 20010 (C81g). and that the Counter register has
timed out three times within the pulse width; the scratchpad counter will now contain 3. If the final value input from
I/0 Port 7 is 5310 (3516} and the decrement time interval specified by the control code is 50 microseconds, then the
total pulse timer interval is 37.35 milliseconds:

Pulse interval = (200 - 563) x 50 + 200 x 3 x 50
= 37,350 microseconds

In Event Counter mode, the Counter register contents are decremented on ‘‘active’’ transi- | 3870
tions of the EXT INT input. An “active” transition on this signal may be high-to-low or low-to- | EVENT
high. as selected by the control code. COUNTER
MODE

In the Event Counter mode, when the Counter register decrements to 0 a timer interrupt request is
latched, as described for the Interval Timer mode. Thus, if the timer interrupts are enabled. the in-
terrupt request will be acknowledged following execution of the next non-privileged instruction; if timer interrupts are
disabled, the interrupt request will be held until interrupt requests are re-enabled. Active transitions on the EXT INT
signal, while decrementing the Counter register contents, also cause interrupt requests to occur if external interrupts
are enabled. Since it would be pointless to have an external interrupt request occur on every decrement, external inter-
rupts are normally disabled in Event Counter mode.

THE 3870 CONTROL CODE

Operation of 3870 timer/counter logic and interrupt logic is controlled via an 8-bit control code which must be
output to I/0 Port 6. 1/0 Port 6 is a write-only location. When you input from 1/0 Port 6, you do not read the con-
tents of the Control register; rather, the level on the EXT INT pin appears at bit 7 of the Accumulator. This may
be illustrated as follows:

Control
Register

l | I | | | l IAccumuIator
EXT INT t } ——————————————— J IN 6




If you need to read the control code after writing it out. then you must keep a copy of it in one of the scratchpad bytes.
Control code bits are assigned as follows:

Control code

0 External interrupts disabled
1 External interrupts enabled

{ 0 Timer/counter interrupts disabled
1 Timer/counter interrupts enabled

0 EXT INTis activelow ~— \
1 EXT INT is active high _ _J———\___

0 Stop timer/counter in any mode
1 Start timer/counter in Interval Timer or Event Counter modes

I 0 Interval Timer mode if bits 7, 6, 5 are not 000

, N

Event Counter mode if bits 7, 6, 5 are 000
1 Pulse Width Measurement mode. (Do not use 000 for bits'7, 6, 5 in
this mode)

<+ 2 pre-scalar
+ 5 pre-scalar 5 —

<+ 20 pre-scalar

7 6 5 -§——B8it No.

0 Event Counter mode

1 <+ 2 pre-scalar :

0 ' + 5 pre-scalar o

1 < 10 pre-scalar Pre-scalar x Clock period gives decrement time in-
0 <+ 20 pre-scalar terval in Interval Timer or Pulse Width Measure-
1 -+ 40 pre-scalar ment modes

0 ‘%= 100 pre-scalar § . :

1 <+ 200 pre-scalar J.

~a0O0-s-—00

Bits 0 and 1 are used to selectively enable or disable interrupt requests. External interrupt requests occur via
active transitions on the EXT INT input signal; timer/counter interrupt requests are generated within
timer/counter logic. You have the option of enabling both external interrupts and timer/counter interrupts; you
can enable one but not the other, or you can disable both.

Recall that timer/counter interrupt requests are latched: if timer/counter interrupt logic is disabled {control code bit 1 is

'0) when the timer/counter interrupt request occurs, then the interrupt request will remain pending until timer/counter
interrupts are subsequently enabled {control code bit 1 is 1), or until the 3870 is.reset. A reset removes the latched in-
terrupt request. External interrupts are not latched; an external interrupt request will be generated only as EXT INT
makes an active transition while control code bit O is 1. A timer/counter interrupt request occurs whenever the
timer/counter register decrements from 1 to 0, as previously described.

An external interrupt request occurs whenever an ‘‘active’’ transition is sensed on the EXT INT pin. Bit 2 of the
control code determines what an ‘‘active’’ transition of EXT INT will consist of. If bit 2.is O, then a low level on
EXT INT is considered active, and high-to-low transition causes an external interrupt request. If bit 2 of the control code
is 1, then a high level on EXT INT is considered active and a low-to-high signal transition will cause an external inter-
rupt request. .

Control code bit 3 is the start/stop bit. This bnt must be used to start and stop timer/counter logic when operating in In-
terval Timer mode or Event Counter mode. When timer/counter logic is operating in Pulse Width Measurement mode,
then leading and trailing edges of an active EXT INT pulse start and stop timer/counter logic; within a pulse, however,
the start/stop bit of the Control code can be used to stop and then restart timer/counter logic.

2-18
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In Interval Timer mode or Pulse Width mode, bits 5, 6 and 7 select the decrement time interval. The important point to
note is that bits 5, 6 and 7 are cumulative. Thus, you have seven pre-scalar options shown with the control code.
In Interval Timer mode or in Pulse Width mode, the Counter register contents are decremented once every decrement
time interval. A decrement time interval is equal to the internal clock pulse time multiplied by the pre-scalar. Assuming
a 500 nanosecond internal clock pulse width, 010 in Control register bits 7, 6 and 5 would generate a decrement time
interval of 2.6 microseconds. A decrement time interval of 50 microseconds would be generated by 110 in Control
register bits 7, 6 and 5.

THE 3870/F8 INSTRUCTION SET

Table 2-1 summarizes the 3870/F8 instruction set; lnstructions are grouped into categories that conform with
our hypothetical microcomputer instruction set, as described in Volume I, Chapter 7.

With reference to Table 2-1, refer to the addressing modes description for an explanation of ’r"", which occurs in the
operand column to represent some of the scratchpad addressing options.

One of the more confusing aspects of 3870/F8 programming is understanding the ways in which data may be moved
between different registers; this information is therefore summarized in Figure 2-4.

The following symbols are used in Table 2-1:

A The Accumulator

addr A 16-bit memory address
C Carry status

data3 A 3-bit binary data unit
datad A 4-bit binary data unit
datab A B-bit binary data unit
DCO Data Counter register
DCY _Data Counter buffer

dpchr Scratchpad Data or Program Counter Half Reglsters These are KU (Register 12), KL (Reguster 13), QU
. (Register 14) and QL (Register 15).

disp An 8-bit signed binary address displacement

FMASK A 4-bit mask composed of a portion of the Status register (W):

3 2 1 0 =g—BitNo.

Sign status
Carry status
Zero status
Overflow status

H Scratchpad Data Counter Register H (Registers 10 and 11).
| The Interrupt Control Bit in the Status register (W).
ISAR Indirect Scratchpad Address Register
J Scratchpad Register 9 '
K Scratchpad Registers 12 and 13
0] Overflow status
p4 A 4-bit /0 port number
p8 An 8-bit I/0 port number
- PCO Program Counter
PC1 Stack register
Q Scratchpad Registers 14 and 15
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TMASK

Any of the following operands and Scratchpad addressing modes: -
R direct address of bytes O through 11
S implied addressing via ISAR ‘
| 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

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 -=g——-B8it No.
TMASK

Sign status
Carry status
Zero status

The CPU Status register
Zero status .

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

Contents of location enclosed within brackets. If a register designation is enclosed within the brackets,
then the designated register’s contents are specified. If an I/0 port number is enclosed within the brackets,
then the I/0 port contents are specified. If a memory address is enclosed within the brackets, then the con-
tents of the addressed memory location are specified. '

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

Logical AND

Logical OR

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 2-1, an X indicates statuses which are modified in the course of the instruc-
tions' execution. If there is no X, it means that the status maintains the value it had before the instruction was ex-
ecuted. A O or 1 means the status is cleared or set, respectively.

2-20
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Table 2-1. 3870/F8 Instruction Set Summary

STATUSES - -
TYPE MNEMONIC OPERAND(S) BYTES" OPERATION PERFORMED
i z s 0
INS P4 1 X X 0 [Al—[P4]
R Input to Accumulator from 1/0 port.
. IN P8 2 X X 0 [Al—IP8]
-9 : Input to Accumulator from 1/0 port.
- ouTS P4 1 [P4]1—[ A}
Output to 1/0 port from Accumulator.
ouT. P8 2 [pP8l—I[A] .
Output to 1/0 port from Accumulator.
M 1 [Al—I[Dcol), [DCO}—[DCO) + 1
Load the Accumulator via DCO and auto-increment DCO.
ST 1 [{Dcoll—[ Al [DCOl—[DCO+ 1]
Store the Accumulator via DCO and auto-increment DCO.
LA Ar 1 [Al—I[SR]
Load the contents of the specified register, SR, into the Accumulator. Increment or decrement
ISAR if specified by r.
LR A,DPCHR 1 [Al—[DPCHR]
Load Accumulator with the conterits of the specified DPCHR.
LR rA [SR1—[A) )
w. Load the contents of the Accumulator into the specified register. Increment or decrement ISAR
g if specified by r.
u LR DPCHR.A 1 [DPCHR]—[ Al
g Load the of the A lator into the specified DPCHR,
< LR DCO,H 1 [DCol—(H] ;
E Load the contents of Scratchpad registers 10 and 11 into DCO.
: g LR Dco.a 1 [Dcol—[Ql
w Load the contents of Scratchpad registers 14 and 15 into DCO.
2 LR H.DCO 1 [H)—([DCO)
E R Load the contents of DCO into Scratchpad registers 10 and 11.
2 LR Q,nco 1 tal—{oco] .
E . Load the contents of DCO into Scratchpad registers 14 and 15,
LR PC1,K 1 [pPc1l—I[K] '
Load the contents of Register K into the Stack register.
LR K,PC1 1 [K1—[PC1} :
- Load the contents of the Stack register into Register K.
LR PCO.Q 1 [pcol—fQl
Load the contents of Register Q into the Program Counter.
PK 1 [pc1)—[Pco], Epcol—IQi

Save the contents of the Program Counter in the Stack register, then load the contents of
Register Q into the Program Counter.
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Table 2-1. 3870/F8 Instruction Set Summary (Continued)

STATUSES . .
TYPE MNEMONIC OPERANDI(S) - | BYTES - . . OPERATION PERFORMED
: c z S (o]
w AS 4 1 X X X X [A]—[A]+ [SR]
2 Add binary the contents of the specified register to the of the Accumulator.
E E or decrement ISAR if specified by r.
&k ASD v 1 X x| x| x [Al—[Al+ [SR] .
: § Add decimal the contents of the specified register to the of the Accumulator; that s,
s o _ ) poth numbers are assumed to be BCD digits. Increment or decrement ISAR if specified by r.
= s NS r 1 0 X X 0 [Al—I[A] A [SR] -
g % - : *AND the contents of the specified register with the of the Accumul [ or
> .t._’ ) decrement ISAR if specified by r.
g xs r . o | x| x| o [Al—[A]¥[sR]
g 8 Exclusive-OR thg contents of the specified register with the contents of the Accumulator. Incre- -
8 = - ment or decrement the ISAR if specified by r.
b DS r 1 X X | X X [SR1—[SR] - 1 ) ) ) ;
- Decrement the specified register. or d ISAR if specified by r.
AM 1 X X X X {Al—[A]+ [[DcO]], [DCO]—[DCO] + 1
- Add A I to the of the memory location addressed by DCO. Incre-

w ment DCO.
g AMD 1 x [~ x{ x| x [A]—[A]+ [{DCO]], [DCOl—[DCO]+ 1
E . . Decimal add_‘ I to the of the memory location addressed by DCO.
w E ‘ Increment DCO.
e2 NM 1t ol xix|o [AI—IA] A [[DCO}], [DCO}—[DCO]+ 1
: w | . AND Accumul with the of the memory location addressed by DCO. Incre-
g : : ment DCO.
; & oM . 1 o x| x 0 {Al—1A} vV [iDcoll, [DCOl—[DCO)+1 .
> = 4 OR A | with the of the memory location addressed by DCO. Incre-
E g ment DCO. .
8= XM 1 ol x| x1 o [Al—[Al¥[[DCOl], [DCO)—{DCO]+ 1
8 . . . Exclusive-OR A n I with the of the memory location addressed by
- . DCO. Increment DCO.

c™ 1 X X X X - [Ipcoll - [Al, [DCO]—[DCO] + 1

Subtract the contents of the Accumulator from the contents of the memory location addressed
- _by DCO. Only the status flags are affected. Increment DCO.

LisU . DATA3 1 - [1SAR<5,3>]—DATA3
Load immediate into the upper three bits of the ISAR.
usL DATA3 1 [ISAR <2,0>1—DATA3
t‘ Load immediate into the lower three bits of the ISAR.
g oci ADDR 3 : : [DCol— ADDR
w : Load immediate data into the DCO.
. § us ‘DATA4 1 s - [A<3,0>]1—DATA4 . .
= Load immediate data into the lower four bits of the Accumuilator. Clear the high four bits of the
Accumutator.

u DATAS 2 [Al—DATA8
: : Load immediate data into Accumulator.
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Table 2-1. 3870/F8 Instruction Set Summary (Continued)

STATUSES
TYPE MNEMONIC OPERAND(S) BYTES OPERATION PERFORMED
c 4 s ]
Al DATAS8 2 X X X X [A]l—[A] + DATAS
o Add immediate to Accumulator:
E N DATA8 2 o | x| x| o [A1—[A] A DATA8
o AND immediate with Accur
o ol DATAB 2 o | x| x|o [Al-[A]VDATAS
- OR immediate with A !
a xi DATA8 2 o X | x {0 [A}—[A]¥DATAB
3 Exclusive-OR immediate with Accumulator.
H] cl DATAB 2 x| x| x| x DATAS - [A) ]
Compare i diate: sub A 1 from i data, but only the status
flags are affected. -
4] ADDR 3 [pct11—([PCO), [PCO]— ADDR
Save Program Counter in Stack register, then load immediate address into Program Counter.
g BR DIsp 2 [pcol—[PCO] + DISP
_D’ : Add immediate displacement to contents of Program Counter.
JMP ADDR 3 [PCO]l— ADDR, [A]l—ADDR<15,8 >
Load immediate address into Program Counter. Load the high order byte of the address into the
Accumulator. :
8T . DATA3,DISP 2 If DATA3 V TMASK:# 0 then [ PCO]—[PCO] + DISP
OR the 3 bits of immediate data with the current TMASK. If any resulting bitis a 1, add the dis-
blacemenno PCO.
BF DATA4,DISP 2 If DATA4 = FMASK, then [PCO]—[PCO] + DISP
If the 4 bits of immediate data are equal to FMASK, add the displacement to PCO.
BP DISP 2 if [S1=1 then [PCO1—[PCO] + DISP
Branch relative if the Sign bit is set.
2 BC. Disp 2 If [C] = 1 then [PCO}—[PCO] + DISP
-9 Branch relative if the Carry bit is set.
E. BZ DisP 2 if [2] =1 then [PCO]—[PCO] + DISP
F : Branch relative if the Zero bit is set. -
2 BM DisP 2 If 18] = v wen 1+CO1—[PCO] +DISP’
o _Branch refative if the Sign bit is reset.
5 BNC DIsP 2 If {C] =0 then [PCO)—[PCO]+ DISP
E ’ Branch relative if the Carry bit is reset.
= BNZ DISP 2 If [Z] =0 then.[PCO]—[PCO] + DISP
. Branch relative if the Zero bit is reset.
BNO DISP 2 1t [0] =0 then-[PCO]—[PCO] + DISP
. Branch refative if the Overflow bit is reset.
BR7 DISP 2 If [ISAR <2,0>] =7 then [PCO}—[PCO] + DISP

If the low three bits of the ISAR are not all 1s, branch relative.
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Table 2-1. 3870/F8 Instruction Set Summary (Continued)

STATUSES
TYPE MNEMONIC OPERANDI(S) BYTES OPERATION PERFORMED
[+ z s o
& XbC 1 [bcol—IDC1] )
!;, Exchange:the contents of DCO with the contents of DC1.
o LR AlS 1 [Al—[I1SAR] .
'fz_' H Load the contents of ISAR into the Accurnulator.
&8 1R IS.A 1 [1SAR]—[A] N
"Z Load the contents of the Accumulator into the ISAR.
a POP 1 [Pcol—[pci1) _
o< Load the contents of the Stack register.into the Program Counter.
gew ADC 1 o | x| 1] o [Dcol—(pcol + [A]
5 '"', é Add the contents of DCO to the contents of the Accumulator, which is treated as a signed binary
Couw number. Store the.result in DCO.
ww
cx O R
Shift the contents of the Accumulator right one bit. The most significant bit becomes a 0.
SR 4 1 o | x| 1] o o0 7 [ 9]
Shift the contents of the Accumulator right four bits. The most significant four bits become Os.
w sL 1 1 0 x [ x| o o
=
g Shift the contents of the Accumulator left one bit. The least significant bit becomes a 0.
g ]
g st 4 tofo | x| x]o A —
,2_ ”
g Shift the contents of the Accumulator left four bits. The least significant four bits become Os.
< _
com 1 0 X X | o [Al—[A]
Complement Accumulator contents.
LNK 1 X X X X [Al—[Al+C
) Add the Carry.ta the of the Accumul
INC 1 X X X X [Al—[A)+1
Increment the contents of the Accumulator.
1 [Al—0

CLR

Clear the Accumulator.
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Table 2-1. 3870/F8 Instruction Set Summary (Continued)

STATUSES
TYPE MNEMONIC OPERAND(S) BYTES OPERATION PERFORMED
c zZ | 8 0.
£ ol 1 t—o-
g Set the interrupt enable bit in the Status register,. W, to 0.
.'ﬂ El 1 -
2 Set the interrupt enable bit in the Status register, W, to"1. -
2 wJ 1 S Iwl—[J] ]
: | Move. the contents of Scratchpad register 9 into the Status register, W.
';, Jw 1 [J1—[w}

Move the contents of the Status register, W, into Scratchpad register 9.

NOP

No operation is performed.» This is not a Halt.




THE 3870 BENCHMARK PROGRAM

The fact that thé 3870 has just 64 bytes of read/write memory makes the berichmark program used in this book
somewhat meaningless. We will therefore substitute a program similar to the one given in Chapter 1 for the
TMS1000. A block of data is to be input via I/0 Port O. The first byte of data identifies the length of the data block to
follow: this data block must be less than 48 bytes in length so that it will fit into scratchpad memory starting at

scratchpad byte 101g. Here is the necessary program:

INS 0
LR 0.A
Lsu 1
LsL 0
LOOP  INS 0
LR SA
LR AlS
INC
LR IS.A
DS 0
BNZ  LOOP

INPUT FIRST BLOCK LENGTH BYTE
SAVE IN SCRATCHPAD BYTE 0
INITIALIZE ISAR

INPUT DATA BYTE
SAVE IN NEXT SCRATCHPAD BYTE
INCREMENT ALL SIX ISAR BITS

DECREMENT SCRATCHPAD BYTE 0
RETURN IF NOT ZERO

CPU -
* General
LR rA Ao
7 Accumulator LR Ar Registers o i
I 0 0" , Interrupt, Reset
1 1
Register 2 2
Address .
. 3 1 i 0
ISAR . Pointer s 3 PK . 5 '
w L l [ | - 4 —__=r Program Counter J
5 5
6 6 LRPO,Q A : ’
: ’ POP PK Interrupt
7 Status LR J’w ’ 7 Pl Reset
. . LRWJ 8 8
KK LT =
’ A H 10
B H 1 .
- 0
ICB . Cc K 12 v
Overflow ol K |3 Stack Poiriter l
+ Zero N -
B : E Q|14
Carry )
Sign F 15
10 16
1
" ] "
"
15
' w-- 3F 63
I : Data Counter
M LR DC,H
Agf"“w LR H,DC
Poi ;"55 LR DC.Q
ointer LR Q,DC

Figure 2-4. Instructions That Move Data Between the Scratchpad and Various Registers
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Table 2-2. Timing and ROMC States for F8 Instruction Set

ROMC ) gomc‘
MNEMONIC | OPERAND(S) | CYCLE STATE MNEMONIC | OPERANDIS) | CYCLE STATE
ADC L A =) DATA3 s 0
: s 0 M L 2
Al DATA8 L ‘3 S 0
. S 0 LNK s 0
AM L 2 LR AlS s o
s 0 LR "AKL s’ 0
AMD L 2 LR AKU s [}
: s 0- LR AQL s (]
AS r s o LR AQU s 0
ASD ' s 1c LA Ar s 0
. . s [ LR DCOH L 16
BF DATA4,DISP s 1c L 19
Branch L 1 S 0
{ s 0 LR Dco,Q L 18
s 1c L 19
No { s 3 S 0
Branch . [ 0 LR H,DCO L [}
BR7 pisp S 3 L 9
No' Branch { S ] S 0
L 1 R ISA s 0
Branch { s 0 LR w s 0
BT DATA3,DISP s 1c LR KP L 7
No s 3 L 8
Branch S 0 s 0
s 1c LR KLA- s 0
Branch L. 1 LR KU,A S [}
s 0 LR PK L 15
cl DATA8 L 3 L 18
s 0 s 0
™ L 2 LR PCoQ L
S 0 L
com ] 0 s
pcl ADDR L n LR Q,0C0 L 6
- s 3 . L [:2
L E s 0
S 3 R aLA s 0
. ‘s ()} LR Qu.A s 0
ol S 1c LR rA S 0
) s 0 tR w,J $ 1c
DS 4 L 0 s 0
El s 1c NI DATAS8 L 3
S 0 s 0.
IN P8 L 3 NM L 2
L 18 s 0
S 0 NS v s 0
INC s 0 oi DATA8 L 3.
INS Oor1 s 1c s 0
s 0 oM L 2
INS 2 L 1c S 0
through L 1B our P8 L 3
15 S 0 L 1A
(INTERRUPT) L 1c S 0
L 08 ouTs Oor1 S 1c
L 13 S 0
s 0 ouTS 2 L 1c
JMP ADDR L 3. through L 1A
L [+ 15 s 0.
L 14 Pt ADDR L 3
S 0 s D
u DATAS8 L 3 L c
S 0 L 14
us DATA4 s 0 P 0
LisL DATA3 s 0
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Table 2-2. Timing'and ROMC States for F8 Instruction Set (Continued)

: : ROMC

-| MNEMONIC | OPERANDIS) [ - CYCLE |  STATE
PK L 12
L 14
s 0
POP S 4
: s 0
(RESET) -3 1c
) L 8
. S 0
SL 1 S 0
st 4 s 0
SR 1 ] 0
SR 4 s 0
ST L .5
) s 0
X1 DATA8 L 3
] 0
XM L 2
S ]
XS r s 0

The following symbols are used in Table 2-3;

aaaa Four bits choosing the register addressmg 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 fow three bits of ISAR.
1111 NOP. No operation is performed if aaaa=F1g.
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.
qaqq A 16-bit address.
m An 8-bit signed dlsplacemem
ss An 8-bit port number.
yy  One byte (8 bits) of immediate data.

When two numbers are given in the ' Machme Cycles” column (for example 3/3 B), the first is the executlon time if no
branch is taken, and the second is execution time if the branch is taken.
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Table 2-3. 3870/F8 Instruction Set Object Code

OBJECT MACHINE I 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 000000cc 1 1
AM 88 1 25 LR AlS 0A 1 1
AMD 89 1 25 LR Ar 0100aaaa 1 1
AS ¢ - 11008282 1 1 LR DCH 10 1 4
ASD r 1101aaaa M 2 LR DC,Q OF 1 4
BC DISP 82 RR 2 3/35 LR DPCHR,A 000001cc 1 1
BF DATA4,DISP] 1001dddd 2 3/35 LR H,.DC 1 1 4
RR LR IS,A 08 1 1
BM DISP 91 RR 2 3/35 LR JW 1E 1 1
BNC DISP 92 RR 2 3/3.5 LR K.,PC1 08 1 4
BNO DISP 98 RR 2 3/35 LR PCO.Q oD 1 4
BNZ DISP 9 RR 2 3/35 LR PC1K 09 1 4
BP DISP 81 RR 2 3/35 LR Q,DC 3 1 4
BR DISP | 9% 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 25
BZ DISP B4 2 3/38 NOP 28 1 1
. RR : NS r 11112828 1 1
Cl DATAS 25 YY 2 25 Ol DATAS 22 YY 2 25
CLR 70 1 1 oM 88 1 25
™ 8D 1 25 ouT P8 27 SS 2 4
coMm 18 1 1 ouTS P4 10116060 1 4
DC! ADDR 24 aqaaaf 3 6 PI ADDR 28 ccoaf 3 6.5
] 1A 1 2 PK oc 1 4
DSt 0011aaaa 1 1.5 POP 1c T 2
& 18 ! 2 sL 13 1 1
IN P8 26 SS 2 4 SL4 15 1 1
INC 1F ! ! SR 1 12 1 1
INS P4 1010eeee 1 4 SR 4 14 1 1
JMP ADDR 29 0qQaa 3 55 ST } 17 1 25
LI DATA8 .20 YY 2 25 XDC 2c 1 PR
LS DATA4 | O111dddd ! ! XI DATAS 23 Y 2 25
LISL DATA3 01101ddd 1 1 XM sC ] 25
USU DATA3 01100ddd 1 1 XS r 1110aaaa 1 1
M 16 1 25

THE 3860 CPU

Beginning with the 3860 CPU, we are going to describe the individual devices of the F8 microcomputer system.
The 3860 CPU and the 3861 PSU descriptions depend on the praceding 3870 discusgion for a frame of
reference. That is to say, these two F8 devices are described as variations of the 3870, rather than as stand-
alone devices.

Functions implemented on the 3860 CPU are iilustrated in Figure 2-5.

These are the functions which one would expact to find on a CPU chip, and which are on the 3860 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

- Accumulator register

There is no memory addressing logic, and there are no memory addressing registors on the 3860 CPU. Stack
Pointer, Program Counter and Data Counter registers are all maintained on memory chips and memory interface
chips.

With the F8 scheme, memory addressing logic will be duplicated if more than one memory device is present in
an F8 microcomputer system. We will discuss shortly how potential contention probiems are resolved under
these circumstances.
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Interrupt Priority

1/0 Communication| ROM Addressing HAM ddressing
-@P»{ Serial to Parallel and
Interface Logic Interface Logic
Programmable 2 Read Only
Timers Memory

Figure 2-5. Logic of the Fairchild F8 3850 CPU

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 to implement two 8-bit I/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 implement 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 smalil
microcomputer configurations; for example, the 3850 CPU and the 3851 PSU form a two-device microcomputer
system, with all of the necessary prerequisites for reasonable performance. Until the advent of the 3870 single-chip
microcomputer, this two-chip configuration represented the lowest cost 8-bit microcomputer on the market.

The disadvantage of removing memory addressing logic from the CPU chip is that standard memory devices can
no longer connect directly to the System Bus. This bus has no address lines; therefore, separate logic devices must
create the interface needed by standard memories. In the F8 system this is done by the 3852 DMI and the 3863 SMI
devices. : . . :

Clock signal generation logic is also part of the 3850 CPU. This is now standard among microcomputers.
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F8 PROGRAMMABLE REGISTERS AND STATUS FLAGS

F8 programmable registers and status flags are identical to the 3870. For details, refer to the earlier discussion.

F8 ADDRESSING MODES

3870 and F8 addressing modes are identical, both for scratchpad memory and for external program memory. But
memory addressing logic is implemented on F8 memory devices, not on the 3860 CPU.

Every 3851 PSU contains its own Program Counter (PCO), Stack register (PS1), and Data Counter (DCO). The 3851 PSU
has no Data Counter buffer (DC1).

The 3852 DMI and 3853 SMI devices contain all four Address reglsters PCO, PC1, DCO and DC1.

Since Address registers are present on every PSU, DMI or SMI device in an F8 microcomputer system, these
registers will be duplicated in any F8 system that contains more than a 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 system, every Program Counter is incremented identically after a byte of object code is fetched. This
being the case, Address registers on different memory devices will always contain identical address information.

Every F8 device that contains memory addressing logic also contains a memory address mask which you must
define when ordering the device. This mask identifies the device's addressed space. Thus, a memory device will only
respond to memory accesses within its address space. So long as no two devices have overlapping address spaces
{and if they do, that is a logic design error) there is no chance for memory contentions to arise. In order to illustrate
this point, consider the very simple example of an F8 configuration that contains two 3851 PSUs. Each 3851 PSU con-
tains 1024 bytes of read-only memory. Let us assume that 3851 PSU #1 responds to memory addresses in the range
000016 through 03FF1 g, while PSU #2 responds to memory addresses in the range 04001g through 07FF1g. This may
be illustrated as follows:

These two Program
Counters always

contain the
PSU 1 same information - PSU 2
15141312i1109876543v210 151413121110987654321
HRRERRERRAREEEN ||l|||lll|fﬂ|ll
i i DCO or PCO : : E DCO or PCO
] ] ]
ofofofofofo] masc | Eﬂﬂﬂﬂll mASK
PSU 1 responds only if PCO br DCO bits 10 through PSU 2 responds only if PCO or DCO bits 10 through
15 are 000000, because 15 are 000001, because
000046 = 00000000000000009 04004 = 0000010000000000;
03FF 1 =0000001111111111, 07FF1g =0000011111111111
- . N -~
MASK : MASK .

Any memory reference instruction will identify a memory address as the contents of either the Program Counter (PCO)
or the Data Counter (DC0). When this address is in the range 00001g through 03FF1g, PSU #1 will respond but PSU
#2 will not. If this address is in the range 040016 through 07FF1g. then PSU #2 will respond but PSU #1 W|II not. A
memory address of 08001g or more will result in neither PSU responding.

There is one circumstance under which memory addressing contentions can arise. Since the 3851 PSU does not con-
tain a DC1 register, it does not respond to the XDC instruction which exchanges the contents of the DCO and DC1
registers. Therefore, in an F8 configuration that contains 3851 PSUs together with 3852 DMI and/or 3853 SMI devices,
execution of an XDC instruction will result in 3851 PSU DCO registers containing different information from 3852 DMI
or 38563 SMI DCO registers. If an external data memory reference instruction is now executed, it is possible for a 3851
PSU and 3852 DMI or 3853 SMI device to simultaneously consider itself selected. For example, consider an F8 con-
figuration which contains a 3851 PSU and 3853 SMI. Suppose the 3851 PSU mask causes it to respond to addresses in
the range 000016 through 03FF1g, while the 3853 SMI responds to all other memory addresses. Now, if Data Counter
DCO contains 02A31¢ while the Data Counter buffer (DC1) contains 0A7F g, then, following execution of an XDC in-
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struction, nothing will happen to the contents of the 3851 PSU DCO register; however, the 3853 SMI DCO register will
contain 0A7F16. Any instruction that accesses data memory via DCO will now cause both the 3851 PSU and the 3863
SMI to consider themselves selected. '

In F8 configurations that include the 3851 PSU together with 3852 DMI or 38563 SMI devices, the best way of avoiding
memory addressing problems is to not use the XDC instruction. !f you do use the XDC instruction, you must be particu-
larly careful to ensure that DCO is never within a 3851 PSU’s address space when the XDC instruction is executed.

F8 CLOCK CIRCUITS

Three ways of generating an F8 system clock have been advertised; these are the RC mode, Crystal mode, and
External mode. Only Crystal mode has worked consistently in practice.

Using the Crystal mode, a crystal in the 1 to 2 MHz range connects across the XTLX and XTLY pins; along with
two capacitors (C1 and Cp), which provide a highly precise clock frequency:

Vss

RC

XTLY
3850
CPU

XTLX

€1

l

C2

T

VGG

The external crystal (and capacitors), together with internal circuitry, combine to form a parallel resonant crystal
oscillator. The two capacitors should be approximately 15pF. The crystal should have these characteristics:

Frequency: 1 to 2 MHz

Mode of Oscillation: Fundamental

Operating Temperature Range: 0 to 70°C

Equivalent Resistance: 1 to 1.5 MHz —~ 475
: 1.6 to 2 MHz ~ 350Q)

Resonance: Parallel
Drive Level: 10mW
Load Capacity: ~ 15pF
Frequency Tolerance:

Per customer’s requiremen
Holder (case) Style: quirements

You can use an external clock to synchronize an F8 system with external logic. The clock signal must be input to the
3850 XTLY pin as follows:

Vss
RC
External  XTLY 3850
Clock CPU
XTLX
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Table 2-4. ROMC Signals and What They Imply

ROMC "CYCLE
. TION

4 3 2 10 HEX LENGTH FUNCTIO

000000 00 SL Instruction Fetch. The device whose address space includes the contents of the PCO register must place
on the Data Bus the op code addressed by PCO. Then all devices increment the contents of PCO. '

0.0 0 0 1 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.

000 1O 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.

00 0 11 03 LS Similar to 00, except that it is used for Immediate Operand fetches (using PCO) instead of instruction
fetches.

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

00 1 0 1 05 L Store the Data Bus contents or write bus contents into the memory location pointed to by DCO. Incre-
ment DCO.

00 1 10 06 L Place the high order byte of DCO on the Data Bus.

00 1 1 1 07 Place the high order byte of PC1 on the Data Bus.

01 0 00 08 L All devices copy the contents of PCO into 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,

01 0 0 1 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.

1.0 10 0A L All devices add the 8-bit value on the Data Bus, treated as a signed binary number, to the Data Counter.

0 1 0 11 08 L The device whose address space includes the value in PC1 must place the low order byte of PC1 on the
Data Bus.

01 1 00 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
been placed on the Data Bus into the low order byte of PCO.

01 1 01 oD S All devices store in PC1 the current contents of PCO, incremented by 1. PCO is unaltered.

01 1 1 0 OE L The device whose address space includes the contents of PCO must place the contents of the word ad-
dressed 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.

o1 1 11 OF L The interrupting devnce 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.

1.0 0 0 O 10 L Inhibit any modification to the interrupt priority logic.

1.0 0 0 1 11 L The device whose memory space includes the contents of PCO must place the contents of the ad-
dressed memory word on the Data Bus. All devices must then move the contents of the Data Bus to the
upper byte of DCO,

100 1 0 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.

100 1t 13 L 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 interrupt).

101 0 0 14 L All devices move the contents of the Data Bus into the high order byte of PCO.

1 0 1 0 1 15 L All devices move the contents of the Data Bus into the high order byte of PC1.

101 10 16 L All devices move the contents of the Data Bus into the high order byte of DCO.

1.0 1 11 17 L All devices move the contents of the Data Bus into the low order byte of PCO.

11000 18 L All devices move the contents of the Data Bus into the low order byte of PC1.

11 0 0 1 19 L All devices move the contents of the Data Bus into the low order byte.of DCO. X

1 I ' 0.1 0 1A L During the prior cycle an |/Q port timer or interrupt comrol register was addressed. The device contain-

. ing the addressed port must move the current contents of the Data Bus into the addressed pon

11 0 1 18 L During lhs pnor cycle the Data Bus specified the address of an 1/0 port. The device contammg the ad-

' dressed 1/0 port must place the contents of the I/0 port on the Data Bus. (Note that the contents of
timer and interrupt control registers cannot be read back onto the Data Bus.)

11 100 [ LorS None.

11 1 0 1 1D ‘S Devices with DCO and DC1 reglsters must swutch reglsters Devices wnhoul a DC1 reglster perform no

: operation. .
111 10 1E L "The device whose address space includes the contents of PCO must place the low order byte of PCO
. onto the Data Bus. .
11 1 1 1 1F L The device whose address space includes the contents of PCO must place the high order byte of PCOon’

the Data Bus.
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F8 CPU PINS AND SIGNALS

3860 CPU pins and signals are illustrated in Figure 2-6. A descnptlon of these signals is useful as a guide to the
way in which the F8 microcomputer system works.

P |— 1 - 40 p—— RC
WRITE: -@¢—— 2 39 — XTLX
Vpp —™ 3 38 j——— XTLY
VGG 4 37 f«—— EXT RES
1/0 03 -a—3{ 5 36 =@ 1/0 04
DB3 «ati—d»] 6 35 j-— DB4
1/0 13 -a— 7 34 f-t— /0 14
1/0 12 ~g—P»] 8 i 33 j—P /0 15
-—P 9 32 je—P~ DBS
1/0 02 <at—1 10 ZBF:‘-’S 31 jt—® |/0 05
1/0 01 ~ag—p=i 11 30 <——> 1/0 06
DB1 «g—@>{ 12 29 j=@—P= DBS
1/0 11 ~g—] 13 28 et~ 1/0 16
1/0 10 -—d»114 27 - /0 17
DB0 -—%1 15 26 p=<g—P» DB7
1/0 00 ~-—B»1 16 25 [=@— /0 07
ROMCO -——1 17 24 — Vgs
ROMC1 <——] 18 23 f-t—— INT REQ
ROMC2 ~-——] 19 22 —— iC8
ROMC3 --4— 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
1/010-1/0 17 1/0 Port One Bidirectional
*ROMCO - ROMC4 Control Lines Output
*EXT RES . External Reset Input
*INT REQ ’ Interrupt Request Input
. *CB : ~ Interrupt Control Bit Output
RC Clock Oscillator Input
XTLX Crystal Clock Line Output
XTLY External Clock Line Input
Vss. Vop. VGG Power Lines :
*These signals connect to the System Bus.

Figure 2-6. Fairchild 3850 CPU Signals and Pin Assignments

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 memory 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 Flgure 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 DM! finds that its
address space includes the Data Counter implied address; therefore, only the 3852 DMI will respond to the ' memory
reference instruction. The 3852 DMI then outputs an address directly to dynamic RAM:; this address is not transmitted
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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 DMI entirely.

Since the 3851 PSU, the 3852 DMI and the 3853 SMI devices all contain Address registers and
address generation logic. they also contain rudimentary Arithmetic and Logic Units equivalent to

very primitive CPUs. These primitive CPUs are driven by 5-bit instructions called ROMC states. ROMC states are out-
put by the 3860 CPU via five control lines, ROMCO - ROMC4. Each five-bit combination of ROMC signal states
identifies one of 32 possible operations which the memory devices may have to perform to accomplish one step of an
instruction’s execution. For example, ROMC state 00000 causes the contents of memory bytes addressed by the Pro-
gram Counter to be transmitted to the CPU; this is the “instruction fetch” ROMC state. Table 2-4 summarizes the in-
terpretation of ROMC states.

& 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 interrupta and loads a O address into all Program Counters, causnng program execution to
restart with the instruction code stored in external memory byte O.

INT REO and ICB are slgnals used for overall interrupt control. INT REQ is the master |ihe on which all interrupt re-
quests 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.

The two 1/0 ports which are part of the 3850 CPU device use plns 1/000 - 1/007 and 1/010 - 1/01 7 respectively.
RC, XTLX and XTLY are the three pins used for clock inputs.

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 referred to as 1.5 cycles. WRITE high appears only at the
end of an instruction cycle. Timing may be illustrated as follows:

/_\I_\/_\l—\ﬂ/_\_

It

Start of End of . End of
new ’ short long
cycle cycle cycle

The simpleét instructions of the F8 instrgction set execute in one short cycle. The most complex instruction (PI) re-
quires two short cycles plus three long cycles.

Table 2-2 summarizes the sequence in which short (S) and long (L) machine cycles are executed for each F8 in-
struction. ROMC states defining operations performed during each machine cycle are summarized in Table 2-4.
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The trailing edge of the WRITE pulse triggers the next ROMC state to be output on the ROMCO - ROMC4 lines:

U ms \

N A U A

WRITE

X | N
1
ROMC I x
1 1
:4—— One short machine cycle ————D:
1 X |
For any instruction that only accesses the Accumulator or scratchpad memory. no further System Bus activity is.re-
quired, since all subsequent operations will occur within the F8 CPU. This inactivity on the System Bus is used to over-

lap the last {or only) machine cycle of one instruction with the instruction fetch for the next instruction. For instructions
th