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SINGLE-CHIP MICROCOMPUTERS EASE
PROTOTYPE DEVELOPMENT

by Simon Taylor,

RCS Microsystems Ltd.

When designing small control sys-
tems, or similar items such as high-
volume consumer products, much at-
tention is now paid to the possibilities
offered by single-chip microcomputer
devices.

Often, however, the manufacturers
of such devices have a tendency to put
off such applications by the necessity
of large capital investments for items
such as development systems and
in-circuit emulators, as well as de-
vices only being available in mask-
programmed quantities.

Some single-chip microcomputers
for small-volume production or proto-
typing, can be programmed using any
computer that can generate 6502
code, (the BBC microcomputer for
example) and a low cost in-circuit
emulator system, available for
around £2,200.

This allows the designer to specify
single-chip devices without the fear of
being caught with high development
costs, which can prove difficult to
recoup from initial sales of a new
product.

Most of the single-chip microcom-
puters described here will replace up
to four or five discrete microprocessor
parts as well as memory devices and
addressing logic. Cost savings are
substantial with chip counts greatly
reduced, and board space cut to a
minimum.

The range is based on the 6502
processor, and has various configura-
tions:

(1)
(i)

(iii)

standard microcomputers
(6502 + extensive I/O)

Forth based microcomputers
intelligent peripheral
controllers

(iv) mask programmed versions.

Fig.1: R6501Q and R6511Q block
diagram.

The R6501Q and R6511Q (Fig. 1)

offer the R6502 CPU, 32 lines of I/0,

192 bytes of static RAM (32 bytes of
which can be battery backed-up on
power down), two 16-bit counter/
timers (one of which can be used to
drive an internal ACIA), ten sources
of interrupts and the facility to ex-
pand externally to up to 64Kbytes of
memory. !

The I/0O ports and registers are all
located in zero page, and therefore
make use of the faster cycle times of
6502 zero-page instructions. Four
new zero page instructions have also
been added: SMB, RMB, BBS and
BBR.
® SMB (set memory bit) This allows
an individual bit to be set in zero
page. For example, SMB 4,02 will set
bit 4 in location 2to a 1 (thisis bit 4 on
port C). The accumulator is not cor-
rupted, nor are the flags. An equiva-
lent instruction sequence on a stan-
dard 6502 is as follows: PHA, PHP,
LDA 02, ORA £$10, STA02, PLP,
PLA. This sequence uses 24 machine
cycles, whereas SMB only uses 5.
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@® RMB (reset memory bit) This is
exactly the same as SMB, but sets the
zero page bit to zero.

@ BBS (branch on bit set) This ins-
truction is a new form of 6502 instruc-
tion in that it has two operands. The
first defines the location to be tested
(the instruction itself defines which
bit), and the second gives the relative
offset to jump to. This new instruction
gives extra power to these devices in
that a bit of I/O, an option switch for
example, can be tested and the appro-
priate action taken in a single ins-
truction without damaging flags or
the accumulator.

@ BBR (branch on bit reset) The same
as BBS, but acts on the bit being low
instead of high. Thisis the instruction
mor2 commonly used for switch type
inputs as the I/O ports float high
when set to input and are generally
shorted to zero volts with a switch.

The way that the I/O ports operate
is slightly unusual in that there is no
data direction register, but the ports
are configurable as either inputs or
outputs. Consider a standard TTL
type input with a PNP type transistor
between the input of the gate and
ground. To operate the device as an
output device, one or zero is written to
the base of the transistor. When the
data is zero, then the transistor effec-
tively shorts the output to ground.

When the data is one, then the
transistor is open circuit and the
input of the gate floats high. So, to
operate as an input simply write one
into the relevant I/O locations and
drive the I/O pins from the external
devices. The idea is simple and works
very well in practice.

The two 16-bit internal timers can
be used in a similar way to those on
the 6522 device, with timer A also
finding use as a baud rate generator
for the serial input and output chan-
nel. The counters can both be used as
follows: o

counter A — pulse width
measurement
— pulse generation
— interval timer
— event counter
counter B-— retriggerable interval
counter
— asymmetrical pulse
generation
— interval timer
— event counter

Counter A can also be used as a baud
rate generator for the internal serial
I/O channel. This can be configured in
many different ways to give between
5 and 8 bits of data with odd or even
parity and 1 or 2 stop bits. Data rates

Systems Design

XTLO <—- RG5F11
—_— clock
);TU osoc?”ator edge detect
S PA0-PA7 (PAOPAT,
RES — GSD positive PA2, PA3
S5 i negative edge detects
RN ikl portA gativeecg )
Vee ————— E>
8 PBO0-PB7 (latched inputs)
Vss e CPU B 3 e
6502 por
P e < DS(PAO) (input data strobe)*
AQ-A3A12,
o o St KA8DD W, A13. EVIS (PCO-PC7)
RAM
c:'s A4-A11 ADDR/D0-D7 data bus
3072 % 8 portD (PD0-PD7)
ROM
16 bit R *
control CA (PA4)
registers countir/latch - CB (PAB)*
16 bit serial receive, ——> SO (PAB)*
counter/latches transmit l@—— SI(PA7)*
B registers
PG0-PG7 {8 K38 PEO-PE7
portG portE
K8 PFO-PF7
portF
R65F12

*multiplexed function pins

of up to 4800baud can be generated
with a 1MHz clock, but if a
1.8432MHz crystal is used, giving a
916kHz clock, then baud rates up to
19,200 baud are feasible with no data
rate errors.

Interrupts can be generated from
counters attaining pre-set values, se-
rial registers being full or empty, or
from edge-detect inputs on port A.
These edge detect inputs are useful
for functions such as acknowledge
signals on Centronics type interfaces,
or “conversion complete” signals on
ADCs for example. The R6501Q and
R6511Q are identical except on two
points: (i) the R6501Q has a divide-
by-four clock, where the R6511Q has
a divide-by-two clock, and (ii) the
R6501Q has pull-up resistors on its
I/O ports and the R6511Q has open
collector outputs.

Two single-chip Forth based micro-
computers, the R6F11 and R65F12
(Fig. 2), based on the R6501Q, add a
3K Forth kernel to the device. This
3K contains all of the fundamental
workings of Forth to enable the user
to add up to 16K of program written in
Forth to configure a target applica-
tion. For development, one simply
adds a Forth development ROM

Fig.2: R65F11 and R65F12 interface
diagram.

which adds compiling words and
words to enable the generation of
compact, headerless code. This makes
the use of a high-level language very
competitive in terms of memory to an
equivalent machine-code program.

Code is written interactively using
the development ROM with a termi-
nal connected, enabling development
and testing of the code inside the
target system itself. When the code is
complete, then a ROM is program-
med, and the code re-inserted with
auto-start parameters so that the
program is executed immediately on
power-up.

The intelligent peripheral control-
ler is probably best suited to the area
of microcomputer add-ons. The device
is again based on the R6501Q, and
has one of its ports configured as two
memory locations in a host compu-
ter’s address space. Ten I/O bits are
used, eight for connection to the host
computer’s data bus, with an address
bit (0 or 1) and a read/write line.
There is a register available in the
memory map of the R6541Q which is
used as a data in and a data out
register for data communicated
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through this port and into the data
bus of the host system (Fig. 3).
A flag is provided in the interrupt

flag register of the R6541Q which
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from the time of providing program
code in EPROM. Mask-programmed
devices offer cost savings in produc-
tion quantities even as low as three
hundred over their “prototyping” or
low-quantity equivalents.O
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Fig.3: R6541Q and R6500/43 block diagram.
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Euro Card Based OEM Filter

at the Forum Hotel, London SW7

The conference will present invited, original
papers
illustrating user

Conference on

BACKPLANE BUS
STANDARDS

5 — 6 February 1986

Organized by the journal
Microprocessors and Microsystems

describing  design  features and
experiences of the major
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backplane buses, in each case highlighting the
implications for systems design. Specialist bus
users including systems engineers, designers
and researchers are the intended audience.

Bus schemes to be covered are Futurebus,
Multibus I, VME, VMX, M3, STE, STD, G64/G96,
$100. Special papers will discuss

Problems of bus standardization

Physics of driving backplane buses
Futurebus in a parallel 5th generation
computer

® An independent user’s view of backplane
buses

The full conference programme is available
from:

Conference Organizer, Steve Hitchcock,
Butterworth Scientific Ltd, PO Box 63, Guildford
GU2 5BH, UK.

Tel: (0483) 31261. Telex: 859556 SCITEC G
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