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INTRODUCTION

This manual is an outgrowth of application-related activities
at RCA as they pertain to the needs of our 1800 Series customer
base. The inputs for the articles have come directly from custo-
mers, indirectly through our field sales and applications force,
and as a spinoff of new product definition work. Because of this,
these briefs should answer application-type questions that may not
be sufficiently explained in ouf current product literature. New
material will periodically update this publication, and, as sub-
ject material expands, articles about specific device types will
be combined into general Application Notes and appear in future

Data Book releases.

We welcome your comments and suggestions for new mini-notes,
based on your experiences in developing hardware and software
around the 1800 series. We would appreciate it if you could pass
along to your local RCA Representative any material that is not
of a proprietary nature - we will consider developing any ideas

that meet the general needs of our customer base.
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OSCILLATOR DESIGN CONSIDERATIONS FOR THE CDP1802

Despite the widespread use of crystal-controlled oscillators for microprocessors,
crystal selection may still pose problems for many designers. Most of these
problems can be minimized by an understanding of the various properties and
specifications needed to define an oscillator circuit for the CDP1802
microprocessor.

Clock Frequency and Accuracy

Quartz crystal oscillators will provide frequency stability better than
0.01%. However, many microprocessor applications do not require an exact
clock frequency -- therefore, the use of RC or LC type oscillators may be

a wise cost-effective choice. If a crystal is to be used, there are two
basic low-cost types to consider: Parallel resonant AT cut quartz crystals
typically ranging from 0.8 MHz to 6 MHz, and low frequency tuning fork type
crystals available in several stock frequencies from 10 kHz to 240 kHz,
including the popular 32.768 kHz digital watch frequency. Statek Corp.,
for instance, specializes in low-cost tuning fork crvstals, and they have
numerous free application notes to aid in design.

The Oscillator Circuit ~

Figure 1 shows the basic cyrstal oscillator circuit for the CDP1802. The
15 megohm resistor is used to bias the gate in its linear region so that
it behaves like an amplifier. Capacitors Cg and Ct provide the required
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capacitive loading for the crystal and act as high-frequency filters to
avoid overtone oscillations. The values of Cg and Cyp can be calculated
using the following equations found in ICAN-6086:

4 C
Ctr = L , and
1 - 5f ReCL
4 C
Cg = L
- 34+ 5fRC
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Re is the equivalent resistance of the crystal. Figure 2 shows the
approximate relation of Rg to frequency for AT type crystals.

C;, is the load capacitance for the crystal, generally a standard value
set by the crystal vendor between 10 and 32 pF.

f is the frequency in Hz.
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Figure 2.

The actual value Cg used should be about 4 pF less than the calculated
value to allow for the amplifier input capacitance.

R can usually be O ohms unless low power drain or stability during variable
Vpp voltage is important. ICAN-6086 and ICAN-6539 explain in detail the
need for and calculation of R.

Crystal Specifications

Frequency and Tolerance —- *0.01% from -20 to 100°C is common. Tighter
tolerances down to *0.001% are available at additional cost (check with

vendor).

Mode of Oscillation -- Fundamental, parallel resonance.

Load Capacitance (C;) -- Typically between 10 pF and 32 pF - choose a
stock value the vendor has. Higher values of Cp will improve frequency
stability, but lower values will decrease oscillation power consumption.

Maximum Equivalent Resistance (Rg) -- This number is related to the
frequency. Most vendors will supply crystals with R, values lower than
the curve shown in Fig. 2.

Max. Drive Level -~ The crystal should be able to dissipate 5 milliwatts

of power. If the crystal cannot handle this level, frequency drift or

even damage to the crystal may result. Crystals with lower drive capability,
such as the tuning fork type, can be used if R is increased to reduce the
drive level. ICAN-6086 gives details on how to compute R, also Statek

has numerous free Application Notes about this.

Can Type -~ HC33 and HC18 are popular types.



CAUTION

Don't over spec. Since virtually every parameter is a derivative of
another, it is easy to specify a crystal that cannot be manufactured.
It's best to work with the vendor by explaining the application.

Partial List of Crystal Vendors

International Crystal Mfg,

10 N. Lee Street
Oklahoma City, OK 73102

405-236-3741

Statek Corp.
1200 Alvarez Ave.
Orange, CA 92668

714-639-7810

Partial List of Ceramic Resonator Vendors

Vernitron Piezoelectric Div.

232 Forbes Road
Bedford, Ohio 44146

216-232-8600

Murata Mfg, Co. Ltd.
1148 Franklin Rd. S.E.
Marietta, GA. 30067

404-952-9777

Valtec Corp.
75 South Street
Hopkinton, Mass. 01748

617-435-6831

M-Tron Ind.
P.0. Box 630
Yankton, S.D. 57078

605-665-9321

Radio Materials Corp.
4242 W. Bryn Mawr Ave.
Chicago, Ill. 60646

312-478-3600

For additional information contact Jerry Johnson - X6776.



Alternative Oscillator Types

RC Type -- A simple RC oscillator is shown in Fig. 3 using a CD4093. The
approximate frequency (f) is determined as follows:

= .2 =
£ = _l,iai_,acvm) 5V

Unlike the CDP1802, the CDP1804 microprocessor uses a Schmitt inverter

for the oscillator amplifier so that it can be used directly for the

RC oscillator.
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LC Type -- A parallel-resonant LC circuit may be used as the frequency
determining network for the CDP1802. (See Fig. 4.) The frequency and
component values have the following relationship:

f=__1
2m vLC

The high-impedance secondary of a small 455 KC IF transformer similar
to those found in most portable transistor radios makes an excellent

LC oscillator (the C is built in). Furthermore, it is tunable (about
+10%) using the slug.

1802

39

sur)

92CS-32N8

Figure &4

Ceramic Resonators

Made of piezo-electric material, ceramic resonators behave similar to
crystals, requiring two capacitors and a bias resistor. Frequency
tolerances of +1% are typical minimums. Values of Cj, C2, and R depend
on the device used; check vendor literature.

—W]

p

92Cs-~-32mMm7?

c2

NEEE

Figure 5

-9 _

i
o

)



Low Volitage Operation of the 1802

Tests indicate that a typical 1802 can operate with Vce and Vpp as low as
2.5V, provided clock frequencies are limited to the values shown in Fig. 1

and temperature is held at 250C. Guaranteed operation, of course, requires
a custom selection. o

Twenty 1802's having various date codes and package types, were tested at
250C in a switch box without memory components. An external square wave
generator was used for the clock signal, thereby eliminating crystal oscillator

limitations. Details about low voltage crystal oscillator design can be found
in ICAN-6539 and ICAN-6086.
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Two instructions, SEX to F, and IRX, were loaded into the CPU by switching in
the HEX codes and single stepping the clock. When running, the CPU generates
addresses from 0000 to FFFF and then repeats over and over. The frequency was
increased until the high address byte to TPA shift became critical. The
results, shown as "limit A", indicate the frequency at which the Teading edge
of the high byte occurs at the trailing edge of TPA (Zero Setup Time). The
November '79 Newsletter describes this phenomenon in detail.

If TPA is delayed externally to provide more set up time for the high byte,
or if the high byte is not required, then the maximum frequency is merely the
internal logic speed Timitation of the CPU shown as "limit B".

For more information or specific applications contact Jerry Johnson, X6776.
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Data Bus Contention During CDP1802 Register-to-Register Operations

In 1802 based systems using various ROM's (CDP1832, 1834) or EPROM's (2708, 2758,
2716) bus contention problems have been found to occur during internal data trans-
fer operations (GHI, PHI, GLO, PLO). As a result, data is lost in one or more
register.

The 1802 generates a valid 16-bit address and a TPA signal during these operations.
If the chip-select signals for the ROM or EPROM is only controlled by higher order
address bits, then it is very probable that these memories can be selected and
have their output drivers "turned on", creating a bus contention problem with the
1802 data bus drivers. '

The solution to this problem is to either gate the chip-select functions with MRD
externally, or find a spare input on the memories for MRD. During these register
operations MRD is held high. (See Table 1°on p. 90 of the MPM-201B Manual). See
below for specific suggestions.

A. Wiring MRD to a Spare Input

e  CDP1834 (CSl or €S2) - only if they are "active low"
e 2716, 2732, 2758 (OE)
B. Gating MRD Externally with the Chip-Select Function

MAZ,MA3

DBO-0B7 j

ROM(CDPIB32/51228
EPROM (2708/1Kx8)
92Cs -32792

2
(=}
1 3
~
m
h]
E]
=]
z

coriBo2 CDPI1866

For furfher information, contact Joe Paradise, X7352.



1802 Interrupt Control Circuits

The circuits éhown in Figures 1 and 2 generate a separate vectored starting
address, allocating a 32 byte block of memory, for each of 8 prioritized interrupt
inputs:

Circuit #/1 - operates on a first come-first served basis, with priority arbitrat-
ion for coincident input pulses. The first input pulse is asynchronously latched.
Once an interrupt is initiated all inputs are ignored until the vectoring address
is read by the CPU; at this time a new input may be accepted but will not be
serviced until the conclusion of the existing interrupt routine. If DMA is to be
used, SCO and SC1 must be AND-ed together to distinguish S2 from S3 states.

Circuit #2 - the highest priority peripheral will be serviced. Inputs are not
self latching and therefore must be maintained until the CPU begins the INP
instruction to read Port B. The peripheral device must remove its interrupt
request before the end of the interrupt routine; peripherals could use a dailsy
chained interrupt acknowledge scheme.

Both circuits assume no subroutine nesting during interrupt.

Input 0 1 2 3 4 5 6 7
Vector

Address 00 20 40 60 80 AO Cco EO
Low Byte

For additional information contact Jerry Johnson - X6776

—/2 -



Voo )

]

) MOOE TR ! ZLR |
[ 7 ———{017 14 07 Q2 oI7 007 BuUS 7
| 6 =t 0T 006 06 Q1 016 006}————>BUSE
§ ~———tDI% 00% 0s Q0 015 008 auss
INTERRUPT | 4 —#{DI4 004 04 oI4 poe susa
INPUTS | 3 ——p013 pos 03 . oI3 003 eus3
2—»{DI2 D02 02 012 002 sus2
Tp—~".0 00! ot oIl oot BUSI
L 0 ——#010 000 00 v oro 000 8uso
PORTA .
coPias2 i 20 MODE CSile MRD
CSi cs2 'EO EI-—‘ PORTSH cs2 Nt
r coPI18S2 cDP1802
= cDas328 = cLx s —
LR LK 2 SR iNT
T &
l -4
92CM~- 33014
Figure 1
Yoo
l ;
MODE 1 TR | v
(7 ——>{O17 007 o7 Q2 017 00?7 BuUS? )
6 ——{016 006 06 ot 016 D06 8UsSE
5§ ———{DIS DOS 0s Q0 0I% 003 8uUsS
I
INTERRUPT | 4 -——01‘014 004 |o4 r 014 ooa‘—-———-l‘ausa
h 1
INPUTS | 3 ——013 003————iD3 = #5013 003 8us3
|
2 ——»i012 DO2p————ui 02 >—+D12 002 8us2
| ——J‘on Dol oi —:jon Do BuUSI
L 0 ~———si0I0 00 00 010 000 8USO
v ; ] —_—
o : MODE  CS!{@————WMRD !
p— {
& csz»—T coasszs | Voo PORTS  C52 je—e—Ni :
PORTA ' coPI8S2 i
CDPI8S2 €0 EI}—e cLK i copPa02
CLK ! INT
' [ Y
|

«INT acK 4@
\J 92CM-33013

Figure 2

-/3—




Timing Diagrams
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Using The 1802 Scratchpad To Store RAM Variables

Small systems with modest RAM requirements can sometimes be implemented without
external RAM by using a portion of the 1802 scratchpad register array to store
variable data. Since the scratchpad can be configured for 16-bit addresses or
8-bit data, a typical small system could allocaﬁe 8 registers for pointer

addressing, and still leave 8 registers for up to 16 bytes of "RAM" storage.

A difficulty arises when attempting to perform an arithmetic or ALU operation
on register data: these operations require M(R(X)) and the D register as
operands. Register to D manipulations can be performed with PHI, GHI, PLO,

and GLO instructions, but R(X) cannot point to an internal register to complete

the operation.

The problem can be solved if one page of ROM ig available for use as a lookup
table. With this method, one register operand becomes the lower order table
pointer address, while the other operand is transferred to D. The lookup
table contains sequential bytes from @@ to FF, and when the arithmetic or ALU
operation is performed, the table contents and D are operated upon, with the

result in the D register.

15



EXAMPLE

0 Register data is stored in R(9).1 and R(B).0

o  An XOR instruction is to be performed |[M(R(X))(® D—s=D|

) Lookup table is located in locations $3@¢ - @3FF

R(7) is dedicated as lookup table pointer

) R(7).1 has already been initialized to @3

MACRO:

GHI R9 .
PLO R7 .
GLO RB .

XOR .

Get first operand into D
Use first operand to lookup table value
Get second operand into D

Exclusive-OR D with contents of table address

if R(9).1 = AA and R(B).0 = FF

then R(7) would point to address @$3AA

Contents of @3AA = AA

M(R(X)) @D = AAP FF = 55

D will contain 5§55 when operation is complete

The idea for this article was submitted by John Stahler, RCA, Des Plaines.

For information on related topics, contact Joe Paradise, X7352.
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Optimizing Hardware/Software Trade-Offs

In RCA CDP1802 Microprocessor Applications

By L.A. Solomon and D. Block

One of the chief reasons for choosing to
design with a microprocessor rather than
standard IC's is to reduce a system's parts
count. To make the best choice requires a
careful analysis of hardware/software
trade-offs. This analysis usually narrows
down to the ratio of ROM to 1/0 devices
in the system. Economics indicates that
the more functions handled in software,
the less expensive and more flexible the
system will be. Thus, a good design
practice is 10 attempt to do everything in
software initially and then relegate
functions to hardware only as the
speed/processing capability of the Cry
becomes taxed. This Note will develop
some examples of processor interfaces that
not only minimize external hardware but,
through judicious programming tech-
niques, also minimize speed reqnircments
on the CPU.

The RCA CDP1802 microprocessor is
particularly well snited to minimum-cost
interfacing because it has a significant
number of terminal connections dedicated
to I/0 operations and an extensive set of
I/0 instructions. It has three 1/0
selection lines, called the “N"" lines, that
are controlled by 1/0 instructions plus
four general-purpose flag input lines
testable with branch instructions. There
are also DMA-in, DMA-out, and
Interrupt Request line inputs as well as
two state code and two timing pulse
outputs to synchronize 170 devices to the
CPU. A single bit output (Q) which can be
set or reset under program control is also
provided. In all, 15 of the CDP1802
terminal connections are dedicated ex-
clusively to 1/0 contrel. In addition, the
CDP1802 has other unique architectural
features, such as built-in DMA, that can
be used to advantage. These features will
also be discussed,

A CLASSICAL SYSTEM
A simple system having a keyboard

input and a digital display output is shown
in Fig. 1. The specific functions are

MICRO
COMPUTER

XE YBOARD

9208~ 29670

Fig. 1 - Simple microcomputer system.

omitted because the immediate concerns
arc only the microprocessor and 1/0
interfaces. These interfaces will be
constrained by  the  programming
technique choosen for the system. In the
classical software control flowchart for
this system, shown in Fig. 2, the standard

INITIALIZE

SOF TWARE.

CYCLE TIME PROCESSOR LOCKS UP

WAITING FOR
(1) AN EVENT
{2) NEW INPUT VALUE
(3)REQUEST FOR DATA

)

BRIEF OR
EXTENSIVE
$H{INPUT)

PROCESS
THE
CATA

UPDATE
STATIC
DiSPLAY

{PROCESSING TIME MAY BE

HARN COPY DEVICE

PROVIDE OUTPUT TO
CONTROLLED DEVICES

lbo A
AGAIN

920%- 29664

Fig. 2 - Classical software control tiowchart for
the system of Fig. 1.
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ICAN-6704

initialization block is followed by an
input, processing, and output procedure
with a final loop back to repeat the action.
Even without the details of the hardware
or software design or the specific ap-
plication, certain predictions can be made
about this system.

First, consider the software cycle time,
that is the time to go completely through
one loop of the procedure. The cycle time
is the sum of the time spent in each portion
of the software, including input,
processing, and output. Because the
program apparently waits for an input,
the time spent in the input block is in-
determinate. The system cycle time,
therefore, is  indeterminate.  This
parameter has immediate impact on the
selection of both input and output devices
used in the system. The output device, for
instance, must be capable of operating for
prolonged  periods  without  processor
attention. Therefore. it must be a device
that is self-refreshing or contains a latch.
It certainly cannot be dynamic because no
provision for refreshing is apparent in the
simple software structure shown thus far.
Because dynamically refreshed displays
have the potential for lower cost, the static
requirement is a serious drawback.

Next, consider an input device. A
keyboard., being human operated, will
present data to the processor at an uneven
rate. The time between kevstrokes may
vary from a few milliseconds to several
seconds or minutes. With the flowchart
given. the processor must complete its
processing before the next input can be
received. If each keystroke requires some
analysis by the microprocessor, a choice
between using a very fast (and expensive}
processor or lengthening the minimim
time between keystrokes must be made.
The first alternative would be very
wasteful since the processor's very fast
speed would only be needed in short
bursts: most of the time it would be idling
waiting for an input. The second alter-
native leads to an unresponsive system,
one in which the operator will have to
adjust to the system rather than the other
way around. A third alternative is to
design in an “intelligent” keyboard
controller or buffering device to smooth
out the input rate as depicted in Fig. 3.
This alternative, however, is not ideal
either because it requires additional
hardware expense.

Resorting to additional hardware,
however, may not be necessary if the
flowchurt of Fig. 3 is restructured. By
doing the controller functions in the

OISPLAY
CONTROLLER

ROM! RAM| CPU NECESSARY ?

CONTROLLER
KEYBOARD

92C8- 29662

Flg. 3 - Addition of controllers to smooth out
Input rate.

software the controllers can be eliminated
at only the cost of enlarging the system
ROM. Moreover, because ROM’s come in
fixed increments, it may be no more
expensive to have a program that is 1024
bytes long than one that is 527 bytes. even
though one is nearly twice as long as the
other. In fact, if there is unused space in
the system ROM, the controller function
may be had for “free”’. Even if an ad-
ditional ROM is required, it may cost less
than the MSI or LSI controller being
replaced.

T'o take advantage of software control,
the approach is changed, so that instead of
waiting for an input to take place. the
system simply looks at the input
periodically. If no input is present, it skips
the input operation and goes on o
something else. That something clse could
be the refreshing of a dynamic display. for
example, or some processing required as
the result of the last input. If an input is
present, then it is accepted and acted on.
There are several options avaitable for
handling the processing associated with
this input. If the input is small and can be
handled immediately, the system will do
so. If not, it can be saved for later when
there will be time 1o handle it, or it can be
broken up into small computational
blocks interspersed among other tasks
such as display refresh. These approaches
are flowcharted in Fig. 4. The latter
approach is the idea behind a powerful
technique called interpretive program-
ming in which functions such as display
refresh and keyboard scan are written as
modular  subroutines.  Calls 1o these
subroutines, which pass or pick up
parameters from the main program, can
be interspersed throughout the main
program wherever required by the system
timing considerations.

— /8-
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. . | pass | ouck
LATER @———e | COMPUTATION
PROCESSING! DATA OR DEFER

FOR "LATER")

S~ VN
~ COMPUTATION
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Fig. 4 - Controller function transferred to
software and Input loads Interspersed.

HANDLING A DYNAMIC DISPLAY

Fig. 5 shows a typical multiplexed
display system and Fig. 6 gives the details
on the display refresh rate. The minimum
refresh rate for any digit should be 100
Hz. which is fast enough to prevent {licker
under most stationary display conditions.

DATA
LATCH
corPIB02
1/0 8US
LATCH 8
CURRENT
SINK
DIG!T
SELECT ! @
_I=1
_I31 -
| N]

92C3-29663%1

Fig. 5 - Typical multiplexed display system.
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& DISPLAY REFRESH RATE > 100 Wz
o MINIMIZING N- Tp WILL MAXIMIZE Tp
e Tp IS THE AVAILABLE PROCESSING TIME

92CS-2966A

Fig. 6 - Detalis of the display refresh rate.

The actual ON time (T} of any digitis a
trade-off between the intensity of the
display and the time remaining within the
100-Hz refresh period for the processor to
do some other work. It is desirable to
minimize Tp) so that a maximum of
processing time (Tp) is left for the rest of
the processing load.

It is customary to ‘“‘overdrive”
multiplexed LED displays to increase
their apparent brightness. The extent to
which overdrive is practical is a function
of the duty cvcle

Tp

Tr

of the display. This technique. however, is
not without risk. Should the program
crash or hang up (because of a program
bug or noise injected into the system, or
component failure, ete.), it is quite
probable that a digit driver will be in-
cinerated. Because of this hazard ap-
propriate precautions. particularly when
debugging a system, should be taken.

The segment information for a 7.
segment display can be handled in either
of two ways. I the data is in BCD, a
device such as the CD4511 which contains
a latch, BCD-to-7-segment decoder, and
drivers can be used as shown in Fig. 7. Or,

4 7 7-SEGMENT BCD OR HEXADECIMAL
coastt [ 7 T l—‘] [_.__J l
oiir| |owetr| loeir| |oGiv
8 [ - 7
copias2 [Z)|ORIVERS
OUTPUT
PORT |
msmn:
92¢8-29660

Fig. 7 - Handling segment informatlon in
hardware by means of a CD4511 BCD-to-
‘7-segment latch decoder driver.

instead of the CD4511 that does code
conversion in hardware, a software
conversion via a look-up table can be used
along with a simple output port as shown
in Fig. 8. Hexadecimal or other codes are
also easily accommodated in the table
look-up method. But, because the output

rts may not have sufficient drive to
directly handle LED's. an intermediate
stage of buffering may be necessary. No
clear-cut recommendation can be made
becsuse variables such as the number of
devices and the type of display chosen are
significant.

— /9 -
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SPARE

7 7-SEGMENT BCO OR HEXADECIMAL

8. PorT |7
DRIVERS
CcDPIgS2 b CA3082 L

DaTA

8us
8 L]

DRIVERS
OUTPUT I> CA3082

— ]

ey

01617 oIGIT DtGIT DIGIT

corigsz | ,
I> SPARE

92CS-29639

Fig. 8 - Handling segment Information in
software by means of an output port and

lockup table.

SINGLE-SIGNAL INPUTS

The CDP1802 has four flag input lines
that can be tested with branch in-
structions. These inputs are general
purpose and can be used for such func-
tions as interrupt vectoring, status in-
dicators, or as single-bit inputs for slowly
varying signals such as that of an ASCII
terminal having a moderate baud rate. As
an example, one of the flag lines is used as
an input for a switch in Fig. 9. To signal

— FINGER
+v PRESSURE
[

CcoPI802 y
il \ol DESIRED SIGNAL

ACTUAL SIGNAL

3*-

'
v

o~
‘:

e

Tep- et leTone -Tap

92C5~29669

F’f' 8 - Baslc switch circult using
microprocessor flag line.

the processor, a change on the flag line
from a logic 1 to logic 0 level is used.
However, the tendency of mechanical
switches to *bounce’” prevents this
simplistic solution. The actual signal
presented to the microprocessor consists of
three parts - an initial bounce, a stable ON
period. and a release bounce. A progrum
looking only for a simple 1 to 0 to 1
transition may sense many switch closures
because of the bounce noise. Although
there are hardware solutions to this
problem, software techniques may prove
more cost-effective. Fig. 10 is a flowchart
of a subroutine to debounce a mechanical
switch. A test is made on the input signal
to test for a switch closure. If none is
found, a ‘‘switch down" software flag is

RESET FIXED
“DOWN" OELAY
FLAG > Tyo DEBOUNCE
OEPRESSION
STILONYES
DOwW
NO

FIXED

HOLD UNTIL RELEASE
DEBOUNGE RELEASE

SET
"DOWN"

FLAG
. T FLAG DENOTES BUTTON
. - WAS PUSHED
RETURN REYURD

92CS- 29657

Fig. 10 - Flowchart of subroutine for
debouncing a mechanical switch,

reset. This {lag may be some convenient
bit in one of the CDP1802's sixteen
-general purpose CPU registers ora bitina
RAM status word, If the switch is down,
then the software will loop, waiting for the
button to be released. The wait is per-
formed to insure that the switch is not
“seen’’ again for the current depression
and 10 allow for the initial bounce period
TRpD- Once the switch is released. the
switch is again interrogated until it
reaches a stable OFF condition. The
software flag indicating a ‘‘switch down™
condition is set, and the program returns
to the caller. Although this program is
easy to understand, it is, like the earlier
simple solutions, not without its problems.
For instance. the processor again wastes
valuable time. The execution time (see
Fig. Y} for this subroutine is at least

Tgp + Tyr
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and does, in fact. last as long as the button
is depressed. Thus, it is obviously not
suitable for systems having dynamically
refreshed displays. A further drawback,
from the human-engineering standpoint,
is that a response is made on the release of
the switch rather than on its depression,

the opposite of what one would normally .

expect.
Vig. 11 shows a flowchart for an im-

ONLY IF SW CYCLE
TIME<Tgp, Ten

BUTTON REFRESH
DOWN Mum SET) DISPLAY
FLAG .

SET

BUTTON UP

RESET
“DOWN FLAG"

. NO LONGER PUSHE

BUTTON
DOWN
SET
"DOWN F LAG"
NO NEW NEW BUTTON
ACTIVITY DEPRESSION
RETURN RETLURN

REQUISITE
BUSY WORK » Tgp, Tar
SW. CYCLE TIME < Toy

OR
PROCESSOR ACKNOWLEDGES RECEIPT

92CS-296%0

Fig. 11 - Flowchart of improved subroutine for
debouncing a mechanical switch.

proved method that overcomes both of
these drawbacks. Here, the subroutine
that looks at the input signal has the
capability of remembering what that
signal was the last time it looked. This
information is saved in a software flag
called the ‘“‘down flag”. The routine
operates as follows. If the button is now
down and was also down the last time,
then it is assumed that the system sees the
same button depression seen earlier. A
return is made to the caller with an in-
dication of no new activity. If the button is
not now down, but was the last time, then
the switch has been released. In this case,
the “down flag™ is reset and a return made
to the caller indicating no new activity it
is assumed that the processor is interested
only in switch depressions and not their
duration). But, if the switch is down now
and was not down the last time, then there
is a new depression. The switch must be
debounced, the “down flag"™ set, and a
message returned to the caller. Notice in
the flowchart that a second test was made
after the delay generated in the “busy
work’” block. This delayed second test isa
debouncing technique to determine that

the switch has been in the same state for
two successive samplings before a decision
is made on the true state of the switch.
This method is still not optimal because
the program is waiting (and therefore
wasting time) during the debounce period.
If some additional constraints are placed
on the software cvcle time, however, the
program can be further optimized. For
example, if the cyvcle time is greater than
the bounce time (T'gp)) but less than the
switch ON time (Ty)., then the
flowchart can be simplified to Fig. 12.
Here there are no timewasting loops
because switch bounce, in effect, will not
be scen within the given timing restraints.

(o)

e
iy " DOWN NOT

e SBUTTON —
DOWN Q(AG SET
RUTTON UP SET

SET FLAG

 RCSET
DOWN FL 4G
NO KNEW NEW BUTTON
ACTiVITY DEPRESSION

RETUAN RETURN
REQUISITE
Tap< SW CYCLE TIVE < Toy CR
Tgap<SW CYCLE TIME iF PROCESSOR

ACKNOWLEDGES BUTTON
wICS - 29087

Flg. 12 - Flowchart of simplified debouncing
subroutine benelitting from additional
constraints.

MULTIPLE INPUTS

Up to four inputs can bhe handled as
described above with each switch con-
nected to a scparate flag line of the
CDP1802. Another technique is a
multiplexing scheme in which the four
switches are connected to one flag input,
as shown in Fig. 13, and sequentially
scanned as described in the flowchart of
“ig. 14. This technique is readily ex-
pandable to additional scanned functions
and, therefore, is discussed in detail. The

cor IR T
2 | Loetlortbaictiaeh "l
SPARE
e

88!T 8uUS l

Fig. 13 - Hardware for handling four switch
inputs on one tlag line by means of a
scanning routine.

92C3-2963%
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U sefer
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sUTTON]|
DOWN

NOT SET
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FLAG FOR FLAG FOR
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NURBER

}
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|
1
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i
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PUSH COLUMNT |
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|
|
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!
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SHIFT CCLUMN
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YES @
[/

£

NQ
( RETURN )
Flg. 14 - Flowchart of scanning routine for
handling four switch inputs.

92CS-.96%%

subroutine is designed to look for new
switch closures and report them to the
main program by “pushing” the switch
number of a newly closed switch onto a
stack and incremienting a counter. The
main program will “pop” switch numbers
off the stack and decrement the counter
whenever the count is greater than zero.
In the CDP1802 any one of the 16 general-
purpose registers can be convenicntly used
as a counter because each has its owa
increment and decrement instruction,

The auxiliary functions for the
subroutine are shown in Fig. 15. It is

MAIN
Mmm————] r_PROGRAM
INC SOF TWARE DEC
STACK BYTE
COUNTER
(MARKI T}

PUSH

STack | ¢
aw 277
SW 4
SW !
04
POP (MAIN PROG.)
COLO COL! cOL2 coL3l
MEMORY

1 o

N

92C5-29€6T1

81T MAP

Flg. 15 - Auxillary functions for the scanning
subroutine of Fig. 14,

assumed that the timing constraints of
Fig. 12 are met by this routine also. so that
Fig. 14 is an extension of the basic
flowchart previously developed. Upon
entry into the subroutine, the first switch
column is selected by outputting a l in bit
position 0 of the data bus and examining
the switch associated with that position. 1f

a new depression is detected, the “down
flag™ is set for that switch in the memory
bit map. the column number is pushed
onto the stack, and the counter in-
cremented. Next, the column is shifted
and, if more columns remain to be
scanned, the process is repeated. No
switch closure or no new switch closure
simply results in a column shift and
continuation. When all columns have been
scanned. a return to the main program is
executed, The main program deteets if
any new switch closures have ocenrred by
sceing if the counter has a value greater
than zero. If so, the main program suc-
cessively “pops”™ a switch number from
the stack and decrements the counter until
it reaches zero,

A section of the flowchart in Fig. 14 has
been  partitioned  off and labeled
“MARKTI'T". This routine is a common
one that can be used as an expanded
keyboard scan rountine discussed in the
next section. It should be noted that the
approach taken above lends itself welltoa
multi-processor  system in which one
processor handles the keyboard scanning
and puts key numbers in a stack accessible
to the other processors as well,

KEYBOARD SCANNING
TECIINIQUES

Fig. 10 shows an arrangement for

e RN
. Pl piaPp oD pto
;88 INERNIRSIRE
ers oMo Mo M-t

| RIIRHND
i 015PLAY Ib I’b I}T- I 1
m - Pto rNc' TH«}IHAOD

T i )
OUTPUT PORT
8817 AuS l

”°CY-29883

Fig. 16 - Hardware arrangement for handling a
16-key matrix using a scanning routine.

scanning a 16-key matrix. It is a simple
extension of the arrangement  just
discussed. The horizontal lines can go
directly into the four flag inputs of the
CDP1802 as shown. Fig. 17 gives a
flowchart of the software in which
“MARKIT” is now responsible for
handling row as well as column in-
formation. The basic interface between

— ’22 -
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the main program and the keyboard scan
subroutine remains the same: the
subroutine place new key depressions on
the stack and from there they are passed to
the main program. Note that a key
number’s position on the stack does not
necessarily represent when a given key
was depressed with respect to the other
keys on the stack, but merely indicates the
order in which the keys were scanned.
Because the stack is emptied on each cycle
by the main program and only new key
depressions are entered, the presence of
two key numbers on the stack tells only
that both keys were down when the scan
took place. To discriminate in time

SELECT
COLUMK 2

between rapid key depressions, a short
software cycle time is necessary. But,
remember that this time must be kept
within the constraints of Tgp. T, and
ToN- There is a limitation to  the
technique discussed in that the software
docs not indicate to the main program
when a hey has been released. Thus, it ean
not be used in a system requiring lockout
of other keys when any one key is down.

COMRINED DISPLAY AND)
KEYBOARD

The whole system of Fig. 1 is shown

with its component blocks filled in on Fig.
18. The original objective to minimize

MARKIT

RESET DCWN
FLAG FOR
ROW i, COL

SET ROW
2

RESET DOWN
FLAG FOR
ROW 2, COL

SET ROW
137’
L

“MARKIT" routine.

corias2

RESET DOWN
FLASG FOR
ROW 3, COL

SET ROwW
o4

.‘MARKIT'

RESET ODOWN
FLAS FOR
ROW 4, COL

SHIFT COL
LEFT
A!RF YES
: (Lwore )

NO
E TURN ’
¢

R
9IC° - 266

Fig. 17 - Flow chart of software for handiing
row and column information utllizing
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V- v V 7
— VvV 4
4 v
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Fig. 18 - Simple microcomputer system of Fig. 1
with component blocks expanded.
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hardware has been realized in that only
two 8-bit output ports are required in this
design besides digit drivers (not shown).

A further improvement can be made in
the system by combining the keyboard
scan and display multiplexing signals as
shown in Fig. 19. Here, a single-byte

a ’ DISPLAY
coasI
coPIBO2 | o
i)
4 |cos07E
aBIT
LATCH

KEYBOARD

H2CT-29653

Fig. 19 - System Improvement made by
combining keyboerd scan and display
multiolexing signals.

output is used with the upper-order 4-bits
being BCD data for the display and the
lower-order 4 bits used to simultaneously
select a display digit and keyboard
column. This arrangement does not
rediice the parts count. but does give
smaller packages if space is a con-
sideration and cuts down on the number of
output operations and output bytes stored.
A ready expansion of the system shown in
Fig. 20 still uses only two IC’s but permits
scanning two 16-key keyboards and an &-
digit display,

DECODER

EFI ~AN/
£EF2 : f MV
EF3 4
EF4 & [~ O 2

TIMING GENERATION

In many applications it may be
necessary to have some time-keeping
ability in the microprocessor system. The
requirements may range from having a
time-of-day or elapsed-time clock to
microsccond  timing  resolution  for
generating precision pulse widths. Here
again, of the many approaches pessible to
timekecping, a cost/performance-opti-
mized one can be found.

Consider an example, shown in Fig. 21,
for generating an output pulse of width Ty
each time switch Sy is closed. The CD-

[P M
o
Q p—r——p __I—_L-
coPIRo? v
ue s
R
trip—-——- [
s .1__.
J—
9ees 30308

Fig. 21 - System for generating an output pulse
for each switch closure.

P1802 has a single-bit output called the Q
flip-flop that can be set or reset under
program control to perform this function.
The simplest technique for generating a
fixed delay is by executing a series of “'no-
ops” in the program as illustrated in Fig,
22, 1If each “no-op™ takes 5 microseconds
to exccute, for example, and Ty is 30
microseconds long. then ten “no-ops”
would do the job. This technique is ob-
viously not a realistic one for long timing
intervals because it is extremely wasteful
of memory and  fully occupies the
processor with a non-productive task.

DISPLAY

ODRIVERS

»

! 8 BT
LATCH

Eft N AR 7 7 A A\

e VvV V7V v A

s 4 s "

VTV TV VTV
— J A" J =

T
XKEYBOARD NO.1

r
KEYBOARD NO. 2
92€5-29674

Flg. 20 - An expanded system with 8-digit
display and two 16-key keyboards.
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BUT TON UP

BUTTON DOWN
‘ SET .

figtisd

'
NO-OP

92C%5 - 30306

BUTTON
DOWN

Flg. 22 - Primitive programming technique for
puise generation.

A better technique is shown in Fig.
23(a). Here a counter is preset with a given
value and continually decremented until it
reaches zero. In the CDP1802 one of the
16-bit general-purpose registers can be
used for this function. Fig. 23(b) shows
the specific instruction sequence. This
technique saves 2 lot of memory bytes but
still ties up the processor. For maximum
processor efficiency it would be best to
load an external counter that would count
at some preset rate and generate an in-
terrupt to the processor when it reaches
zero. Meanwhile, the processor could be
doing some useful work. Such a system is
shown in Fig. 24, but it does not minimize
system hardware.

ENTRY

LOAD
REGISTER

WITH COUNT

I
REGISTER
o

DECREMENT
COUNT

(a)

S2¢S-30307

( ENTRY ’
o]
LCAD 8 ADVANCE
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¥
PUT LOW REGISTER

GET HIGH REGISTER l

GET LOW REGISTER

Fig. 23 - (a)

—— ]

i (b)

I
€
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S
RO
NO
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Baslic tlowchart of improved

technique for pulse generation. (b) Specific
Instruction sequence for Improved pulse-
generation technique.

MA BUS 1
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—_— ___r_ norn - 20308

Fig. 24 - System for pulse generation using an

external counter.
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An interval timer can readily be made
for the CDI’1802 with no external parts by
making use of an internal register that can
be automatically incremented. General-
purpose register RO is used as a pointer
for DMA operations in the CDP1802 and,
as ‘such, is automatically incremented on
each DMA t{in or out) cycle. By con-
necting the State Code 1 {SC1}line output
back to the DMA Out request line
(DMAO). the CDP1802 performs one
DMA cyele for each Fetch and Exccute
cycle, as shown in Fig. 25, thereby
providing a built-in timer and instruction
counter. With a clock frequency of 1.57
MHz, the most significant bit of RO will
change each 1/2 second. providing a real-
time clock. CPU operation i3, of course,
slowed by 1/3 with this scheme, but with
an upper clock frequency of 6.4 MHz the

svstem can be made fast enough for many
applications.

With the circuitry of Fig. 26, a general-
purpose interval timer can be realized.
This circuit will cause an interrupt when
the most significant bit of register RO goes
to a “one”". 'Thus by preloading RO with a
desired count, a timing interval with a
range of 219 and a resolution of up 10 3.75
microseconds (with a clock frequency of
6.4 MIlz) can be obtained with a
minimum of external hardware and yet
leave the processor free to do useful work.
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When incorporating RCA Solid State Devices in
equipment, it 1s recommended that the designer
refer to "‘Operating Considerations for RCA Solid
State Devices”’, Form No. 1CE-402, availnble on
request from RCA Solid State Division, Box 3200,
Somerville, N, J, D8876.
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CDP1802 Expanded Output Control Using the CD4099

For simple 1/0 control applications, the only available 1802 output control line
with latched set and reset capability is the Q output, controlled with a single
SEQ or REQ software instruction. With the addition of a CMOS CD4099/CD4724 and a
single inverter, a comparable single instruction can expand this capability to

8 outputs.

Conventional I/0 control usually involves an I/0 port, which latches control
data from the data bus line. The primary disadvantage is that several instruct-
ion bytes (and instruction cycles) are required to modify a single control bit
based on a conditional computed result. Besides the disadvantage of additional
ROM code, the response time of a peripheral device to a CPU command is delayed

by the time it takes to execute this instruction sequence.

The circuit and waveforms of Figures 1 and 2 illustrate the implementation of a
CD4099/CD4724 as an alternate means of expanding 1/0 control. The CD4099/CD4724 is
an inexpensive addressable latch in a 16 lead package that can use the N lines

to select an internal latch for modification. Depending on the level of the

data input at the time WD is low, the selected output can be set or reset with-

out modifying any previous condition on the other outputs. This can be easily
accomplished with the 1/0 instructions on the 1802, which can generate 7
combinations of N line codes, with MRD high for an INP instruction, and low

for an OUT instruction. These combinations result in the table of single
instructions shown in Table 1 that can selectively set or reset individual

control bits in the expanded 1802 system.

—2. 7=
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Fig. 1 - CD4099/CD4724 Hardware Implementation Fig. 2 - Timing Diagram

TABLE I - Single Bit Output Control Codes

Set With Reset With
Output Machine Machine
Pin Mnemonic Code Mnemonic Code
Ql INP 1 69 ouT 1 51
Q2 INP 2 6A ouT 2 62
Q3 INP 3 6B ouT 3 63
Q4 INP 4 6C ouT 4 64
Q5 INP S 6D OUT 5 65
Q6 INP 6 6E 7 OuT 6 66
Q7 INP 7 6F QuT 7 67
Q SEQ 7B REQ 74




CDP1802 Versus CDP1802A - Performance Enhancements

In the past, latching of the
high-order address byte
determined system speed for
most 1802 based designs. The
original CDP1802 CPU had a high
byte set up before TPA trailing
edge time (Tsu) which would
diminish to zero at a clock
speed of 2.5 MHz (see Fig.
thrus limiting system
performance to 2.5 MHz maximum.

1),

The new CDP1802A CPU has
modified internal logic and art
work changes, which reduce the
memory address propagation
delay, and provide a
generous set up time (Tsu) than
its predecessor., The maximum
clock frequency is no longer
limited by Tsu, but depends
entirely on internal logic
speed limitations. Operation

more

Figure t:
Minimum High-Order-Memory-Address
Byte setup to TPA time. Tsy
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at S5V, 3.2 MHz, from -40°C to
+85°C is guaranteed, with a
minimum Tsu of 75 nsec. (See
Fig. 1).

Another design improvement is
the addition of an internal
Schmitt Trigger buffer to the
CLEAR input, eliminating the
need for external logic devices
for power on reset. The
internal Schmitt input provides
a hysteresis voltage of
approximately 1/2 volt, so that
the RC network may be connected

directly to pin 3 as shown in
Fig. 2.

The CDPL802A CPU is pin for pin
compatible and functionally
equivalent to the older CDP18R02

CPU, and will perform in any
existing 1802 based designs.

Figure 2:
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R
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16-Bit Operations in the CDP1802 Microprocessor

by D. Block

Although the COP1802 microprocessor
is an 8-bit machine, it contains mostly
16-bit registers. Its sixteen 16-bit registers
are all general-purpose types, giving the
CDP1802 a great deal of flexibility and the
flavor of a 16-bit microprocessor in many
respects. This paper describes various
software routines and a few intertace cir-
cuits that can be used to manipulate full
16-bit values in the CDP1802.

The areas of logical, shift, and
arithmetic operations are all considered
along with /O and loop counters. In
sophisticated systems where multiplica-
tions and/or divisions are required, a hard-
ware approach using the CDP1885
Muitiply/Divide unit should be ia-
vestigated. These 8-bit units can be
cascaded, so that up to 32-bit operations
can be performed. For simpler systems,
the software approach described below is
probably the best choice.

General

In many of the following examples, a
16-bit data word will be located in
memory. Since the CDP1802 is an 8-bit
machine, of necessity the word will have
to be stored as two 8-bit bytes. As a con-
vention, assume that the 16-bit word is
located in two consecutive locations with
the most significant byte occupying the
higher address.

Logic Operations

The logic operations provided by the
CDP1802 are AND, OR, and EXCLUSIVE
OR. These three operations are normally
performed between an operand in the D
register and a byte from memory. With the
addition of a few instructions, register-to-
register operations can also be ac-
complished, as shown in Example 2,
below.

Example 1: Register/Memory Operations

In this example, a 16-bit OR is per-
formed between the contents of an R

register called REG1 and two bytes of
memory pointed to by another register
called POINTR. The results will be in
REG1.

SEX POINTR .POINT X TO FIRST
(LOWEST)
MEMORY BYTE

GLO REG!?

OR ..OR LOW BYTES

PLO REG1

INC POINTR .POINT TO

..HIGHEST

MEMORY BYTE

GH! REG1

OR ..OR H| BYTES

PH! REG1 ..RESTORE
RESULTS

Example 2: Registerto-Register Opera-
tions

If the two operands are in two registers
called REG1 and REG2, the code below
can be used; it is only three bytes longer
than that of example 1. Here, again, the
results will be returned to REG1.

SEX POINTR .SET A POINTER
TO A FREE BYTE

GLO REG1

STR POINTR .STORE LOW BYTE
OF REGH1

GLO REG2

OR ..OR LOW BYTES

PLO REGH1 .RESULTS
RETURNED TO
REG1

GHI REG1

STR POINTR ..STORE H! BYTE
OF REG1

GHI REG2

OR ..OR HiI BYTES

PHI REG1 ..RESULTS TO REGH1

-Shm Operations

In the CDP1802, shifts are performed on
the contents of the D-register in either cir-
cular shifts, with data bits circulating
through DF, or open shifts, in which zeros
are shifted into one end of the D-register.

1
Trademark(s)o Registered  Informat.on fusnished iy ACA 15 believed to be accurdte and
rehable. However, no responsihility s assumed by RCA tor
1s use; nar for any infringements of patents or other rights of

Marcals) Reqistrada(s)

Printed in USA/7-80

vird parties which may result from ofs use No license is
granted by imphicetion or otherwise under any patent or
patent rights of RCA. __ 2 o —



ICAN-6842

Either type of operation can be performed
on the full 16 bits of an R-—egister, as
shown below. Right shifts are performed
by substituting the appropriate shift-right
commands for the shiftleft commands
given in the examples.

éxample 3: Shift Left (Open)

GLO REG1 .GET LOW BYTE

SHL .SHIFT LEFT

PLO REG1 .RESTORE

GHI REG1 .GET HI BYTE

SHLC .SHIFT LEFT WITH
CARRY BRINGS IN
LSB

PHI REG1 .RESTORE

Example 4: Shift Left Circular

GLO REG1

SHL .SET UP CARRY
INTO HI BYTE

GH! REG1

SHLC .SHIFT IN CARRY

PHI REG1 .CARRY INTO LOW
BYTE LEFT iN DF

GLO REG1

SHLC EHIFT CARRY
INTO LOW BYTE

PLO REG1

A 16-bit shift of two consecutive
memory bytes is performed similarly by
replacing the GET and PUT statement by
memory reference commands as follows:

Example 5: Shift Left-Memory Location

LDN REG1 ..REG POINTS TO
LOW BYTE

SHL

STR REG1

INC REG1

LDN REG1

SHLC

STR REG1

Example 6: Shift Left Circular — Memory
Locations

LDA REG1
SHL

LDN REG1
SHLC
STR REG1
DEC REG1
LDN REG1
SHLC
STR REGH1

Arithmetic Operations

Sixteen-bit arlthmetic is straightfor-
ward in the CDP1802 since arithmetic
operations including the value of the DF
flag are included in the instruction set.
Arithmetic operations are performed bet-
ween a byte in the D-register and a byte
from memory but, again, the addition of a

__3/._

few extra Instructions makes register-to- _
register operations possible. —

Example 7: Register/Memory Addition

SEX POINTR

GLO REG1
ADD
PLO REG1

IRX
GHI REG1

ADC
PHI REG1

.. POINT TO
MEMORY
LOW BYTE
OPERAND

..RESULTS
RESTORED TO
REG1

..POINT TO HIGH
BYTE

Example 8: Register/Register Addition

SEX POINTR

GHI! REG2
STXD

GLO REG2
STR POINTR

GLO REG1

ADD

PHI REG1
IRX

GHI REG1
ADC

PHI REG1

.STORE REG2 Hl
BYTE

..STORE REG2 LOW

BYTE
.SAME AS
PREVIOUS
EXAMPLE FROM —
HERE

Note that if each byte had been

operated on In sequence, as was done in

Example 2, rather than storing both

Counters

halves of REG2 and then operating on
them, the code could have been reduced

by one instructlon. This reduction could
be significant in some applications.

An increment or decrement instruction

to an R-reqgister operates on the full 16
bits of the register. Thus, loop counters of

up to 65k counts are readily availabie. The

most direct implementation of a toop
counter involves the presetting of an

R-register with the desired number,

decrementing it once each time through
the loop, and testing for zero in the
counter. The following example sets up a

loop counter for 512 counts.

Example 9: Output 512 Bytes
LDI #02; PHI COUNTR

.SET COUNTER =
#0200



LD! #00; PLO COUNTR

LOOP: OUT1 ..DO AN OUTPUT
OPERATION

DEC COUNTR = ..DECREMENT THE

: COUNT

GLO COUNTR .CHECK LOW
HALF OF
COUNTER

BNZ LOOP

GHI COUNTR ..CHECK HI HALF
OF COUNTER

BNZ LOOP

XX .NEXT INSTRUC-

TION AFTER LOOP

- Note that an output instruction outputs
MR(X) and then increments R(X), so that
this example would output 512 con-
secutive bytes from memory. Of course,
for smaller loops of less than 256 counts,
only the low half of a register need be ex-
amined, and two instructions can be
removed from the loop.

Care must be exercised, when design-
ing timing loops, to equalize the various
branch path lengths. The method shown
in exampie 9 would not be suitable for
real-time loops. Instead, a loop of the
form shown in exampie 10 shouid be used.

Example 10: Timing Loop

LDt #20; PHI TIMER

.SET COUNT
LDI #00; PLO TIMER
LOOP: DEC TIMER

..DECREMENT

TIMER

GLO TIMER

BZ ENDTST . TEST LOW BYTE

GLO TIMER ..DUMMY, IN- .
STRUCTION TO
MATCH DELAYS

BR LOOP

ENDTST: GHI

TIMER .TEST HI BYTE

BNZ LOOP

XX .NEXT IN-
STRUCTION

Two notes of caution should be men-
tioned here. First, a short branch instruc-
tion takes two machine cycles, whereas a
long branch requires three -- avoid mixing
them in a loop. In particular beware of the
trap caused by editing long branches into
a file in response to assembler-generated
“branch out of page” errors. Make sure
first that these branches are not in a tim-
ing loop. Second, beware of inserting
NOP instructions to match delays, as
these are three-machine-cycle instruc-
tions

A Hardware Approach to Timing Genera-
tion

A general-purpose time-delay
subroutine can be devised which takes a

P
-~
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passed parameter, puts its value into a
register, counts it down to zero, and
returns to the caller. Significant time
delays can be generated by this method
when a 16-bit value is passed, as shown
beiow:

Example 11: General-Purpose Time Delay
Subroutine

The main program, using the Standard
Call and Return Technique, wouid look
like this when #OFFF is the value being
passed:

SEP R4, A(DELAY), #OFFF

The Subroutine itself follows:
DELAY:LDA R6

PHI TIMER .LOAD PASSED
PARAMETER

LDA R6; PLO TIMER

SKP .THIS ENABLES
ZERO TO BE
PASSES

LOOP: DEC TIMER

.DECREMENT
GLO TIMER .TEST LOW BYTE
BZ ENDTST
GLO TIMER ..DUMMY INST TO

MATCH DELAYS

BR LOOP
ENDTST: GHI TIMER

.TEST HI BYTE
BNZ LOOP
SEP RS ..RETURN-WHEN

ZERO REACHED

A method of creating an on-board time
in the CDP1802 by using its built-in DMA
facilities is described in Reference 1.

Input/Output

inputting a 16-bit word to one of the R
registers is a trivial matter in both hard-
ware and software. Fig. 1 shows two input
ports where NO and N1 have been used to
select the low and high bytes, respective-
ly, of a 16-bit word. The code required to
load this word into REG1 appears below:

Example 11: Input a 16-Bit Word to a
Register

INP1 ..BRING LOW BYTE
INTOD

PLO REG1 .TRANSFERIT TO
LOW HALF OF
REG1

INP2 ..BRING IN HI BYTE

PH! REG1 WSTOREIT

A shorter software sequence can be
developed to input the word into two con-
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8 BITS(HIGH) 8 BITS (LOW)
- 11 H
COPIBO2 NI »CS2 cs2
coP1852 CDPIB52
MRD cst csi
DATA BUS

92CS- 32067
Fig. 1—Basic 16-bit Input circult.

secutive memory locations since an input
byte Is automatically written into MR(X)
as well as the D register. However, hard-
ware can be devised that will automatical-
ly input both bytes when a single input in-
struction is executed. This circuitry,
shown In Fig. 2, operates as foliows: Ex-
ecutlon of input instruction INP 1 will not
directly read in a byte. However, it sets
the Service Reguest (SR)of PORT 1, caus-
ing the next machine cycle to be given
over to a DMA-IN operation which will
read in PORT 1. The timing is such that
two DMA cycles will actually occur, input-

software for this sequence would consist
only of: ‘

SEX RO ..
INP 1

Besides saving code, this approach Is
faster in the input operation (since DMA
operations take only one machine cycle)
than a sequence involving two inputs and
a register increment.

A fuil 16-bit output can be obtained
from the CDP1802 with one instruction, as
_shown in Fig. 3. Here, the contents of R(X)
will be latched into PORTS 1 and 2 during
the execute cycle of the output instruc-
tion. Since any one of the 16-bit registers
can be output to the address lines, this
technique is a very powerful one.

Reference

1. “Optimizing Hardware/Software
Trade-Offs in RCA CDP1802
Microprocessor Applications,” L.A.
Soloman, D. Block, RCA Solid State
Application Note ICAN-6704.

2. A more detailed discussion of this
“register output” operation can be
found in ‘‘Register Based Output
Function for RCA COSMAC
Microprocessors,” N. Swales, RCA
Solid State Application Note

ting PORT 1 and PORT 2 to sequential i
memory locations pointed to by R(0). The ICAN-6562.
™8
8 BITS 8 BiTS
No cop
Nt 1853 8 8
0072'—'D°—— SYSTEM
N2 RESET
COPIBO2 <
TPA CE CLOCK 1 CLOCK OL
CLEAR 3
m—————I coPIB8S2 cLEaR CcOPIBS2
PORT | " .I_ M PORT 2
R Cst cs2 ) SR CcSt DO CS2
T |
DNAY

SCt

e

- >

92CMm - 32068

Fig. 2—Circuit for automatic input of a 16-bit
value to memory.
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EXECUTE OMA OMA FETCH
01 2 34 587 Ot 234 8567 0123456701 2 -
o L
roamd— 1 1 T [
cLocki (00T 2)
W | J\
sci (€52) i \
TP8 ‘r-1 / r—1
cLoCcK 2 // /'
- ol

PORT |
ENABLED

PORT 2
ENABLED

Fig. 3~Timing dlagram for the circuit of Fig. 2.

When incorporating RCA Solid State Devices in
equipment, it is recommended that the designer
refer to ""Operating Considerations for RCA Solid
State Devices’, Form No. 1CE-402, available on
request from RCA Solid State Division, Box 3200,
Somerville, N. J. 08876.
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CDP1804 and CDP1805 PROCESSORS IMPROVE SYSTEM PERFORMANCE AND LOVER CHIP COUNT

Joseph Paradise
RCA Solid State Division

Somerville, N.J.

The CDP1804 and CDP1805 processors are
RCA's new introductions to the growing CDP1800
family of microprocessor and memory devices.
These chips extend the capability of the CDP1802
microprocessor, both in higher performance and
additional system functions, while maintaining
upward software and hardware compatiblity. To
give the systen designer a choice between
flexibility and minimum chip count, two parts
are offered: the CDP1805 for moderate cost and
of f-the-shelf availability, and the premium
CDP1804 for custom VLSI system integration.

FUNCT IONAL DESCRIPTION

The CDP1804 is a CMOS, 8-bit, register-oriented
microcomputer designed for use in a wide variety
of general=-purpose computing and control appli~-
cations. It contains a 2048-byte mask-program—
mable ROM, 64 bytes of RAM, an 8-bit presettable
down counter, and the same architecture as the
CDP1802. The CNP180S5 is identical to the
CDP1804, with the exception that the ROM {s left
out for reasons of economy and flexibility. Both
devices are capable of de to 4<Miz operation at
5 volts over the commercial temperature range of
~40°C to +85°C, and both have a voltage=range
capability of from 4 to 10.5 volts. These added
hardware and performance features, in addition
to an enhanced instruction set, make the CDP1804
or CDP1805 a suitable choice for customers
up~grading present CDP1802 systems for higher
system performance or greater system integration
or considering the CDP1800-series family for the
first time. A block diagram of the
CDP1804/CDP1805 processors is shown in Fig. 1.

A
1/0 8US ADDRESS 8US )
[ﬁ 14

2048 BYTE
ROM
(1804 ONLY}

po—
—

8-STAGE
Timers (¢
COUNTER

CPU DATA 8US

84-8YTE
RAM

‘ “FWING B CONTROL BUS )
L 4

92CS- 33387

1. CDP1804/CDP1805 block diagram.
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CDP1800 ARCHITECTURE IN SUMMARY

This section of the paper is designed for
potential CDP1804/05 users unfamiliar with
CDP1800~-series architectural features, and
explores the software and hardware aspects of
data transfer and manipulation, and the control
and timing interface to support devices. While
established users of other 8-bit machines may
find this architecture initially perplexing
because of the extreme flexiblity of assignments
within register and nemory space, familiarity
with the device and its capabilities will pay
off in compact code generation and efficient use
of memory and 1/0 in most control-oriented
applicacions.

Scratchpad Register Array ~ The CDP1804/05
devices provide an indirect means of addressing
memory through register assignment. Both
devices contain sixteen 16-bit {nternal scratch=-
pad repisters (in addition to 64 bytes of RAM)
that are user-programmable as program/sub=
routine counters, memory pointers, or stack
pointers for memory addressing, Fig. 2. In
addition, these same registers can hold data
transferred to or from the accurulator (D
register) by means of software instructions,
Fig. 3. Finally, the register contents can be
incremented or decremented for software loops or
time delays.

emory Addressing = When used to address memory,

the registers are selected by software
instructions that load 4-bit values into
register selectors. The 4~bit P register
selects a lb6=bit scratchpad as the program
counter, the 4=bit X register selects a
scratchpad as the stack pointer, and the 4-bit N
register selects a scratchpad as the

memory pointer during an external data
transfer, or as an operand during an internal
data transfer (register=-accumulator,
register-register). Note that all 16
scratchpads are capable of addressing any of
the 64K memory locations available to the
COP1804/05 processors; thus, stack space is
unrestricred, scratchpads can point to
subroutines located anvwhere in mermory space,
and most registers can be dedicated for
specific data storage or addressing tasks
during subroutine or interrupt processing.

Addressing Modes - As a result of this

register-oriented structure, addressing modes
include direct, paged direct, immediate,
indirect, and inherent. The direct mode
applies to all branch instructions, which can
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2. Common CDP1802/CDP1804/CDP180S scratchpad

Table 1 - Breakdown of 9! Instructions Common
to CNHP1RO2/04/05

MEMORY TRANSFER 7
INTERNAL REGISTER 7
LOGIC 10
ARITHMETIC 2

P REG
(PC)
N REG SATGPR
(MEM) [ 4 T0 16 “REGISTER
DECODE ARRAY
SOF TWARE
SWITCH
X REG
(sP}
register model, addresses.
16 16~ BIT
SCRATCHPAD
4 TO 16
Decoocn:'\\/ Rt
RINLI ), R(NLO
4-BIT 8-8I7
N REG D REG

92CS-33386

3. Common CDP1802/CDP1804/CDP1805 scratchpad
register model, data transfer.

cause conditional or unconditional jumps
within the current page or anywhere in memory
space. Indirect addressing allows transfer of
data to or from either general memory or
stack, depending on user allocation of memory
space. The inherent mode allows for internal
register modification with external memory
inactive.

Instruction Set = In addition to memory refer-
ence instructions, the CDP1804/05 instruction-
set has a full complement of arithmetic and
logic operations, conditional page and long
branch instructions that test the contents of
the accumulator and carry flag, register
instructions that modify the contents of the
internal scratchpads or register selectors,
and I/0 and interrupt handling instructions,
Table I.

Bus Structure — The CDP1804/05 processors use
a multiplexed address bus to address external
memory. The high byte is generated first,
with a TPA pulse provided to latch the byte
into an external latch or a bus-compatihle
memory=support chip. The data bus is
nonmultiplexed, with a TPB pulse provided to
latch stable data into an I/0 device. A
separate, 3-bit, 1/0 address bus provides
address selection for external peripheral
chips.

UNCONDITIONAL JUMPS 4

CONDITIONAL JUMPS 27
CONTROL ) 7
INTERRUPT CONTROL 3
1/0 TRANSFER 4

92CS-33392

Control and Status Pins - Control pins are

provided for DMA transfer (with register R(0)
as the DMA counter), interrupt requests (with
register R(1) storing the interrupt vector),
four testable flags, and a single-hit

sof tware-controlled output port. Two state
code lines provide machine status. Separate
READ and WRITE signals are provided for memory
control, Fig, 4.

Fxecution Speed = System timing is derived

from an external crystal. The crystal is
divided so as to generate eight clock cycles
per machine cycle. A single FETCH and EXECUTE
(16 clock cycles total) is all that is
required for two-thirds of the instructions
available with the CDPL804/05 devices. The
result is a mininum instruction time of four
microscconds at maxinum frequency,

Fig. 5.

CDP180O0 ARCHITECTURFE = USER ADVANTAGES

The register-bhased orientation of the
COPLROO-series architecture discussed in the
previous section is its dominant feature, and
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4, CDP1804/CDP1805 functional pinout.
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CPU section to penerate addresses and control
signals for memory/1/0 transfer in either a
continuous or cycle-stealing mode. This DMA
feature also allows the user to perform a
real-time clock function without tying up
significant software or execution time, Fig.
6. The 1/0 structure allows for stack
transfer of data directly to and from memory,
again bypassing the CPU in the process, and
the special 1/0 lines, Flags and Q, allow for
software polling of external events and
single~bit output control, as well as the use
of the lines in combination for bit-banging
serial I/0.

CDP1800 SERIES HARDWARE/SOFTWARE SUPPORT

An equally important advantage to poten—
tial CDP1804/05S users, besides architectural
performance capabilities, is the availabilitv
of a complete line of compatible memory and
1/0 devices for efficient hardware designs,
and easy-to-use tools to aid software develop~
ment. The CNDP1800-series is presently the

'———— FETCH (READ)

T EXECUTE (WRITE) -———-—-1

CLOCK IOOIOIIIOI 1] ‘20|2| |30l3! |4°|4||50|5| lGdGlI?OI 7||00IOI |l0| 1 |20|2! |30| 3 |40’4I|50|5| |60|6l|70|7||

acpress | . HavTe | LOW BYTE

| LOW BYTE 1

| wevre

TPA l l

1

e Imm

1

wo o L

i

DATA o] VALID INPUT DATA — VALID OUTPUT DATA -
92C0M-~ 33382

$. Basic dc timing diagram, one instruction

cycle.

one not commonly found in the world of micro-
processors. Once the user has mapped out a
plan to assign registers to perform specific
tasks, this flexibility provides him with a
_rich variety of software techniques for
performing his required function. Flexible
register assignment results in such struc=
tures as multiple program counters for auick
subroutine calls, multiple stack pointers for
independent data and I/0 stacks, and multiple
memory pointers that facilitate nemory data
transfers and the adaptability of the
microprocessor to interpretive languages.

In addition, all CNP1800~series pro-
cessors possess some unique hardware features
that reduce system parts count and speed data
transfer, The on—chip DMA counter aliows the

broadest CM0S LSI line in the industry, and
the software and debug support available
allows users to reduce the significant soft—
ware burden required to program a micro-
processor family.

The list of support devices, Table II,
for the CDP18N0-series, which includes the
cDP1802, CDP1804, and CDP1805 because of
their conmpatibilityv, is highlighted by 12 RAM
devices with capacities of from 32 to 4096
bits; ROM chips compatible with the CcDP 1800~
series multiplexed bus structure, with
user-programmed address decoders that uniquely
define memory space without external decoding,
and with identical pinout for system upgrade
without hoard changes; EPROMs for system
prototyping; and a wide variety of 1/0 devices
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6. Application of DMA feature to generate
real-time clock reference.

Table II - Major CDP1800-Series Support

Components
RAMS SIMPLE 1/0
coPIB2t KX CDPI852  I/0 PORT
COPI822 256X4 CDPIB53  DECODER
MWSSIOl 256X 4 CDPIBS6  BUFFER
CDPIB23 128 X8 CDPIB57  BUFFER
CDPIB24 32X 8 COPIB58  LATCH
CDPIB25 K X4 CDP18SS  LATCH
MWSSli4  IKX4 CDPIB63  COUNTER
¥ CDPIB26 64X8 COPIB66  LATCH

COPIB67 LATCH

coPIgr2 1/0 PORT

ROMS CDPIB73  .DECODER
COPIBY  SI2X8 COPIB74  I/0 PORT
cOPIB32  5I2X8 COPIB?S  1/0 PORT

COPIB33  IKX8
COPIB34 1K X8
» COPIS35  2KX8
* MWS5316 2K X8 COMPLEX 1/0
COPiBs! PROG I/0
EPROMS CDPIBS4A  UART
— COPIB55  MDU
coPiBU42 256 X8 copiggg  CRT CONTROLLER
* MWS57US8 KX 8 COPIB7O  CRT CONTROLLER
COPIBT! KE YBOARD ENCODER
CDPIB76  CRT CONTROLLER
% CDPIBT?  INTERRUPT CONTROLLER

%# RESERVED NUMBER FOR 198! PRODUCTION DEVICES

92CS-33383

ranging from simple buffers and latches to
complex peripherals such as multiport
programmable 1/0, VART's, math chips, and CRT
controllers.

Software support is available from
products that range from simple prototyping
kits to complete development systems.
High-level languages, including micro FORTH,
PI./M, and BASIC, are available to reduce
software development time. In=circuit
‘emilation, through the use of the
"Micromonitor,” provides comprehensive debug
and evaluation capahility, either in conjunc-
tion with a development system or for
standard-alone use in the field. Finally, a
complete line of CMOS single-board computers
and peripheral subsystems, designed around
products in the CDP1800O-series family, are
availahle to further case the cost and the
turn—around time of hardware ilmplementation,
Table 11L.

Tahle 111 - Major CDP1800-Series Systen
Support

DEVELOPMENT SYSTEM
» COSMAC SYSTEM IV (COP185008)
*« CRT-BASED SYSTEM CONTAINING:

» 64K MEMORY

» DUAL FLOPPY-DISK DRIVES

* IN-CIRCUIT EMULATION (MICROMONI: OR)

» BUILT-IN PROM PROGRAMMER

¢« COMPLETE DISX OPERATING SYSTEM
» LEVEL ), LEVEL Il ASSEMBLER
¢« MACROASSEMBLER
¢ FULL-SCREEN EDITOR AND TEXT EDITOR
+ MICROMONITOR OPERATING SYSTEM (MOPS)
+ PROM-PROGRAMMER OPERATING SOFTWARE

SOFTWARE (OPTIONAL)
* BASIC t (FIXED POINT) INTERPRETER/COMPILER
« BASIC 2 (FLOATING POINT) INTERPRETER
* PLM-1800 COMPILER
¢ FIXED AND FLOATING POINT MATH SUBROUTINES

MICROBOARDS — SINGLE BOARD MICROCOMPUTERS

» COORDINATED SET OF COMPUTER, MEMORY AND I/0 BOARDS

« CDOP18S606 - 1804/1805 EVALUATION BOARD CONTAINS:
« 1804 CPU W/2.47 MHZ CLOCK
« 2K BYTES RAM (FOR 1804 ROM SIMULATION)
+ 2 EACH ROM/EPROM SQCKETS
« 2 EACH PARALLEL I/0O PORTS
« RS232C SERIAL PORT (UART)

CDP1804 /05 ENHANCEMENTS

The preceding discussion has dealt with
features and advantages that are common to the
copPi8O2, CPPLIRO4, and CDPI1BOS, The following
sections describe specific enhancements to
the CHPL8BO2: increased memory, timer-counter
implementation, standard call and return
instructiaons, and enhanced 16-bit data mani-
pulation, all of which should be of particu-
lar usefulness to those who are already
familiar with ChPI812 capabilities and the
advantages of hardware and sof tware
cenhancements in their svsten designs.



Memorz

A significant feature of the upgraded
CDP1804 1is its memory expandability, which is
not compromised as in some other single=chip
nicroprocessors. The same 64K memory address
space is available, with 2K of ROM and 64
bytes of RAM on-board. The large on-board ROM
size is sufficient for many application
programs, and it can hold special firmware
such as the CDP18S827 floating=point binary
arithmetic subroutine, or a budget inter-
preter such as TINY BASIC. The internal RAM
provides enough locations for stack and
auxiliary scratchpad usage; data=acquisition
applications can take advantage of the larger
nmemory address space for outboard RAM. Uote
that both internal ROM and RAM have mask-~
programmable address spaces, with an EMS
signal provided to indicate when external
memory is heing addressed.

The CDP1805 has the same RAM complement
and expandability features as the CDP1804.
Since the device is an off-the-shelf part, its
RAM is accessed through a CE input that
replaces the CDP1804 EMS output. 1In general,
the user will find the absence of ROM on the
CDP1805 an advantage in many system appli-
cations because of the trend to larger and
larger ROM programs in increasingly
sophisticated systems. The absence of the ROM
allows the user great flexibility in designing
his system, and may well provide the most
cost-effective approach for the majority of
applications. Thus, the CDP1805 should be
chosen when anticipated ROM program space
exceeds that of the capacity of the CDP1804,
when prototyping an experimental application
with EPROM, when the application software can
change, or when the user is willing to trade
off cost for increased chip count.

Timer/Counter
An additional hardware feature of the
COP1804/05 devices, besides on—board memory,

is an 8-stage presettable down counter, Fig.
7. This is a full=-function timer/counter,

TPA
e n s
OVERFLOW COFFQ Q OUTPUT
£l 8-STAGE
OOWN o &
%FOUNTER Q

oEC READ LOAD

k]
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7. CDP1804/CDP1805 timer/counter model.

with inputs available from an external source
or a scaled internal clock, and output over=
flow indication through the external Q line or
an internal counter interrupt request. The
counter nakes use of ten linked opcode
instructions to perform its control functions
and to program the counter for its operational
nodes. LOAD, READ, STOP, and DECREMENT con-
trol instructions provide manual control and
allow the counter to be used to generate a
programmable time delay. Three running modes
can be programmed with five additional
instructions; the modes are:
1. TIMER - with the input derived from

the CDP1804/05 TPA pulse divided by

32, which allows its use as a time

base for real-time applications.

2. EVENT COUNTER = with the input from
| of 2 flag lines (software select-
able), for single or dual-channel
event counting.

3. PULSE DURATION MEASUREMENT - with the
input again from a flag line, with
the counter value representing the
pulse width at the input. Because
two inputs can be sequentially
applied, comparison measurements can
be made.

In conjunction with each of these modes, a
tenth instruction, ETQ, can generate a
programmable square wave or provide control to
external peripherals by toggling the Q output
on every counter overflow.

In addition to the ten timer/counter
functions, six additional instructions allow
arbitration between external and counter
interrupts. Two instructions each are
provided for interrupt masking and unmasking,
while two others allow for software polling to
determine the interrupt source.

Standard Call and Return

The most significant software enhancement
of the CDP1804/05 devices over the CDPL802 is
the addition of single CALL and RETURN
instructions, which save both software and
time, and free-up internal scratchpad
registers for other uses, Table IV. These
instructions, SCAL and SRET, are slightly
different than those of other microprocessor
families, primarily to allow the user to pass
in=line data from the main program or calling
routine to the target subroutine. Direct
addressing is incorporated as with other
families; however, the main program counter is
exchanged with a designated scratchpad, and it
is the scratchpad contents that are saved on
the stack. This technique allows the original
PC to point to data following the call



Table IV - Performance Comparisons-Subroutine
call and Return for CDP1802/04/05
Implemented with Various Techniques

jnstruction without having to exchange
pointers on the stack.

The SCAL and SRET instructions eliminate
the need for dedicated call and return sub-
routines, as required with the CPP1802, as
well as the need to allocate two registers to
point to these subroutines. However, as with
the CDP1802, the nost efficient subroutine
call for small programs that do not use nested
subroutines is still the SEP instruction,
which uses the flexibility of register
reallocation to switch program counters from
main program to subroutine with one byte of
code.

16-Bit Data Transfer

Sixteen-bit data transfers can he ecasily
implemented on all CDP1800-series processors
because of the presence of the l6~bit-wide
scratchpad register array. In addition to
16-bit register increments and decrements,
arithmetic and shift operations can be per-
formed on 16-bit operators stored in the
scratchpad registers with a sequence of
CDP1804/05 software instructions. An
additional hardware feature results from the
CDP1804/05 I/0 structure, which allows 16-bit
data transfer in one machine cycle from
scratchpad register R(X) to the address bus,
with I/0 control lines active to distinpuish

1802 SOF TWARE | 1802 SOF TWARE | 1804/05 SOF TWARE | 1804/05 SOF TWARE
"SCRT" “SEP" SCAL / SRET "SEP"
TECHNIQUE TECHNIQUE INSTRUCTIONS TECHNIQUE
NUMBER OF
MACHINE 32 2 10 2
CYCLES - CALL
NUMBER OF
MACHINE 24 4 8 4
CYCLES - RETURN
1802.® 25z a
) : z 102.4 6.4 s 20 ps3 K
(1804705 @ 4 MHD) e # *
( RS;URNZ nue) 6
18 5 MHz 83 2 us 12.8 us 16 us 8 us
(1609508 @ 4 MHD i
NUMBER OF
BYTES SOF TWARE 45 4 6 4
CALL + RETURN
92CS-33391

between this special I/0 transfer and normal
menory-address operations.

In addition to the above features common
to the COP1802, CDP1804, and CDP1805, the
CDP1804/05 devices have four new instructions
that supplenent the l6~bit data-transfer
operations:

1. A register-load instruction that per=
nits direct loading of any l6-bit
scratchpad from two consecutive
immediate program lacations (RLDI).

2. A register—to-register transfer in-
struction that pernits data transfer
from any scratchpad to the R(X) stack
pointer (RNX).

3. A repister-to-memory transfer instruc-
tion that stores any register's con-
tents into two consecutive memory
locations (RSXD),

4, A memaory-to-register transfer instruc-
tion that loads two consecutive menory
locations into any scratchpad register
(RLXA).

These additienal instructions can be used
to manipulate cither 16-bit data or addresses
on the CHPIRO4/05 devices because of the dual
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address/data capability of the scratchpad
register array. Note that the accumulator (D
register) is not involved in any of these new
transfer operations, per;itting its contents
to be preserved without the need for
additional manipulations. The enhanced data-
transfer capability is illustrated in Fig. 8.

GLO, PLO

L
o ‘—.\‘—
REG | GHI, PHI ¥ . l RLDI PROG

" RNt IRINL.O "I MEM

16 ?&ﬂ;o RNX
N SCRATCH
REG | "] = REGISTER
47018 ARRAY

DECODER [—_—::a(x) e DATA
RLXA, RSXD| MEM

X
REG ™1

92CS-33390

8. Enhanced scratchpad-register data-flow
model unique to CDP1804/CDP180S. Compare
this figure with figure 3.

WHY WAS 1/0 LEFT OUT?

The discussion of architectural details
presented thus far requires mention of a sig-
nificant functional block that is not con-
tained within the CDP1804/05 device: a com=
plement of full 8-bit I/0 ports. The foremost
design goal of the CDP1804/05 processors was
to make them upward compatible in both soft-~
ware and hardware with t-e existing CDP1802 to
ease the upgrade transfer for the system
designer. This constraint eliminated any
chance of adding I/0 ports on~board. If the
decision to add I/0 at the expense of hardware

compatibility had been made, then expanda-
ability would have been compromised. Since the
power of the CDP1804/05 devices lies within
the 16-bit scratchpad array, a full 64K of
addressable memory allows this power to be
utilized to the fullest.

Some limited I/0 is already present on
the CDP1804/05 units in the form of the Flag
and Q lines, Sixteen-bit data transfer via
the address bus is another form of I/0 that
has already been discussed. External I[/0 can
easily be mapped with CDP1804/05 I/0 bus
structure, and a wide variety of peripheral
devices are available for this purpose.
Finally, the high-volume customer can choose
to integrate a custom 1/0 device that can be
tailored to his specific needs and that can
interface directly with the CDP1804/05
processors.

CONCLUSTONS

The CDP1800-series has been designed into
a wide variety of new and existing applica-
tions, Table V; this has not been by accident.
The announcement of the CDPl800 product line
was made in 1976; products in the line are
available in high volume, Users have taken
advantage of the low power, traditional CMOS
features of the line; its architecture, 1/0
handling capability, and ease of implementa~
tion have made the family popular in
control-oriented applications. The addition
of the more powerful CDPL804 and CDP180S
processors and an increasing array of memory
and support chips will encourage users to
develop increasingly sophisticated systems
around the CDP1800 fanmily, and should attract
newcomers to this versatile, broad-based,
well~established line.

Table V - CDP1800-Series Microprocessor

,

SET BACK THERMOSTAT

PORTABLE AIR QUALITY MONITOR
INDUSTRIAL POWER MONITOR
ENERGY MEASUREMENT

LOAD MANAGEMENT (ENERGY MANAGEMENT)
PORTABLE METER READER
PORTABLE BILL CALCULATOR
PORTABLE NOISE LEVEL MEASUREMENT
AUTOMOTIVE SPARK CONTROL
AUTOMOTIVE FUEL CONTROL
MILITARY RADIO COMMUNICATION
ELECTRIC CAR

MOBILE TELEPHONE

ULTRASONIC WELD INSPECTION
HAND HELD MEDICAL MONITOR
FLOW METER

HOME SECURITY (FIRE A INTRUSION)
LOGGING (WELL DRILLING)
MISSILES

AUTOMQTIVE DIAGNOSTICS
TELEPHONE DIALER

LINE PRINTER CONTROLLER
PRINTING ELAPSED TIME COUNTER
FREQUENCY SYNTHESIZER
BATTERY CHARGER CONTROLLEP

Applications

BOARD TESTERS

UTILITY METER

COIN CHANGER

ARTIFICIAL BREAST

TEST INSTRUMENTS
IRRIGATION CONTROLLER
SALMON COUNTER
SEISMOGRAPH
ENVIRONMENTAL CONTROLS
REMOTE GAUGES AND METERS
NAVIGATIONAL CONTROLS
DATA ACQUISITION SYSTEMS
CREDIT CARD VERIFIER
SONAR SYSTEMS

FILM SPUICER

SOLAR POWERED DATA LOGGER
PORTABLE GAS ANALYZER
KIOSKS

DEEP FAT FRYER

VENDING MACHINE

COPIER CONTROL

DIGITAL TUNING

VEHICLE DIAGNOSTICS

TV CAMERA

MOTOR CONTROL
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MIN| PBSX

HAND HELD MEDICAL TERMINAL

SPACE FLIGHT TAPE RECORDER

MULTI LINK INTERCOM

AUTO ANTI-THEFT

INDUSTRIAL CONTROLLERS (NUMERIC
MACHINE CONTROL)

REMOTE. HAND HELD, DATA ENTRY
TERMINAL

AIRBORNE FLIGHT TEST INSTRUMENTATION

AIRCRAFT ATTITUDES DISPLAY

FLOOD WATER MONITOR

MOTOR-GENERATOR CONTROL SET

PORTABLE OIL EXPLORATION EQUIPMENT

HOME COMPUTER

AIRCRAFT REMQOTE CIRCUIT BREAKER
CONTROL

SOLAR WATER HEATER CONTROLLER

BEER TAP CONTROLLER

TV GAMES

LANGUAGE TRANSLATER

SURVEY EQUIPMENT

DIVING EQUIPMENT

UNDERGROUND MINE TELEPHONE



The NEW CDP1804A

The present 1804 design will be modified for the production version in order
to provide additional flexibility in the customer's application. Two
objectives will be satisfied with the design change:

1. The customer will be able to utilize the internal 1804 RAM when the internal
ROM is disabled. (The present 1804 TEST mode disables both RAM and ROM) .

2. The customer will be able to plug an 1804 into an existing 1802 socket and
be able to utilize the 1804 as a CPU without wiring changes. (The present
1804 requires PIN 16 - EMS output - to be disconnected from the 1802 Vg
line, and requires that CLEAR and WATIT be tied low lfor use in the
TEST mode).

The essential changes in the design arc summarized in the Table below, followed
by a list of differences from the present 1804:

CLEAR WAIT Mode PIN 16 Function
L L RUN (RAM/ROM) .I%]‘T_S— Output
L H RESET Active High Output
H L PAUSE Previous State
H H RUN (RAM ONLY) | ME Input

1. The 1804 RUN mode has been renamed RUN(RAM/ROM) mode and is activated
with CLEAR = WAIT = Low instead of High.

2. The 1804 TEST mode has been renamed RUN(RAM ONLY) mode and is activated
with CLEAR = WAIT = High instead of Low.

3. In the RUN(RAM ONLY) mode, PIN 16 becomes an input.

4. This input is used to seclect (on an active low level) or deselect the
internal 1804 RAM.

5. In this mode, the pre-programmed address mapping for the RAM is eliminated.
6. In the RESET mode, PIN 16 is an active high output.

7. In the PAUSE mode, PIN 16 retains the function of the previous state -
if previously in the RUN(RAM/ROM) mode, PIN 16 will remain an output,
and if previously in the RUN(RAM ONLY) mode, PIN 16 will remain an input
when placed in the PAUSE mode.

The above details will be reflected in the new 1804A data sheet and will be
expanded upon in an upcoming Application Note.

In addition, a new 1805 version will be available. This device will be a ROMless
version of the 1804 and have all the features described in the 1804 data sheet
and modified in this article, except for the fact that there will be no RUN(RAM/
ROM) mode, and PIN 16 will always be an input pin.

For more details contact Joe Paradise, X7352.
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The EXPANDED 1804 Instruction Set

INTRODUCTION

The 1804 and 1805 microcomputers include a number of new instructions not found

in the present 1802 instruction set, which are designed to increase the versatility
of the machine and reduce the amount of code needed to write software programs.

The 22 new instructions all use a linked "68" opcode, the only free opcode in the
present 1802 set. Thus all new instructions require a format which includes the
following: 68 (linked opcode) XX (Instruction opcode) YY, ZZ (one or two immediate
bytes if required by the instruction). A1l new instructions also require a minimum

of 3 machine cycles (2 SO cycles and 1 or more S1 cycles).

The 22 new instructions can be divided into the following 4 groups or classifications:

1. Register Instructions - RLDI, RLXA, RSXD, RNX

2. Counter Control Instructions - LDC, GEC, STPC, DTC, STM, SCM1, SCM2, SPMI1,
SPM2, ETQ

3. Interrupt Control Instructions - XIE, XID, CIE, CID, BCI, BXI

4. Subroutine Instructions - SCAL, SRET

Each group is treated separately in the following discussion.

Register Instructions

IMNEMONIC Instruction Opcode Mach. Cyc.
RLDI Register Load Immediate 68CN (2 imm.bytes) 5
RLXA Register Load via X and Advance 686N 5
RSXD Register Store via X & Decrement | 68AN 5
RNX Register N to Register X copy 68BN 4

These additional register instructions add register to register and register to
memory transfer capability to the 1804, and reduce coding and machine cycles when
compared to equivalent 1802 code. MNote that all 4 instructions destroy the
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previous contents of the T register due to internal data manipulation.

RLDI

The register load immediate instruction provides a means to load one of the 16
16-bit scratchpad registers with one instruction, and without using the D register
in the manipulation. The RLDI instruction saves 2 bytes of code and 3 machine
cycles over equivalent 1802 instructions, except where upper byte or lower byte
register data is loaded into several registers with successive PHI or PLO
instructions. Since the D register is not used to perform the 16 bit load, its
contents do not have to be saved as with equivalent 1802 instructions.

The instruction format is 68 CN YY ZZ, where N is the chosen scratchpad register
(0-F), YY is the R{N).1 immediate data byte, and ZZ is the R(N).0 immediate data
byte.

The equivalent 1802 code 1is as follows:
LDI YY )
PHI RN g 6 bytes of code
LDI ZZ ) 8 machine cycles
PLO RN

RLXA

The register load via X and advance instruction allows direct memory to register
transfer while by-passing the D register. It is equivalent to the LDXA instruct-
jon, except that it is the scratchpad rather than the D register which is being
loaded. It can be used in a stack operation where X points to an unused location
at the top of the stack. In this mode, an IRX instruction is issued, followed
by a RLXA. The RLXA instruction pops the first byte at the top of stack and
loads it into R(N).1; R(X) advances; the second byte is popped and loaded into
R(N).0; R(X) then advances to point to the next data byte on the stack. Note
that since this instruction always operates on 2 data bytes, conventional single
byte memory to register transfers require careful programming to keep track of
R(X) and to insure that register data is not destroyed. Thus this instruction
is most useful when a 16 bit address has been stored on the stack and is to be
loaded into a scratchpad- register, or when a 16 bit data word needs to be
manipulated. !
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The instruction format is 686N, where N is the loaded scratchpad register (0-F).
The equivalent 1802 code is as follows:

LDXA )
PH1 RN ) 4 bytes of code
LDXA 8 machine cycles
PLO RN g

RSXD

The register store via X and decrement instruction allows direct register to memory
transfer while by-passing the D register. It is equivalent to the STXD instruction,
except that it is the scratchpad rather than the D register which is the data
source. The instruction complements the RLXA instruction described previously.

In a stack operation, X initially points to an unused location at the bottom of

the stack. An RSXD instruction pushes R(N).0 data onto the stack; R(X) decrements;
the second byte, R(N).1, is pushed onto the stack; R(X) then decrements to point

to an unused location at the top of the stack. As with the RLXA instruction, it

is always 16 bit data which is being manipulated, so it is usually a 16 bit address
or 16 bit data word which is used with this instruction.

The instruction format is 68AN, where N is the scratchpad register (0-F) used in
the data transfer.

The equivalent 1802 code is as follows:

GLO RN )

STXD g 4 bytes of code
GH1 RN ) 8 machine cycles .
STXD ;

RNX

The register N to register X copy instruction allows register to register transfer
without using the D register. Although in many cases the same operation can be
performed with a SEX instruction, it can be useful if the present value of R(N)
needs to be stored as a memory pointer or stack pointer address before being
modified by a subsequent operation. It can also be used when executing an output

—-46._



instruction, in cases where using a SEX instruction would result in an undesirable
increment of R(N).

The instruction format is 68BN, where N is the scratchpad register (0-F) used in
the data transfer.

The equivalent 1802 code is as follows:
GH1 RN )
PH1 RX ; 4 bytes of code
GLO RN ) 8 machine cycles
PLO RX %

Counter Control Instructions

MNEMONIC Instruction Opcode Machine Cycles
LDC Load counter 6806 -3
GEC Get counter 6808 3
STPC Stop counter 6800 -3
DTC Decrement counter 6801 3
STM Set timer mode and start 6807 3
SCM] Set counter mode 1 and start 6805 3
SCM2 Set counter mode 2 and start 6803 3
SPM1 Set pulse width mode 1, start 6804 3
SPM2 Set pulse width mode 2, start 6802 3
ETQ Enable toggle Q 6809 3

The 10 1804 counter control instructions allow the 8-bit presettable down counter
on the chip to be used in a variety of modes, with several sources of clock inputs,
and various ways of using information processed by the counter circuit.

LDC

The load counter instruction sets the presettable down counter with an 8 bit count
from the D register. On every clock transition, the counter will decrement this
loaded value by 1, and will set an interrupt flip-flop when it has decremented |



to 0. If the counter is preset to (00)16 a full 256 counts will occur. During
a load instruction to the counter, the counter and its buffer register are loaded,
the prescaler reset, the mode reset and any previous interrupts cleared.

GEC _

The get counter instruction loads the present value of the counter into the D
register. The counter can be read at any time, and a counter read does not affect
any counter operation.

STPC

The stop counter instruction gates off the clock source to the counter and freezes
it at its présent count. The counter mode is also cleared at this time. It is
not necessary to stop the counter to do a counter read.

DTC

The decrement counter instruction decrements the present counter count by 1. It
enables the user to count in software, but the instruction should be used only
after the mode has been cleared by a stop counter instruction. Its advantage over
a decrement register N instruction is that a scratchpad register is saved, and

GLO BZ instructions are not required to test for 0. Since the D register is not
used, its contents do not have to be saved as when performing this manipulation
with the 1802.

STM

The set timer mode and start instruction designates the TPA pulse divided by the
internal + 32 prescaler as the counter clock source. When the STM instruction

is issued, the prescaler will be decremented on every subsequent low-to-high
transition of TPA. The clock is then decremented at a rate equal to f/256, where
f is the 1804 crystal or RC clock frequency. When the counter has decremented

to 0 and the interrupt request is latched, the counter will return to its initial
value and continue to decrement on subsequent counts. Note that a start instruct-
ion must be re-issued after a LDC or STPC instruction.

SCMI
The set counter mode 1 and start instruction designates the EF1 input as the



counter clock source. This by-passes the prescaler and causes the counter to

decrement on every high-to-low transition of EF1. This instruction allows the
counter to be used as an event counter, or as a real-time counter with a clock
source other than the crystal clock & 256.

SCM2

The set counter mode 2 and start instruction designates the EFZ input as the counte
clock source, and causes the counter to decrement on every high-to-low transition
of EF2.

SPMY

The set pulse width mode 1 and start instruction allows the counter to perform
pulse width measurements. In this mode the pulse to be measured is applied to

the EF1 input. The TPA pulse is designated as the counter clock source. Each
low-to-high transition of TPA decrements the counter if the input signal at EFY

is Jow. On the transition of this signal to the positive state, the count is
stopped, the mode is cleared, and the interrupt request latched. If the counter
decrements to O while the input is low, interrupt will also be set, but the counter
will continue.

SPM2

The set pulse width mode 2 and start instruction is the same as the SPM] instruct-
ion described above, except that the pulse to be measured is applied to the EF2
input. Note that for any of these modes which use EF1 and EF2 terminals as inputs,
EF1 and EF2 can still be tested as flags for branch instructions.

ETQ

The enable toggle Q instruction connects the Q-line flip-flop to the output of the
counter. Each time the counter decrements from 01 to its next value, the Q-Tine
changes state. The counter clock source is determined by the counter mode, and
thus can be used in timer, event counter, or pulse width measurement modes. The
ETQ instruction is cleared by an LDC instruction, a CPU reset, or a BCI instructF
ion with CI = 1.
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Interrupt Control Instructions

|MNEMONIC Instruction Opcode Machine Cycles
XIE External interrupt enable 680A 3
XID External interrupt disable 6808 3
CIE Counter interrupt enable 680C 3
CID ‘ Counter interrupt disable 680D 3
BCI Short branch on counter interrupt {683E 3
BXI Short branch on external interrupt |683F 3

These instructions provide a means for identifying and controlling interrupts
generated externally, as with the 1802, or from the counter circuitry added in
the 1804. '

XI1E

The external interrupt enable instruction sets an external interrupt enable flip-flop
in the 1804. If a return instruction has set the common interrupt enable flip-flop,
an external interrupt request will be immediately serviced by the CPU. Note that

a hardware reset will also set both flip-flops and accomplish the same objective.
Both flip-flops must be set for an interrupt to take place. The external interrupt,
as in the 1802, is not latched by the CPU, and must remain active low until the
interrupt is serviced.

XID
The external interrupt disable instruction resets the external interrupt enable
flip-flop in the 1804, and prevents an external interrupt from being serviced.

CIE

The counter interrupt enable instruction sets a counter interrupt enable flip-flop
in the 1804. If a return instruction has set the common interrupt enable flip-
flop, a counter interrupt request will be immediately serviced by the CPU. Note
that a hardware reset will also set both flip-flops and accomplish the same
ijective. Both flip-flops must be set for an interrupt to take place. The
counter interrupt request is latched, and will remain active until the request is
serviced, disabled, or reset by a hardware CPU reset signal.
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CID

The counter interrupt disable instruction resets the counter interrupt enable
flip-flop in the 1804, and prevents a counter interrupt from being serviced.
Note that the CID instruction does not reset the counter interrupt request.

BCI

A short branch on counter interrupt instruction provides a means of identifying
and prioritizing the interrupt source : if both the external interrupt and counter
interrupt flip-flops are enabled, the BCI instruction can be placed in the user's
interrupt service routine. A page branch will then be performed if the counter
was the source of the interrupt. The BCI instruction can also be used if program
interrupt is not desired, and a polling technique is used instead. If a counter
interrupt request is pending, the short branch will be taken, regardless of the
state of any of the interrupt enable flip-flops. '

BXI

The short branch on external interrupt instruction provides a means of identifying
an external interrupt if both external interrupt and counter interrupt flip-flops
are enabled, as explained above. Note, however, that since the external interrupt:
request is not latched, it must remain low until the short branch operation is
performed. If the BXI instruction is used for software polling, the INT pin
becomes a flag line similar to EF1 - EF4, but with the exception that only a short
branch can be performed.

Subroutine Instructions

EMNEMONIC Instruction Opcode achine Cycles
SCAL Standard call 688N (2 immed.bytes) 10
SRET Standard return 689N 8

1

These two instructions implement the function of the standard call and return
technique described in MPM-201B, but without the need to tie up the D register

and several scratchpad registers. These instructions are similar in nature

to those found in other processors, except that a technique is provided to pass
parameters from the main program to the subroutine without additional instructions.
Note that both instructions destroy the previous contents of the T register.



program to the subroutine without additional instructions. Note that both
instructions destroy the previous contents of the T register.

SCAL

The standard call instruction allows the user to call a subroutine anywhere in
memory, while saving the present program counter in a scratchpad register for
parameter passing during the subroutine execution. In operation, a 68 8N YY ZZ
instruction is issued, where N is the scratchpad register chosen to hold the main
program counter, and YY, ZZ are the high and low byte, respectively, of the sub-
routine call address. The present contents of the selected scratchpad register

N are pushed onto the stack (R(N).0 and then R(N).1) as designated by stack
pointer R(X). This frees this N register to be used to store the main program
counter. After this is accomplished, R(P) is loaded with the instruction's
immediate bytes, and execution of the subroutine begins. During subroutine
execution, R(N) will point back to any list of inline parameters, and they can

be passed to the subroutine with LDA RN instructions. This execution will lcad
the successive data bytes into the D register for use by the subroutine and in-
crement R(N) up to the proper address for a return operation. Subroutines can be
nested with this same instruction; R(N) contents (which can be same R(N) used by
main subroutine) are pushed onto the stack for retrieval when the subroutine is
finished.

SRET

The standard return instruction allows the user to return from a subroutine back
to the main program, or from a nested subroutine back to the calling subroutine.
In operation, a 689N instruction is issued, where N is the scratchpad register
that is holding the main program counter. The contents of R(N) are restored

to R(P), and the contents of the stack are popped and placed in R(N), restoring
its original contents.

The attached example illustrates the use of these subroutine call and return
instructions in a practical program:



Example

10

Assume a subroutine is to be written to add a main program inline parameter to a

memory location's contents:

Solution

Address Opcode Mnemonic Comments

0000 7ﬂ D¥S Main Program 1
004F c4 NOP

0050 68 SCAL R4

0051 84 . .
0052 01 0180 Calling routine
0053 80

0054 23 Iniine data
0955 94 NQP Main program 2
O17F c4 NOP

0180 ES SEX RS

0181 44 LDA R4

0182 F4 ADD Subroutine
0183 55 STR RS B

0184 68 SRET R4 | J&X k%

0185 94

Program execution will proceed from main program 1 to subroutine to main program 2.

The register table shown below

illustrates the data manipulation used in the

process.
REGISTER AND MEMORY CONTENTS DURING SUBROUTINE EXECUTION

Before Call After Call After STR RS | After Return
Function Register | R(N) M(R(N)) R(N) M(R(N)) R(N) {M{R(N)) | R(N) |M(R(N))
Stack Pointer R2 02FF 00 02FD 00 02FD 00 02FF .CD
Main Prog. Ctr. R3 0050 68 0180 g5 0184 68 0055 c4
Inline Register R4 ABCD 00 0054 23 0055 c4 ABCD 00
Mem Pointer R5 0335 15 0335 15 0335 38 0335 38

For more information, contact Joe Paradise, X7352.




A Brief 1804 - 8048 Architecture Comparison

Characteristic
On-board ROM

Working Registers

On-board RAM

1/0 Lines

On-board Timer

Directly Expandable
External Memory

External Memory
Addressing Machine

Test External Mem. Mode

Slow External
Memory Provision

External Bus
Configuration

External 1/0 Capability

Clock Frequency (5V)

1804
2K Bytes

16 16-bit general purpose
registers for PC, SP,
index registers, data

64 Bytes

Q output port
4 EF inputs
INT input

8 bit down-counter
timer/event/pulse measure-
ment functions

64K total program AND/OR
data memory (1804 does not
distinguish)

Std. mux address bus or
single pin EMS output.

Uses common 8 bit data

bus.

CLEAR = L, WAIT = L

WAIT line to stop
internal clock

Multiplexed address bus

3 N-lines available for
1 or 2 level 1/0 to
external 8 bit ports

4MHz (4MHz xtal)

— 5

8048/8049

1K/2K Bytes

2 banks of 8 general
purpose registers -
select.,only one at a
time

64/128 Bytes - but
includes working reg-
isters & stack area

2 quasi bi-directional
8 bit ports, 1 true

8 bit port, 2 test
inputs, INT input

8 bit up—-counter
timer/event functions

4K total program memory
320/384 bytes total
data memory

4 bits of port 2 used.
For high order address
(lower nibble) 8 bit
bus port used for mux
addr/data bus. (12 of
24 avail. port pins

tied up for ext. memory)

EA =H

No provision
Multiplexed address/
data bus

4 internal I/0 pins
available for special
1/0 chip expander-

4 4-bit ports addl.

2 Mtz (6MHz xtal)



A Brief 1804 - 8048 Architecture Comparison (Cont’d)

Characteristics

Cycle Time Range

Machine Cycle

DMA Capability

Interrupt Capability

Interrupt Mechanism

Interrupt Acknowledge
Signal

Interrupt Code
Restrictions

Addressing Data Memory

Stack Pointer, Area

Program Counter

Testable Inputs/Registers

Conditional Jumps

Software Instructions
(unique to either type)

1804

2 us - o (static logic)

8 pulses/cycle. Min 2
cycle/instruction

DMA in/out request lines;

dedicated register for
DMA xfer

External or timer interrupt;

4 EF flags for polling

P+ X REG stored in T
R(1) becomes PC
R(2) becomes stack PTR

0’ Sl lines

Decode from S

Anywhere in 64K memory
space

16 lé-bit pointers
available

Software designated, can
reside in internal or
external RAM, any length
(16 bit SP)

16 bits -~ software
designated, 64K bytes
address capability

Accumulator, EF inputs,
carry, Q output

Short or long branch in-
structions for paged or
full addressing

Subtract, conditional
long branch, skip

8048/8049

2.5 - 15 us (dynamic
logic)

5 pulses/cycle. 1 or 2
cycles/instruction

No internal or extermal
DMA capability

External or timer
interrupt; 2 testable
inputs (TO, Tl)

PC+status stored on
stack, PGM vectors to
LOC 3 of PGM memory
(treated as subroutine
call)

Must use I/0 port pin

lower 2K of memory only

2 8-bit pointers
available

Dedicated internal data

memory, 8 levels only
(3 bit SP)

Dedicated 12 bits, but
only address instruct-
ions within 2K byte space

Accumulator, accumulator
bits, carry, LO,TI,FO,Fl

Branch only within
current page of program
memory

Jump on accum. bit,
decimal adjust. swap
accum. nibbles

For more information on this or related subjects contact Joe Paradise, X7352.
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CDP1805 Operation in the CDP18S020 Evaluation Kit

Because of the upwards software and hardware compatibility features of the
CDP1805 to the CDP1802 microprocessor, the CDP1805 can, in most cases, be
plugged directly into an existing CDP1802 socket and emulate CDP1802 operation.
This feature conveniently allows the CDP1805 to be evaluated in the CDP18S020
Evaluation Kit. However, 2 relatively minor problems do occur which may require
minor modifications for proper use.

The first problem concerns the oscillator section. The Schmitt Trigger used in
the oscillator section is designed to operate at 15 pF and is sensitive to any
additional capacitive loading at pin 39 (XTAL). Bare board capacitance measures
7 pF at pin 39 aund care must be taken when additional wiring is- added at this
point or when the optional crystal capacitor (C7) is used. A simple solution

is to remove the optional capacitors or replace them with values less than

8 pF. 1If frequency stability is critical and/or capacitive loading at pin 39

is unavoidable, lowering the feedback resistor (R14) to 1 megohm will correct
the problem.

The second problem occurs when the single-step mode is used. The CPU responds
to a low on the WALT line on the leading edge of either TPA or TPB. However,
the leading edge of TPB also closes the window created in the control circuitry
to sample a single step signal. The CDP1805, in effect, creates its own window
and the control circuitry will not allow single step operation. Removing the
TPB signal at Ul5 pin 13 and then grounding this point will allow single-step
operation.

..‘Z,__
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Interrupt Control Logic in the CDP1805

With the addition of the timer—counter in the 1805, additional internal
logic is required for the counter interrupt, and arbitration between
external and counter interrupt. This logic 1s shown in Figure 1. A number
of somewhat subtle points need to be made about the new logic, whid will
illustrate some new interrupt and branch features found in the 1805:

1. All interrupts are enabled with reset.

2. A pending counter interrupt is cleared with reset.

3. Simple enable and disable instructions - XIE, XID, CIE, CID -~ are avail-
able for individual control of external and counter interrupts.

4, The external interiupt can not be polled with a BXI instruction -
however, this interrupt signal is not internally latched.

5. A counter underflow or termination of a pulse in either PULSE DURATION
MODE 1 or 2 will latch a counter interrupt request.

6. This request can be polled with a BCI instruction.

7. Servicing a counter interrupt request does not automatically disable
the interrupt ~ when an interrupt occurs, software must arbitrate
between external and counter interrupt requests.

8. This can be performed by a BCI instruction, which resets the counter
interrupt latch.

9. If only the counter interrupt is used, the interrupt routine must still
contain either a BCI or LDC instruction to reset the latch.
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Adding a Second interrupt to the CDP1805

The 1805 timer-counter can be configured to provide a second interrupt
input in real-time control applications. With the proper instruction
sequence, an edge-sensitive latched input is provided, complete with
interrupt acknowledge for peripheral handshaking.

INT, EFi

[ yves sto ::::>__—[—\—
]
— Ack, @

/1805 _
. { 5 REQ WSTR.
_—*JF_-,wn £F

Q ’ \ACK:

-

CDP1805 INTERRUPT EXPANSION

To realize this feature, advantage is taken of the internal interrupt
provided by the timer-counter in the COUNTER MODE. With the timer-counter
preloaded to 01, a single transition on EF1 or EF2 will cause a counter
underflow and generate a counter interrupt. Arbitration between external
and counter interrupt takes place in the interrupt service routine, with
the use of the BCI instruction, which will allow branching to the counter
interrupt service routine and also reset the counter interrupt.

If the ETQ instruction is used, an acknowledge signal can be provided via
the Q output. The Q line will go high on the high-to-low transition of
EFl, and will be reset during the counter interrupt service routine. Such
a signal can be fed to a peripheral as a DATA READY indicator, and pro-
vides more information than a decoded state code acknowledge signal.

_-;Sﬂ?,_



'™

G000 3 Q01

QOQ0 3 Q002 . .SAMFLE PROGRAM TO DEMO USE OF 1805
0000 QOOZ . .COUNTER-TIMER TD CREATE A ZND

QOO0 3 alsler. .- INTR INFUT WITH HANDSHAKE

QOO0 ; QOOS

0000 0006 STACK EQU 0OSOH

OO0 3 OO07 MAINST EQU Q060H

QOO0 QOOR

0000 S80R: O0O09 REGIN XID c-DISARLE XTNL INTR
OOO2 480D; Q010 CID .. DISABLE CNTR INTR"
0004 S8CIO0O0IR; OOt RLDI R3IE, INIT ‘ ’
0008 DI; Q012 SEF R ..SET R3 AS MAIN FC
QOO : OO =

OO09 68C10026;' 0014 INIT RLDI RL1, INT ..SET INTERRUFT VELTOR
OOOD 48C20050; (1R ) 1 RLDI &2, STACK ..INTERRUFT STACK
011 48C4004&0; 0016 RLDI R4, MAINST ..MAIN STACH

0015 E4; . Qo7 SEX R4

O01s 3 0018

0016 FBO1; oely INITC LDI 71 . COURTER WILL DETECT
0018 &B0O&; QOO0 LDC e} TRAMSITICN

OC 1A 6305 ' GO21 3CM1 . .SET CCOUNTEFR MODE
O0O1C &809; a0zzs ETQ . -ENABLE TUGGLE G
OU1E &80A; QU273 XIE < ENARLE XTNL INTR
CGOZO &8OC: _ Qo224 " CIE . ENARLE UNTR INTR
I22 % GO2S ' :

QU222 003 COZE WAIT 1DL ..THIS IS BODY OF MAIN
OOZE OO Q027 DL . . FROGRAM IN A FEAL
0024 003 o028 IDL .« ROUTINE

Q025 0029 ’

QOIS 703 OO0 INTRET RET . RETURN TO MAIN .
QO246 a0y .
0026 223 D02 INT DEL RZ .. INT QECTORS HERE
QG277 78: QO SAVE ««SAVE F AND 1

Q028 H8TE; 00Z4 RCI ZINT « JWHICH INTERFUFT™
OO2A Tog (810 81 DC A.3(CINT? . .FUDGE FOR ASSEMEI_ER
OO £43 Q0Ts . SEX R4 .. THIS WOULD BE ROUTIMNE
QO2C &1 QOZ7 ouT 1t ..FOR EXTERNAL INT IN
0020 EZ; QOZ8 SEX R2 .«A FEAL FROGRAM

OO0O2E J023; Q039 BR IMTRET .« END ROUTINE

OO0 3 Q40

OQIC 7Ag QO4s CINT REQ ..CATA READY TO FERI®H
D0OI1 EA4: 0042 SEX R4 . .SOME GENERAL 0OUTFUT
OUTZ &23 043 out 2 LJROUTINE TO FERILF
Q03T E2; 0044 SEX RZ .. DEVICE

O0OT4 L0993 $187: 31 ETQ . .RESET INSTRUCTION
QOZ6 T025; Gas ER INTRET .« END ROUTINE

QOO0

— 60—



Using the CDP1805 Timer-Control for Multipie DMA Transfers

The 1805 timer-counter, along with a single inexpensive CD4011l, can be used
to count a desired number of DMA transfers with the application of a single
short pulse. The software initialization and maintenance is also modest,
providing a good alternative to equivalent hardware techniques used in 1802-
based designs.

PULSE l l —_— .
SC1 Piv .

TPA PN l—Dh—gg* £F1 PN 24
Q [1 DMA

PING PiN 37 0R 38

HARDWARE CONNECTIONS TO CDP1805

The hardware shown above consists of a simple RS latch, inverter, and gate,
implemented with the CD4011. Initially with the Q signal low, the latch
accepts an external pulse and forces the DMA line low. After execution of
the present instruction, a DMA S2 cycle begins, forcing SC1 high, and gating
TPA to EF1l. With the timer-counter set to COUNTER MODE 1, the counter will
decrement on every TPA, which will occur once per DMA cycle. With the
counter initially loaded with the gggired number of DMA transfers +1, and
with the ETQ instruction enabled, DMA will remain low until the counter
underflows. The underflow sets Q high, externally resets the RS latch, and
reloads the counter to its initial value. The underflow also generates a
counter interrupt, which is detected by the CPU, and forces an S3 cycle.

The S3 cycle causes the counter to decrement once, because the simple gating
used does not uniquely decode a DMA cycle. Thus the counter is loaded with
the number of transfers +1 if the hardware scheme shown is used.

The interrupt service routine resets the Q line and clears the counter
interrupt request. When the interrupt routine is complete, the circuitry
is reinitialized for another asynchronous DMA transfer.

STATE s | sz f---s2---]  s2 | 53 | so | >l
£ u U u u u L
R |

TIMING DIAGRAM

The attached ASMS assémbly listing illustrates the minimal software needed
for program execution.

-~ &/~
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0000 0001

0000 ; Q002 . «SAMPLE PROGRAM TO DEMONSTRATE 1805 COUNTER
Q00O j; 0003 ..USED TO COUNT DMA TRANSFERS TO OR FROM MEM
Q000 Q004 .-SINGLE 4011 IS ONLY EXTERNAL HW REQRD

QOO0 3 a0OS .. TRANSFER CONTROLLED BY SINGLE EXTNL PULSE
0000 0006

0QQ0 3 Q007 DMAMEM EQU 01Q0H

0000 3 0008 DCOUNT EGQU 15H

0QO0 ;3 0009 CSTACK EQU 0050H

Q000 ; Q010 MAINST EQU 00&60H

QOO0 3 Q011

0000 &8CILNOS; Q012 BEGIN RLDI R3, INIT

OOO04 D3I; QQ13 SEFP R3 ..SET R3 AS MAIN FC

Q0035 ; ' Q014 .

0003 48C0O0100; 0015 INIT RLDI RO, DMAMEM ..MEM BLOCK TO BE TRANS
0QQ9 68C10024; (ale} ¥-) RLDI Ri, CINT . « INTERRUFT VECTOR

QQOD &8C20050; L0017 . RLDI R2, CSTACK ..INTERRUPT STACK

0Q11 68CA0060; 0018 RLDI R4, MAINST ..MAIN STACK

0015 E4; Q019 SEX R4

0016 3 ‘ 0020 ‘
0016 FB15; 0021 INITC LDI DCOUNT ..NO. OF DMA TRANSFER BYTES
0018 68063 Q022 LDC . « LOAD COUNTER

0Q1A 680O5; 0023 SCM1 . .SET COUNTER MODE 1

001C 6809; : 0024 ETQ . .2 TOGGLES WHEN FINISHED
OO1E 0025 :

O01E 0O0g% 0026 WAIT IDL .-WAIT FOR DMA TO COME IN
QO1F 00; Qa27 IDL . - GET DCOUNT TRANSFERS

0020 00; 0028 IDL ..FOR EVERY DMA PULSE

0021 ; 0029

0021 6809; ' QOZ0 INITER ETQ ..ETQ WAS RESET BRY RCI

0023 703 G031 RET - RETURN TO MAIN PROGRAM
Q024 3 Q032

0024 223 0033 CINT DEC R2 « « INTERRUFT VECTORS HERE
0025 783 QO34 SAVE .- SAVE MAIN PC

0026 3 0033 .

0026 7A; Q036 REQ - .-RESET @

0027 &83E; 00X7 BCI INIT® ..RGD TO RESET COUNTER INT
0029 213 0038 DE A.OC(INIT®) ..FUDGE FOR ASSEMBLER

QOO0

-2~



Muitiple DMA Transfer Under Software Control

The ubiquitous 1805 timer-counter, helped along with a simple inverter,
can play another role in DMA transfers by giving the user software control
over the operation. The circuit in Figure 1 shows an inverted Q signal.
being fed back to both the DMA and EF1
pins. With the counter properly initial- ferd
ized and set to PULSE MODE 1, an SEQ
instruction will begin the DMA transfer.
The counter will decrement with each TPA : 1805
pulse while EFl is low. When an under-
flow occurs, the ETQ instruction will Oma
cause Q to go low, forcing EF1 high and -
terminating the PULSE MODE. : : EF1
Figure 1

The simple software required to execute this operation is attached. It is
set up in the form of a subroutine call, which also illustrates the new
SCAL and SRET instructions of the 1805. A unique feature of SCAL, shown
in the routine, is that constant parameters can be passed to the subroutine
from the main program. In this case, the DMA routine is called with the
number of bytes to be transferred set by the byte succeeding the SCAL
instruction. This is possible because the main program counter is stored
in a designated register (R5) rather than on a stack. The LDA instruction
in the subroutine passes the value (DCOUNT) to the subroutine and incre-
ments R5 to the next byte in the main program. ‘ -

Note that the subroutine sequence shown is required for each DMA transfer.
The SPM1 mode is terminated when a low-to-high EF1l tramnsition occurs,
requiring a reload of the counter and resetting of the desired mode. The
LDC instruction also resets ETQ, so this instruction must also be repeated.

|
~N
(]
|
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00O0
Q000
QOQO
O0O00
o0Q0
QOO0
QOO0
QOO0
GOO0
QOQ0
OQO0
QOO0
QOO0
0004
QOOS
00Q0S
QOOO9
000D
QOOQE
0010
0010
o014

- 0014

0018
Q019
0019
Q01D
001D
001E
00n20
Q022
0024
0023
Q0Q0

WS ‘me ‘Ae ‘A ‘ST ‘88 A ‘83 S Re W s

6BC3000S;

D3
68C001003
68C40050;
E4;

680D;

s
688502003
3
6885001D3
153

6883503003
45;

68063
68043
68093

783

6895;

QQO1
Q002
Q003
Q004
QQO%S
Q006
QQQ7
Qa8
Q009
0010
G011
Q012
Q013
0014
Q015
Q016
Q017
0018
Q019
0020
0021
0022
0023
0024
Q025
Q026
Q027
0028
0029
0030
G031
0032
0033

. .SAMPLE PROGRAM TO DEMONSTRATE 1805 COUNTER
..USED TO COUNT DMA TRANS TO OR FROM MEM

. .SINGLE INVERTER ‘IS ONLY EXTERNAL HW REQGD

. . TRANSFER CONTROLLED BY SOFTWARE INIT

DMAMEM EQU O100H
DCOUNT EQU 15H
SuB1 EQU 0O200H

SUBZ EQU OSOOH
MAINST EQU O0S0H
BEGIN RLDI R3, INIT
SEP R3 ..SET RZ AS MAIN FC
INIT RLDI RO, DMAMEM ..MEM ELOCK TO BE TRANS
RLDI R4, MAINST ..MAIN STACK
SEX R4
CID ..DISABLE COUNTER INT
MAIN1 SCAL R3S, SUR1 . .CALL SOME SUEROUTINE
MAINZ SCAL R3, SUB2 ..CALL DMA ROUTINE
DC (DCOUNT) .. RS POINTS TO CTR LOAD VAL
MAINS SCAL RS, SUB3 . .CALL SOME SUBROUTINE
suB2 LDA RS ..PASS DMA LOAD VAL TO SuB2
LpC . .LOAD CDUNTER
SPM1 .«SET PULSE WIDTH MODE 1
ETQ . . ENABLE TOGGLE @
SEQ .. INIT DMA TRANS OF DCOUNT
SRET RS ..RETURN TO MAIN PROG

—b Yy~



Understanding The CDP1851 Programmable 1/0

Overview

The CDP1851 is a general purpose programmable [/0 device, having 20 1/0 pins
which may be used in several different modes of operation. (See Table 2).

The I/0 lines are grouped into two sections, A and B, each having 10 lines;
8 data and 2 handshaking lines (ready and strobe).

In essence, the CPU programs the PIO by asserting the proper address (if memo ry
mapped) or the proper N-line code (if I/0 mapped) on the PIQ control lines, and
outputs a sequence of control bytes on the data bus to the control register of
the PIO. The control bytes contain information to define port mode, interrupt
enable/disable, 1/0 bit assignment, bit masking, etc. (sce Codes A-P, Table 1).

The CPU transfers data bytes to and from each port by asserting codes S, 1, U or
V, given in Table 1. Modes may be combined so that their functional definition

can be tailored to almost any I/0 requirement.

Modes of Operation

a. Normal Input/Output Mode

Ports A and B can be separately programmed to be 8 bit Input or output parts
with handshaking contrel lines, ready and strohe.

b. Bi-Directional Mode

Port A can be programmed to be a bi-directional port. This configuration
provides a means for communicating with a peripheral device or structure on

a single 8 bit bus for both transmitting and receiving data. Handshaking
signals are provided to maintain proper bus flow discipline. The handshaking
lines for Port A are used in the normal manner for input control. The hand-
shaking lines for Port B are used by Port A for output controlj; consequently,
Port B I/0 lines must be in the bit programmable modc where handshaking is
not used. ‘

c. Bit-programmable Mode

Ports A and B can be separately bit programmed so that each individual line
can be designated as an input or output line.

An additional feature of the bit programmable mode is that the four hand-
shaking lines, A RDY, A STROBE, B RDY, and B STROBE can be individually pro-
grammed as input or output lines (see Code K, Tablc 1).

In the input, output, and bi-directional modes the STROBE lines give the
PIO the trigger signals needed to generate interrupt requests. However,
in the bit programmable mode the handshake lines are not used to carry
strobe and ready signals, but carry 1/0 data if programmed to do so.
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Interrupts

Interrupt requests are generated differently depending on the port mode.

a.

Input and Output Modes

The falling edge of the strobe pulse from the peripheral device sets the
INT line, and the rising edge of TPB, during the requested read or write
operation resets the INT signal.

Bi-Directional Mode (Port A only)

Set and reset of interrupt requests are done as explained in the input and
output modes. However, since the A INT line is used for both input and
output interrupts the CPU must read the status register to determine what
condition caused the interrupt request.

Bit-Programmable Mode

Interrupt requests can be generated by programming the PIO to re—act to
specified logic functions (AND, OR, NAND, or NOR) on selected 1/0 lines.
The CPU must issue two control bytes; the first will select the logic
condition, and the second will contain masking information indicating
which bit(s) of eight the PIO will monitor for the logic conditiom.

The INT signal will exist while the logic condition is present. (See
Codes I & J, Table 1.)

Interrupt Enable/Disable

To enable or disable the INT lines in all modes, the CPU must issue a control
byte for each port (see Codes L M N & P, Appendix ITI). A and B interrupt
status_can be read from bit Dy and Dj of the status register to determine
which INT line is causing the request if they are wired together (OR'd).

Timing

a.

Input Data Transfer

Refer to Input Port Sequential Timing diagram. Assume an 1/0 mapped I/0
system similar to Figure 1. The peripheral presents data to the I/0 port

and outputs a strobe pulse to the PIO. The strobe pulse causes three things
to happen:

1. The READY signal is reset inhibiting further transmission from the
peripheral.
2. The input data is latched in the buffer register.

3. The INT line is set low signalling the CPU to read the data.
The A and B INT lines of the PIO may be wired to the INT pin_on the CPU to

signal program interrupts, or they can be wired to separate EF pins where
periodic polling of the EF pins is required to check for service requests.
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In either case, the program will branch to a subroutine and execute an -
input instruction (INP6 or INP7, see Codes S & T, Table 1) which will
assert the proper code on the RAG, RAl, and CS pins of the PIO. The PIO
will place data onto the system bus so.it can be used by the CPU and/or
written into memory.

The TPB pulse that occurs during the MR pulse terminates the interrupt
request and sets the READY line, indicating to the peripheral that the
PIO is ready to accept a new data byte.

b. OQutput Data Transfer

Refer to Output Port Sequential Timing diagram. Assume an I1/0 mapped 1/0
system similar to example #1. A strobe pulse from a previous output
sequence or a dummy strobe causes the INT to go low signalling the CPU

to output a data byte to the PIO.

The PIO INT line can be wired to the CPU INT pin or an EF pin as explained
in Input Data Transfer, above. The program will branch to a subroutine and
execute an output instruction (OUT6 or OUT7) which will assert the proper
code on the RAO, RAl, and CS pins of the PIO.

Data will be read from memory and placed on the bus and latched intc the
port buffers on the trailing edge of the TPB. The READY line is also set
at this time. The peripheral will transmit a strobe pulse indicating the
reading process is completed. The rising edge of the strobe pulse causes
the READY signal to reset, and the falling edge sets the interrupt request
signalling the CPU to output another data byte.

c. Data Transfer, Bit-Programmable Mode

The CPU loads a data byte to the 8 bit port as in the norman output mode.
I1/0 lines programmed as outputs will accept and latch data bits, however,
I/0 lines programmed as inputs will ignore the loaded data (see Codes H, U,
and V of Table 1)..

The CPU reads the 8 bit port as in the normal input mode. I/0 lines are
non-latching and therefore input data must be stable while the CPU reads.
All 8 1/0 lines are read whether they are programmed as input lines or
output lines. Data read from the lines programmed as outputs will be
data bits latched during the last output cycle (see Codes H, S5, & T,
Table 1).

Examples

Example #1 - Simple Input/Output Mode

Figure 1 shows an I/0 space I1/0 system involving the 1802 CPU, the 1851 PIO,

and two peripheral devices both with handshaking. The INT lines are individually
connected to EF lines 1 and 2. Therefore, the CPU is not truly interrupted but
must poll the flag lines periodically during the main program.
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CLEAR CLEAR
NO|——————»{RA0
N1—————-—PpiRA1 A RDY >
N2{————p{CS A STROBl¢- PERIPHERAL
TPAl———{CLOCK A0 A
Frm— R ] 8 «-——A
MRD——»RD/WE A7
TPB———-C:WR/'R_E
VDD TPB
1802 1851
B RDY >
10K 10K 8 STROBj¢— PERIPHERAL
B0 B8
— — H 8 ——o
EF1 A INT 87
EF2 B INT
BUSO-7
T /)
- SYSTEM DATA BUS
TO MEMORY

Fig. 1 -~ Example 1
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START

CLEAR

v

SET PORTB TO
OUTPUT MODE

v

ENABLE A INT

v

ENABLE B INT

,l

MAIN PROGRAM

READ DATA
FROM PORT A

L

LOAD PORT B
WITH DATA

]

Flow Chart for Example 1
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Step by Step - Refer to Flow Chart for example 1.

1. To begin using this system the device must be cleared which automatically
programs both Port A and B to the input mode.

2. Port B is set to the output mode by loading the control register with contro
byte given in Code D.

3. Port A interrupt line is enabled by loading contrbl byte given in Code L,
Table 1.

4, Port B interrupt line is enabled by loading control byte given in Code M,
Table 1.

5. Now the main program can begin running.

6. Sometime dﬁring or at the end of the main program the EFl flag is polled.

If it is low the program will branch to a subroutine to read Port A. The
CPU must output the proper N-line Code to read A. (see Code S Table 1, and
Input Port Timing diagram). When this step is completed the flag is again
polled to check for more incoming data.

7. I1f EFL is = 1 then EF2 is considered. If EF2 is = 0 then the program will
branch to a subroutine to load Port B with data. The CPU must output the
proper N-line code, and place the 8 bit data word on the bus. (see Code V,
Table 1 and OQutput Port Timing diagram). When this step is completed the
CPU returns to the main program.

8. If EF2 = 1 the CPU returns to the main program.

Example #2

Fig. 2 shows an I/0 space I/0 system involving rhe 1802 CPU, the 1851 PIO. and
two peripheral devices. Peripheral A has a bi-directional bus with handshaking
capability for transmit and receive. Peripheral B has a 4 bit receiver and a

4 bit transmitter.

Port A will be programmed for bi-directional mode with interrupt capability.

Port B will be programmed for bit programmable mode with interrupt capability
for output data when a logic NOR (all (0's) occurs on the 4 input lines.

Priorities will be as follows:

l. Port A input data, via interrupt and subroutine
2. Port A output data, via interrupt and subroutine
3. Port B output data, via interrupt and subroutine
4, Port B input data, part of main program.

—_— 7o
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Port A is used to interface with a bi-directional device, therefore the hand-
shaking lines A READY and A STROBE are used for control of incoming data (from
peripheral to CPU). B READY and B STROBL handshaking lines are used for output
control (from CPU to peripheral).

Port B is used in the bit programmable mode having bits BO, B1l, B2, and B3 as
outputs (data from .CPU to peripheral) and Bits B4, BS5, B6, and B7 as inputs
(data from peripheral to CPU).

The proper coding of the CPU N-lines will select whether the data will be read
in, or written out to the P10, or whether the status register is to be read, or
whether the control register is to be loaded with a control byte. (See Table 1).

Step by Step

1. To begin using this system the device must be clearcd which automatically
programs both Port A and B to the input mode.

2. Since Port A is going to be in the bi-directional mode, Port B must be
programmed in the bit programmable mode. Port B is set to the bit mode
by loading control byte given in Code G, Table 1.

3. Code H control byte must be loaded. This byte determines which bits are
input/output.

4, Code 1 control byte must be loaded which determines the logical condition
of bits required to generate an interrupt request {rom Port B (in this
case a NOR condition).

5. Code J control bvte must be loaded. This byte tells which of the 8 bits
in Port B are monitored and which are masked for interrupt generation.
(In this case all of the input lines B4, BS, L6, and B7 will be monitored).

6. Now Port A is set to bi-directional mode by loading Code E control byte.

7. Port A interrupt line is enabled by loading the control repister with {ode
L control byte.

8. Port B interrupt line is enabled by loading the control register with Code
M control byte.

9. Now the main program can begin running.

10. Port B will be read periodically as the main program repeats its loop.
11. When an interrupl request is received by the PU it will branch to a

subroutine, and automatically de-activate the interrupt cnable to inhibit
‘further interruptions.
12. The CPU must read the status register by outputting the proper N-linc

Code R. The status register will contain information describing whi:h
interrupt has occured A and/or B, and also indicated whether A INT was
caused by an input or an output demand from peripheral A.

NOTE that A INT and B INT lines are wired (OR'd together (see Fig. 2).

_.j7:;;.



13.

14.

15.

16.

17.

Several decisions will be made based on the information contained in the
status register.

To read Port A the CPU must output the proper N-line Code S.

To load Port A with data the CPU must output the proper N-line code, and
place the 8 bit data word on the bus (see.Table 1).

To load Port B (bits BO, Bl, B2, and B3) with data the CPU must output
the proper N-line code, and place the 4 bit data on the bus (see Table 1).

Once the interrupt subroutines are completed the CPU returns to the main
program and the interrupt enable (CPU) is activated.

For more details or specific application requirements, Contact Jerry Johnson,
(X6776) .



Table 1

wow DATA BUS
T15E T
CODE DESIRED ACTION Scxcax z D7 D¢ Ds Da D3 D2 Dy Dg
A SET PORT A TO INPUT MODE it O 1 0 | O 0O X O + X 1 |
B SET PORT B TO INPUT MODE 1t O 1 0 | 0O 0O X I O X 1 1
c SET PORT A TO OUTPUT MODE 1 01 01 o ! X 0O & X I
D SET PORT B TO OUTPUT MODE i 0Ot 0o O 1 X 1 0 x 1 1
E SET PORT A TO BIDIRECTIONAL i OV 0 | i 0 X 0 t X 1
(PORT B MUST BE IN BIT MODE FIRST)
F SET PORT A TO BIT - PROG MODE 1t Ot O | toroX 0 X 1
G SET PORT B TO BIT - PROG MODE 1 O 1 01 {1 X 10 X 1
H 1/0 BIT ASSIGNMENT (A OR B) 1 01 01 {0 = INPUT, | = OUTPUT)
1 SET LOGICAL CONDITION FOR 1t 0O1 01 O Dg Dg Dg D3 1+ O 1
RUPT GENE i IT - MO
INTERRUPT GENERATION (B DE) T T LOGICAL CONDITION
(D3} O =PORTA, 1 = PORTSB 0O O NAND
(Dg) O = NO MASK, | = MASK BYTE O 1| OR
FOLLOWS NEXT ! o | NOR
* t 1| AND
J SET MASKING OF BITS it 01 0 | (O + MONITORED, | = MASKED)
(PRECEEDED BY CODE i)
K SET RDY AND /OR STROBE LINES i 01 0 | D7Dg Dg Dg D3 Dy D7 O
TO 1/0 LINES (BIT - MODE ONLY)
{D1) O =PORTA, | = PORT B (D) STROBE LINE QUTPUT DATA TQ BE LOADED
(D2) O = NO CHANGE TO RDY LINE (Dg) RDY LINE USED AS
FUNCTION, O = INPUT LINE
t = CHANGE PER BIT Dg { = OUTPUT LINE
(D3) O = NO CHANGE PER BIT D7 (D7) STROBE LINE USED AS
| = CHANGE PER BIT D7 O = INPUT LINE
(D4) RDY LINE QUTPUT DATA TO | = OUTPUT LINE
BE LOADED
L ENABLE A INT OUTPUT 1 0 1 O | I X X X 0 0 0 |
M ENABLE B iNT QUTPUT 1 01 0 I X X X |+ O 0 |
N DISABLE A iNT OUTPUT 1 01 01 0O X X X 0 0 0 1
P DISABLE B INT OUTPUT 1 0O 1 O O X X X 1+ 0 0 1
R READ STATUS REGISTER t O 1+ 1 O D7 Dg Dy Dg D3 D2 D1 Dg
(D) BTINT STATUS (I MEANS SET) | AL
(D1) ATNT STATUS (I MEANS SET) | MODES  |(Da} A RDY INPUT DATA ]
(Dz) 1 = A INT WAS CAUSED BY BIDIRECT Ds) A STROBE INPUT DATA E::;)GRAMMABLE
B STROBE
ROBE MODE {Dg) B RDY INPUT DATA MODE
(D3) + = AINTWAS CAUSEDBY | AONLY (D7) BRDY INPUT DATA
’ A STROBE
S READ PORT A 11 01t o {INPUT DATA BYTE)
T READ PORT B 1Y 110 (INPUT DATA BYTE)
u LOAD PORT A t1 00 | (OUTPUT DATABYTE)
v LOAD PORT B tt 10 {OUTPUT DATA BYTE) °
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Memory Mapping The 1851

When using the 1851 in a memory mapped application, with connections as shown in
Fig. 1, some difficulties in programming the device may exist. The bit program
mode is most prone to having errors.

Known Errors

1. Bits B and Bl will not program as outputs but remain as inputs, when the
device is used at VDD voltages above approximately 7 volts.

2. The logical conditions (AND, NOR, OR, NAND) for interrupt response (programmed
by byte #9 in the data sheet) do not load correctly. This phenomenon occurs
at all voltages.

Reason for Errors

When configured as shown in Fig. 1, MRD drives WR/RE (pin 38), and MWR drives
RD/WE (pin 39). During a memory write cycle the MRD signal stays high. MWR goes
low enabling the data bus input buffers, allowing data to be presented to an
internal register. See Fig. 2. When the MWR signal goes high again it latches
the data in the register, but also shuts off the data at the input buffers,
creating a race condition of data hold and latching the data. The race condition

is independent of system clock speed.

The Fix

Fig. 3 shows the added hardware required to avoid the race condition. By invert-
ing MRD and driving RD/WE (pin 39) the bus buffers remain on during and well after
the inverted MWR signal clocks the internal data register, thereby avoiding the
race condition during the write operation. Switching the MRD and MWR signals and
adding inverters makes no difference logically during a read operation.

Additional Hardware for High Speed Systems

Two inverters are inserted in the TPA line to compensate for the added inverter
delay, introduced in the MRD line, so that the flip-flop can successfully latch
the READ signal at high system speeds.

Since CS is generated from the high address byte, and latched with TPA, CS must
also be delayed to compensate for the added TPA delay.

The entire change can be implemented with one 4069 package.

For additional information contact G. Johnson, X6776.



™o e br— A& ROY
1 wa/RE b @ AOY
1] RO/ WE (e & STROBE
TPA e CLOCK g § STROBE
[} nac
ad an $ PORY A0 &7
AZ p—
COM OO0 L1 1
FAMILY ——
e ot comast :> PORT 30- AT
A pomrne
AS pusre
a7 cs
voo
102
[ 134
T4 [_- ant
WSO-T s 0-7
Figure 1

WR/RE
(PIN 38)

AD/WE

(PIN 34)
TPA <

WRITE STROBE

!

BUS

DATA
aus

1802

.

READ

[~

<

0
2
o x

TA REGISTER

o

39

TPA

MA

TPA

Ccs

CDP4089

Figure 3

— Bo -

WR/RE

RO/WE




Using The CDP1852 I/O Port for DMA Operations

At present the MPM-201B CDP1802 Users Manual does not consider the use of the CDP1852
for DMA-IN operations. Instead it gives an example (page 79) using 2 CD4076 4-bit
registers, 1/2 of a CD4013 Dual Flip-Flop, and various logic gates: a total of at
least four packages are required to facilitate the DMA input. Using the versatile
CDP1852 reduces the complexity of the circuit and the number of DIP packages.

One possible circuit configuration is shown in Figure 1. In system operation, data
is strobed into the port's 8-bit register by a high (1) level on the clock pin.

The negative high-to-low transition of the clock sets the internal service request
latch which causes a low (Q) on SR. The SR signal causes a DMA-IN command at the CPU.
The CPU then goes to a DMA-input cycle (S2) where SCO = 0 and SC1 = 1. SCO is
inverted so that the CS1 and CS2 pins both receive a logic (1) -during the S2 cycle.
Additional logic is used to gate off the DMA~IN command after the S2 cycle begins.
When the S2 cycle is completed the CPU returns to normal fetch (SO) and execute (S1)
states. The absence of a logic (1) on either the CS1 or CS2 pins will reset the SR
flip-flop and disable the output of the CDP1852.

References:

1. VUsers Manual for the RCA CDP1802 (MPM-201B)
2. ' CDP1852 data sheet (File # 1166) _

For more information on this article or related topics, contact Jerry Johnson,
X6776
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Bus Contention Effects on CMOS I/0 Ports

Because of the parasitic transistors inherent to bulk (MOS devices, care must
be taken with high output current devices to avoid potential problems in systems
designed with known bus contention. It has been observed that such parts are
prone to SCR latch-up when outputs are shorted to their opposite state for any
significant amounts of time, especially when working at high voltapes.

Laboratory measurements have confirmed that latch-up can occur with the CDP1852
byte-wide I/0 port, and with the new CDP1872C and CDP1874C hiph-speed I/0 port:.
The latch-up phenomenon is a function of voltage shorting time, as shown in

the typical curves below, and can occur if 4 or more outputs are simultaneously

suorted.
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ol | l : A ol i S N | | ‘
5 55 6 65 7 2 3 4 5 6 7 8 9 10 I 12
Vpp POWER SUPPLY IN VOLTS Vpp POWER SUPPLY IN VOLTS
92Cs- 3318t 92CS- 33180

Even though the conditions for latch-up are rather severe, and will rarely occur
in a properly designed system, especially at low voltages (~5.5V), the designer
should take the precaution during his system design to analyze his bus configur-
ation for known long bus contention times or undefined bus conditions during
power initialization. 1If a latch-up does occur, the problem is more serious
than an instantaneous current spike generated during the contention time : these
devices can draw hundreds of milliamps and pull the power supply down below
normal operating level, with power turn-off needed to end the mechanism. Worst
of all, latch-up can cause possible damage to the device itself.

For more information, contact Joe Paradise, X7352.



Abstract:

Background:

1854A vs. 1854 - Design Improvements
For Higher System Speeds

Design differences between the CDP1854, CDP1854A and other
industry types are detailed from an applications point of view.
The improved 1854A performance has been demonstrated to be
competitive with other CMOS UARTs at maximum 1802 system speeds.

The original 1854 UART could not tolerate the same amount of dis-
tortion on received data as competitive CMOS UARTs, possibly
resulting in loss of synchronization and/or data permutation. The

. causes for the above mentioned behavior are divided into three distinct

areas as follows:

Difficulty of operation at high clock speeds.

On some units the maximum operating clock speed was less than the
industry standard of 3.2 MHz at 5 volts. This sluggishness was caused
by a relatively slow parity checking circuit which has been redesigned
in the 1854A to improve performance.

Off-centered detection of data bits.

Industry standard UARTs such as the Western Digital TR1602 use 16 clock
pulses per data bit and sample the bit in the middle at clock pulse
7-1/2. The original 1854, sampled at 6-1/2 clock pulses. This minor
skew accounted for less tolerance for distortion at the beginning of a
bit, but was more forgiving of distortion at the end of the bit. The
new . 1854A samples at 7-1/2 clock pulses.

Clock counter reset delay.

The major source of trouble was caused by a 6-1/2 clock pulse delay
between the time a stop bit was detected and the time the clock counter,
which enabled the UART to search for the next start bit was reset.

The 1854 did not reset its counter until clock pulse 13. Other industry
standard UARTs reset their counters at 7-1/2 clock pulses, the exact time
at which the first stop bit is detected, which permits the receiver to
immediately begin searching for the next start bit. When using the

1854 loss of synchronization may result if transmitter and receiver
frequencies are allowed to differ by more than 1.25% and/or the stop
pulse is distorted or too narrow. The redesigned 1854A resets the clock
counter at 9 clock pulses ~ an improvement over the 1854, as evidenced
in the tolerance requirements listed in Table 1, attached.

— BF—



Conclusions: The 1854A will operate properly at 3.2 MHz to the frequency tolerances
noted in Table 1. The 1854 is limited to speeds below 3 MHz, and has
less tolerance to line distortion caused by envelope delay, phase jitter,
etc., for the reasons detailed in the above discussion.

For more details or specific application requirements, contact

Jerry Johnson, X6776



TABLE 1

Theoretical Tolerance to
Frequency Difference Between
Transmitter and Receiver Clocks *

1854 | 1854A| Others

fr <l 1.254] 3.75¢1 5.31%

fr> el 4.062] 4.69%] 4.692

* Data Train consisting of one
start bit, 8 data bits, and
1 stop bit.
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Interfacing Two COSMAC Systems Using 1854A UART’s
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Asynchronous full duplex data communication between two independent COSMAC
systems can be achieved using two 1854A UART's wired as shown. Baud rate
generators must be the same frequency for both systems.

When the UART recelves a serial data character it generates a data available
(DA) and an interrupt _request signal (INT). Until the CPU responds by
reading the data the DA line inhibits word transmission from the other UART,
and vice versa.

lnternal timing of the 1854A is such that a pulse at its CTS input at the
time that DA of the receiving UART is activated will cause the stop bit

to be reset early. To avoid errors, the 4013 Flip-Flops provide a 2 clock
period delay between DA (low) and CTS (high).

If the 1802 clock is used to drive the UART clocks the Flip~Flops can be
eliminated and replaced with a simple inverter since the CPU will take many

more than 2 clock periods from when it is flagged to when it services (Reads)
the UART.

For additional information or specific applications, contact Jerry Johnson,

X6776.



Interfacing the 1854A with the 8085

Circuit Description:

The 1854A UART can be interfaced with the 8085 CPU with the addition of
several logic devices. The lack of a convenient timing pulse to strobe the
IPB pin on the 1854A UART during read or write cycles is resolved by OR'ing
WR and RD CPU signals to create a quasi TPB pulse (see schematic diagram).
Inverters are required on the DA and the RESET OUT signals as shown. Note
the 1854A is operated in Mode 1 (the COSMAC mode).

A working test circuit was developed using an Intel SDK-85 evaluation kit
having a system clock speed of 3.072 MHz, thus the 1854A was operated near
its maximum clock speed of 3.2 MHz at 5 volts.

Timing Considerations: Refer to timing diagrams

A worst case timing analysis based on data sheet values for both parts
reveals two possible problems.

1. Read Cycle - The 8085 specifies a minimum of 120 ns from the trailing
edge of read to the output of the next address on the ADO-7 lines (Trae).
The 1854A has a maximum data hold time of 150 ns after TPB goes low
(Ttrs). Since TPB is created via a logic gate which OR's WR and RD,
any gate delay time must also be considered. Possible bus contention of
30 ns plus gate delay may exist, worst case.

2. Write Cycle - The 8085 specifies a minimum of 100 ns for data hold time
after the trailing edge of WR (Twd). The 1854A requires a maximum data
hold time after WR (Twr) of 125 ns, therefore the 8085 may be unable to
load data into the UART worst case.

Summary:
The 1854A can be used with the 8085 as configured in this article provided

the parts are selected to avoid worst case timing problems.

For more details or specific application requirements, contact Jerry Johnson,
X6776.
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Competitive UARTs - An Industry Comparison

Some popular competitive industry standard UARTs are listed here to show
relative differences in parameters affecting interchangeability. Except
for variations in the function of pin 2, all types have the same pin out.

The RCA CDP1854A is unique in that it has two operating modes selectable

via pin 2. Mode O (pin 2 tied to V S) configures the UART to industry
standard operation and pin out. Moﬁe 1 (pin 2 tied to V__) modifies certain
signal polarities to allow easy interface with the 1800 Series microprocessors,
without additional components.
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Using the MDU

COSMAC systems using the CDP1855 MDU can perform an 8 bit x 8 bit multiply in
8% of the machine time required by systems using a software multiply algorithm.

Programs for both methods are explained below:

Software Method

Software implementation of an 8x8 multiply algorithm, based on a method of add

and shift right, is listed in Program #1.
CPU registers is done in the main program.

Normal overhead of initializing the
Since 9 shifts are required to com-

plete the 8x8 multiply operation, 18 instructions of the subroutine must be

repeated nine times, resulting in a total of 344 machine cycles.

Assuming a clock

frequency of 3 MHz, the time required to complete the operation is 917 uSec.

Hardware Method Using the CDP1855
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Figure 1

92CM- 32793

Figure 1 shows the pin connections
for using the 1855 with the 1802/
1804.
an 8x8 multiply is listed in Program

A subroutine for performing

#2. The overhead of register initial-
izing is about the same as in the 1st
program, however, the actual 13
instruction subroutine must be executed
only once since the MDU does all the
shifting and adding.

Again assuming a clock frequency

of 3MHz, the time required to load two 8 bit numbers, multiply, and read the 16 bit
result is only 69 uSec. '

Step-By-Step Operation of the MDU

1. Load the control register by executing an OUT 7 instruction followed by the



2

control byte, in this case FO (11110000). Logic highs on bits 4 and 5 define
the number of cascaded MDU's as one. Bit 6 resets the internal sequence
counters, and bit 7 selects the optional clock prescaler, which causes the
shift frequency to be 1/2 of the clock frequency. This is required when the
clock frequency is higher than 1.5 MHz at 5V operation or 3 MHz at 10V
operation.

Load the X register by executing an OUT 4 instruction followed by one of the
8 bit operands.

Load the Z register by executing an OUT 5 instruction followed by the other
8 bit operand. The order of steps 2 and 3 can be interchanged if desired.

Load the control register as in step 1 but this time with F9 (11111001)..
Bit 3 resets register Y to zero and the code of 01 on bits 1 and 0 cause
the multiply operation to begin.

The MDU will automatically perform the 8x8 multiply and store the most
significant half of the 16 bit answer in register Y and the lesser signifi-
cant half in the Z register. The time required to perform the actual
multiply operation is 8N+l shifts, where N = the number of MDU's, in this
case one. Therefore, it takes 9 shift cycles, and since the prescaler is
being used, this translates to 18 clock pulses of the CPU.

To provide enough time for the multiply operation, software should be
arranged so that one 2-cycle instruction occurs between the multiply command
and the reading of the answer.

Read the most significant half of the 16 bit answer from register Y by
executing an INP6 instruction.

Read the lesser significant half of the 16 bit answer from register Z by

executing an INP5 instruction. The order of steps 6 and 7 can be inter-
changed if desired.

~ 92~
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PROGRAM # 1
M ADDRESS

0000
0002
0003
0004
0005
0en?

Q0ug
00GA
6Gac
000D
000E
000F

0202
0203
0205
0205

02397

0233
0209
n20A
0208
020C

020D
0Z0E
g20F
0230

021

0212
0214
0215
0216
0217

0218
0219
02iA
2218

ASSEMBLY
PROGRAM

LDI
PHI
PHI
LDI
PLO
LDI

PLO
LDI
PHI
SEP

00
R7
R8
FF
RS
03

RE
02
RE
RE

(data)
(data)

SEP
LDI
PLO
SHL
LDA

STR
LDA
PLO
SEX
GHI

SHRC

PHI
GLO

SHRC

PLO

BNF
GHI
ADD
PHI
DEC

GLO

RO
09
R6

R7
R7

R7

17
R7

R7
R6

R6

Bz 02

PLO
BRO

R6
0cC

COMMENTS

RO = Prog.-counter

R7 = Product register
R7.1 = 00

RE = OOFF

RE = Sub. Prog. counter
Call subroutine

8 bit Multiplicand

8 bit multiplier

Return to main progq.

R6 = Loop counter
Presets DF = 0
Load M'cand

into OOFF
Load M'lier
into R7.0

1

Shift low byte

Shift high byte.

Branch if DF = 0 >>L°Sp

Add M'lier to R7.1] t1™S
Return sum to R7.1
Index loop count

Loop count = 9?7

Continue 1ooping_J

Y

.

J .

|

Initial-
jzation

Sub-
routine



PROGRAM # 2 *

M ADDRESS

0000
0002
0003

0004
0005

0100
0101
0103
0104
0106

0107
0108
010A
0108
010C

0100
010E
0110
0Imn
0112

0113
014

0200
0201
0202
0203

BYTE
F801

AE

DE

ASSEMBLY
PROGRAM

LDI 01
PHI E
PLO E

SEP E

SEP 0
LDI 02
PHI F-
LDI 00
PLO F

SEX
ouT
SEX
ouT
ouT

SEX
ouT
SEX
INP
IRX

o~ Mm N7~ m
-
-
(Yol

INP 5
BR 00

COMMENTS

Load 0101
into
RE of the CPU

Go to subroutine at 0101
Main program continues

Return to main program
Load

RF of the CPU

with

0200

Load MDU control register

Load X register of MDU
Load Z register of MDU

Load MDU control register

Read Y register of MDU

Read Z register of MOU
Branch to 0100

8 bit Multiplicand loaded in X

8 bit Multiplier loaded in Z
Storage space for result, high byte
Storage sapce for result, low byte

* Based on program examples submitted by J. Pintaske, RCA Brussels.

For additional information contact Jerry Johnson, X6776.



Interfacing a “Full House” MDU Board with the CDS

Figure 1 is a schmatic diagram showing four CDP1855 MDU's in cascade,
with connector wiring for interfacing to the devclopment system.
of the connections are to existing back plane wiring, with additional

jumpers to the CPU clock and to the decode module.

Most

A universal program is listed which facilitates Multiplication, Multi-

plication with Addition, and Division operations.

ADDED BACKPLANE WIRING

o s[s
CDS CONNECTOR 5 5
PINS (USING SLOT 15) | T | 7
{ 1312
EF 17
DATA BUS BUS Cc-L
S 8 MRD 5
1 — - ——— TPB B
—1-1- - CLEAR— 13
-t - —e— N2 16 | 16
NI 15 |18
¢ ’ NO 14 |14
8 8 8 8
BUSRS T BUSR S C BUS RS C BUS R S C
Voo DT L Voo DT L DTL D TL
/ BR é B R vVob / BR / BR
w
&cm ¥ tlew ¥ cn ¥ dont ¥
CN®  RAD CNO  RAQ CN@  RAOQ CN®  RAQ
CLK RAI-———J i;CLK RA|——J +{CLK  RAl— _i;CLK RAIF—J
& SHIFT RA2 T™SHIFT RA2 »ISHIFT RA2 T SHIFT RA2 v
i YR ME YR YL YR YL Yri— 20
& = L 2z 2z | ]
OF (o co c1 co c1i co cI
COPIBSS CDPIB55 CDPI855 CDPIBSS
CE CTL CE CTL CE CTL CE CTL ;
CE T|T
" CLOCK— N 13
MOST SIGNIFICANT LEAST SIGNIFICANT — v o0 Y
T
92CM- 33017

Figure 1 - Cascaded CDP1855 configuration for CDS Interface.




MULTIPLY/DIVIDE PROGRAM

M Address Byte Assem. Prog. Comments

0000 6120 ouT 1, 20 Enable two level I/0

0002 F804 LDI 0o

0004 BF PHI F

0005 F800 LDI 40 Reg. F = 0040, storage space
0007 AF PLO F for answer

00038 67C4 ouT 7, CC Load control register with 11001100
000 A 64XX OUT 4, data Load X register of MS unit
0o0o0C 64 XX OUT &4, data |

000E 64 XX OUT &4, data

0010 64XX OUT 4, data Load X register of LS unit
0012 6522 OUT 5, data Load Z register of MS unit
0014 6522 OUT 5, data

0016 6522 QUT 5, data

0018 6522 OuT 5, data Load Z register of LS unit
001A 66YY OuT 6, data Load Y register of MS unit
oo1lc 66YY ouT 6, datqg #

0OO01L1E 66YY OUT 6, datai

0020 66YY QuT 6, dataj Load Y register of LS unit
0022 67C1 ouT 7, C * Load control register with 11000001
0024 C4C4C4CALCSH /0 - NOP's Allow 33 machine cycles for the
0029 C4C4C4LC4LCh multiply/divide operation before
002E EF SEX F reading the answer (6E execute)
002F 6E60 INP 6, IRX Read Y register of MS unit
0031 4LE60 INP 6, IRX .

0033 6E60 INP 6, IRX

0035 o E60 INP 6, IRX Read Y register of LS unit
0037 6D60 INP 5, IRX Read Z register of MS unit
0039 6D60 INP 5, IRX

0038B 6D60 INP 5, IRX

003D 6D60 INP 5, IRX Read Z register of LS unit
003F 00 IDLE STOP

NOTES:

0040 thru 0043 - Storage for high order 32 bits of multiply result, or 32 bit
remainder from divide operation.
00644 thru 0047 - Storage for low order 32 bits of multiply result, or 32 bit
result from divide operation.
# - Required for divide; optional for multiply when number is to be added to
result.

* - 1 for multiply; 2 for divide operation. ";?c?“



Multiplication

A 32x32 bit multiplication is possible, reSultinglin a 64 bit pfoduct.

Operations involving numbers less than 32 bit are accomplished by loading the
more significant bits with zeros.

A number may be added to the product by pre-loading the Y iegisters with up
to 32 bits before the multiplication. The final result appears in Y (most
significant) and Z (least significant).

Register X is unaltered by the operation, so that repeated multiplication
by a constant number is possible without re-loading the X register each time.

Division

A 64432 bit division is possible resulting in a 32 bit result (Z regiséers),
and a 32 bit remainder (Y registers).

The CO pin of the most significant MDU is used as an overflow indicator.
The status register also contains a bit for overflow indication, and can
be read by executing an INP 3 instruction. Overflow occurs if the division
result has more than 32 bits.

For additional information or specific applications, contact Jerry Johnson,
X6776.



Memory Mapping the MDU

The current CDP1855 data sheet does not currently show how to use the device

in a memory mapped configuration; however, it does mention the use of MWR for
RE/WE, and address lines or functions of address lines for RAO, 1 and 2. 1his
will work provided certain non-memory operations, such as PHI, GLO, etc., do
not cause spurious selection of the MDU when the contents of the internal regi-
sters appear on the address bus.

To prevent the MDU from responding to spurious addresses, and thercby avoiding
bus contention, the MWR and MRD signals must be OR'd to produce a valid CE
signal. The IRX instruction is a special case; it should not be ‘used when R(X)
is pointing to any of the MDU register addresses, since this instrunction ro!
only presents the contents of R(X) on the address bus, but also forces MRL Llow,
which enables the MDU and causes inadvertent advancing of the sequence counters.

The required "OR'd" CE signal, as well as latched high order address bits, are
usually available in most memory intensive systems using an 1866 or 1867 :decoder,
or similar hardware.

"
CLEAR CLEAR VoD
XTAL —{ CLOCK
MAO # RAO cI
MAI RAI CcNO
HIGH
MAX ADD$ESS RA2 CNI
LATCH
1802 1855
TPA 1 YL
MWR RE/WE ZR
m—b—*“ cTL
TPB »{STB YR -;]
sus EF [¢ CC gus 2t
f——] l ]
92CS-33173

For more information contact (. Johnson, X6776.
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Faster MDU Throughput Using DMA Mreﬂathod"'

When using theé Hﬁﬁ;inufhé“ho}ﬁaf;Eoﬁfiéﬁfgiibn shown in the CDP1855 data sheet,

a large portion of the throughput time is con
and control'bytes.  Throughput speed can be 1
in/out technique to load and unload the MDU. Fi
to: sequentially address the MDU; control the timing'o

DMA in/out signals-to the TPU.

With the normdl ‘1/0 mapped MDU,
tate a multiply/divide operation.
ion, leaving more unused I/0 mapping space for larger systems.

Speed Comparison '~

sumed by loading and unloading data
ncreased by 45% by using a DMA
Figure 1 shows the hardware needed
f read/write; and issue

:Ehg i?y:;h§t”éxequte 6 1/0 instructions tQ‘fécili—
“The "DMA method" requires only one I/0 instruct-

Table 1 shows a comparison of multiply time’ (not including loading and unloading
the stack), and system throughput frequency (including loading and unloading the

stack) for 4 different multiply methods.

1. Théffgbftﬁaré'methqd“

v

‘using only softWaré (no MDU) .

2.  The "normal hardware method" using the MDU addresséd by the CPU.

3. ‘xhe“"pHA}méfhod"'usiﬁg”fﬁé MDU as shown in Fig. 1.

4. The "theoretical ‘minimum DMA method' using the MDU; " assuming multiplication

by a constant number.
registers.
byte (FC).

TABLE 1

Special hardware would avoid reloading X and Y

* A pulse ‘at the CLEAR pin would replace loading the last control

b e “.’ A 'i P .~.‘>, M ‘ g PN " s T

_ System

-7 = “'Multiply Time '|° Throughput
Multiply Method in Micro Seconds Frequency
Software Only 917 * 1 KHz
Hardware MDU

*

(normal operation) 69 7.8 KHz
Hardware MDU
using DMA technique 29 11.4 Kz
Theoretical Minimum 21.3 14.4 KHz

Values given are for system operation at 5 volts VDD’ and 3 MHz clock

frequency.

* Ref: Newsletter article "Using the MDU" May 1980,

- /.LD/; -



Added Hardware (Fig. 1)

Both flip-flops are normally in the reset condition, causing no DMA action. A
(0111) code is jammed into the CD4516, keeping the MDU de-selected (CE = 0).

When an output 2 instruction occurs, the Nl line goes high, setting flip-flop B,
which asserts a DMA-OUT signal at the CPU.” Later in the output cycle, during
TPB, flip-flop A is set, which removes the preset (JAM) signal from the CD4516.
The CD4516 merely counts up at each TPA pulse, sequencially addressing the MDU.
Additional logic decodes the CD4516 output to produce the DMA-IN signal (DMA-IN
has priority over DMA-OUT). At the end of the address sequence, the carry out
(CO) restores the flip-flops to their original states; ending the DMA actionm,
and de-selecting the MDU.

The MDU SHIFT pin is connected to the CPU WAIT pin causing a stretched CPU cycle
during the multiply/divide operation, so that the MDU receives at least 18 clock
pulses before the answer is read from the Z and Y registers.

Software Program

The program starts by initializing register R3, designating it as the program
counter, and freeing RO for the DMA pointer. RX is also set to RO so that the
stack can be loaded/unloaded using INP/OUT instructionms.

The program enters the multiply routine, and loops continuously performing
successive multiply operations. The looping scheme was chosen to demonstrate
the throughput rate of the system (Fig. 2) in terms of multiplies/sec.

Although not shown, the software can be modified to facilitate the use of branch

and interrupt techniques to get in and out of the multiply loop. With the

addition of a SEP instruction, the multiply operation can become a one-shot
subroutine.

For additional information contact Jerry Johnson, X6776.
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PROGRAM FOR MULTIPLY USING '"DMA METHOD"

ASSEMBLY
M ADDRESS BYTE PROGRAM COMMENTS
0000 F800 LDI 00 RO = Prog. Counter
0002 B3 PHI R3
0003 F807 LDI 07
0005 A3 PLO R3 R3 = 0007
0006 D3 SEP R3
0007 E3 SEX RO RO = RX
0008 F807 LDI 07
000A AO PLO RO
000B F802 LDI 02
000D , BO “ PHI RO
000E F8FC LDI FC- . Put FC in Stack
0010 50 STR RO at 0207
0011 F803 ~ LDI 03 o
0013 AO PLO RO _
0014 F8F1 LDI F1 Put Fl in Stack .
0016 73 STXD at 0203
0017 F800 LDI 00 Put 00 in Stack
0019 73 STXD at 0202
001A F801 routine, LDI 01
001cC ' A0 PLO RO 3 .
001D 69 INP 9 Port A data to Stack 0201
001E 20 DEC RO : -
001F 6A INP C Port B data to Stack 0200
0020 20 DEC RO
0021 62 OuT 2 # Initiate DMA and multiply
0022 F805 LDI 05 action :
0024 A0 PLO RO
0025 61 ouT 1 ~ STACK 0205 to Port C
0026 64 OUT 4 Stack 0206 to Port D
0027 301A BR routine
O1FF™, Dummy byte
0200 } : Load X register
0201 / Load Z register
0202 STACK Load Y register
0203 ? Load control register
0204 | Read X register
0205 . Read Z register
0206 Read Y register
0207 / Load control register

# Only one instruction required to activate a complete MDU operation

- /03 —
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Figure 1
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STRETCHED

NORMAL
PROGRAM

LOAD

-CYCLE -

READ X /
NORMAL ‘ ouT ‘LOAD‘LOAD\LOADILOADI—MDU MUU:]READIREAD 0
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92CM- 33175
TIMING DIAGRAM
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— NO}—
READY | SR EXTRA sR|-READY
PORT A ¢ MRD HDWR PORT € ANSWER
INPUT MWR N2 - HIGH
csl #|CS1 BYTE -
STROBE : MEM. CPU \A
READ s
<LREADY MDU cst sr|-READY
ANSWER
INPUT PORT D LOW
BUS cs2 BYTE
J1 J J 1 :
i
92CM- 33176
Figure 2
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Digital Filter Using the CDP1855

Figure 1 shows a simple low-pass filter composed of a resistor and a capacitor.
The output voltage can be described by the differential equation:

1. dvo + Vo(t) _ VI(r)
dt RC RC

by using Euler's method of sampling integration, equation 1 is
transformed to:

2, VO(n) = kVI(n) +m vO(n—l); where n is any specific sample period,

k = — and m = —
1+ RC/T’ 1+ T/RC

T is the sampling time interval in seconds, R is in ohms, and C is in farads.

Equation 2 can be implemented with a recursive digital filter that uses multiply,
add, and delay functions as shown in Fig. 2. Fig. 3 shows two multiply oper-
ations of the CDP1855. The second operation adds the result of the first oper-
ation to its product. The feedback delay is obtained by a read-in and then
read-out of a scratch pad memory cell.

The program listing shows a routine used to do real time recursive digital
filtering, where the incoming analog signal is digitized by an A/D converter,
processed by the digital filter, and reconstructed by a D/A converter (Fig. 4).
The beginning of the program initializes CPU registers, and loads constant data
into the STACK area. The program then moves into a continuous loop of data
input, data processing (MDU action), and data output.

The sample rate (T) is the time it takes the program to execute the routine loop
of 15 instructions.

If the CPU clock is 3.2 MHz, the time required to complete one loop is 75 usec,
or a sampling frequency of about 13 KHz. Based on the Nyquist criterion of at

least two samples per cycle, the input signal frequency should be limited to
6.5 KHz.

— /06 —



Example

Assume that Fig. 1 has R = 30K Ohms, and C = .1 uF, and that T = 75 usec;

1 .
B rm———— D = . = h ,
then k 1 300775 2 00110011 Binary 33 hex
= _——1—_ = = =
and m = 1 757300 .8 .11001100 Binary CC hex.

Assume now that the input signal goes from O to a full scale voltage of 1 volt,
and remains at 1 volt for 10 sample periods. Using equation 2 the corresponding
output voltages are listed below, and if plotted would produce a response curve
similar to that of the analog RC circuit.

. s

'Sample Time n ol 1] 2| 3]a|s |6 7] 89/ 10

Input Voltage V, o 1| 11|11} 1r}r]1i1 1

! . { !

Output Voltage V, 0 ;.20|.36|.49|.59! .67 .74 .79 .83} .86 .90
1 1 ! A {

For additional information contact Jerry Johmson, X6776.
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LS WwWwhN O

. Address

Routine

)

Byte Program
F8 04 LDI 04
AB PLO RB
F8 05 LDI 05
AA PLO RA
F8 01 LDI 01
BA PHI RA
BB PHI RB
EA SEX A
F8 FD LDI FD
73 STXD
F8 00 LDI 00
73 STXD
F8 CC LDI CC
73 STXD
F8 F9 LDI F9
73 STXD
73 STXD
F8 33 LDI 33
S5A STR A
64 QUT 4
69 "INP 9
66 OUT 6
67 ouT 7
7A REQ

64 OUT 4
66 OoUT 6
67 OuT 7
7A REQ

6A INP A
5B STR B
61 ouT 1
F8 00 LDI 00
AA PLO RA
30 1B BR Routine
33 \

(data) )

F9 { STACK
cc 7 AREA
(data) !

FD ]

Assembly

Comments

RP = RO

RA = 0105
RB = 0104
RX = RA

]

Load data

in Stack 0105

Initialize storage space
data to zero (0104)

Load data

in stack 0103

Load data

in stack 0102

Decrement RX again
Load data
in stack 0100

Load X register

READ V_ from A/D

Load Z register

Load control register

Dummy instruction during multiply

Load X register

Load Z register

Load control register

Dummy instruction during multiply
READ Y register

STORE in stack at 0104
Load D/A with same data

Set RX back to 0100
Branch to "Routine"

K constant value

V. data from A/D

C%ntrol byte, reset Y and multiply
m constant value

Storage space for result V

Control byte, multiply and add Y
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An Introduction to the

Video Interface System (VIS) Devices -
CDP1869 and CDP1870

By W. H. Schilp

This Note describes a circuit and the
software required to mate the RCA-
CDP1869 and CDP1870 VIS (Video
Interface System) chip set' to the
Evaluation Kit, CDP18S020. The
capabilities of the VIS chip set are
demonstrated by employing the set in the
video portion of an intelligentterminal. Also
Included in the Note is tha circuitry for a
CPU controller which, combined with the
video board, permits implementation of a
stand-alone video output from serial ASCI}
input. The program shown can aiso be
employed with a Microboard system using
the VIS Microboard COP18S661A.2 The
VIS circuitry can be constructed on a 44-
pin, 4.5 by 7.5-inch PC board. which will
mate to the P-2 connactor on the Evaiuation
Kit.

The sample software program displays
ASCIll encoded aiphanumeric characters
and symbols, responds to line feed and
carriage return, and uses controi
characters to move the cursor up, down,

right, left and home, and to clear the screen. -

The program will operate from a ROM or
PROM with a 6-byte RAM stack outside the
program area.

THE VIDEO INTERFACE SYSTEM

The RCA VIS chip set, CDP1869 and
CDP1870, is a two-chip system that
containg all of the circuitry necessary to
generate the video signals needed todrive 2
monitor in color or black and white. Sound
output is aiso available.

THE VIS CIRCUIT

The video-output circuit of which the
CDP1869 and CCP1870 are a part, is shown
in Fig. 1. It is recommended that the video
driver transistor and the crystals be placed
close to the COP1870. The CMOS paris
should be handled in accordance with
recommended srocedures.’ The numbers,
P2-1, etc., in Fig. 1, refer to the Evaluation
Kit connector P2. The MWS5114's and the

2758 must have access times less than 300
nanoseconds for the memory to access

property.
THE CONTROLLER CIRCUIT

The controller, Fig. 2, consists of a
CDP1802 Microprocessor, a 2758 EPROM
for program storage, a CDP1824 RAM
stack, and a CDP1852 for high-order
adcress iatching. The data is entered
through the CDP1854 UART. The CDP1863
counter generates the clock frequency for
the BAUD rate. As shown, the counter is set
for 300 BAUD, but it can be rewired to
generate other rates. It is recommended
that the rate belimited to 1200 BAUD or that
suitable hardware be added between UART
and I/0O deavice to signal the input device
that a new character can be entered. The
comments on wiring and handling
mentioned above apply here also. The
connections P-1, etc., mate with those of
the VIS circuit (Fig. 1).

MODIFICATIONS TO EVALUATION KIT

Tha VIS chip set is memory mapped into
memory locations F800 through FFFF. To
separate the FXXX memory locations for
the VIS chip set. the following changes
must be made to the Evaluation Kit, Fig. 3:

1. On the top side of the board:

— Under U6, cut the connection
between pins 11 and 12.
— Cut the line frem U23/15 to U6/8.

2. On the bottom sicde of the board:

— Cut ling trom U6/9 and U22/15 at
U22/15.

3. Add a CD4011 in the user area and
maka the following circuit
connections:

— UJ23/1S to CD4011/1.

— (5D4011/3 to U22/15.

— U6/1 to CD4011/2.

— U21/12 to CD4Q11/5

- U3/21 to CD4011/86.

— CD4011/4 to U6/8.

— Dor't forget Vec and ground
connections.

Trademark(s)* Registered [nformation furnished By RCA is believed 0 be ac:

Marca(s) Registracai(s)

Curate and rei:adle. hcwever, no respoNnsIDiity S
assumed Yy RCA lor s wuse: nor ‘or any :n-
fnngements of pateats or other nghts of thirg parties

Printed in USA/5/81

whiCh may resutt from its uyse. NG license 15 granted
Dy 'mplication o- otherwise uncer any patent or

patent ngnts of RCA,
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Flg. 1 - Video output clreuit employing the
CDP1859 and the COP1870.

OPTIONS FOR THE VIS CIRCUIT

The following represent options for the VIS
circuit of Fig. 1.

Page Memory
For two pages of page memory:
- Connect U1/25 to U12/9 and U3/8 and
U4/8.
For one page of page memory:
- Do notuse U5orU6. ConnectU3/8and
U4/8 to ground.
NOTE: In the two-page mode, the double-
page bit must be set high.

Character Memory

The VIS circuit of Fig. 1 is designed to be
used in any of three character-memory
configurations: up to 64 charactersin RAM,
up to 64 characters in ROM, or the
combination of the two, the 128-character
mode. |! the RAM-only configuration is
used, U11is not used and U4/14 and 1J6/14
are connected to U2/3; U9/8 and U10/8 are
connected to ground. In the ROM-only
version, U9 and U10 are not used, and
U4/14 and U6/14 are connected to U2/3. In
these configurations, the system can be
programmed for all eight color
combinations.

In the 128-character memory version,
U4/14 and U6/14 are connected to U12/5,
U9/8 is connected to U10/8, and U2/3 is
connected to ground. inthis mode. the FCB

—

(page color bit) is used to select the RAM
(PCB at ground) or ROM (PCB at Vee). In
the 128-character mode, only the color
combinations available with the character
color bits can be used. In black-and-white
operation only, the 7.16-MHz crystal and
the capacitor on U2/26 are not needed.

NOTE: In this system, EF1 is used during
screen refresh to determine whether the

. display is active.

SOFTWARE PROGRAM

The program example given in the
Appendix is one that initializes the system,
loads the bit patterns into memory, clears
the screen, homes the cursor, and waits for
a character input. Each time a displayable
character is input, it is displayed in the
position of the cursor, which is then
incremented one location to the right. If the
cursor was on the right margin, it moves
down one row and to the left margin.
Automatic scrolling is accomplished each
time the cursor is indexed past the lower
right corner of the screen or above the top
displayed line.

The program shown in the Appendix is
written for the Evaluation Kit. To utilize the
program with the controller board of Fig. 2,
the routine that inputs the ASCI| characters
must be changed to that shown in Fig. 4. In
addition, for a Microboard system, bytes
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" Fig. 2 - A CPU coniroller for the VIS that permits implementation of a stand-alone video output from

serial ASC!I input.

0002 and 0003 must be changed to 6180 to
enable the two-level 1/0, and the program
wilt run as described. A CPU board such as
the CDP18S601 is also required; either its
on-board memory or a separate memory
card must be available to the program at
locations 0000 through 03FF. This memory
area can be supplied by a RAM, ROM or
PROM. A stack is required at locations 0600
through 0606, a CDP18S640 control and
display card equipped with the appropriate
utitity ROM must also be used. The
Prototyping Kit, CDP18S691, contains all

that is required with the exception of the _

VIS board.
Program information

Reglster Usage
R(2) Stack pointer
R(3) Utility program counter

- /12—

R(4) Stores home address

R(5) Main program counter

R{7.0) Character counter forstoring bit
patterns

R(6.0) Character row counter for
storing bit patterns, then ASCl! value
storage for previously stored
character

R(9) CMEM location pointer for bit
pattern storage, then column
counter

R(A) Page memory location pointer

R(B) Bit pattern pointer

R(F.1) Storage for ASCll input from
utility program
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RUNNING THE PROGRAM

To run the program with either the
Evaluation Kit or Microboard System,
depress RESET, RUN U, and then the
carriage return to set up the timing and
registers; then depress either RESET,
RUNP or enter $P0. Each time an ASCII
printable character is input, it is displayed
in the position of the cursor, which, again, is
incremented one position. Line feed,
carriage return, cursor up (control O),
cursor left (control N), and cursor right
(controt L), all move the cursor as indicated
and restore the previously displayed
character to the position from which the
cursor came. Clear screen (control K)
clears all characters and homes the cursor.
Control H causes the screen to scrotl down,
and Control | causes it to scrolf up.

To run the program with the stand-alone
system, depress the momentary contact
switch; the program will come up running
and waiting for an input.

This Note is meant to describe the circuitry
and software relating to the CDP1869/70

VIS chip set and to introduce the reader to
its potential. Therefore, the program
example given in the Appendix is written to
be instructive, and assuchis not memory or
speed efficient. However, an understanding
of the program and the ViS data sheet will
gllow one to utilize more of the many
features of the set, such as color, sound,
graphics, and motion.

REFERENCES

1. “COS/MOS Video Interface System,”
RCA Solid State Flie No. 1197 on the
COP1869C/CDP1870C or “COS/MOS
Memories, Microprocessors, and
Support Systems,” RCA Solid State
Databook SSD-260.

. “RCA COSMAC Microboard Video-
Audio-Keyboard iInterface CDP-
18S661V1 and CDP18S661V3,” RCA
Solid State publication MB-661.

, “Guide to Better Handling and
Operation of CMOS integrated
Circuits,” RCA Solid State Application
Note ICAN-6525.
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Fig. 3 - Schematic diagrem of

circuit used to modily the

Evaluation Kit to separate the FXXX memory
locations for the VIS chip set.

0048 ££) 0120 REEN' SEX E

0065 3IEATS o121 EN3

0068 6ABF ) 0122 INF 23 PHI AIN
004D C4Cs) 0123

NOF3 NOF

..BET KID OF X

..NAIT FOK DATA AVAILABLE FROM UART
..STORE 17 IN REG F

. JHASTED SFACE

Fig. 4 - Modification of the program shown in

the Appendix to

make it usable with

the Microboard system of Fig. 2.
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1.}
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0002

0004 ;
FBOOES)..

0004
0007
0004
000k
Q00K
000C
000E
0011
0014
0016
0016
0016
0016
0016
0016

0037
0038
0038
003A
003A
0030
003F
003F
0042
0043
0044
0048
0048
0048
0048
004b
004
004F
004F
004F
0052
0053
00455

057
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7100}
CACAS

FBOBATZ)
N5}

}

ES5)
6380)
¥8GORA}
FBCYAA}
EA6S}

}

-~y

§
FOFORA}
B
FRF4K9)
FBOOAN)
AAAT ]

2 ABAZI

Abj

}
2% FAO2EB)

'
Fa0482}
A2}

'
6724}
66241

}

H
1

}

i

}
87}
3431}

SA}
ABS

% 3435)

394

}
1918}
}

98FPOB}
3343

)
FB00A8}
174

87F P40}
3A301¢

3
}

i
FBBOBAJ
FBCBAAS
65}

)
FBFFRAS
AAj
FB003
3455
73

Appendix - Program Used with the Evaluation Kit

0001
0002
0003
0004
0005
00046
0007
0008
0009
0010
o011

0012
0013
00t4
001%
Q018
0017
o018
oc1¥
002¢
0021

0022
Q0203
0024
0025
0026
0027
0028
0027
0030
0031

0032
0033
0034
003%
0038
00342
0038
G037
0040
0041

0042
0043
0044
0047
0046
0042
0048
0047
0050
0051

0052
coLS
0004
0055
0058
0057
0058
0057
0060
0041

0062

0063
0044
006
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
00764
0077
0078
0079
0080
0081
0082
oon:s
0084
oone
00856

LA I I I I T Ty Y T T T T L L L L
. FROGRAM FOR THE VIS TU EVALUATION NI1T BOARD .o
.. ASSUMES THE CHARACTER BIT FATTERNS ARE AT 0200 TO O3FF

N ,-liilun-l-.lnll'n!n.nl."l'n!lIn-!llu!!lll|Q--luu.--a!l.!uoulllnull!!l'

A L R Y T L L LR R I LTI
. PEFINFE CUNSTANTS
.,n-u||---nu-n----.-.-----u--nu------uunu-l--n----uuun-unnu-uanq-nn!!!lu

READ=¢B11R
STK=2
uIcT=3
HA=6
FPTk=80A
CYR=5

DISs 800
NOF i NOF

LDI A.1(INITY} PHI CTK
LDI A.OCINIT)} FLO CTR
SEF CTk

INIT: SEX CTR

uuT 33 880
L0 880; FHI FFTK
LDI #C?; FLO FFIR
SEX FHTK) DUT 5

CHST=7
KOCT=8

CHEn=9
CFAT=80K

LI &F81 FHI FFTK

FH1 HA

LD 0FA) $HT CHEN

LD1 #00} FLO CHAT

FLO FFTR) FLO CMTM
FLO ROCTS FLO CH3T
FLO Ha

LI 802} PRI CRAT

LI'T 8063 FH{ SIK
FLO STK .

QU1 73 LEC FRTR
OUT &5 NEE FFTK

« ANDRESS OF READR ROUTINE IN UTILITY
LKEG D IS THE STACN FOINTER

..ﬁlh 3 1% THE FRUGKAM COUNTER FOR UTA

JLGTORE THE HUME ALDIKESS IN HEG 6

..FAGE FOINTER IS KEG A

.-CULNTER KEG FOR THIS FROGRAM IS KEG S

LOTSARLY  THE INTLRUFTS
«JLEAVE SHA'E FOK T LFVEL 1/0 FUR YTHE MICKOEROARD

-.SET UF KEG 5
. +START COUNTING IN KEG 5

L.SET X FOK OUT IMMED !

.. TUKN ON UISFLAY, SET UP 40 CHARKACTERS

..SET CMEM HIGH, MOISE QFF, FULL RES VEKT, NTSC
..PRL FG BIT FORK 1ST PG OF MEM

LWSET X [0 G FTK, OUT 5 SETS THE KITS

««REG 7 HAL NUMKER OF CHARACTERS STOKED
+LREG 8 IS THE KOW COUNTER WITHIN EACH
«CHARALTER KIT FATTERN

. KEG § FOINTS 10 CHARACTER MEMORY
..RLG & FUINTS TO CHAKALTER FATTERN

< FOINY THU PAGE FOINTER AND HOME ADDIRESS TO
..F800

«JPOINT THE CHARALTER MEM AT F400
. FUT 00 IN LUW BYTE OF ALL NEEDED REG'S

« CHARALTER FATTERN 1S AT Q200

<STACK L[S AT 05806

o SET THE - HAME ADTIRE §S
. .SET THE FAGE MEMUKY POINTEK

Y Y L T T Y T YT Y T YT Y T
. CHARACTER LOAQIm KOUTY INE
. lIlII.Illlll.!lﬂ.lll!lllll'..llnlDlllilllllllI'-.Qllll‘!‘llll!lnl..‘llolll

CHLD: GLO CMST
Biw
STR FEIR
KTLD: LDA CFAT
Bl »

STR CMEM
INC CMEN: INC ROCTY

GLO ROCTS ¥Rl 808
BNZ BTLD

LU $00: FLO ROCT
INC CNST
GLO CHS5T; XRI 840
BNZ CHLD

..GEY THE ALDKESS OF THE 1ST CHARACTER PhYTERN
«HALY FOR NON-DITISFL QY
«.STORE 11 IN FAGE MEMORY
SGEY THE VIRST KOW UF THE -1ST CHARACTYER RIT PATTERN
JHALT FOK NUN IISPLAY

+«STORE [T 1M CHARALUTER MEMORY

- INUCKEMENT TU NEXT KCW OF 1ST CHARALTER EBIT FATTERN
. JAND REES A COUNT ON THE NUMKRER OF ROWS

LLSEFOIF FUT IN 8 ROWS OF RIT FATTERNS

.. IF NO1 GO HACK FOR ANOTHER

«LRESET THE RdwW COUNT 10 ©
L INCKEMENT FOR THE NEXT CHAKACTER KIT i“TTERN

'..SEE 1F STORED ALL 64 CHAKALTER FATTERNS

.. IF NOY L0 HAUAN

«.BIT PATTERN ARE. NUW STORE! IN CHARACTEK MEMORY

LDI #80; FHI FHIF
LDI #C8; +LO FFTR
[¢17) )

LTJUKEN Off THE CHARACTER MEMORY ACLESS
.« MUDE

..NOH WE CLEAK THE SCKEEN

LUT ®FF; t'HI FPTR
FLO HRTR
CLEG: LDT 800
k1w
STXD

..FOINT THE VAGE FOINTER AT THE TOF

.. 0F THE Fabl MIMOkY

..BEY THFE CHARACIER MEMORY ADUKESS FOR A SFACE
LHAail

+.STURE IT IN THE HAGE MEMORY AND FOINV 7O NEXTY
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0038
0038
005p
005D
005D
003E
005E
00SE
O05SE
00S€E
005E
005€E
Q05E
00SE
005E
00SE
00%SE
Q0SE
Q0SE
005€E
0061
0041
Q041
0061
0061
0061
0061
00641
0061

0063
0065
0067
0048
0048
Q04B
Q06E
006F
Q0&F
0070
0071

0076

0074

}
PAFRF7}
3JA53)

}

1A}

- s e e e e s ] W e e W e e e ma e e e B e e

BOOAY}

0ARB}
FB3F}
3465}
SAl .
}
FB3bA3}
FEB81B3)
b3}

}

EA)

9F}

FAS0C2010A}
3
FE603268)

007A

0074
0074
0074

)

1

)

9F}
FF201}

}
34700

LU

. we e =e e e e W e we e e

SAFF7F )
3A915
SAFFFF}
a9t

’

ARAD}
FBF8BA}
3099

¥

i

}

1A}

219

89}
FF28}
3A6t )

AR}

~ N e e e e e e e

E2}
B4FFCO}
Q47FFB}

0087 ..LOMER PAGE MEM LOCATION
0088 GH1 PPTRI XRI §F7 ..SEE IF REACHED TNE HOTTOM OF FAGE MEMORY
0089, BNZ CLPG .. 1F NOT G0 BACK
0090
0091 1INC PPTR ..MOVE THE PAGE FOINTEK TO 1ST LOCATION THAT IS
0092 . UFPER LEFY COKNER OF THE SCREEN
0093
0094
009% ..Quull.!nini-uInnnn---..-u-----n---n--l-lnnl---nnu-n-nul-uunun-nlll-'-n-»-l..
0096 .. INITALIZATION COMMLETE .e
0097 .. NOW WE AKE KEADY 10 ERING IN CHARACTERS .
0098 lnnnlunnnnnlln‘nnnn-‘nl-uncllnlnuiI-II---nnnluun-lllln.llllllln.!lllli!!nn,,
0079
0100 "
0101 AIN=BOF ..REG ¥ WILL CONTAIN THE ASCII RYTE INFUTTED
0102 TSTR=8 ..KEG 8 WILL BE NEEUED FOK TEMFORARY STOKAGE
0103 COCT=9 ..REG 9 WILL KELF COUNT OF THL LCOLUMN IN WHICH THE
0104 . .CUKSOR IS
0105
0106 LDI 400} PLO COCT ..ZERO OUT YHE COLUMN CUUNTER
0107
0108
0109 llll!'I‘I'I!IUDIIIUIII!-l.'ll!lll!ll.ll!I!lll!.llllllll.l.lllllIllIlll'll'.,
0110 .. THIS ROUTINE SAVES THE CHAKACTER IN THE NEW LOCATION .o
0111 .. AND DISFLAYS THE CURSOR THERE .o
0112 nnllonl--llll-‘nn-l-n:p---nnu-na-n--p-n-n-n---n--n-n--nn.----.-nnn--nnl--l.,
0113
0114
0115 NEWC: LDN PFTRJ FLO TSTR..FUT THE CHARACTER INTO TEMHORARY STORAGE
0116 LOT #3F ..LOADr THE CMEM ATIIRESS OF THE CURSOR
0117 bl « . HAIT
o118 STR PPTR ..DISFLAY THE CUKSOR
[ 1834
0120 REENI A.O(READ) -)UTCT.0 ..LOAL THE ABLRESS OF KEAD KOUTINE INTO
0121 A L(READD -)UTCT.1 .. UTILL1TY’S FROGRAM COUNTER
0122 SEP UTCT ..00 THE READ
0123
0124 SEX PPTR ..RESETY X
0125 GHI AIN ..GET THE ASCII CHARACTEK FROM REG F
0126 ANI #4607 LBZ CTLC ..SEE IF HITS 5 ANTI & ARE LOW, IF SO MUSY BE A
0127 .CONTROL CHﬂshFTER SO GO TO THAT ROUTINE
0128 XRI $60; BZ REEN ..SQE 1IF 8113 5 AND & ARE MIGM, IF SO NE DON'T
0129 ..NEED 1T SO GO BACK FOR A NEW ENTRY
0130
0134 . NE MUST HAVE A DISFLAYARLE CHARACTER SO [0 IT
0132
0133 GHI AIN L GET THE ASCIT VALUE
0134 SM1 #20 . SUBTRACT HEX 20 TO MANE IV EAUAL TO ITS
0139 ..CHARACTER MEMORY ADNDRESS
0136 Bt » . LoMHALT
0137 STR FPTR L DUSPLAY 1T
0118
0139
0140 ...‘ll'll.l."ll"!ll.ll!lill.ll!I'Ql"llll!l!llII!IIl.l.l!‘lllllll'.‘.ll'.l,.
014) .. REMAINDELE OF THE FRUOLKAM TAKES CARE OF THE FOSITION ON .o
0142 ., THE SCKEEN FOR THE NEXT CHARACTER .s
0143 ., AND THE SCRILLING .
0144 ..!!I!I.Qill.!nllln-nnun--v--r-ll-‘--llnl-lnlnlI-nlnlnu.nnnnnnilnnnlnn-ll.n'__
0145
0146
0147 ..HAS THE FAGE FOINTER REACHED END OF LAST LINE ?
0148
0149 LLCK!
0150 GLO PFPTRS SHI &7F _.SEE IF IHE FAGE FOINTER IS AT THE LAST DISPLAYABLE
015] ENZ INER ..LOCATION 1F NOT WE CAN GO AND INCKEMENT 17
0152 GHI PPTRI SM1 &FF
0153 BNZ INCK
0154
0155 FLO FFIRS FLO COCT . MUST HAVE FEEN AT LAST LOCATION SO RESET FAGE
0156 LBl #F8) PHI PPIK ..FOINTER TO BEGINNING THAT IS F800
E? KR USCK ..G0 TO CHECK IF WE MUSY SCROLL UF
0158
0159 .. INC PG FIRE AND CHELK FOSITVION
0160 ¢
0161 INCK: INC FPTR . INCREMENT FAGE FOINTERK AND COLUMN COUNTER
0162 INC COCY . .TQ NEXT LOCATION
01463 GLO cCOCY JCSEE IF NE KEALHED THE AQTH COLUMN
0164 SHT #28
Q165 ENZ NEMWC . 1F NOT GO GET ANOTHER CHARACTER
0166
0167 FLO COCY . MUST HMAVE BEEN «O0TH COLLMN SO ZERU OUT COLUMN
0148 . .COUNTER
0169
0170
0171 ulllnuall-nanlllnnu--.ln---nnnnul--nl-l-n-n-----nulnl.luullnnnullninunnin._
0172 .. SCROLL UF KOUTINE .
0173 IllllllllllDlll.ll!ll.ll!!lIlillIlllIl!lIIIIIIOIIIIQIIIIIl-l!ll'.!'lll..ﬂ,_
0174
0175 . .SCROLL. YF CHECX
0176
G177 USCKI SEX SN ..FOINT X TO STACK
0178 GLO HA7 SHI #CO LLSEE IF FRESENT HOME ADRIRESS 1S IN SECOND
0179 GHY HA; SMK] §FR [ FASE OF T'AGE HEMORY
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0J0A0 33AC) 0180 BUF SCPO «.IF S0 GO TO SECOND FAGE ROUTINE
00A2 } 0181
00A2 ) 0182 ««1ST FAGE ROUTINE
00a2 } 0183
00A2 B4FCCO73} 0184 GLO HA} ADI $CO; STXD .-STORE AN OFFSEY HUME ANORESS ON THE STACK
00A6 967C031 0185 GHI HR; ADCI ¢03 . HHILH IS THE AUTRESS OF THE NEXT LOCATION
00A? 523 0186 STR ST1K <« JUST BELOW THE FRESENTLY UISFLAYED SCREEN
00AA JORE] 0187 KR PFCK ..60 TO THE FAGE FOINTEK CHECN
00AC 0188
00aC 0189 ««2ND FPAGE ROUTINC
00AC } 0190
00AC B6523 0191 SCPG: GLO HA} STR STK .- SUBTRACT THE HOME ADDRESS FROM THE PAGE
QO0AE BAF7} 0192 GLO FPTK) SM «.FOINTEK YO SEE IF THE FAGE FPOINTER IS STILL
O0RQ 9652} 0173 GHI HA3 STR STK . .ON SCKEEN
00B2 9A77} 0194 GHI FFTRI SMB
00b4 3361 0195 BUF NEWE ..IF SO CAN GET A NEW CHARACTER
0086 '} 0196
Q0KS BOFFCO} 0197 GLO HAT SMI 8CO - .MIGHT RE OFF SCREEN SO STORE THME OFFSET
ooB? 73} 0198 STxp « HOME ANDKESS ON THME STACK
O00BA ?67F031 0179 GHI HA} SMR1 903
00BD 52 0200 STR STK
OQKE i 0201 ..FAGE FPTR CHECK
OOBRE } 0202
OOBE 12} 0203 PFCK® INL STK . .SUBTRACT THE OFFSET MOME ADDRESS FROM
O0BF BAF7! 0204 GLO #HTR) SM .. THE PAGE FOINTER
00C1 223 02035 bEC STK
00C2 PA77} 0206 GHI FFTR} SMB
00C4 12} 0207 INC STK
00CS EAS 0208 SEX FFTR . RESET X YO THE #AGE POINTER
00C6 3ba1) 0209 BL NEWC ..1F FAGE FUINTER STILL ON SCREEN GO BACK
00C8 } 0210 ..FOR A NEW CHAKACTER
oocs |} 0211
Q0CB } 0212 . .HE HILL HAVE 10 SCROLL
ootg |} 0213 .. BUT FIKRSY CLEAK THE NEXT LINE
oocs |} 0214
o0ca 0215 TEMP=Z . .NEER TEMFURARY STURAGE
00C8 89A7} 0218 GLO COCY; PLO YeEWP «.FOR THE COLUMN COUNT
00CA 893201} 0217 ZERO! GLO COCT) B2 CLLN ..MOVE THE FAGE FOINTER YO THE LEFT MARGIN
Q0CD 2924} 0218 DEC COCT) LEC PFIR
Q0CF 30CA} o219 ER ZERO
0001 0220
00Ul FB0O) 0221 CLLN: LD1 #00 ++GET THE CHMEM ADDRESS OF A SFACE
0003 3403) 0222 Bin . .HALT
QoS SAj 0223 STR FFTR +STORE 1T IN PAGE MEMORY
00D& 1A19} 0224 INC FFTR} INC COCT. . MOVE OVER ONE
00038 BYFF28) 0225 GLO COCT} SMI 923 ,.SLE IF WE DID THE WHOLE LINE
000b 3aDt) 022 KNZ CLLN ..IF NOT GO KACK
oobD 1} 022
000D 2AJ 0228 REST1 DEC PPTR W RESET THE FAGE FOINTER TO THE REGINNING
QOLE 29} 0229 DEC COCY « OF THE LINE
Q0DF 89} 0230 CLO coct
OO0EQO 3ADD) 0231 BNZ REST
00E2 0232
00€2 B732EAN) 0233 RSTR® GLO TEMF) BZ USCL ..KREFOSITION THE FAGF POINTEK AND COLUMN
Q0ES 2714 0234 DEC TEMF ..COUNTER 1O THE PROPER POSITION ON THE NEW LINE
00ES 1914} 0235 INC COLTJ INC PPTR..NHEN DONL GO TO SCKROLL UF RUUTINE
00EB 3J0E2) 0236 kR RSTR
00EA 0237
O00EA } 0238 «.SCROLL UP ROUTINE
O0EA } 0239
O00EA 0240 «.BUT FIRST SEE IF WE HAD THE LAST LINE OF TRE
OO0EA | 0241 ..SECOND PAGE ON THE ROTTOM OF THE SCREEN
00EA |} 0242
QOEA B4FF58) 0243 USCLt GLO NAJ SMI 838 ..SEE IF LAST LINE WAS ON EQTTOM
QOED 3JAFBI 0244 BNZ NLST
OO0EF 964FFFF) 0245 GHI MA] SMI #FF
00F2 3AFB} 0246 BNZ NLST ..1F NOT GO TO NOT LAST LINE RUUTINE
00F 4 A6) 0247 FLO HA . .MUST HAVE BEEN LAST LINE SO SET UP
OOFS FBFBRGS 0248 LEI 8F8) PHI HA « . HOME ADURESS
0CFB C001037 0249 LER OUTP ..G0 TO QUTFYT . IT
00FB 0230 .
QOFE 251 . «NOT LAST LINE
00FB } 0232
00FE B4FC20} 6253 NLSTt GLO HA; ADI #28 +.ADIr HEX 28 TO THE HOME AUDRESS
QOFE A6 0254 FLO HA
OO0FF 967C007 0255 GHI KAl ADCI 400
0102 BéJ 0256 FHI HA
0103 £667} 0237 QUTF: SEX HAG OUT 2?2 «.SET THE NER MOME AIIIRESS
0105 26EA} 0258 DEC HAS SEX FFTR ., .DEC THE HA CAUSE OQUT INSTRUCTION INCR'S 1Y
0107 Q259 . .KESET X TO THE FAGE FOIMTER
0107 CO0061!) 0260 LBR NEWC .60 GET THE NEXT CHARACTER
010A |} 0261
010A } 02462
010A 0263 . . NUNNAUNIRRENSRRRRABFBA NS RUB RN AR RSP RPARA NN ARSI AN RN RPN N RN RE NP RN,
010A } 0264 .. --THE FOLLOKRING KOUTINE LOUKS AT THE CONTROL .
010A 0265 .. CHARACTERS FOR CUKSUR MOVENENT OR SCROLL .e
010A 0266 .. CONTROL CHARACTER RUUTINE .e
010A 0047 &, BERERNE RSN P RN NN RAF R R RS RN AN AR PN OB IR ENEN OGN R RN F R RN NR RPN ARR DR BN,
0104 § 0248
010A 0249
—_ S -
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010A
0108
010D
010E
010E
010F
0113
0118
o11c
0121
0126
0124
012€
0132
0135
0135
0135
0135
0135
0135
0135
0138
0135
0138
013k
013D
0130
0140
0141
0144
0145
0148
0148
0148
0148
0144
014D
0150
0150
0150
0150
0150
0150
0150
0150

0151
0154
0154
0158
0158
o158
[-3%1:]
0158
0158
0158
0158
015k
015
01460
0160
0160
0140
01463
0164
0167
0148
0144
01544
016A
016A
o160
0170
017t
0172
017%
0171
0171
0171
0171
0171
N
01714
0174
0176
0179
017B
017€
0181
0183
0184
0187

68’

3408)

SAs

)

9F)
FFO832A5)
FFO1C200€EA}
FFO13235)
FF01C2000B})
FF01C20080)
FFQ13250}
FFOL132BF )
FFO13258}
C000414

L

3
8AFFS8)
PAIFFF S
33483

’
BAFC20)

C00099}
;

)

3

8YAA}
FBFBRAJ
C0009%}
i

}
}
)
;n

)

i
891

C200613
24291
3050}

]

- e

}
BAFF28}
SATFFO}
3psA)

}

H
BAFF28;

FBFFBA)
89FCS8}
AA}

}

- - e e e e

B4FBOO}
3AB3)
94FBF8}
3AB31
BAFF 58}
PAZFFF}
338}
EA}
C00061)
}

0270
0221
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0305
0308
0307
0308
0309
0310
01y
0312
0313
0314

CTLCt GLO VYSTR + RESTORE THE CHARACTER WHICH USED YO

Bl » . . «PE UNDER THE CURSOR

STR FPPTR
GHI AIN «+GET THE ASCI] VALUE
SMI #08) BZ DSCL i ««CONTROL H 1S SCKROLL DOWN
SMI #01; LBZ usCL ..CONTROL 1 1S SCROLL UF
SMI #01} WZ LIFD «.THIS 1S LINE FEED
SHI 801} LBRZ INIY ++CONTROL K IS CLEAR SCREEN AND HOME CURSOR
SMI #01; LWZ LLCK ..CONTROL L IS CURSOR RIGHT
SMI 801} BZ CAKT .+ THIS IS CARRIAGE RETURN
SMI #01) BZ cuULY ..CONTROL N IS LURSOR LEFTY
SHMI €01} BZ CUUF . .CONTROL 0 IS CURSOK UF
LBR NEMWL ««NOT USING ANY OTHEKRS KIGHT NOW SO

..60 BRACN FOR NEXT CHAKACTER

A L Yy Ty e Y Y A T NN A Yy TY T T T Y'Y T YT
. LINE FEFN KOUTINE .

S L I R Y R R R T Rl P R Y e R I R R RS2 ad iyl y ] SO

LIFD1 GLO #FIR} SMI €38 ,.SEE IF CURSOR IS ON LAST LINE OF SECOND PAGE

GHI FPTk) SHRI @FF
BDF LILL .-1F S0 60 TO LAST LINE RUUTINE
GLO PFTR} ALI 928 «oNOT ON LAST LINE SO ADD MEX 28
FLO FFTR
GHI PFTR} ADCI %00
FH1 PFTR
LBR USCK . .AND GO CHECK TO SEE If NE NEED TO SCROLL UP
«»LAST LINE KUUTINE
LILLY GLO COCT) FLO PFRTR,.PAGE POINTER IS FB00 FLUS THE COLUMN COUNY

LD1 #F8) FPHI FFTR
LBR USCK .+G0 CHECK FOR SCROLL UP

fNENNERARRA AR RS NP PR RPE R RN RS NP RNV YR TR RRRUANE PP AR RRNA RN RN RUB RN GRRRNRNW,

. CARRIAGE RETURN KOUTINE .
Y Y L L L Y LYY YT LT TR Y YT TN T YT TR TN Y LYY T
CART: CGLO CoCTY +.SEE If CURSOR IS IN LEFT MARGIN

LBZ NENWC +.IF SO GO FACK FOR NEXT CHARACTER

DEC PPIR) DEC COCT..IT WASN'T, MOVE LEFT TILL ME GET THERE

BR CARY
L NENNERANABAA A BT RRRE NS REARRROERAIRNI R AT UP DR R RN AR R RRARRR RN CRTRRERRARRN BN,

‘e CURSUK UP ROUTINE .

PR 22l 223 TS A R T AT SRR AT RS0 R R a2 i1 aTeddldl sl O

CuuP: GLO FFTKkJ SM]I 828 .,SEE IF CURSOK 1S IN 1ST LINE OF 1ST FAGE

GHI PPTRI SMBI OF8,.0F PAGE MEMORY
ENF CUFL «.1F 50 60 TO 1ST LINE KOUTINE
. .MOVE CURSOK UF
BLO PPYK} SMI #28B .«NOT IN IST LINE SO SURTRACTY HEX 28
PLO FPIR
CHI PFYR} SMBI 800
PHI PPTR
BR DSCK ..CHECK FOR SCROLL
.+ 1ST LINE ROUTINE
CUFL: LIY OFF] PHI FPTKR ..FUT CURSOR IN FROPER FOSITION OF LAST

GLO COCT} ABY 8358 ..LINE OF SECOND PAGE OF PAGE MEMORY
FLO PPTK
..NON CHECK FOR SCROLL

LN RRARP AN RNR SRR AP URTRSERONENENTIURUNS AN CH RN R RE RGN RS TSN RRNRER,
o IOHN SCROLL ROUTINE .

S LIS RIS AL AN R Y R R YR TS YA A YRR aq a2 2slqllll O

..01Db HE GO OFF SCREEN

DSFCt GLO HA} XR! €00 .+15 THE HOME AULNRESS FBOO ?

BNZ GTCH
GHI HA} XRI ¢F8
KNZ GTCH .. IF NOT UON’T SCROLL
GLO PFIK} SMI 058 ..ARE WE ON THE LAST LINE OF
GHI PFIR} SMBT #FF, ,2ND FAGE 2
BGE NSFL ..1IF SO, SCROLL
GTICRt SEX FHIR
LER NENWE +.60 RACK FORK MOKE

—_— //// i;? —
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.. DOMN SCROLL CMECKN

SEX STK ..SET X 10 THE STACK
GLO FFTR) AD1 #28 ..SEE IF THE HOME ADDRESS
STXD ..1S THE NEXT LINE

GHI PPTR} ADCI 000

STR STKJ INC STX ., THAY IS, [OES HA-PFTR+828-COCT ?
GLO CoCT) sDb

STXD

LIX? SMEI 000

STR STK} INC STK

GLO HA; SM

ENZ GTCH; LEC STK

GHI HA; SM

INC STK: ®NZ GTCH

BR DSNF ..1T DOES, SO HE MUST SCROLL

..SCROLL DOWN

GLO KA} XRI #00 ..1F THE HOME ADDRESS IS

ENZ DSNF ..F800 GO TO FIKST LINE
GHI HAJ XRI $F8 . . ROUTINE
KZ DSFL

..DOWN SCROLL FOR NOT 1ST LINE
GLO HA} SHI €28 . .SUBTRACT HEX 28 FROM THE HOME ADDRESS
FLO HA
GHI HAJ SMEI 800
kR OUTF-1 ..G0 SET THE NEW HOME ADUKRESS
..DOWN SCKOLL FOR 1ST LINE

LDI #58; FLO HA L.WE WEKE ON THE LAST LINE SO NEW HOME

LDI &FF . ADBRESS WILL BE LAST LINE OF SECONU FAGE
..0F FAGE MEMORY
BR QUIP-1 ..G0 SET THE HOUME AUDIRESS

'y ..l!.'lllll-lll!!lllﬂ!...l.l.ll'll‘Il!!l'.I.II‘..‘.“I....I...l‘.ll'..l‘.'. .

CURSUR LEFT ..

..Inunnllvnnn:unn-.n--n-u»u---:nn.nlnuvnlnl|n-nlunun.n-.nnnlnlnnnl..lnlnllni.,

GLO COCTS BZ CLLS ..SEE 1f WE ARE ON THE LLFY MARGIN, IF SO
,.GO TO CUKSOR LEFT LEFT SIUE

DEC FFTK: DEC COCT..NOP ON LEF1 MAKGIN 50 MOVE LEFT ONC SPOT

LR NERC ..60 FOR NEXT CHARACIER

..CURSOR ON LEFT MARGIN ROUTINE

GLO FFTRE ®NZ CUNF,.SEt IF CUKSOR 1S IN 1ST LINC OF 1ST FAGE
GHI FFYKS SMI 8F3

HNZ CLNF ..IF NOT GO 10 CURSOK LEFT NOT 157 LINE

LD #FF; FHI FETR ., MUST HAVL HELN 1ST LINE SO CUKLOK GOLS IN
LEL 8765 FLO FFTR L. LAST LOUATION OF SECOND FAGE OF FAGE NEMORY
L1D 8275 FLG COCT L MUGT RESEY COUUMN COUNTER TUO RIGHT MARGIN
BR DSFC L .60 CHECKN IF WL MUST LLROLL DOWN

_.CUKSOR LEFT FKOM LEFT MARGIM BUT NOY 1ST LINE

DEC FHTR L THIS WILL MOVE 1T TO THE RIGHT MARGIN
. 0F THE SREVIWIS L INI

LDL #27; FLO COCT ..KESET VHE €W UMN COUNTER

bR DSCK .60 CHELK FOR SCROLL DBUWN

!'l'n'lIlnIlﬂIunIn-ilnlnnllunllllulnu--ll.-u--lnllln.lvllln--ln'nln'!nnnn‘,.

THE FOLLOWING ARE THE MEX CODLS FUR THE ASCIT BIT FATTERNS .
THEY AKE ORG 1+ TO KE AT MIMORY 0200 .s

,.nlllIll»nlcqllnnunu-llnpn-.---nnn--IlI..-I-nunnhillllluail»nl-nll.llul'll,.

LSTAKT THE CHARACTEK FATTIERN AT 0200

n00000000OOOOOOOOOLBCBCUCUCBOHCBOOP4UAOOOOOOOOOOOOUAF[b4n0F[B4UQOOi

,QHCEAEBHCChEﬁDCOOF2f2CAC9hoibEbOOUCET[OhC[OEQUCOOCBC8COCOCOCOC0005

0187 0361
0187 0342
0187 0343
0187 €2} 0364 DSCKXt
0188 BAFC28} 0345
0188 73) 0366
018C 9A7C00} 0367
018F 5212} 0368
0191 89F3} 0369
0193 73; 0370
0194 FQ7FQ0} 0371
0197 52123 0372
0199 B&F7} 0373
019F 3AB8322} 0374
019E 96F7} 0375
01A0 123AB3} 0376
01A3 30AF 03,7
01AS5 0378
0145 0379
0145 § 0380
01A5 ) 0381
01AS5 B6FEQO) 0382 DSCL1
01AB 3AAF; 0383
01AA Q6FHF8} 0384
O1AL 3218) 0385
014F 0386
OlAF 1} 0387
O1AF } 0388
O1AF B&FF28) 0382 DSNF1@
O1BR2 AS) 03v0
O1E3 967F001} 0391
0186 3002} 0392
O1HB 0393
0188 I} 0394
O1EB 0395
0188 ¥ 0394
018 FBSBASS 0397 DSFL3
O1Bk FBFF} 0398
OLHD 037y
01BD 3002) 0400
OLBF | 0401
OLRF } 0402
01kF 0403 .,
O1RF 0404
OLHF } 0407
OLRF } Ca0é
O1RF 3932 0407 CULT!
01C2 0408
01C2 2429 0409
01Ca CO00 61) 0410
o1C? 0411
01C7 1} 0412
01C? 0413
01C7 BA3ADA} 0414 CLLS:
01CA AFFFBI 0415
01Ch 3ADA} 04146
O1CF FBFFBA} 0417
0102 FB7FAA: 0418
0105 FBL27ATS 04197
0108 30713 0420
O1NA 0421
O1lA § 0422
010A ) 0423
O1DA DQA} L0424 CLNF3
0tIB 04275
O1UB FBQ7A9S 0426
OLNhE 3087} 0427
O1€0 } 0428
01ED Qa7
01E0 } 0430
010 0431 .
01EO0 } 0432 ..
01E0 ! 0432
Ot£0 } 0434
01L0 3 0435 FAOE
0200 } 04368
0200 00000000000000324337
0207 00CBCBLBLHCB0B:0437
020t £800DADA000000;04147
0215 000000DAFEDALA; 0437
021C FEDAD40O; 0437
0220 0438
0220 J 0437
0220 } 0440
0220 0441
0220 DCEAEBFCCAEAUC/OAA"
0227 OOF2F2CACBIOES30442
022E ESQONCEQEONCEOD; 0442
0235 E2DCOOCBLBLOLOI0442
023C COCOCOC00} 0442
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} 0443
1 0444
} 0445
} 0444
C2CACHCBLBCAL2I0447

O0EQUOCBCBCBN0I0447
EQOQQEXDACBFELB Q447

DAE20000CBCBFE ;0447
£8L80000} 0447
H 0448
i 0449
} 0450
i 0451

0000000000CBCB; 0452
D0000Q00FE00005 0452

00000000000000:0452
00CB0000C2CACH 0452
00£00000} 0452
i . 0453
’ 0454
} 0455

] 0456
DEE2EAEAFDERNC I 0ASY
00CBNBCHACBCACEI0ATT7
DBCOONCEZLICHDB/ 0AS?
EOFEOOICE2CICL3 04357

C2E2DCO0F 0457
14 QA58
i 0459
} 04469
) 0461
EOEBEBFECBCBCB 0462

OOFEEOEQFCLIE2)10462
DCOOCCHOEQECF 230462
EDICOOFEER2C2CA7 0462

CBLOEOOOS 0462
} 0463
} 0464
’ Q465
} 0464
DCE2E2DCEEIDC 0467
QOLCERESDAC2CA} 0467
pBOOCOCOCECOLDI0447
COCO00COCOCBLOi 0467
cocscsno; 0447
] 0868
} 0469
} 0470
J 0471
CACSDOEODNOCBCAI0472
QOCOCOFECOFECOI0A72
COQOEQUONBCACB; 0472

DOEQOONCE2CALBI 0472

QOCOCOFECQFECO; 0472
COOOEQUNCBLACB;0472
DOEQOODLE2CALBI0472

c8coceco: 0422
) 0473
3 0474
} 0475

’ 0476
DCE2E2EAECEODE ;0477
QODCEQEFEEDET 0477
E200FLEZERFLER: 0477
E2FCOONEEOEQEDi 0477

EQEQUEOQO} 0477
} 0478
3 0479
H 0480
] 0481
FCE2E2E2€62E2FCI0482
QOFEEQEQFLEOEQ; 0482
FEQOFEEQECF CEQ; QABY
£OEOOQDTEZEQCEQ i 0AB2
EEE2DC003 0482
H 0403
} 0434
H Q483
H 0486

EQEQEDFEEZEDQEL 10487
00nCCBCYCBTBLBI087
NCOQLELCALATACAQABY
EADBOOEDEAEBF Q70487

EBEAE2007 0487
i 0488
i 04n7
) 0490
} Qa1
EQEQEOEQEQEOFE i D492

Q0L 2FSEAFALDE 20492
E200R2F2EAENESICAT2

+8C2CACBLBLACACI00E ONOCBCBERNOEOOOE 2NALBF ECBUAE20000C8CHFECBLB0000)

00000C8CEBD FEQD0000 0 00000C80000C2CACBIOED0000)

.ODCEZEGEAFZE2DCOOCBDBCBCBCBCDDCOODC[2C2C6DBCOFEO0DEE?C?CCCZEZDCOO’

» $EOEBEBF ECBCBCBOOFEEOEOF CCIE2MCOOCCNOKQECF 2E21COOFEE2CICACBIOEQ00

» #DCE2E2DCE2E 2DCOODCE2ESDAC2CADBOOCOCOCBCOCBLOCO00COCOCBLOCOCBLONO:

» 9CACBDOEOLOCECA00COCOF ECOFECOCO00EONOCBCACANOEOOONCERCACBLBLOLBCO)

» ®DCE2E 2EAECEODF.O0NCEZE 2FEE2E 2E200F CEQE 2F CE2E 2FCOODEEOEOF.OEQEODEQD}

» 9FCEQE2E2E2E2FCOOF EEOE OF CEOEOF EQOF EEOEOF CEOEOEO00ONCEEOEOEEERDCOO)

) 9E 2626 2FEE 26 2E 200 0CEBCHLBCHCHNCOOCECACAL AL AE ALROOE 2E AEBF OEBEAE 00}

+ $EOEOEOEQEOE OF EOOE 2F SEAEAE 2E 2E 200E2F 2EAE AESE 2E 200NCE2E2EQE2E2DCO0S

)
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0373
037¢C
0330
0380
0180
0380
0380
0387,
036¢€
03193
0390
03A0
03A0
03A0
0342
03a0
03a?
03AE
QIRY
03EKC
03€0
03C0
03Co
03Co
03co
03C?
013CE
0305

o3pC
03E0
03E0
QIEOQ
03E0
03EO
0JE?7
O3EE
Q3F5
03FC
0400
0400
0400
0400
0400
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E2E200DCEQE2ED 10492
E2E21C007 0492
1 0493
H 0494
H 0495
} 0496
FCE2E2FCEQEQEOQ I 0497
OODCE2E2E2EALCIOAT7
C200FCEQE2FCEBIQAR?
EAE200ICEZEONCi 047
C2E20C00} 0897
} 0498
i 0497
i 0500
} 0501
FECBCBCHCHCACB/0502

QO0E2E2ERE2ENEDI0502

DCOOEZE2EQE2F 20502
DACBQOEZE2EDEAIQSOD
EAFSE2003 0502
; 0503
} 504
H 2505
i 0506

E2E20ACBDALDED ;0507
00E2E2NACBCACE 0507
LBOOFECICALBLOI0%07
EOFEQCOCECBCBCH; 0507

€8CBCE0O} 0%07
} 0508
i 050%
i 0510
3 0511
COEODOCBCAC2COF 0512

QONCCALALALACAZOS51D

DCOOCBUCFECACBI Q512
CBCBOOFEFEFEFE)OSIR
FEFEFEQO) 0512
) 0513
} 0514
) 0515
) 0516
’ 0517

+ 8FCE2E 2F CEOEOE0OODCERE 2 PFADCL T00F CETE2F CEBEAEQ00DCEQEONCCE2BLO0)

» ¥FECBCHCBCAECACB00E 26 2EPF 2E 2L 21 CO0E 2EJE 26 PE2ACBOO0E 2EPE2EAEAF SE200

» YEDQEDDACBUAE 2E200E2E 2DACBLBCBLBOOFEC2L 4CBBOLOFEOOCECBLOTBLBLALENO)

+ $COEONOCBCAC2CO00DCCACACACACARCOOCOUCFECBCBCBCBOOFEFEFLFEFEFEFEQCS

When Incorporating RCA Solid State Devices in
equipment, it is recommended that the designer refer to
"Operating Considerations for RCA Solid State
Devices”, Form Mo. 1CE-402, available on request from
RCA Solid State Division, Box 3200, Somerville, N.J.
08876.
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Video Information Series

A Review of General Video Display Techniques

Introduction

The television industry has been alive and well for over‘fhirﬁy years and
yet the method of transmitting and receiving video picture ihformation
has remained essentially unchanged. In fact, the only real controversy
in all that time occurred around 1953 when the Federal Communication
Commission (FCC) was assigned the task of deciding upon an industry
standard, basedvon the recommendations of the Nationai Television System
Committee (NTSC), for color TV operation that would be reciprdcally
compatible with the existing black and white standard. 'The NTSC standard
decided upon is still intact today and used quite successfully. It is
indeed unusual that, within such a well defined and>stéble framework,
most of the design and application effort has been directedhtoﬁard such a
limited area of the TV industry; namely the entertainment/news media.
Only within the last ten years have other areas, such as education and

scientific research, been seriously explored.

One area, in particular, that has shown increased interest and activity
recently is the video display terminal industry. ' The successful market-
ing of microprocessors has encouréged much of this current ackiVity.
Previously, most video terminals were used primarily in large cbmputer
systems as input/output devices or in Computer-Aided Design systems as
circuit-design display devices. With the advent of low-cost, powerful
microprocessors and peripheral control circuits, the use of video termin-
als has increased considerably. These circuits have allowed the ability
to add features and change functions, transforming discrete-logic 'dumb'
video terminals into 'intelligent' work stations capable of sophisticated
word processing, scientific analysis, and computer graphics. The expand-
ing home and small business computer market has also increased the
popularity of video terminals. The video-games industry has created a

whole new field of video design and application interest and the home TV,
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used as a low-cost video terminal, has replaced the surplus teletype for

the computer hobbyist.

In light of ‘this video renaissance, it seems appropriate to review the basic
design techniques of video terminals and TV in general. In order to effect~
ively use the LSI CRT controller circuits available today, some background

knowledge of TV and video electronics is a necessity.

Video Basics

The primary objective in any video display system is to present information
to the viewer, whether it be in a picture format as with standard broad-
cast TV or in a text or graphic format as with a computer interface. The
device used for this purpose is the cathode-ray tube (CRT), a vacuum tube
with a large, flat face coated with a special phosphor material that emits
light when struck by an electron beam. A high voltage (15,000 - 25,000
volts) is used to accelerate the beam from the rear of the tube to the
phosphor-coated face. The horizontal and vertical deflection circuitry

determine which area of the screen is illuminated, with additional circuitry
used to control the brightness, contrast, and focus of the display.

Two types of horizontal and vertical deflection methods are in wide use
today. Electrostatic deflection, used in lab oscilloscopes and high speed
graphic displays, provides the highest picture resolution and speed but

is also expensive to implement. Electro-magnetic deflection, used in
broadcast TV and low-cost video terminal applications, is much less expen-

sive because of large volume production and varied applications.

Whichever method is used, the deflection system may be thought of as an
X-Y co-ordinate plot, with the horizontal being the X direction and the
vertical being the Y direction. (Fig. 1.) The two variables (X and Y)
may be controlled independently by two methods (plotting and sweeping),

yielding three distinctly different display systems:



Plot X - Plot Y -

Sweep X -~ Plot Y -

Sweep X - Sweep Y -

In this method, known as stroke writing, a plot of

X and Y is performed to produce a vector display. The
beam is moved and illuminated only for the screen
positions necessary to form the desired display. The
CRT used is a storage—type CRT, in which the phosphor
material has a long persistance allowing the beam trace

to remain visible after the deflection operation.

In this method, used extensively in lab oscilloscopes,
a variable time-base generator is used to repetitively
move the beam from left to right across the screen
(Sweep X). The beam is moved and illuminated in the Y
direction by the vertical amplifier circuitry, which
responds to external voltages (Plot Y), to produce a
time-varying voltage waveform display. Both non-

storage and storage-type CRT's are utilized.

This method, known as a raster scan display, is used
exclusively in broadcast TV and in most video terminals.
The beam is moved at a constant rate from left to right
by the horizontal sweep circuitry and from top to
bottom by the vertical sweep circuitry (Fig. 2). Since
the raster scan rate is fixed, the display is re—written
(refreshed) at a periodic rate equal to the vertical
scan frequency, eliminating the need for a storage-

type CRT. The horizontal and vertical scan rates are
selected to provide refreshing often enough to prevént

any visually annoying flicker in the display.

In the NTSC raster scan video display, the electron beam is started in

the upper lefthand corner of the screen and deflected horizontally to the

right at a frequency of 15,750 Hz (63.5 us). When the beam reaches the

right side of the screen a horizontal sync pulse occurs, and the beam

to be returned (retraced) very quickly (25 us) to the left side of the
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screen. At the same time, the beam is also being deflected vertically
from the top of the screen to the bottom at a frequency of 60 Hz (16.7 ms).
When the beam reaches the bottom righthand corner of the screen a vertical
sync pulse occurs, and the beam to be retraced very quickly (%1 ms)

to the top of the screen. Since the péam is being deflected in two direct- .
ions simultaneously, each horizontal scan line is actually moving at an
unnoticeable downward slope to the right (Fig. 2). The horizontal deflect-
ion occurs much more rapidly than the vertical deflection, allowing 262.5
horizontal lines to be scanned within each vertical field. As the electron
beam is moved across the screem its intensity is varied in proportion to

the picture information seen by the TV camera.

The scanning frequencies used in NTSC TV were selected to present a
flicker-free image with the appearance of smooth, continuous motion,
within the allotted transmitting bandwidth. In order to provide motion,
the entire screen must be scanned within 1/20 sec (50 ms) or faster.
This is the minimum time required for effective persistence of vision,
which is the eye's ability to retain an image after it has been removed
from direct view. The TV frame rate of 1/30 sec (33.4 ms) easily meets
this requirement. However, to prevent flicker, the screen must be
illuminated at least twice the 1/20 sec rate. This could be done by
simply transmitting all 525 lines (the amount of lines necessary for
good picture resolution) at twice the frame rate of 1/60 sec (16.7 ms),
but this would require a transmitting bandwidth much higher than the
allotted 6 MHz. The method used to overcome this problem is called
interlaced scanning, in which two fields of video information are
transmitted at 1/30 sec, with every other field started 1/2 horizontal
line later than the one before it. The two fields are interlaced at

a 2 to 1 rate to produce one complete picture frame. Since the picture
content changes at a rate slower than the field time (16.7 ms), the two
fields appear to be seen simultaneously. The net effect is a frame
every 33.4 ms, which is a composite of two 262.5-line fields and which
can be transmitted within the 6 MHz channel bandwidth, resulting in a

total screen resolution of 525 lines. (Fig. 3)

To work effectively, the horizontal and vertical deflection sYstem must
be precisely controlled by the signal sent from the broadcast TV trans-
mitter. This is done by adding synchronization information to the picture
information. The horizontal and vertical sync pulses which are trans-

mitted keep the TV set locked to the exact scene that the camera sees.
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Fig. 4 shows the horizontal and vertical sync pulse timing re}atiouship.
The horizontal pulses occur at the end of each linc and the vertical
pulses occur at the end of cach field. Although thc vertical sync that
is produced during the vertical blanking period is composed of shorter
pulses at twice the horizontal rate, it is actually converted in the TV
chassis to a single vertical sync pulse with a duration of 190.5 us and

a repetition rate of 16.7 ms. The equalizing pulses and serrated vertical
pulses are used to maintain horizontal sync during the vertical retrace
time. Also, during both the horizontal and vertical blanking time, the
video information is held at the black level to prevent interference with
normal picture quality. Although Fig. 4 shows the two-to-one interlace
relationship (@ ), it is not absolutely necessary for video terminal

applications and is often omitted.

Since the horizontal and vertical sync are transmitted together, some
facility must be provided in the TV set to distinguish between the two.
This operation is performed by the sync separator section of the TV. The
two basic circuits used are the differentiator and the integrator. The
differentiator responds to sync clock-edges at the horizontal timing
frequency and triggers an oscillator that is free-running near the 15,750
Hz rate. The integrator responds to the sync pulsce width at the vertical
timing frequency and triggers an oscillator that is f{ree-running near the
60 Hz rate. The normal horizontal sync pulses are ignored by the vertical
integrator circuit because their comparatively low dﬁty cycle cannot
charge the integrator to the vertical oscillator trigger point. During
vertical retrace, however, the serrated vertical pulses, which are essen-
tially double-frequency inverted horizontal pulses, provide a much higher
duty cycle that allows the vertical integrator to charge to the’necessary
trigger level. Because the equalizing and serrated pulses are at a
multiple (2H) of the horizontal scanning frequency, the horizontal differ-
entiator continues to respond to these pulses, maintaining horizontal sync
during vertical retrace. After the horizontal and vertical synec pulses
are separated they are sent to their respective drive circuits to control

the CRT deflection yokes.

The video information is also separated at this time and sent to the video

_—
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amplifiers and CRT drive circuits. The scene, as it appears to the TV
camera, can now be displayed in a synchronized time relation to the viewer.
Fig. 5A shows a simplified block diagram of a typical black and white TV
chassis. The information presented thus far has followed a route from

the CRT to point B in the diagram. The remaining circuitry is used to
amplify the RF antenna signal, select the desired channel, and recover

the video, sync, and sound information from the modulated RF carrier

frequency.»

It is.at point B that many CRT controller circuits used in video terminal
applications are connected. The composite video and sync signal produced
by the CRT controller is designed to interface at a standard video input
level as shown in Fig. 5C. However, some CRT controllers interface earlier
or later in the block diagram signal path. In the earlier path, the com-
posite video and sync signal from the CRT controller is used to drive an

RF modulator circuit, which produces a standard output (as shown in Fig. 5B)
that contains a modulated Radio Frequency signal with a carrier frequency
equal to the :V channel picture carrier (i.e., Channel 2 = 55.25 MHz).

This signal is essentially the same as the signal produced by the broad-
cast TV transmitter and may be connected directly to a standard TV at the
antenna terminal inputs. This method provides a simple interface, but
requires the use of the TV IF and RF sections shown in Fig. 5A. The signal
bandwidth is also limited by the RF section and the 4.5 MHz sound section,
pPreventing more than approximately 40 characters from being displayed
horizontally on the screen. Since these signal limiting sections are by-
passed using the coﬁposite video method, which is connected at point B,
higher resolution displays are possible. This method may require minor
modifications to a standard TV chassis to interface at point B, although
some commercial models are supplied with an external video input for use

in monitor applications. Other commercial models are available strictly
for monitor use, with the RF and IF sections omitted, offering higher

resolution display capabilities.

Standard TV chassis circuitry may be further reduced by interfacing still
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later in the signal path by using separate horizontal, vertical, and video
signals connected directly to the appropriate TV drive circuits. This
method is most often used for high resolution color monitors and the

drive circuits required often use non-standard signals, making interfacing
more difficult, thereby limiting the CRT controller to a particular TV

chassis type.

Summary
Obviously, many options are available to both the CRT controller designer

and user. Of the many controller circuits on the market, few are directly
interchangable. Sdme are intended for low resolution and simple inter-
facing, while others are quite complex, in both circuitry and display capa-
bility. The user will find it necessary to decide on a CRT controller cir-
cuit, based on such factors as display density, ease of interfacing,
additional iC'circuitry required, cost, flexibility, and second-sourcing.
However, since the broadcast TV standards, and subsequently the video
terminal reéquirements, have long been established, new application

design pains are‘somewhat eased. The low-cost, production volume and
time-tested equipment produced by the broadcast TV industry is used to
advantage by the relatively new video terminal industry, to the point,

in fact, of using standard TV chassis as video displav units.

In newsletters to follow, CRT controller circuits will be analyzed with
respect to sync generatiom, screen formatting, character generation,
microprocessor impact and interfacing, and system design considerations.

A practical video terminal system will be presented using the RCA VIS chip-
set (CDP1869/70). This system will be used as a basic building block,

with options, such as color and sound, added as they are discussed in

details.

For additional information contact Rick Vaccarella, X6542.
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USING SLOWER MEMORIES WITH THE VIS
DISPLAY SYSTEM

G. T. Fogarty

The VIS (Video Interface System) Dls1play
System (CDP1869 and CDP1870)', a
minimal-device-count approach to color-
character generation, is essentiaily a CRT
controller designed to interface to the
CDP1800 series of microprocessors
(CDP1802, CDP1804). The system relieves
the CPU of the chore of generating screen
refresh timing or data. Other capabilities
include programmable background and
character colors, white-noise and tone
generator, and hardware scroiling. The
scheme described in this Note, while re-
quiring a few more parts, very nearly
doubles the memory access-time require-
ment of the system, and permits the use
of memories approximately half as fast
as those normaily required with the VIS
System.

ACDRESY JYROBE

DISPUAY 0N

VIS System Operation

The VIS System was designed with
minimali chip count as a goal. A minimum
1O system requires only the CDP1869,
CDP1870, page memory, character
memory, and two bus separator chips,
Fig. 1. The bus separators are required to
aliow the CPU to access the page
memory. The character memory Dus
multiplexing is internal to the CDP1870.

The character generating scheme is as
follows:

The page memory is a sequentiai list
of character positions on the CRT
screen. Its data is a pointer to the
character to be displayed at that
screen position. The character
memory contains the actual dct pat-

ASYRE

CHAR. MEMORY MUX ENABLE

coP
1869

1870

LINE ADDRESS

ADDRESS PAGE
8us MEMORY

CHARACTER
ADDRESS

BURST
T
(R

CHAR.
ME MORY

hogges

8us
SEPARATION

cpy
INTERFACE .
< CPU OATA BUS

Fig. 1—A minimum I/O system.
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tern of all the possible characters that
can be displayed. During screen
refresh, the CDP1869 generates ad-
dresses to the page memory. The page
memory output data, in turn, ad-
dresses the character memory, whose
/ datais then latched into the CDP1870
for serial output to the CRT screen.

Note that one character cycle involves
. two memory access times: page address
to page memory, and page data
(character address) to character memory.
In a 40character-per-line system, the total
of these two times is about one microsec-
ond (six dot clocks) minus the page
memory address delay from the CDP1369
and the character data setup time into the
CDP1870.

The timing diagram in Fig. 2 shows that
the signal, ADDRESS STROBE, from the
CDP1870 advances the page-memory ad-
dress in the CDP1869 at the trailing edge,

ADDRESS

signal. The multivibrator signal Is used to
advance the address counter in the
CDP1869 and to latch page-memory data.
The burst signal, occurring once per
horizontal sync., is used to generate the
“extra” address count. During nondispiay
time, the one-shot is disabled to prevent
the address counter from advancing, and
the latch control is held true. The latter
makes the latch feed through, enabling
normal character memory access. Gates
A and B inhibit the last strobe in half and
full resolution, which allows for proper
hardware rolling or scrolling. PMA4
through PMA9 are addresses 4 through 9
of the CDP1869 and are used for the page
memory.

With this ‘‘staggered access” circuit,
page memory access starts at the trailing
edge of the new strobe pulse {pulse ad-
dress out delay) and terminates at the
trailing edge of the next strobe; the total

DELAY CHAR. OAT;
SEY UP TIM
—) e
[ !
KDDRESS SYROSE LT ‘ ' L
) L ‘

CHARACTER N+

[
I
L
|

TX CHARACTER N+ 2 Y

T

|l
j !
|

1

]

i
PAGE ADDRESS  CHARACTER N IX

0

|

|

|

|

ACCESS TIME REQUIREMENT | |

FOR PAGE THROUGH CHARACTER

MEMORY

92CM- 32861

Fig. 2—Timing diagram for Fig. 1.

Initiating an address cycle. This signal is
analogous in time to the shift-register
load signal in the CDP1870. Therefore, the
next ADDRESS STROBE terminates the
current access, and initiates the next
character access.

Adaptation for Slower Memories
If page and character memory were ac-
cessed in parallel, the memory speed re-
quirement would be eased substantially.
This parallel accessing can be ac-
complished by latching the page-memory
data and keeping the page memory one
character ahead of the character memory;
the circuit shown in Fig. 3 accomplishes
this task. A TTL one-shot muitivibrator
was chosen for minimal delay. The
multivibrator generates a pulse of approx-
imately 200 nanoseconds starting at the
. trailing edge of the ADDRESS STROBE

time required is approximately that to ac-
cess one full character. Character
memory access starts at the leading edge
of the strobe signal (plus latch delay) and
terminates at the data setup time require-
ment of the CDP1870, also approximately
the time to access one full character.
Since the delay through the latch is
similar to the address out delay of the
CDP1870, this scheme, while it requires a
few more parts, essentially doubles the
memory access-time requirement of the
VIS System, and permits the use with it of
memories approximately half as fast as
those normally required.

References

1. "COS/MOS Video Interface System,”
types CDP18€9 and CDP1870, RCA
Solid State Data Sheet No. 1197.
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Fig. 3—Circuit used to adapt VIS System
to slower memorles.

When incorporating RCA Solid State Devices in
equipment, it is recommended that the designer
refer to ‘Operating Considerations for RCA Solid
State Devices”, Form No. 1CE-402, available on
request from RCA Soiid State Division, Box 3200,
Somerville, N. J. 08876.
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The Technical and Marketing Position of VIS

The CRT display has become very popular in the past few years for use in data
terminals, personal computers, vidco games, graphics displays, and industrial
instrumentation and display. In response to the increased demand for CRT
controller electronics, much of the discrete control logic has become inte-
grated into single-chip devices. These new devices interface easily to the
popular microprocessors and provide increased 'intelligence' and simple oper-
ation. Since the majority of the CRT controller available today are complex
LSI circuits, the data sheets which describe their use are often difficult to
interpret. Selecting the proper controller for a particular application may
involve considerable time and expense for evaluation and prototyping.

The attached industry CRT controller comparison chart (Table 1) points out the
variety of featurcs offered. As a starting point in choosing a CRT controller,
it may be helpful to relate the desired application to the available devices by
using the CRT Controller Selection Guide (Table 2) which shows the relative
merit of each device for some common applications, based on cost, capability,
and overall system chip-count. After the initial selections are made the com-
parison chart and individual data sheets could be used to further narrow the
choices.

Using the above method, it is evident that the RCA CLP1869, CDP 1890/96 two-chip
Video Interface System provides an economical solution to a variety of CRT dis-
play applications. The flexibility and features offered by VIS are especially
competitive since most are on-chip functions, contributing to a simplified
application system with a very low chip-count.



TABLE 1 — INDUSTRY CRT CONTROLLER COMPARISON

i ASYNCHRONOUS |
MANUFACTURER TECHNOLOGY/ uPiuC SUS PRICE coLon’ LIGHT- SYNC VIDEO SYSTEN ON-CHIP EXTERNAL EXTERNAL
TYPE NO. PACKAGE COMPATIBILITY {QTY) CAPABRLITY PEN QuUTPUTS QUTPUTS OPERATION 0sC PAGE MEMORY CHAR. MEMORY
ACa copP1es9 CMOS CoP18n0- COPIBt 9L L vES NO HORZ LUMINANCE YES YES 2K x§ 256 CHARACTERY
coPiaros 40-PIN DIP SERIES HLEMES AND CHRCMINANGE SYNC DOT RAM RAM ROM
coPare +4-10.5v COPEOCE COMPOSITE AND
@ e : coLoR
INTEL 18275 NMOS MCS BC 8¢ $30 e NO YES NO . NO NO WP LIMITED *28 CHARACTERS
40-PIN DIP OMA FROM USES SYSTEM ROM
5 PROCLSSOR RAM
INTEL 1827€ NMOS MCS 80 8% 1€ L 100 NO NO NO NO vES NO wP LIMITED 128 CHARACTE.
40-PIN DIP DUAL ROW. USES SYSTEM a0M
5y BUFFER Aam
OPERATION
,
NATIONAL 0Pa350 [N MCS 80 85 345 NO NO HORZ NO YES YES axx8 256 CHARACTERS
) 4)-PIN DIP 12599 aAND AAM ROM
5y VERT
MOTQOROLA MC 6845 NMOS MC BB $26 41001 NO 1ES HORZ NO YES NO 16K X8 256 CHARACTER!?
40-PIN DIP 650 AND RAM RAOM
“Sv VERT
SYNERTEK SYPG545 $21 100
HITACH HOD46505 N. A
AMt S$68045 $16 1100
COMMODORE
SEMICONDUCTOR | MPSES4S $11 11000}
MOTOROLA MCGa47 NMOS MCH8IC $20 11001 YES NO ~ORS CUMINANCE 1ES YES 6K X8 12 CHARACTER®
«-PINDIP 8500 T Hv 50T A-C RAM RAM ROM
1% OMPCGTE n.y 0sCH INTERNAL MASK
AMi S68047 $18 4100 LN Y] AOM 164 CHARS:
FAIRCHILD F6a47 N A
SMC CRT5027 NMOS GENE RAL $20 1100 NO L SORS NG vES NO LER ¥ 296 CHARACTER!
40-PIN DIP PURPOSE Jgat RAM HOM
“Sv -12v TM$9900 COMPOSITE
T TMS9927 $23 (100)
|
. ;
SMC CRTS007 NMOS GENLBAL N A N vEL 34 a vES " NO EWXR 156 CHARACTER
$0-PIN DIP P hePLE (1N ! Gean acMm
<5y eoMECLTY
SMC CRT%6364 NMOS GENERAL $16 "o NI e BTN . CET : vy TR xR 64 CHARACTERY
40-PIN DIP PUFEGSE CaNC RaM Any
“Sv STANG ALONE (A VEXRANDABLE WiTs
CONTROLLER) EXT HMAKNWARE:
THOMSON CSF 96364
| .
Tt T™S 9918 NMOS GENERAL 345 . 100) EN R OSBRI TE 60 R “€S TES ER X B i 256 CHARACTE™
0-PIN O1P PURPCSE JOTENRT OB YNGRy SING OYNAMIC Ram | ZvmamiC Ra
oy TMS 9900 N GHAREC AN i ANRING Coer | ‘
4 GRAY { VAEOR i l
AL ! i !
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PROGRAMMASBLE FEATURES
LINES CHAR CHARS/ROWS ROWS/FRAME CURSOR OTHER EXTERNAL PARTS REQUIRLD ] COMMENTS
8.9 % 20 40 12.24 N'A HOME ADDRESS (SCROLL) DATA BUS BUFFER SEPARATON 8 RiT) TW CHIF St T
8 BKG COLDRS GHAY SCALE VIDEO SYNC MIXER CIRCUTT NTSC PAL COME AL NONINTLROACED SYNC
B DOT COL ORS GRAY SCALE 1t 4 EXTERNAL v AN RENTS L TELETEXY OVIRLAYS)
TONE'WHITE NOIST GEN HGB BOND QU O8N QORI
Uk 10 16 upP 10 80 UPTO 64 YES MIGHLIGHT VIDEQ DMA CONTROLLER CHIP 15 T du it | oBBTAING [ 00 A CATAFNOM s SYSTEM HAM
LOCATION | REVERSE ViDL O DO CHAR CLOCK GEN CIHCT VIADMA T EC 1
BLINK UNDERI INE SYNC TIMING GUN GIRCUIT NON INTERLAC D VNG
RATE 11 NON-MEMORY GRAPHICS PO SHET REG (VIDEO QU T IRY )
SPECIAL SCHEEN CONTROU VIDFO-SYNC MiXER CIRCUILT
CODES (END QF LINE BLANK £1C 1 | xP.uC
UP 10 16 UPTO B0 UP TO 64 YES HIGHU IGHT \ IDEQ DOT CHAR CLOCK GEN CIHCUN SINGUANR Tep e, 0T ob s N USE DMA TECHNIQHIE .
LOCATION | KEVERLE VIDEO SYNC HIMING GEN CIRGULT LOWER GO 0 BTAKNG DISELAY DATA FROM 4P/uC SYSTEM
BLINK UNLERLINE P:L SHIFT REG (VIDEQ OUTPUT; HAM VIA 0wy ELFFER TECHNIOUE
RATE 11 NON-MEMORY GRAPHICS VIDEQ-SYNC MIXER CIRCUT NONANTERG £CHD SYNE
SPECIAL SCREEN CONTROL 2P
CODES (END-OF -LINE BLANK ETC }
UPTO 16 570 110 UPTO 64 YES HOME ADDRESS 1SCROLL) ADDRESS M1x 12 BiT AlLL PROGHAMMARLE FTATURES [XCEPT CURSOR
ALSO UP LOCATION | HORZ AND VERT SYNC DATA 8US HUFFER SEPARATOR .8-BtT LOCATION AN HOME ADDRESS ARE MASK-PROGRAMMABLE
TO 16 HORZ SIZE BUS LATCH (E 81T OnNLY
DOTS. CHAR P/SSHIFT RLG - VIDEO OUTPYT) NONINTES, ACED $YNC
VIDEO-SYNC MIXEH CIRCUIT
1PipC
UF 10 32 Uk 10 256 UP 10 128 YES HORZ AND VERT SYNC ADDREST M x (4. W17, NON INTEHEACED AN INTERLACED SYNC AND VIDEC
DOT RATE LOCATION { H AND V DISPLAY WINDOW DATABUS (U5 FEF SEPARATOR (B-RIT) | SY 6545 “HAKNF AKERT ADNRESSING ROW COL ADDRESSING
LIMITED SIZE HOME ADDRESS 1SCROLL) BUSLATCH b E: T
BLINK VIELT: SYNC (NON INTERLACED DOT CHAR CLOGK GEN CIRCUIT
RATE INTERLACE [)-5YNC INTER- PSSHIFT REG
LACEN-SYN(C AND VIDE(, VIDEO-SYNC MIXER CIRCUIT
WP
17 kH 16 N A ALPHAMODE 4 DOT COLORS ADDHE LS MLX 12 |IT, MO G AND LBBO4Y AHE TUNCTIONALLY THE SAME BUT
NOT NOT NOT 4 8% G COLORS DAYA BUS BUHHIR SLPARATOR (8 BIT) | vAVE DIFFERENT Pitv €418
PROGRAMMABLE | PROGRAMMABLE | PROGRAMMABLE SEMIGRAFHICS MODE UFP TO PIA (6820 INTERLACE ORPTION AvAIL ABLE (568047Y)
8 COLORS 4-BIT COUNTER TOREXT CHAR ROM) CIRTAIN MERED MAY Bl CHANGED ON A CHARACTER BY
GRAPHICS MODE : UP TO VIDEO-SYNC M b CIRCUIT CHARAC LE R BASHS |MINOR -MODE SWITCHING)
4 COLONHS P HIGH DENSITY COLOR GRAPHICS CAPABILITY (256 X
162 ELEMENTS)
UPTO 16 2610132 UP TQO 64 Yt s HORZ AND VERT SYNC ADDRELE MU 13 f0T) FROGRAMMAR:E FTAY WIS ARF PLOCESSOR MASK CH
16 PRE. LOCATION | HORZ AND VERT DISPLAY CATAHUS BIHEEH LEPARATOR BB | FROMPROGRAMMAL, |
DEFINED WINDOW DOT LHAE (i U Rr GEN CIRCLT SEEE LQADMORL 10 ES PROM TG LOAD REGISTERS,)
COMBINATIONS) LAST DISPLAYED DATA— P-SSHETRIG W DEO QUTPUY, BALANCED BEAM ¢ RENT OPTO3N.S0T:
RCW (SCROLLY VIDEQ SYNC MO ER CIRCUT LINEEOCR OPTRON (00
INTERLACE NON-INTERLACED e PRE-PROGEAME 1 TIOK OF THE 5637 (5047
COMELT-HLE ke “HR GEN AVAILABLE (7004}
COMELMELE (b LE* WITH GRAPHICS AVAILABLE (BOCT;
UP (116 8 - 240 2-256 veES HOEZ AND VERT SYNC ADDRESS Mux "¢ ki1 NOS TERLALEL AL NTEREACEHD SYNT AND VIDEO
LOCATION | DMEA BURSY MODE DATA BUS Gt I H SEHARATOR ¢ b0 CTALSCREER AL [ MASK RUN VERSION AVAILLABLE
IN®ERLACE MODES (24 OOT CHER (O GEN CIROLT [RXTNTRUAENNS SEE Y IR RV ANTOLY
HORZ SPUY SCREEN PO Sand THIG it OUTRLT L I B I O R S S R
POME REGISTER (SCROLL . VIDEO-SYNE M6 CRCT COMBAVIBIE Coafte vt Padt S AVAI AP £ 18OV
HOW-TABLE MODE wPuC
INTERRUPT ENABLE
e 16 64 YES FAGE (RASE AND HOME DAYTA GATE & t0Ede b july CURTENBL ML 0 GG e L
; NOT NOT NOT LOCATION | END-OF L INE ERASE ‘RETURN CHARAL VIR {218 LICH0E i AOTUMAETIC to ke v A T
PROGREMMABLE | PROGRAMMABLE | PROGRAMMABLE LINE FEEC DO CHAR U L0R GEN CIRCT S Rt N R LIRS X TEA A
LING EHANE PESHIEYHEG i 0 OyTEaY, COMERBTIHF Coebbite “lh b te Ly A AL E D04
CURSORLEFY AIGHT VIDEO SYNC MO b Gt T COMLETIECE £ 0ead ' WD GRAFRLTS By AICARLE (8002
NOHMAL CHAR ARDVANCE CURSOR | COMMAND D CODE ROM-PROM CCHIAVERLON AR AL W YAk,
1P 1C HOPTIONA,
8 40 24 NA MODE S CONTROILERSELECT LOGIC ETODYRAMS BAR S| L
NOT NCT NOT FATTERN GRAPHICS e LG PTANE VR RECS
PROGRAMMABLE | PROGRAMMABLE | PROGRAMMABLE Q2 B OCKS X 28 LINFS b MAREL [ GRADHN !

MUL DCOLOR GRAPHICS

64 BLOCKS X 48 LINES
~TEXT GRANPICS

40 CHAHS X 24 LINES
36 VIDEC PLANES {SPRITES)
EXT VIDEO MIXING
COLOR. PATTERN. BASE ~
ADDRESS REGISTERS

EYTERNAL vIOEO Mo e iNB

EXTERNAL SYNC INFY,

(XTERNA, COLORFPIA S S CUNING (M TERCATED AND
NONINTESHCACED B2 .OukC L,

SEPARATE PATTERN AND CL. R TABLES

HIGH RESOLUTION COL OR GRAPMICS CAPABILITY
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SUMMARY OF VIS COMPETITIVE FEATURES

STANDARD CMOS ADVANTAGES - Low power, high noise immunity, etc.
ASYNCHRONOUS OPERATION - Independent screen-refresh operation

PROCRAMMABLE DISPLAY FORMATS - More thin adequate for industrial/commcrcial
display applications and low-end video
terminals

LOW SYSTEM CHIP COUNT - On-board osc., sync outputs, etc.

COLOR AND SOUND CAPABILITY - 8 dot/8 bkg colors, RGB-color option,
tone and white-noise generators

NTSC AND PAL COMPATIBLE - US/European market

ROM OR RAM CHARACTER MEMORY - For non-standard character sets

TELETEXT COMPATIBLE - V and H inputs available for picture overlays

SIMPLE CDP1800-SERIES INTERFACING - CDP1802, CDP1804, CDP1805

LOW SYSTEM COST - $30 chip set — competitive system may require
significant amount of support devices



CURRENT VIS HARDWAKE/SOFIWARE

Parts

CDP1869 (TA10684) - Address/Sound

CDP1870 . (TA10685) - Color Video - composite

CDP1876 (TAL0891) -~ Color Video - RGB

TA10890 - Color Video - RGB - 80 char. - 10V
(89943 - for CDP18S008, CDP18S040)

Microboards

CDP185661 V1 Microboard Video-Audio-Keyboard Interface (NTSC)
ChP18S661 V3 " " " " "’ (PAL)

CDP18S661 Vi " " " " " (NTSC)

to replace existing board. Improved color
circuitry, 2K page memory (MWS5114), ROM/EPROM
(linked for various +5 ROM/PROM types)

sttems
CDP18S008 CRT-Based Development System
CDP18S040 Video Terminal (for CDP18S007 Development

System up-grade to CDI’18S008)

i

Demo Products

Microboard-based, simple

Microboard-based, improved - B&W Monitor,
VP-3301 keyboard (not complete - R. Rhodes)

Lancaster Products

VP-601/611 Discrete Logic Keyboard (parallel output -
611 = hex key pad)

VP-606/616 " " " (serial output -
616 = hex key pad)

VP-3301 Interactive Data Terminal (VIS)

Software

VIS Interpreter (3K, disk-based) CDP18S835
ROM (2Kx8) - ASCll character set - ?

Solid Biussels ® Buenos Aves e Mamburg e Madnd e Mexico City & Mian
Sl te Montreal e Parns @ Sao Pauio e Somerviile NJ o Stockholm

Sunturyon-Thames e Taipes o Tokyo
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CDP1871 Keyboard Encoder Enhancements

Design changes are presently under way to extend the performance and improve the
operation of the CDP1871 keyboard encoder chip. These changes will be reflected
in the preliminary data sheet, which is now in the Commercial Publications Depart-
ment. The currently available Objective Data Sheet (File No. 1232) describes the
operation of the older CDP1871 design.

The new design improvements include:
Case A Improved data-out access time from Chip Select,

Case B Reduced Drive Line nolse sensitivity via the use of active pull-down
devices on the D1 - D11 outputs.

Case C Elimination of the glitch pulse present on the RPT output (EFXB) during
the occurence of the DA output (EFXA).

Case D Internal latch circuits on the Shift and Control inputs to eliminate
erroneous key code outputs.

For customers who have been sampled with the older parts or who are designing with
the Objective Data Sheet, external circuits may be used to upgrade existing appli-
cation designs. These circuits can subsequently be eliminated or disabled as the
newer production parts become available.

Case B - Drive Line noise sensitivity may cause erroneous key codes because of

stray capacitance on the drive line outputs. For example, when the key switch
connecting D1 and S1 is closed, that key is detected when the scan counter output
enables D1, connecting it to V__. When the key switch is released, the scan

count resumes and D1 is disconnected from V__. Since the Drive Lines do not con-
tain any active or passive devices to V__, BP is now left unterminated and any
stray capacitance is discharged only via leakage paths. If sufficient charge has
accumulated on D1 and another key switch that is tied to Dl is depressed, a valid
key detect results and the scan counter is stopped. However, the scan count will
be different from the depressed key switch that stopped the scan and an erroneous
key code output is read.

The effect of the added active pull-down devices on the new design is to discharge
any capacitance on the Drive Lines when a depressed character key is released and
the scan count advances.

On the older devices, Drive Line noise sensitivity can be reduced by minimizing

any stray capacitance on the keyboard PC board and the connecting cables associated
with the Drive and Sense lines.

Case C - The glitch pulse on RPT (Pin 35) is caused by the skewing of timing of

~ 7



an internal NOR gate. The result is a short pulse on the RPT output occurring
from the time a key detect is latched until DA becomes valid. This may cause a
problem in a system that uses the RPT output in an edge-triggered circuit. The
glitch pulse might initiate an invalid repeat condition.

The problem is eliminated on the new design by replacing the NOR gate with a flip-
flop. The same technique may be used externally with the older devices as shown
in Fig. 1. A CD4013DF/F, which is clocked by RPT, produces a signal, RPT’ , only
during a valid repeat condition. The D input is provided by ahgelayed DA signal,
which allows the CD4013 Q output to change only after a valid DA output condition.
Since the glitch pulse on RPT occurs before a valid DA output is available, the
outputs of the CD4013 remain unchanged during this invalid RPT time. The delayed
DA signal ensures sufficient set-up and hold-time for the CD4013 D input with
respect to the Clock input during a valid RPT condition. The CD4013 1s reset by

a Schmitt-trigger buffer driven by the debounce input (Pin 36) of the CDP1871,

so that a valid RPT condition remains active until the key is released and the
debounce RC time has terminated.

Case D - Erroneous key code outputs can result during certain Shift or Control
key operations. A normal sequence would be to press the Shift or Control key and
the desired character key. However, if the Shift or Control key is then released
the code for the unshifted or non-control function is produced at the outputs.
This is because the Shift and Control inputs are connected directly to the inter-
nal decoder gates which drive the D1 - D11 outputs. If the Shift or Control
input is released before the character key is released, that decoder gate is dis-
abled and the key detect signal is removed allowing the scan counters to advance
to the unshifted or non-control code for the depressed character key. A similar

action results if the Shift or Control input is depressed after the character
key is depressed.

The problem is eliminated on the new design by using feed-through latch circuits
on the Shift and Control inputs. These inputs are latched internally by a valid
key detect condition. Any activity on the Shift or Control inputs is then ignored
until the character key is released and the debounce RC time has terminated. The
same technique may also be used externally with the older devices as shown in

Fig. 2. This circuit is identical to that used in the CDP18S008 Development
System IV. A CD4042B feed-through latch is used to latch the levels on the Shift
and Control switches, if either of the DA or RPT signals are valid. When DA and
RPT are not valid, the CD4042B returns to a feed-through condition, in which the

Q outputs follow the D inputs.

— et _
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A Competitive Analysis of the 5101 CMOS Static RAM
or
How to Interpret Manufacturers’ Data Sheets for Power Consumption

The RCA5101 (256x4 configuration) is a shining example of the benefits of SOS
technology. In comparisons with cometitive CMOS versions of this device, the
RCA part, by virtue of the high speed and packing densities achievable with
S0S, is believed to be one of the smallest and fastest 5101 RAM's in the
industry. Now, a recent study has also shown it to consume the least amount
of total power in small and medium system applications

This characteristic is illustrated in Figures 1 and 2. Figure 1 charts total
power consumption for a theoretical system design operating at 1 us and 3.2 us
cycle times. (1 us is a standard spec sheet value while 3.2 us represent an
1802 machine cycle at a maximum CPU operating frequency of 2.5 MHz). The

chart reflects the individual power compeonents listed in Figure 2 and assumes
selection of a single page of RAM (2 - 5101 devices) for each cycle. The RCA
device enjoys the considerable saving in total power, even when comparing with
a relatively high 500 pA quiescent current (-8) device, because of the internal
design structure during the time the chip is selected.

Unfortunately, this dramatic realization is not apparent when reading manufact-
uurers' data sheets, and is difficult to assess without an understanding of the
internal chip design. Attachment 1 attempts to give a short course on power
considerations for RAM systems, to aid the user in choosing the optimum device
for his system. The conclusion is that the RCA device has power advantages
over competitive devices analyzed except when the device is used in a battery
back-up, deselected, static address bus mode where quiescent current values

are the only power consideratior in the system design.

For more information on this or related subjects, contact Dick Peck, X7376.
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Fig. 1 - Power savings for small and medium
systems (using the MWSS101EL-8).

MFR TYPE DESIGNATION VERSION IQuies IOPER
(uA) (mA)
RCA MWS5101 -2 50 8
-3 200 8
-8 500 8
RIS SCM5101 -1 10 22
-3 100 22
-8 500 25
Motorola MCM5101P -1 10 22
-3 200 22
-8 500 25
NEC uwPD5101L -1 10 22

|

Hitachi HM435101 -1 ! 15 22

*# 1 us Cycle time

Fig. 2 - Manufacturers' data sheet values

for IQUIES and IOPER'

— /98 -



ATTACHMENT # 1

HOW TO DETERMINE YOUR SYSTEM'S POWER REQUIREMENTS AND CHOOSE A RAM BASED
ON PUBLISHED DATA

FACT 1. A memory device can operate in one of 3 modes in a real system

MODE CHIP SELECT ACTIVITY ON
INPUT LINES

Quiescent Deselected No
Standby Deselected Yes
Operating Selected Yes

FACT 2. It has been observed that manufacturers generally specify current
in the quiescent and operating modes only, and may use quiescent
and standby modes interchangeably.

FACT 3. Depending on the manufacturer, specified current may or may not
be a function of cycle time.

MODE IS CURRENT A FUNCTION OF CYCLE TIME?
COMPETITION ! RCA

Quiescent No No

Standby Yes No

Operating No Yes

The above chart requires some explanation and is the key to understanding how
to interpret data sheets. The quiescent mode is straightforward - quiescent
implies no activity, and the quiescent values shown in the spec sheets will
accurately reflect worst-case values for inactive, battery-back-up menory
systems. In the standby mode, lab measurements have shown that competitive devices
exceed quiescent values, even though this is generally not stated. The RCA
design uses small input buffers, with negligible effect on current as frequency
is increased. Since any system that is not in a back-up mode generally has
activity on the address but even during deselection, this consideration is
important and may involve independent characterization of the selected vendor's
devices.
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The effect of operating mode current is the most dramatic in this analysis.

The competitive devices analyzed drew currents listed in Figure 2 under DC
conditions - chip selected, with no activity on the input lines. Under the same
conditions, the RCA devices again drew only quiescent current and thus save
considerable power during select conditions. The competitive devices are
essentially unaffected by cycle time during chip select because of the high
initial currents; the RCA devices possess a linear power vs. frequency
characteristic and draw maximum current only at minimum cycle times.

The above considerations indicate that if a system is in a standby or operating
mode (with 1 pair of devices operating and the others in a standby mode), the

RCA device number savings will increase as system memory is decreased and/or
operating frequency 1is decreased. It also indicates that published specifications

alone may not be adequate in analyzing a vendor's device for power consumption
characteristics.
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OPERATING CURRENT DERATING CURVES FOR THE 256x4 RAM

. e
(IOPER vs TCYC)

To allow users of the RCA 256x4 (MOS RAM's a means of derating the [
values in the data sheet to match their specific application, derating
curves for the MWS5101FL-2, MWS5101EL-3, and the CDP1822E are presented
below:
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The data for these curves was generated under the following conditions:

|
e Tcyc{!.-Ous—10Oms

|

TS 50 900
I
!
MRB 50 900
|
wWR 340 750

/_-meE ZEROS
DATA IN ————
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[
!
[
[
!
[
!
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|
[
|
!
[
[
|
L
|

92CM-3272

TIMING DIAGRAM
NOTE: All timing values are in nano-seconds, unless otherwise specified.

= = (o]
Voltage/Temp. VDD 5.0 v, TA 250C

No. of Devices Tested

MWS5101EL~-2 - 38
MWS5101EL-3 - 19
CDP1822E - 20

Pattern Used

Writing either ONES or ZEROS using the above timing was found to be the worst

case. Maximum activity (transitions) om all input lines is more important
than a specific pattern.

These curves and the following IOP R (Typ) values will be added to the next
update of the 1822 and 5101 data sgeets:
Present Data New Data
Cycle Time Description Sheet Value Sheet Value
1us Present Data Sheet 4 mA 2 mA
Condition
3.2 us Min. Time in 1802 (not spec'd) 400 LA
System @ 2.5 MHz
Clock Rate
1

For more details or specific applications information conta

X7352. 52

ct Joe Paradise,



Synchronous versus Asynchronous RAMs
Which is Better?

Let's start out with some definitions:

Asynchronous - Refers to ALL RCA RAM devices which accept address inputs which
remain valid for an entire READ or WRITE cycle. These address inputs hook up
directly to on-board address decoders which select the‘addressed,memory cell.

Synchronous - Refers to RAM's (6501, 6508, 6514) and EPROMS (6653, 6654) made
by Harris, Intersil, et al which accept address inputs which are valid for only
part of a READ or WRITE cycle. These address inputs hook up to on-board
address latches which require a strobe pulse (¥ to latch. Addresses can_then
become invalid without affecting memory addressing.

Now that we understand these terms, what are the system implications to the user?
The synchronous devices were originally designed to be used with the 6100, a
12-bit multiplexed address/data bus processor that generates the appropriate
timing signal to latch addresses before they change into data. For processors
like the 6100, synchronous memories are the appropriate choice.

For processors that generate stable addresses for a full machine cycle and the
appropriate chip select ¥ edge, synchronous and asynchronous devices can be
used interchangeably. So RCA 5101 and 5114 parts can find use in these system
designs.

A problem with synchronous devices develops when they are used in an 1800 system.
The 1802 employs a multiplexed address bus, with a TPA pulse to latch the high-
order address. However, there is no convenient pulse to latch the low-order
byte when it becomes valid. This is not a problem for an asynchronous RCA RAM,

but it does require external devices and loss in performance when using the
synchronous devices. The general procedure is to delay TPA with external



-2 -

flip-flops so the TPA pulse lines up with the low-order address byte (details
on specific implementation will follow in a future Newsletter). Since this
cuts into available RAM or EPROM access time, it may require that the CPU
frequency be reduced to accommodate this arrangement. So where an equivalent
RCA RAM function is available - 5101 or 5114 - the RCA asynchronous device is
the better choice.

Conclusion? Use RCA asynchronous RAMS whenever available for use in 1800 series
or other 8-bit processor systems. No additional components are required to
accommodate these devices, and no system performance compromise is needed with
an 1802 CPU.

For more information, contact Joe Paradise - X7352.
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The Synchronous RAM Syndrome

In a previous newsletter some basics on synchronous and asynchronous RAM's
and ROM's were defined, concluding that asynchronous devices are the better
choice for 1800-Series systems. It is recognized, however, that customer
applications will, in some cases, require the use of synchronous devices.
In response to any inquiries, the following information should provide the
necessary design limitation specifications.

The basic problem encountered when using synchronous devices in CDP1802-based
systems is that of providing a latch pulse for the address and enable inputs.
The CDP1802 provides two consistent timing pulses (TPA and TPB), although each
have inherent limitations in this application. TPB occurs too late in the
machine cycle to allow sufficient access time and TPA is not -valid during the
lower order address time of the multiplexed address information. The ideal
solution is to delay the TPA pulse enough to provide valid address information
without reducing the available read access time. (See Fig. 1).

In practice, however, some design trade-offs are required to meet this object-~
ive. In order to illustrate these trade-off requirements, a fully buffered
COS/MOS CDP1802 system (5V), interfacing with eight (8) IM6508 (Intersil) 1Kx1
synchronous RAM's and one (1) IM6654 (Intersil) 512x8 synchronous EPROM, is
used, along with a worst-case analysis of the circuit. Although many circuit
options may be used to delay TPA, the example shown indicates the problem areas
for worst-case operation. ‘

The schematic for this example (Fig. 2) has three problem areas of concern
for worst-case design:

Prob. 1 - A delayed TPA pulse must be provided to latch the lower-order address
and chip enable inputs for the synchronous RAM/ROM devices.

Prob. 2 - The higher-order address byte must be latched by the high-to-low
transition of TPA to provide the A8 and A9 addresses and the chip
enable inputs to the IM6508's and the IM6654.

Prob. 3 - Proper write timing must be provided for the IM6508 RAM's.

Each area is examined separately, with references to Fig. 2, Fig. 3A, Fig. 3B,

and Table I, in the following text. Table I provides a summary of delay times

for the devices used.1

— -
AR
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Prob. 1 - A CD4013B (Dual D Flip~Flop) is used to provide a latch strobe for
the IM6508 RAM's and the IM6654 EPROM. The latch strobe is gated
with the proper chip select inputs from the CDP1859. The CD4013
circuit used delays TPA by 2 CPU clock cycles. This is accomplished
by limiting the CPU Clk frequency to 2 MHz (T = 500 ns), which pre-
vents TPA (450 ns TPLH -max.) from overlapping Clk cycle 20. Since
TPA is the data input (Dl) of the first flip-flop, the required data
set-up time (TS = 48 ns -min.) is maintained. Clk cycle 20-low sets
Ql high, which is the data input (D2) of the second flip-flop. Clk
cycle 30-low then sets Q2 high. Q2 is gated with the CEO and CE2
inputs to provide the latch strobes (E, E1) to the IM6508C and IM6654M
synchronous memories on the Clk cycle 40-low. (See Fig. 2A).

The only restriction with this delayed-TPA circuit 1is that the CD4050
buffers used in the CLK and TPA lines must be in the same package aad/or
selected such that the propagation delay (TPLH, TPHL) of the TPA buffer
does not exceed the propagation delay of CLK buffer.

The available access time for this circuit is given below and is
adequate for the synchronous memories (TELQV = TElLQV = 600 ns).

Available access time: TACC = 3,5T-t5~-tl1-t8~-tll —

= 1750 - 360 - 132 ~ 300 - 150
= 808 ns

Prob. 2 - A CDP1859 (4-bit latch with decode) is used to latch a higher-order
address byte (HOB) and provide two chip enable outputs. MA@ and MAL
are latched by TPA and become A8 and A9 for the IM6508 RAM's, and A8
for the IM6654 EPROM. MA6 and MA7 are latched by TPA and decoded to
become CEO ~ CE3. CEO is used to select the IM6508 RAM's at address
000016 JFFE, CE2 is used to select the IM6654 EPROM at address
80007, -~ BFFF (See Fig. 2A). The design limitations in this case
are %ge memory address-to-clock set~up time (t CL) of the CDP1859
and the HOB set-up-to-TPA (tg ) of the CDP180Z%

tMACL = 40 ns (max)

1
t = 2T -~ 800 (max) T =
sul Frock
"MacL = Ssul = 2T - 800
40 = 2T - 800

T

800 + 40 = 420 ns (max CPU clock freq.)
2

Prob. 3 ~ The write timing for the IM6508 RAM's is provided by the CDP1802 MWR

signal. The IM6508 data in (D) and data out (Q) and the IM6654 Q0 -
Q7 lines are buffered with two CDP1856's (4-bit bus buffers/separators)

-/5¢ -
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to prevent bus contention during non-memory CPU cycles. (See Fig. 2B).
Although the system shown easily meets the data sheet write timing,

The design limitations in this case are the IM6508 W pulse width
(TWLWH) and the data set-up time (TDVEH):

IM6508 Specifications:

TWLWH = 395 ns (min)
TDVEH = 395 ns (min)

For the circuit shown:
tWLWH = 2 T = 1000 ns (min)

5.5 T-tl4-tl6+tl12+tl

Y DVEH

2750-650-150+450+132

2532 (min)

Conclusion

The worst-case example shown should provide the necessary design guidelines
for other similar systems, where one or more of the problem areas discussed
may be critical to proper system operation. Although circuit operation is
limited to 2.00 MHz, its use should still be valuable in many customer

applications.

1 - RCA COS/MOS Integrated Circuits Manual (SSD-250A)
RCA COS/MOS Memories, Microprocessors, and Support Systems Manual (SSD-260)
Intersil Data Book (July 1979)

For more information contact R. Vaccarella, X6542.
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CDP1802 Synchronous RAM/ROM . System

TABLE I - Delay Times

- = o
VDD’ VCC 5.0V e Typical values are for TA 25°C
Delay (ns) .-40’to +85°C

Device Ref. Min. Typ. Max.
CDP1802
Clk to TPA (TPLH’ TPHL) t2 300 450
Clk to Lower Order Address (TPLQL_TPHL) ty 350 500
Higher Order Address Set-up to TPA (TSUl) t, 2T-800 2T-600
Clk to gﬁ? (TPLH’ TPHL) tg 300 450
Clk to MWR (TPLH’ TPHL) t1o 300 450
Clk to CPU Data Bus tl4 450 650
CPU Data to Bus Hold After WR Time (TH) t15 T + 25 T + 120
Data Set-up (TSUZ) - -30 0
CDP1859
Memory Address to ﬁidress (TMAA) t6 100 150
Memory Address to CE (TMACE) t, 150 225
Memory Addifés to Clock Set-up (TMACL) - 25 40
ENABLE to CE (TECE) - 125 200
ICDP1856
iDI to DB Delay (TIB) t1y 100 150
iDB to DO Delay (TBD) t16 100 150
CD4013B
Clk to Q, Q (TPLH’ TPHL) ts ’150 360
Data Set-up Time (TS) - 48 20
;CD4049UB
iP i -
) ropagation Delay (TPLH//TPHL) 60/32 144/78
iCD4050UB
§Propggation Delay (TPLH//TPHL) £ 70/55 168/132
-




T
500
ck |90 org 0] s 20 2| 31 4ol 4 | sofsr|eofe | 70471 |oofor |10]

7
DATA LATCHED
IN CPU
12—4 l-—'l )
TPA ' \
[ 1
b
MAO-MA?7 \ /[ HOB LOB
\‘_'5 i 154t =~
Qi )
[4 t1
J\ o 15 e t] 5= r- DELAYED
Q2 & &~ TPa
{T fe—t—16 | \/\r
A8,A9 MAQ, MAI \ [ / / A8, A9
Y —t—
W—  c— ; '7 / / e —
CEO,CE2 MA6, MA7 ) O/ { CEO-CE3
18 o=t Y18
£, & INVALID ] Y~ LATCH
b 1G] e e 1D —endt] |
MRD | ‘ | .
‘P——uo-ﬂ
IM6508 /6654 :“_“:(
00 ~07 el INVALID ~ XVALID
11— 208
BUSO -BUST INVALID VALID
92CM-33183

NOTE .
ALL READINGS IN NS, REFER TO TABLE I .

Fig. 3(a) - READ Timing

c:.x]oo on 10 n;tzolzngigﬁxrc_oﬁn 50 s |sof e ®ro] 71 ooloi |10

|

MAO~MA7 HOB\ \LOB \

\\ \\ ‘\

o ./
< Y / /

A8,A9 MAO, MAI / X 48,49 | / /

/ | [ [
CEG,CE2 MAG, MAT / CEO-GE3 /| /
/

\ _/ (

Ql

g / KA T Ay o LATCH
[ Yt o 1 2

o T

DR P U— Yol tis =
BUSO-BUS? < VALID D

16— nr 18~ [=ti6
IM6S08 D INVALID VALID XINVALID
NOTE:

ALL READINGS IN NS,

T .
REFER TO TABLE 1 92CN-33104
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CDP1802 Synchronous RAM/ROM System

TABLE I - Delay Times (cont'd)

o

VDD’ VCC = 5.0V e Typical Values are for TA = 25°C

| Delay (ns) -40 to +85°C
5 Device Ref. Min. | Typ Max.
f

{CD4071B

iPropagation Delay (Tpryo TPHL) tg 125 300
' IM6508C

iﬁccess Time from E (TELQV) tio 600
W Pulse Width (TWLWH) tis 395

Data Set-up Time (TDVEH> 7 395

Data Hold Time (TEHDX) t18 0

;Address Set-up Time (TAVEL) - -1 20

:Address Hold Time (TELAX) - 170

IM6654M

Access Time from El (TElLQV) to 600
éAddress Set-up Time (TAVElL) - 0

Effddress Hold Time (TElLAX) - 100

'E, Pulse Width (positive) (TEIHEIL) - 150

I 1
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MASKED ROM PROGRAMMING INSTRUCTIONS

Because of the confusion associated with some of the nomenclature in

the present PD-30 Guide, and because alternate methods for submitting

ROM data are now available to CDP1800 Series users, the intent of this
article is to clearly and simply state the procedures required to submit
masked ROM data to RCA for fabrication of custom ROM devices. A detailed,
expanded, revised PD-30 Guide with specific information on each of the
masked ROM devices offered by RCA is currently in preparation.

METHODS OF SUBMITTING ROM DATA

ROM program/format data can be submitted to RCA in three ways: CARD DECK,
DISKETTE, or EPROM.

CARD DECK METHOD - Use standard 80 column computer cards. Deck must
contain title card, option card, format card, and data cards. All
cards must be punched per the instructions in the PD-30 publication.

DISKETTE METHOD - The diskette contains the ROM address and data
information only. Title, option, and data format information which
would otherwise be punched in card deck format can be submitted

via the attached information sheet. In addition, the user must
specify the RCA development system used in generating the diskette -
CDP18S005 or 007 (CD0S) - as well as track number or file name.
Finally, a diskette listing should be submitted, to verify 1its
contents. '

EPROM METHOD - Data can be submitted via EPROMS, programmed using

the CDP185480 PROM programmer; e.g., 2704, 2708, 2716, 2732, or

2758 types (RCA CDP18U42 by Jan., 1981). 1If the ROM to be manufactured
is smaller (in memory size) than the FPROM carrying the data pattern,
or if more than one ROM data pattern is stored in that EPROM, then the
starting address and size of each pattern must be stated on the
information sheet, along with normal title, option, and data format
information. 1In addition, an EPROM listing, including address

and data information, should be submitted to verify the EPROM contents.

INTERPRETING THE PD-30 OPTION CARD TABLES

Experience has shown this to be the most confusing aspect of the information
presented in the ROM programming guide. Allowable options for ROM control
signals and addresses (specifically, for the CDP1833) are explained below:

CHIP SELECT OPTION - Chip select pins CS1 and CS2 can be enabled
by an active high (logic 1) level - programmed by P, an active
low (logic 0) level - programmed by N, or always enabled (den't
care) - programmed by X, in columns 28 and 29. If X is chosen,
this means selection of the device depends onlv on the remaining
CS and or MA lines that are not defined as X (don't care).

MRD HAS NC OPTION - Always enter N in column 30 of the card/sheet.




CEO HAS NO OPTION - always enter X in column 31 of the card/sheet.

CEI OPTION - this input will be active if a P 1is entered in column
32. CEI will have no effect on circuit operation if an X 1s entered.

TPA OPTION - enter P in column 34 if the CDP1802 TPA pulse is fed
directly to this input. An N can be entered if a different, active
low, pulse is to be used.

HICH-ORDER ADDRESS OPTION - the ROM data will be located in one
contiguous block of memory (1024 words for the CDP1833). That block,
via user option, can be located anywhere in the 65K of memory space
addressed by the CDP1802. The user selects 1 of 64 blocks by pro-
gramming the MA15-MALJ lines with the appropriate code. Entering a
P corresponds to an active high (logic 1) level for that address
decoder input, while an N corresponds to an active low (logic 0)
level. Thus, entering all §fs in colummns 36-41 locates the block
in the lowest 1K of memory space (address locations 0000-03FF).
Entering all P's locates the block in the highest 1K memory space
(address locations FCOO-FFFF). 1f X is chosen for one or more of
the MA pins, multiple mapping will occur : the same block will
appear in several locations throughout the 65K memory space.

ALL OPTIONS - must be defined. Do not leave blank!

Note that pins defined as X are still CMOS inputs and must be tied

high or low on the circuit board, even though their function is meaningless.
For lowest power consumption all pins defined as X should be tied to Vgg,
and all unused memory bits should be programmed as logic zeros.

8 wan?

< 1
- - UT : l F l " EXAMPLE
s
M. > 8
MA MA na WA
TPA — —— —— TPA e ————— — PA
STATIC RAM
ROM ROM 256 BYTES
512 BYTES 1073 BYTES TWO COP1822's jpwh MwAa
COP1831 CHPIRIZ 1256 % 41 MWR cPU
1512 X 8) 11024 » 8} CcDP1802
CEO CE! ceo i cs?
*Vee O—ed CS2 @A MRO
MAD —— —— ~— MRD ‘-—_—__.___
oour oour L 01N o our DATA
8 ] s ]
N NATABUSO?
£ ]

The above diagram shows a typical system with RAM and ROM memory. The customer
desires memory mapping as follows:
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Address

0000
to 1024 bytes of ROM, CDP1833
O03FF

0400
to 512 bytes of ROM, CDP1831 .
0O5FF

* 00
to 256 bytes of RAM, two CDP 1822's
* FF
* any high order address 06 to FF.
Since the RAM CS1 is driven from the daisy chained CEO of the ROM's, the RAM is
addressed only 1f both ROM's are not addressed.

Information Sheet for ROM Programming Using DISKETTE or EPROM
(Example sheets attached)

The customer is submitting data for the CDP1833 on a diskette, prepared
using the MEM SAVE software program on a CDS18S007 development system.
A file name of "ROMDAT" has been assigned to the ROM data file. An
information sheet has been filled out as required.

The data for the CDP1831 ROM is submitted via a 2704 EPROM. Another
information sheet has been filled out for this ROM.

For additional information, see PD-30 Guide, or contact Jerry Johnson, X6776.

—-//Zé L/
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Information Sheet for ROM Programming Using DISKETTE or EPROM

TITLE

COLUMN

1 T Customer Name (start at left)

6 - 30 I I I T 11 111111

35 -754 TT I TTITTITTITITITTITITIT] Division
59 - 63 Tt 111 ] RCA Custom Number

6s-71 [ JTTTITIT] ROM Type HOW IS ROM DATA SUBMITTED?
72 ] (] DISKETTE )

73 8] or g Check One
74 ] T eprROM )

79 -8 | ROM #

S ANSWER THE FOLLOWING
OPTLONS QUESTIONS IF DISKETTE
COLUMN IS SUBMITTED:

oo E@ m@@ ROM T Type of System?

8 - 17 BEEEEEEEE ype [ costes00s )

28

2 % [ Jcpsi18soo7 ; Check One
30 STARTING ADDRESS [J cosrasoos )

31 OF DATA BLOCK B If CDS18$O(_)5 System was

32 ] IN ROM TO BE used, Spe&%

34 ] MANUFACTURED [ T T 1] TRACK #

36 j Software used:

37 ] [ Jrom save % theck One
38 ) [ Jsave (PRrom)

39 B @ [ CDS185007/8 System was
40 :] used, specify:

0 ] FILE NAME

42 ] Software used:[ J(MEM SAVE
79-8 [ [] RoM# check one [ J(save (Prom)
DATA FORMAT If EF?RQM is submitted, state
COLUMN Type:

1 - 11 [D][AION[A] [F)[o]MR]IM][A][T] Starting Address of Data
13-15 [171] Block in EPROM: [ | [ [ |
17 - 19 USE SEPARATE SHEET FOR

79 - 80 ROM # EACH ROM PATTERN
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Information Sheet for ROM Programming Using DISKETTE or EPROM

TITLE
COLUMN
1 T] Customer Name (start at left)
6 - 30 |A[LIPIRIAL T<loVITIR[O]LIS] LCIQ11 BREERE
35 -754 bl |s|Plelalx]s] TplidvirsTiTaM 1 1] Division
59 - 63 [QI¢[3[2] /] RCA Custom Number
65 - 71 [J]e13[3][Cle] ] ROM Type HOW IS ROM DATA SUBMITTED?
72 (] \> (M brskere )
73 8] W or ) Check One
L~ )
2 i) = | O )
79 - 80 ROM #
OPTIONS ANSWER THE FOLLOWING
QUESTIONS IF DISKETTE

COLUMN IS SUBMITTED:
-5 OPOOEE e
8-1  [ClolPUIBIZ3KIE RoM Type | | (IB€ 07 SVECEW
28 % [J cos18soos )
29 ﬁ (MCos18s007 g Check One
30 % STARTING ADDRESS (] cosrasoos )
31 * OF DATA BLOCK B If CDS18S005 System was
32 P] IN ROM TO BE used, specify:
34 Z] MANUFACTURED [o]o]d] & TRACK #
36 l‘lJ Software used:
37

E D ROM SAVE ;Check One
38 N] [ sAve (PRoM)
39 i [T CDS18S007/8 System was
40 N used, specify:
41 N FILE NAME_ ROMDAT
42 ] Software used:B(/MEM SAVE
/9 - 80 Eﬂ ROM # check one D(SAVE (PROI4)
DATA FORMAT If EPROM is submitted, state
COLUMN Type::
1T -1 @EA][_T_] @@@@E Starting Address of Data
13 - 15 WEX] Block in EPROM: [ [ T [ |
17-19 |Piols USE SEPARATE SHEET FOR
79 - 80 [o]f] ROM # EACH ROM PATTERN




Information Sheet for ROM Programming Using DISKETTE or EPROM

TITLE

COLUMN

i T Customer Name (start at left) !
5.3 |[ACIPIRAL TceVITIRIoILIS] [€lol 11 11T T 1] 5
35 -°54 DD sIPILIAlYIs oI IviiIsi]oln 1 1 ) Division

23 - 63 . RCA Custom Number

oi - 71 [TBIB[VICIE] ] ROM Type HOW IS ROM DATA SUBMITTED®

72 8 (] orsketTe )

Qo ':8_] me\& or ; Check One

74 ] e‘ﬁ% @/EPROM )

/9 - 80 |[O]2)  RoM #

OPTIONS ANSWER THE FOLLOWING |
SRR QUESTIONS IF DISKETTE |
1 1S SUBMITTED: :
R G ajues(oln |
G - 17 on Type | | 00 e

28 < (] cosissoos ) |
2 0 [ costes007 | check one

30 N STARTING ADDRESS [ cos1asoos )

31 B OF DATA BLOCK @ [ CDS185005 System was

32 B IN ROM TO BE used, specify:

34 P MANUFACTURED TRACK #

36 E ' Software used: ’
3? E DROM SAVE )Check One

38 N [ Jsave (Prom) !

39 V] B If CDS185007/8 System was |
40 E used, specify: j
a1 & FILE NAME

42 V] Software used: [ J(MEM SAVE :
79 - 80 [o[2] RoM # check one Cave i J
UATA FORMAT If EPROM is submitted, stecc
{GLUMN - Type: - 2 709‘

[ @Q\] @’__R_]EEE Starting Address ui Duta

1L -1 HE[x Block in EPRO: [O[O]o]O,
=19 |Flols] USE SEPARATE SHEDT Fop -
/9 - o0 [B]2] ROM # EACH ROM PATTC
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CDP18U42 - 1702 EPROM Comparison

Since the RCA CDP18U42 EPROM is a functional replacement (except for the
power supplies) for the 1700 series UV erasable PROM's, the following
comparison of these 2 types may be helpful to our Sales and FTS organi-~
zation. Clearly, the CDP18U42 is considerably easier to use.

Programming Summary:

CDP18U42

Initially, all 2048 bits of the PROM are in the "Q'" state (output low).
Programming is done on a byte basis, in which any erased bits may be
selectively programmed to a "1" state (output high) at any address
location or in any sequence. The Vce, Vss, and address inputs function
the same as in the read mode, One program voltage (18-25V) is used to
pulse (10 ms) the’vDD and Vg,¢ inputs simultaneously. The data output
terminals become the true data inputs and, as with the address inputs,
have the same logic and voltage levels as in the read mode. Since each
location need only be programmed once, the total programming time is
2.6 sec. (Refer to the CDP18U42 data sheet for specific information).

1700 Series

"Initially, all 2048 bits of the PROM are in the "0" state (output low).
Information is introduced by selectively programming "1"'s (output high)
in the proper bit locations. Word address selection is done by the same
decoding circuitry used in the read mode. All 8 address bits must be in
the binary complement state when pulsed Vec and Vg move to their negative
levels. The addresses must be held in their binary complement state for a
minimum of 25 us after Vpp and Vg have moved to their negative levels.
The addresses must then make the transition to their true state a minimum
10 us before the program pulse is applied. The addresses should be
programmed in the sequence 0 through 255 for a minimum of 32 times. The
eight output terminals are used as data inputs to determine the informa-
tion pattern in the 8 bits of each word. A low data input level (1-48V)
will program a "1" and a high data input level (ground) will leave a "0".
All 8 bits of one word are programmed simultaneously by setting the
desired bit information patterns on the data input terminals. During the
programming, Vos, Vpp and the program pulse are pulsed with signals."
(Refer to the 1900 series data sheet for specific information).

1Intel Component Data Catalog 1979, p. 4-68
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TABLE 1

CDP18U42 - 1702 EPROM Comparison

CDP18U42

256x8

Static Operation

Access Time <1 us

24 pin DIP

Tri-state Outputs

Erase Time 5-20 mins.

Program Time 2.6 secs. (1l cycle)
Erased to all 0's

Address Inputs (Pins 1-3, 17-21)

Read =Vss -Vee (0, 5v)
Program =Vgg -Vec (0, 5V) (True)

Data Outputs (Pins 4-11)

Read (output) =Vgg -Vcc (0, 5V)
Program (input) =Vgg =Vgg (0, 5V)

Voo (Pin 12)

Read =Vee (5V)
Program =Vc (5V)

PGM (Pin 13)

Read = Vee (5V)
Program = Vgg (0V)

CS1 (Pin 14)

Read

Vgg (OV)

Program = Vgg (OV)

1702

256x8

Static Operation

Access Time .650 - 1;5 us

24 pin DIP :

Tri-state Qutputs

Erase Time 10-45 mins.

Program Time 2 mins. (32 cycles min
Erased to all O's

Address Inputs

Same pin/functieon (0, 5V)
*Comp lement/True (0, -48V)

Data Qutputs

Same Pin/Functiqu (0, §V)
*Input = (0, -48V)

VCC

VCC (5v)
*Grd (OV)

Program

Vee (5V)

*Program Pulse (-48V)

cs

Same Pin/Function (0V)

Same Pin/Function (0V)
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TABLE 1

CDP18U42 - 1702 EPROM Comparison (Cont'd)

CDP18U42

CS2 (Pin 15)

Read = Ve (5V)

Program = Vgg (5V)

€S3 (Pin 16)

Read = Vgg (OV)
Program = Vgg (OV)

vsat (Pin 22)

Read = Vgc (5V)
Program = Pulsed (22V)

VDD (Pin 23)

Read = Vgc (5V)
Program = Pulsed (22V)

Vss (Pin 24)

Read = (0V)

Program = (0V)

* = Voltage or Function Different

1702
VﬁB
Vee (5v)

*Vpp (+12V)

Ve

*Vge (-9V)

*Pulsed VGG (‘40V)

Vee (5V)

*Grd (OV)

VCC (5V)

*Grd (0V)

*Vpp (-9V)

*Pulsed Vpp (-48V)

For more information on this or related subjects contact Rick Vaccarella, X6542
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CDP18U42 - IM6654 EPROM Comparison

Since the RCA CDP18U42 and the Intersil IM6654 are both CMOS, single
voltage UV erasable PROM's, the following comparison of these two types may
be helpful to our Sales and FTS organization. Although the parts are
similar, it should be noted that the CDP18U42 does not require an address
latch strobe (static operation) and is considerably easier to program.

Programming Summary:

CDP18U42

Initially, all 2048 bits of the EPROM are in the "0" gtate (output low).
Programming is done on a byte basis, in which any erased bits may be
selectively programmed to a "1" state (output high) at any address
location or in any sequence. The Vg, Vgg. and address inputs function
the same as in the read mode. One program voltage (18-25V) is used to
pulse (10 ms typ.) the Vpp and Vgar inputs simultaneously. The data
output terminals become the true data inputs and, as with the address
inputs, have the same logic and voltage levels as in the read mode. Since
each location need only be programmed once, the total programming time

is 2.6 sec. (Refer to the CDP18U42 data sheet for specific information).

IMb6654

Initially, all 4096 bits of the EPROM are in the "1" state (output high).
Selective programming of proper bit locations to "0's" is performed
electrically at any address or in any sequence.

In the PROGRAM mode, Vg and Vpp are tied together to the normal operating
supply. High logic levels at all of the appropriate chip inputs and outputs
must be set at Vpp - 2V minimum. Low logic levels must be set at

Vgg + 0.8V maximum. Addressing of the desired location in the PROGRAM

mode is done as in the READ mode. Address and data lines are set at

the desired logic levels, and PROGRAM and chip select (S) pins are set

high. The address is latched by the high-to-low transition of the strobe
input (E1). During valid DATA IN time, the PROGRAM pin is pulsed (20 ms typ.)
from Vpp to -40V. This pulse initiates the programming of the device

to the levels set on the data outputs. Each location should be programmed
four times.

Intelligent programmer equipment with successive READ/PROGRAM/VERIFY
sequence is recommended. (Refer to the IM6654 data sheet for specific
information).
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TABLE 1

CDP18U42 - IM6654 EPROM COMPARISON

CDP18U42

256x8

Static Operation

Access Time z 1 us

24 Pin DIP

Tri-State Outputs

Single 5V Supply (READ Mode)

Power Dissipation = 50 uW
5 - 20 mins.
Erased to all 0O's

Erase Time

Program Time = 2.6 secs. (1 cycle)

IM6654

512x8

Synchronous operation
Access Time = .300 - .450 us
24 Pin DIP

Tri-State Outputs

Single 5V Supply (READ Mode) - 10V
Part Available

5 uW

5 - 20 mins.

Power Dissipation

Erase Time

Erased to all 1's

Program Time = 40 secs. (4 cycles)

Address Inputs (Pins 1-3, 17-21)
(AP - A7)

Read/Program =

VSS-VCC (0, sV)

Address Inputs (Pins 1-8, 23
(Al - A8)

Same funct. (0, 5V) - latched by EI

Data Outputs (Pins 4 - 11)
Read (Output) = (0, 5V)
C (0, 5V)

Vss~Vec
Program (Input) = VSS-VC

Data Ou:puts (Pins 8-11, 13-17)
Same function (0, 5V)
Same function (0, 5V)

VCC(Pin 12)

Read = VCC

(5V)

Program VCC (5V)

*

VCC (Pin 24)

Same function (5V)

Same function (5V)

BGM (Pin 13)
Read = VCC (5V)
VSS (ov)

Program =

*

*

Program (Pin 18)
VDD 5V
Program Pulse (~40V)

CS1_(pin 14) (Chip Select)
Read = VSS (ov)
Vgg (OV)

Program

*

»

*

E1l (Pin 20) (Strobe Pulse)

Latches address lines & E2 (V
Latches address lines & E2 (V

cc™Vss)
ccVss)

CS2 (Pin 15) (Chip Select)
Read = VCC (5V)
VCc (5V)

Program

*

*

E2 (Pin 22) (Chip Enable)

Latched by El (VSS)
VSS (0V)
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TABLE 1

CDP18U42 - IM6654 EPROM COMPARISON (CONT'D)

CDP18U42 IM6654
CS3 (Pin 16) (Chip Select) * § (Pin 21) (Chip Select)
Read = VSS (oV) Same function
Program = VSS (oV) * VCC (5V)
\Y * N/A

sat (Pin 22) 2
Read = VCC (5V)
Program = pulsed (22V)

*

VDD (Pin 23) VDD (Pin 19)

Read = VCC (3V) Same function (5V)
Program = pulsed (22V) * VCC (5v)

Vss (Pin 24) Vss (Pin 12)
Read = (0V) Same function (0V)

Program = (OV) Same function (0V)

* = Voltage, Function, or pin different

For more information on this or related subjects, contact Rick Vaccarella, X6542.

,—.//'f7
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CDP18U42 PROM Programmer Clrcuit Options

Since the introduction of the RCA CDP18U42 EPROM there have been a number
of inquiries as to what hardware may be used to program these parts.
The following describes the options available to CDP18U42 users.

Also included is a schematic diagram of a low cost (<$50) programmer
circuit. I designed and built this circuit to illustrate the simple
programming procedure required with the CDP18U42 EPROM. Its operation
in intentionally limited to the basic requirements of the CDP18U42

to reduce design and construction costs.

Two modes of operation are available; program and verify. 1In the

program mode, data is entered in binary using eight toggle switches

at the address indicated by the ADDRESS LED's. After releasing the

ADVANCE switch, a timing cycle is initiated 1in which the CDP18U42 is —
put in the program mode and the program voltage (20V) is applied to the

VD, Vsat pins. At the end of this timing cycle the address counter

is incremented by one and the CDP18U42 is ready to accept the next

data byte.

After programming is completed, the CDP18U42 may be checked by placing
the PGM/VERIFY switch in the VERIFY position. In this mode the CDP18U42
is selected in the read mode and the program voltage circuit is disabled.
After depressing the RESET switch, each data byte may be read on the
DATA OUT LED's, starting at address zero, using the ADVANCE switch.

Although the basic timing requirements of the CDP18U42 are provided by
this circuit, other features may be easily added, such as a hex keypad
circuit, to enhance programming efficiency.

As indicated by the other programming options, this circuit can provide an
effective low cost alternative for the low volume CDP18U42 EPROM user,

Other circuits similar to this may also be used with the CDP18S020

Evaluation Kit to provide more sophisticated programming and verifying
operations with user written software.
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ATTACHMENT # 1

CDP18U42 PROGRAMMING CIRCUIT OPTIONS

1. COSMAC Development System II (CDP18S005)

Sophisticated software techniques (auto-reprogram, listings,

RAM backup, etc.) ,

Requires only the PROM programmer card (CDP18S402)

and the appropriate software, available in diskette

(CDP18S480), paper tape (CDP18S490VI), and cassette (CDP18S480V2).

Universal programmer approach

External power supplies - 22-26V - 50 mA (1842, 2704,2708,2716,2758)
9V - 70 mA )1702, Read Only)

OEM support

All CDS features available to user

User must buy or already own a CDS and provide the

appropriate interface (disk, paper tape, or cassette).

CDS II $3200.00
PROM Programmer 700.00
Floppy Disc 3600.00 (Optional)

2. COSMAC Microboard Prototyping System (CDP18S691)

Sophisticated software techniques (auto-reprogram, listings,
RAM backup, etc.)
Requires only the PROM programmer card (CDP18S402) and the
appropriate software, available in paper tape (CDP18S480VI)
and cassette (CDP18S480V2)
Universal programmer approach
External power supplies - 22-26V - 50 mA (1842, 2704, 2708,
2758, 2716)

9V - 70 mA (1702, Read Only)
OEM support
All Microboard features available to user
No floppy disc interface available; utility program does
not provide a disk loader routine.
Microboard Prototyping System $990.00
PROM Programmer 700.00

3. COSMAC Evaluation Kit (CDP18S020)

Relatively inexpensive ($249.00)

Easy to use

User prototyping area provided on-board

OEM support

No floppy disk interface available

User supplied ASCII terminal or COSMAC microterminal
(CDP18S021 - $140.00)

User designed and built PROM programmer circuit

User written software

External power supplies required (+5V, +20V)
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ATTACHMENT # 1 (cont'd)

4. Commercial PROM Programmers (None presently available for the

CDP18U42, although contact has been
made with PRO-LOG and DATA 1/0)

A number of OEM programmer sources are available to the
user, offering a variety of self-contained units

OEM support

Universal programmer designs, allowing for new type
introductions via plug-in modules

Ease of use by non-technical personnel

Some lag time associated with the introduction of plug-in
modules for new types.

Because of the universal design approach, the user pays for
options and features he may not utilize

5. User Designed PROM Programmer Circuit

Ease of programming the CDP18U42 minimizes the circuit

design and software requirements

User can tailor the circuit to his particular requirements
Cost would be determined by a price/performance tradeoff

The attached schematic is an example of a minimal programming
circuit costing about fifty dollars.

User must invest time and mony for design and construction
User must develop his own software

No OEM support of his design

For more information on this or related subjects contact Rick Vaccarella,

X6542.
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CDP1802-Based PROM Programmer Circuit
for the CDP18U42 EPROM

Based on a circuit suggested by F. Thorley (FTS - Birmingham) and J.A. Stahler
(FTS - Des Plaines) a microprocessor-based PROM programmer for the low-end
CDP18U42 EPROM user has been designed and built. The cost of the programmer
is approximately $50. (excluding the terminal or MICROTERMINAL). The circuit
can be easily constructed in the user-area of the RCA Evaluation Kit (EK) or
as a stand-alone design, as shown in the attached diagrams.

Operation is simplified by using the standard UT4 (CPR512) or UT5 (CPR522)
utility program software. The CDP18U42 EPROM verify and program functions
are implemented by utilizing the ?M and M utility program functions. The
CDP18U42 is treated as RAM UT4 and UTS.

The verify function (?M) is performed by locating the CDP18U42 below address
space 8PPPy1g. Since the utility program is defined as starting at address
8PPP16, any read (?M) operation done below this address will read data from
the CDP18U42 EPROM. The necessary address decoding is already in place on
the RCA-EK and is handled by the CDP1867, CD4023, and CD4001 in the stand-

alone design. When using the RCA EK, it is necessary to disable the first
page of RAM,

The program function (!M) is performed by taking advantage of the WAIT-STATE
feature of the CDP1802, to extend the CPU machine cycle to provide the 5 ms
program time required by the CDP18U42 EPROM, when a write cycle (M) is
initiated below address 8@p@yg, the MAR output from the CDP1802 triggers the
CD4098 one-shot. The one-shot Q output puts the CPU in the WAIT-STATE and
the CDP18U42 in the PROGRAM mode. Since the WAIT-STATE occurs late in the
machine cycle, the address and data bits are held valid to provide the re-
quired CDP18U42 programming information. The one-shot Q output is used to
enable the program voltage (20V) when the PGM/VERIFY switch is in the PGM
position.
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When this circuit is used with the RCA MICROTERMINAL, CDP18S021 (optional
price $140), data is entered from the hex keypad and displayed on the LED
display. The UT5 utility program used with the MICROTERMINAL, also contains
a COUNT subroutine that increments the address once per second, which is
useful as an automatic verify of PROM data.

The circuit also provides a serial TTY (20 mA current loop) interface for
use with a standard ASCII terminal. (UT4 is required for this option).
This mode of operation provides keyboard data entry and hard-copy printout
of EPROM data.
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For more information, contact Rick Vaccarella, X6542.
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CDP1802-Based PROM Programmer Circuit Timihg
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'Pro-Log PROM Programmer* Interface for
the COSMAC Development System

by J. Kowalchik

:  This Note describes an interface and
utility routine that allows operation of the
"COSMAC Development System with a
state-of-the-art I'ROM programmer. the
Series 90 with 9104 Parallel Interface Op-
tion, by Pro-Log Curporation. The inter-
face requires a minimum of circuitry and
is easily installed by the uscer.

FEATURES
The interface and utility routine:

1.  Allows direct transfer of assembled
. object code from CDS 1o PROM

2. Allows direct transfers of I'ROM
data into CDS memory

3. Compares PROM data to CDS
memory and prints crrors

4. Includes additional utility rontines:
a. [fill memory with a constant,
b. invertdata in CDS memory.

The Serics 90, a stand alone unit, can
program, list, verify and duplicate. It is
portable and can be configured for a wide
variety of PROM types by installing the
appropriate personality module.

Fig. 1 shows the block diagram of the
system. The byte 1/0 board provided with
the CDS is ured to transfer data to and
from the Scries M. An additional circuit
board is required for control of the svstem.
The hoard uses only four COSMOS inte-
grated cireuits and can be disabled when
not in use. Fig, 2 shows the wiring
diagram of the interface board and Fig. 3
the intereonnect diagram of the system.

Software routines (PROG 1) are
provided to support the interfa
are loaded in higher order mem
ing lower order memory location
to be transferred to or from
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Fig. 1 — COSMAC-Seies S0 block diagram,
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PROG 1 requires only 512 bytes of
memory and can be loaded into RAM or
PROM, depending on the option of the
user and the size of the CDS on hand.
Some possible starting addresses are
shown in Table 1.

CONSTRUCTION

The interface circuitry is constructed on a
standard-size plugboard that has been cut
to match the COSMAC printed boards.
The wiring diagram is shown in Fig. 2.
Only the back plane signals indicated need
to be wired to this board. which can be in-
stalled in any unused 1/0 slot. Refer to
the RCA Application Note concerning
handling of CMOS devices and installa-
tion precautions before beginning con-
struction.

1/0 PORT ASSIGNMENTS

PROG 1! uses output ports 1 and 6 and

input port 7, as well as EFIl, EF2. and
EF3 to communicate with the Series 90.
The port assignments are listed in Table
11. Qutput port 6 and input port 7 are pro-
vided with the development system on the
byte 1/0 board. Output port 1 and the ex-
ternal flag input circuitry are located on
the user wired interface board, Fig, 1.

PROM LUtility Program

PROG 1 was designed to provide the
user with maximum {lexibility in his ap-
plication. The program recognizes the
following commands:

1. PROGRAMPROM (D)

Format: P (Starting Address),
{number of Dbytes) cr
{cr=carriage return)

Example: 1"100.200cr  Programs
into PROM  memory
data from 1000 2FF

Operation: Data in CDS memory be-
ginning at the starting
address is programmed in-
to PROM for the specified
number of bytes starting
at PROM address (6. I
0000 is selected as the
CDS starting address, a
NOP instruction (C4) is
loaded into PROM at
0000 because the CDS re-

serves memory  address
0000 for the UT3 program
workspace.

The Scries N tests for
non-erased  bits in  the
PROM to be program-
grammed. An  error
message will be gencrated
on the CDS terminal if a
non-blank ficld is encoun-
tered. The “not erased™
indicator on the Series Y0
will also be lit in such a «it-
uation.

Table I - Some Possiblc Starting Addresses

PROG 1 Workspace
Load Into System Size Starting Address  Available to User
RAM 4K 0Co00 ) 3K
. RAM 8K 1C00 7K
~ PROM 4or8K 7000 4or8K
' Table H - Port Assignments
OUT 6 (66) IN 7(67) OUT 1 (61)

B0-P WRITE DATAO-N
B1-P WRITE DATA1-N
B2-P WRITE DATA 2-N
B3-P WRITE DATA 3-N
B4-P WRITE DATA 4-N
B5-P WRITE DATAS-N
B6-P WRITE DATA 6-N

B7-P WRITE DATAT-N

EXT. Flags

"EF1-N RESPONSE-N
EF2-N ERROR-N
EF3-N ADDRESS-N

INO-P READ DATAO-N

INI-P READ DATA I-N'

IN2-P READ DATA 2-N
IN3-P READ DATA3-N
IN4-P READ DATA 4-N
IN3-P READ DATA 5-N

ING-P READ DATAO-N

ING-P READ.DATA -N

BO-P INTERLOCK-N
Bi-P MODE-N
B2-P TRANSFER-N
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2. TRANSFER PROM DATA TO

CDS MEMORY (T) :

Format: T (Starting Address),
(number of bytesler

Example: T100.200cr  Transfers
200 hex bytes into
memory starting at
address 100,

Operation: Data in PROM is loaded

into CDS memory begin-
ning at the starting ad-
dress  for the specified
number of bytes. If 0000 is
specified as the starting
address, data will be
translerred there, hut will
be modified by UT3 if an
attempt is made to exam-
ine it.

3. COMPARE PROM DATA WITH

MEMORY DATA (C)

Format: C (Starting  Address),
{nurber of bytesler

Example: Cl00.200cr  Compares
PROM data with thatin
CDS memory starting at
100 and continuing for
200 hex bytes,

Operation: Data  programmed i

CDSM.A.

1023
01A0

PROM is compared to
that loaded into CDS
memory beginning at the
starting address and con-
tinuing for the given num-
ber of bytes, If no errors
are found, the normal
prompt character () will
be printed. If anv loca-
tions are found not to
match  the equivalent
PROM location, an efror
message will be generated
in the following format:

Memory PROM
Data DATA
FF o)
23 i

‘4. FILL CDS MEMORY WITH A
CONSTANT VALUE (F)

Format:

Example:

Operation:

F (Starting Address),
(number of bytes),
(dataler

F100.100cr Fills memory
100-1FF  with the hex
data value,

The data specified s
loaded into CDS memory
beginning at the starting
address and continuing for
the given number of bytes.

The data can be any hex’
constant from 00 through
FF. This routine is nseful
to “clear memory'’ areas
prior to loading data for
transfer into PROM. Any
locations in the block to be
burned into PROM  will
contain the value 00 or FF
if they are not holding any
object code,

5. INVERTCDS MEMORY DATA (D)

Format:
Example:

Operation:

6. UTILITY

Format:

Operation:

1  (Starting  Address),
{number of bytesler
1100.200¢r Inverts data
in memory 100-2FF.
Some systems require that
data in PROM be nega-
tive true. This is the caxe
for the CDS system itself.
Positive true data can be
inverted in memory in
blocks using the I com-
mand before program-
ming into PROM. Data
beginning at the starting
address and continuing for
the given number of bytes
is inverted.

(RETURN TO UT3) (U)
Ucr

Returns control to the
UTS3 program

PROG 1 Operation

PROG 1 is similar in operation to UT3.
It is. however. a distinet program that can
be stored on tape, disc or in PROM mem-
ory until needed. Like UT3. the only
RAM required by PROG 1 is memory lo-
cation 0000, Tt uses-a period as its normal
prompt character to distinguish it from
UT3. Because many CDS resident sub-
routines are used by PROG 1, only the last
four digits entered are valid, and leading
zeros are assumed on all address and num-
ber of bytes entries. The last two digits
typed are valid on data entries, aiso with

leading zcros

assumed. The comma is

used by PROG 1 rather than the space of
U'T3 to add clarity on maltiple entry com-

mands,

TYPICAL USAGE OF THE SYSTEM

Assume that a program has just been as-
sembled and that its object file resides on
disc. The program occupies slightly less
than I K of memory and is to be loaded in-

’ ——
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to two 2704 PROMS. The origin of the”

program is 0000, and its current disc loca-
tion is U/TR # 0100. A typical sequence of

operations is as follows:

'
1.

<2

4.
5.

Load the PROM Utility Routine
into CDS memory (assume a 4K
CDS)..

Start the PROM Utility package
running by typing $POCUO cr. The

program will respond with its.

characteristic prompt, period (.),
which distinguishes it from UT3.
Load the object code into CDS
_memory using the following:

*SP86U0 cr Start

loader.

READ?0100 cr Select U/TR# of

the object file

Go back to the
PROM Utility
Period  indicated
PROM Utility
running

SPOCO0 cr

Insert a blank 2704 into the “copy”
socket.

Program the data from 000 to 1FF
by typing P0.200cr. It may be

" necessary 1o press “reset” on the

6.

7.

Series 90 if this is the first opera-
tion,

Confirm that the data is correct by
typing CO.200cr. Location 000 in
CDS memory was the starting ad-
dress, so the data in PROM loea-
tion 000 is C4 as noted under the
“P” command operation. The
compare routine will not detect this
as an crror. Since memory location
0000 is used as scratehpad memory
by PROG 1 and UT3, errors are
not reported. Therefore, differences
are likely to occur between memory
and PROM at this location. This is
a normal condition only for location
0000. All other locations should
compare and the PROM Utility
will respond with a period,
Program the second 'ROM with
data from 200 to 3FF by typina:
P200,200¢r.

the dise

Verify that the data is correct by
typing: C200.200cr.

NOTE: If the PROM to be pro-
grammed required that the data be
negative true. the I command
would be employed to invert the en-
tire block of data in CDS memory
before programming.

SPECIAL CONSIDERATIONS

Some PROM types require special
programming techniques as speci-
fied by the manufacturer. These
special considerations may affect
the operation of the CDS interface;
refer to the Series 90 operating
manual or contact ’ro-Log Corpor-
ation. The interface described in
Note was operated using 1702A and
2204/2508 parts, and functioned
successfully.

The problem of location (X000 in
CDS memory being unavailable to
the user could be critical where the
Disable instruction is 1o be pro-
grammed  at  location
PROM. The solution is to load the
objeet code into CDS starting at
000¢, The UTI program will clob-
ber location 0000, After the chip
has been programmed, disabie the
interface and manually copy the
barned PROM into another blank
PROM  after chauging
U0 to the disable op code.
The programmer must be sure that
the Series 90 unit is wired for the
9104 Parallel Interface. The pres-
ence of a connector on the unit does
not assure that it is wired with this
option. For those units not so
equipped, the option is field install-
able fcontact Pro-Log Corp. for
additional information).

Reference

1.

~/86 ~

*Guide to Better Handling and
Operation of CMOS Integrated
Circuits,”” ). Flood and I1. L. Pyjol,
RCA Solid State Application Note
FCAN-6525.
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1Cse
1CRC

3A4E:;
F&az;:
R
QRS
CollER;

FLoa;
ALy
ED;
23B;
A3
D3

pt
2ES3;

FB2C;
CR1DES;
&Dh;
£87;
&b
H7;
F200.
El
RD;
0:3;
3I368;
S3;
2RV
SF; -
FezC:
20786,
SF
FEQD;

CR1DES; -

2D
TRBE;
20;
21DE4;
SD;
&3
el
A
9d; -
2ARE;
Faag;
AD;
ED;
0
358,
Feab;
CR1DE4:
A
Sa;
ZR9B:
&D;
o7
Za9F;
8a7;
FBFF;

DA I B L]
=D D QD

[ B RO R

J '.J.l ¥y 0

= G

RO 0 O

S 'j‘l T J T Oy T T

AUl

-
s

Gt 15 %

-

o R 2

(R O

PO UNGU L WNE

DO
[l o]

2l e
ea7e3
bars
oavTs
6oV
eay?

5]

RO MO ORI OO I et

=
U B

AR DOCE DT
B o) »

—
'a

oy
WO %
e o0 A0 0 G L 0 L LD e O 0 S0 D OO0 0 S0 0D D

o
!

AN I
!

Qloz
8164
@165
g16s
@107
al1a3
Bia3
0L19

T ally

DO GA

WONTOULHNVPEPSILVONHARWNE Q"

LOOF1:

LOOP2:

BYFRS:

erPl:

LOOP3:

LOCF4
FILLM:

INYERT:

#*4+7

ez

R
PROG
SINERR

#3B

&3

R3
LOOPL
#2C
SYMERR
KD

F7

FD

E?
(515}
FD
&D

F3

LOOP2

(5]
SYPRS
RF

#2C
&F1

RF

#a0
SYMERR
rD
EP2
RD
SYNERR
RrRD

RE

rD

rRe

135
LOOP4
ale)

rD

RD

3
LOGF3
#00
SYHNERR
E&

RG
INVERT
RD

R?
FILINY
R?

#FF

.. 15 IT A RETURN?
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1CSE S

1CSF
1R
1CAL
ACA3
1CAHY
1CHS
1CAH3
4CH3
1CA3
1CHR3
ACAHS
1CAR
1CHR
1CAB
1CHS8
A1CAR
1CR3
1CAS
1CAHS
1CAH3
1CHS
1CHRS
1CAA
A1CRE
A1CRC
1CAD
1CHE
ACHF
1C2e
1CEZ
i1CE«4
1CES
ACET
1CE=

" ACBRA

1CEE
1CED
1CEE
1CEF
1CCH
1Ccz
1CC4
1207
1CCS
ACCH
1CCH
1CCB
iCccC
1CCD
1CCF
1C0a
1C04
1C0S
1Ch7
1CO3
1Coe

—_

=B

I o
Jb o

~. O
(V]
~.

AEETRE R R

QO MMM

.

2IBE;

FEZC;
CAL10ES;
=1 &H

BY;

2D

f7s

D3;

RS
XZCC;
FEaD;
CAIDEY;
ES;
S).ad;
DE16;
5lo1;
REDB;

8
olLz ESTR R7 -
O113 FILINY: INC R¥
6114 GLO r&

B311s ENZ LOOF4

alie GHI R&

a11sy ENZ LOOP4

alie ER ENTRY

s
aize . . PEGOM FROGRAM UTILITY FOUTIMNES
o121 .. P=RS., R? HOLDS MEM. STARTING RADDF
12z .. R1i= PC COMP SUE, RI@> 1 = BRANCH
6123 .. RD HOLDS # OF BYTES, Re= FC DELAY
6124 .. RA= FC TRANSF, R9= PC INPREF
6125 .. X= RS FOR 170 AND RB OTHERWISE
@125 ..

o127 .. FOR PRO~LOG SEFRIES 99 MACHIME
0123 ..

0123 LIST=402 -

8133 IFREP=#09

0121 DLY=#0&

6132 TRAMN=#0R

e1z3 ..

€123 PROG: LCI A. 1{INFREP)

61Z=5 FHI IFREP

25 B3] FHI F1

0137 PHI oLy —
0138 FHI TRAN

@1z9 FHI LIST

0149 LOI A ACINPREF)

85141 FLO IFREP

G142 LODI H. 8{COMF)

0143 FLO F1

144 LGOI A. OCDELFAY

1145 FLO oLy

135 LDI A. O{TRANSF)

@147 FLO TRANM

G148 LDI A. @{LISTD)

G143 FLO LIST

B315¢ SEP IFREP

A131 PROGL: <SEP Rz .. CALL RERD

2152 EDF FROGL

215% #RI #2C

9154 LENZ SYNERR

2155 GHI KD

5156 FHI Rv

H1S7 GLO RD

015¢& PLO Rr7 ' .

a15s SEP IFREPRP . CALL IFREP

@169 FROG2: SEF R3

blzl BOF -FROGZ

ele2 xR #90 .. IS IT A CR?

0163 LENZ SYNERR o
0154 SEX RS

2165 ouT - 1. Qg . . REZET

91685 - SEP RS, #10 .. CALL CELAY

G167 ouT 1, #01 .. GAIN COMTROL OF %56
a1es8 BN3 . * .« MWRIT TILL ALDR LO

— /89 —
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1CDD &103; 813 ouT 1., #6323 ,.SET MODE LO

1COF F3uo; e17a LD #90

1CEL ER; g171 FHI £B

ACE2 RE; G172 PLO FB8

1CER &cFF; 5 i ouT &, #FF .. OUTPUT ©oB

1CES [A; @174 SEF FA

ACES D6 aL7sS SEP 43

1CET LR. Q1ve SEF KA .. CALL TRANSF 3 TIMES Gt
1CE&® EE; (5 rare . SEX B :

1CES Sbs @178 GHI - RD .. GET MzB

1CEA FHOF; w179 7 ANI #OF

1CEC FEFF; al1za wRI #FF .. INVERT

1CEE SB: alzl STF rB

1CEF &6: al1z2 auT S =

1CFB 2B:; a1a3 LEC kB

1CF1 [sA: SR RCE ) SEF R& .. CARLL TRAMNSF

ACFZ EB:; 155 SEX REB :

1CF= 8D B155 GLO RD

1CF4 Fas Q137 SHE

4CFS Fe; Qa1se "SHR

1CFE F&: GLrSS SHF

1CF7 F&s B RS SHE

1CF3 FEFF; 9131 ¥»R1 = #FF .. INVERT

1CFRA SE Q132 STR FE

1CFB é%; 013z ouT <

ACFC 2E: 154 DEC B

1CFD DA @195 SEP R

1CFE EEB: 015: SEX FE

1CFF 8D QLa? GLO RO

1066 FAGOF; 0133 AN #OF

1032 FEFF; Q195 wF:1 #FF

1064 SE; aoaG STR kB

1D6GS &4; ool ’ ouT &

10as 2B Qa2 DEC ‘RB

1037 CA; az03 SEP FA .. CALL TRANSF ADDR DOME
1033 ; OZ04 et R
1003 S9; 8za%5 GHI Fa L. IF @6 0O PROGRAM. IF
106S CALDES; @Ins LENZ LOAD .. NOT & DO COMP OR LIST
108l EB; az2e? SEX rE

1000 I4aD; azaz B4 * .. WAIT FEESP HI '
10F ZoGF; azas B3 * .. CK ADIR HI

10311 2545 azi9 e2 w44 .. CK HNOM BEL FLD ERR
1013 3917 a1l ’ ER FIx

1015 20ZE; T @212 ER ERFOR

1017 75 begs 1 AR AR PR O I I R
1047 97 0214 FIX: GHI R7

1018 ZA29: Bz2is ENZ ARHERD .. FIX UFr LOC G6Ba
101R =7 G216 GLO - R?

1018 ZRZ9; 0217 EMZ ARERD .. PUT C4 THERE IF MEEDED
1010 20 o218 CEC RO

1D1E Fal4 0vz19 LDI #C4

1029 FBFF; Q220 pi=3 #FF

1022 SB; az21 STR kB

1023 &8s Q222 cuT =

1024 2B; 8223 CEC RE

10235 DA 8224 SEP RA . CALL TRANMSF

1028 1V az22s INC R?



iDbz27?7
10629
10ZR
10zB8
102D
1DZE
10ZF
1Dz@
1D=1
10z2
1DZ=3
1DZ=ES
1DZ=6
10=3
1D=ZB
1D=E
103D
10ZE
1046
1042
1044
1045
1043
1042
1D4E
1040
104E
1056
1054
AD053
1055
1055
1D5s
1057
1D353
105K
1058
1050
10&9
b A1
102
aDeg
1055
1057
1DsS
10sA
1050
1020
1DSF
1073
iD72
1073
1074
1075
1077
1078
1075

ICAN-bLLL

2032
20
47
FEFF;
SES
&Es
s
ZE;
DA;
Qb
2AZ3;
&l
2R29;
Cai1Can;
H
F3a5C;
A3,
[LZ0oR;
=45,
LES2:
D352
caicor,;
H
449;
264E;
(3
=161
laH
FFel1;
EASTACH
H

20
PRH
20
IA5S;
a0
AT
Ce1CoRA;
={5¥

|5 W
ZRED;
b
RSO,
sh;
TRED;
Ca1CoR;

’
F3SSC;
AS;
DIORA,
275
97
EF,
F3AE;
A3
032G
87;

az33
B2z3
6249
6241
6242
6243
az34
Q245
E238
0237
6242
aza3
Q250
0251
252
aza3
32354
BZ5S
Bzas
QIST
15 IR
8zS3
QazZGn

Bl

" R2e2

AZSE
el
BzES
O2es
aze?
0zes
BI8S
=79
Q271
B272
Q272
Q274
az7rs
6275
a2y
Q273
Q=79
8250
azs1
E‘ 0

UV

2

N R
g

AHERD: DEC

TEST
FD
&7
#FF
FE

RE

&

RE

RA
RD
AHERD
FC
AHERD
ENTRY

. FIX b

. TRANSF

. PRINT CFR,LF.,PD

.........................................

R3

R, #0A
RX3, #45
R3, #52
F3, #52
EEGIN

. LINE FEED

--------------

COMPAR: DEC

AGRIN: GLO

PRINT: LDI

a1

--------

EMNTRY
RD
1
FRINT
RD

COMFAR .

kD
COMPAR
ENTRY

#3C

[

F2, #3R
7

R7

FF

HAE
(K4

R3

R?

.. WAIT RESP HI
.. WRIT ADDR HI
.. FIX R HRFTER TRANSF
.. SET MODE HI

IF 1 00 LIST, ELSE
.. DO COMPRRE

. PRINT CR,LF.,FD

. CALL compP

.. PC=R5

..L.F.
. FIA RY RFTER COMP



1

1D7R
10768
107D
1D7E
107F
10e1
1032
1084
1085
1058
10687
10&3
1ADaR
1028
1Ds0
108F
1099
1051
1053
1034
1085
1057
10329
10538
1053
1D55
103R
1058
1050
105F
i0R1
1DA2Z
1DR3
10AS
10DRS
10AT7
1DAEs
10R%
10AR
1DAC
1DRE
10AF
ibEl
1DE2
10684
AGES
1CES
1DEAR
10ER
10DER
1DEC
1DED
10EE
1DEF
10CO

.4DC2

10C3

EF;
FRRE:
H3;
03;
226a;
DIz6;
E7;
Fa.
BF.
17;
F&nE;
A3
D=
Dz26;
0z260;
eE;
EF;
F2RE:
HX;
D3
0zab;
30c4;

¢’

A

e

D3
249R:
El:
£1635;
3CSF;
EB;
&F;
FEFF;
Ses
E7;
Fvs
17;
Ei;
€1841;
3959;
D3
24AF;
ER:

8187;

2CEd;
2% W 5 )

3IPARE;

03,
45,
ER;
AR
2B,
&es
3REBE;
SB;

3ABE;

DA R0 MO OO Q0 00 O O 0D 0

DU SN I QU

DO OO0

) e B3 R

MO SO~ W

oW

Ay sls |
azal
fxa2

D O

Y

D0 N

OO0 0®
gy

3312
az1z
0314
ex1s
o314
o317
a318
8z13
B320
ezz1
azz2
BI2=
azz

—

4
5

r\

o
[ PN

LR OV O B B ]

g L) B B [ D

QDS D0

bt L) b b Ll W

M)
["]
bl

2
B3z3
6334
6335
6236
8337
8333
8335

PHI
‘LDI
PLO
SEP
- SEP
SEP
SEX
LDX
FHI
INC
LDI
FLO
SEP
SEP
SEP
LN
PHI
Lol
FLO
SEP
SEP
BR

RF

#HRE

R3

R3

R, #2060
R=, #z0
r7

RF

R7

HAE

R3

R3

R3, #20
RZ, #2060
RE

RF

#AE

R3

R3

R3, #6D
AGHIN

ICAN-6622

. SPRCE TWICE

. RESTORE R7

.. SPARCE THWICE

.. PROM UTILITY SUBROUTINES

EXCOMP: SEP
camp Bl
SEX
ouT
el
SEX
INF
¥RI
T STR
SEX
SH
INC
SEX
ouT
ER
EXTRFR: SEP
TRANSF: E1
SEX
ouT
BenNl
auT
ER

ECLY:  SEP
DELAY: .LCA
PHI

PLO

DLYi: DEC
GLO

. BNZ

GHI

BNZ

.-‘/922._

RS
COMP
r1

1, #6865
#*

kB

7

#FF
RE

R7?

R?

R1

1, #51
EXCCOMP
RS-
TRANSF
RA

1, #@?
*

1, #63
EXTRFR

RS
RS
RE
rB
RB
KB
DLYL
rRB .
OLY1

. COMF SuB PC=R1
. SET K=F

. WAIT RESP LO

. GET CHAF FROM PROM
. INVERT THE DRTA

. POINT TOQ MEM
. CHECK IF =

. WARIT RESF HI

.. SET TRARS LO
.. HRIT REZP LO
. RESET TRAMS
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10CS
1DC7
1DC7
10C8
10CAH
i1DCE
a0DCccC
10CE
10CF
1001
1001
1002
10D4
1003
ol erg
10:0=
1005
iDDE
icpn
10DE
100F
1DEB
10EZ
iDE4
10Ex
1DE7
1DED
1C0EER
10ED
1DEE
A0DF5
A0FX
ALF4
ADFS
ADF?
ADFS
1DFA
1DFR
3]s l5le)

FEQD;

30BRA;
J)

D3
F3a9;
ED;
RD;
FSZB;
A3;
36C7;

"3

0S;
2402, .
E&;
=1835;
CD7;
E7:
&F:
FEFF;
57
17;
ES;
5191,
=aD1;
FZ3Cs
A=
Lzab;
D3IBA;
Fa2C,

2
DZ=F;
Co1Car:.
03
oF;

2IHES;
@a;
S

i

NOTE:

NI IO

Gl F D Gl G b G2} ) 1) 0ed ed Fad a) 1)

12

0342
0341
0342

- @343

0344
@345
0245
@347
@348
az49

© @350

@351
e352
EICATNS
G354
G355
H256
RAX57
B35S
G359

B3c@

Dy hiA L WD PR

v
&N

VAU ERN IR I (O W (N N PRI FROLTED )

.\
S

=

837
8375
8377

)|

EQIN:
INFREP;

EXLIST:
LISTD:

SYNERR:

SINERR:

UTIL:

BR

SEP
LDI
PHI
PLO
Lol
PLO
BR

SEP
Bl

SEX
ouT
BH4,
SEX
INP
*R1
STR
INC
SEX
ouT
ER

LDI
FLO
SEP
SEP
LOT
PLO
SEP
LER
SEF
GHI
X1
BHNZ
0L

END

PROG 1 as written was désigned for use

with personality modules requiring a 3-
digit address field. such as the 2704/2708.
To use PROG 1 with modules requiring a
two digit address ficld. such as the 1702A,
lines 174 through 203, should be deleted
"and replaced with the following lines.

Whan Incorporating RCA Solid Stats Devices In
equipmaent, It Is recommaendod that the designer
refer to “"Operating Considerations for RCA Solid
State Devices”, Form No, 1CE-402, svalisble on
request from RCA Solid State Division, Box 3200,
Somervilie, N. J. 08876,

B/

MAE

Solid
State

EDLY

RS
@9
RD
FD
#2B
R
EXIN

RS
LISTD
RS

1, #65
»

R?

7

#FF

RrR7

R?

RE8

1, #e61
EXLIST
#2C

R3

Fz, #0D
R, #6R
#9C

R3

F3, #3F ..
BEGIN
P2

EF

#2D
SYHERR

. WAIT RESP HI
.. FIX X
.. SET TRANS LO
.. WAIT RESP LO

.. INVERT INPUT DATAH
.. STORE IN MEM.

ro
mno

-~

. CRUSE INTERRUFT TO

.. RETURN CONTEOL TO UT3

ICESDA: o
ICE6DA: . M7
ICETER: otsh

[{& X 10} miT
1CEY An; [11)e }
1CEASED: o™
TCEC21): ot
1CE Db . GOAHED:
1CHE Fo; (e
WLF Fo; [IFR]
ICFnFo; 0K
1CE B MRS
WCEZEREF; ol
SN ({11
W atre
LI 27 5 0

WEIDA - at'm
rsin: (L]}
1 Foal; LU
HWFAFWEF; o

WFCRREYF; - o8
[L9 2 | 1 "y
1CFE 1ay; LN
Hwn 2l o
ILUNIAS uiu
LLL U [N
[T N DY i
LT} S [UNTH
thuntt; e
1w oy LAREL:

SEP RA .

SEP RA «. CALLTRANSE 2 TINMES
SEX RSB

GItl kD . GET MsB

'L Re L SMEINWoo
RZ GOARED .. IF MSB=0GOON
[RT N 1)) LI MSB=EDEC
Glgy RD

SR

SHR

SR

SHR

\RI 2p¥

NTH KB

MT o

DEC RB

SEE KA + CALLTRANSY
SEN QB L FIXX

G RD

ANL

Ry #FF

NIt RR

MT o

DEC /B

SEPr Ry . CALL TRANSF
(S

RZ  LABEL

INC ®1)

hU

\op .-/95‘«'__

Buenos Aires * Hamburg * Licge * Madrid + Mexico City * Milan
Nontreal * Paris = Sao Paulo « Somerviite NJ « Stockholm
Sunbury-on-Thames « Taipsi « Tehran < Tokvo
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Interfacing PLM Code to
CDOS System Functions

by W. Fritchie

This Application Note defines a method
for interfacing PLM programs to CDOS'
system functions without the need for
assembly language; the interface is an
array of PLM procedures (which can be
included in a PLM library) and supportive
macro definitions, all of which are de-
scribed in detail and used in a sample
program.

Background

The system functions in CDOS are
described fully in the CDOS manual.z The
description shows the programmer how to
interface his applications to the system
functions in assembly language. Since PLM
allows assembly language statementsto be
mixed with PLM statements, by using the
$A characters, the programmer can inter-
face his PLM applications with the CDOS
system functions in this way. However, it is
more desirable to have the entire applica-
tion written in PLM, as this approach leads
to shorter development time and prevents
the user from having to learn the mechanics
of applying the system functions in
assembly language. For example. if the
user wanted to type a message to the
console, the PLM statement would be:

CALL TYPE, (MESSAGE);

where MESSAGE is an address variable
containing the pointer to the message tobe
typed. The equivalent code in assembly
language presents some problems. As an
example, it would be very difficult to
determine the address of the variable
message that would have to be passed to
the CDOS system function that types the
characters associated with the variable
MESSAGE. A solution would be to declare
the variable MESSAGE in assembly lan-
guage and not in a PLM stalement;
however, this solution would have to be
accomplished with care so that the mes-
sage would not be positioned in the
mainstream of instructions generated by
the PLM compiler.

Another drawback to mixing assembly
language with PLM statements is that the
resulting overall program is iess readable
and, therefore, more difficult to maintain.

PLM is a block-oriented language in which
the block is emphasized on the listing by
indentation. Example 1, Fig. 1, the block
format of a program written in PLM, shows
how indentation is used to group the
statements of a block. This example is very
simple; in more complex examples, the
block structure becomes much more
important in understanding and main-
taining the program. In Example 1, it is
assumed that a procedure exists called
TYPE which is contained in a library of
commonly used procedures. It is easy to
see where the TYPE statement appears in
the overall flow of the program. If the TYPE
statement were not in the correct logical
sequence, it could easily be moved into the
correct block.

Example 2, Fig. 2, shows assembly-
language instructions mixed with PLM
instructions to accomplish the same results
as the program in Example 1. Exampie 2
also illustrates some of the problems
incurred when linking CDOS system
functions and PLM programs with as-
sembly tanguage. First, the programmer

DO;
DECLARE DATA (5) BYTE INITIAL ('PRINTY);
DECLARE (X.Y.Z) BYTE;
DECLARE MESSAGE ADDRESS;
MESSAGE = ADDR(DATA);
X=Y;
IF X=2

THEN

DO;

X=1;
CALL TYPE (MESSAGE).
END;
END EXAMPLE 1;

Fig. 1 - Example 1.
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must understand howto set up the values of
UCALL and TYPE. Second, he must learn
where to position the assembly-language
statement for MESSAGE so as not to cause
any run-time problem. Exampie 2, like
Example 1, is straightforward; it is relatively
easy to read and maintain the code.
However, again, when the application
becomes more complex, the readability
and maintainability of the program, when
assembly language code is mixed with PLM
code, becomes much more of a problem.
The PLM procedures and the macros
described below will permit the program-
mer to interface his PLM program with
CDOS system functions without having to
use assembly language.

DO;

DECLARE (X, Y, Z) BYTE:
X=Y; ’
IF X=2

X=1;
$AUCALL=#B453
SATYPE=14
$ACALL UCALL, TYPE, A (MESSAG)
END;
$AMESSAG: ,T'PRINT’
END EXAMPLE 2;

Fig. 2 - Example 2.

Supportive Macros
The following interfaces between PLM
stateiments and the CDOS system functions
are discussed in detail:
- Typing a message to the console -
TYPE

- Accepting input from the keyboard -
CREAD

- Typing out a CDOS error message -
CDERR

- Parsing a file name from an input

stream into an IOCB - SRNAM

- Returning to CDOS - CDENT

- Setting up the X and P registers

- Setting up the entire PLM library as a

macro

In order to perform these interfaces, the
macro definitions described below and in
Fig. 3 are required.

ARG and PARMI1: Macro definitions
ARG and PARM1 deal with passing the
addresses of parameters to the assembly
language calls for CDOS. For example,
Example 1 declared the variabie MESSAGE

in a declaration statement, but CDOS must.

know the memory address of the variable
. MESSAGE. The macro definitions ARG and
PARM1 assist in this linkage.

—_ //Q/’

-t

———

CDOS: The macro definition CDOS

returns contro! to the operating system
when the application program has finished
its task.
. ENTRY: The macro definition ENTRY is
used to set up the X and P registers. This
code generates alabel called START. When
the output from PLM has been assembied,
the address of START must be ascertained
from the listing; this address is used as the
starting address when making a binary file
from the ASCII-HEX file (the conversion of
ASCIHI-HEX files to binary is done by the
CDOS command CDSBIN).

EQUATE: The macro definition EQUATE
contains values for the constants used in
the assembly-language statements in the
Code of Procedure sections described
under the heading "PLM Procedures,”
below.

PLMMAC: The macro definition
PLMMAC contains the standard PLM
library in a macro-definition form. The
advantage of keeping the PLM library as a
macro definition rather than as a CDOS file
is that the former is easier and faster to use,
primarily because the MERGE command
does not have to be used to combine the
output of the PLM compiler with the PLM
library. When the PLMMAC macro defini-
tion is used, the library is automatically
combined with the output of the PLM
compiler during the assembly process to
produce the desired object code. This
method is faster because the step involving
the combination of the PLM output with the
PLM library is eliminated. In addition, the
problems associated with merging, such as
disk-tull conditions, are aiso eliminated.

PLM Procedures

The PLM procedures associated with the
supportive macros described above are
specified in the following format:

- Name

- Function

- Assumptions

- Call to Procedure

- Code of Procedure

Name: TYPE
Function: Types out a message to the
console.
Assumptions: MSGS$ADR is an address
variable. .
MESSAGE contains the message to type.
Call to Procedure:
MSGS$ADR=-ADDR (MESSAGE);
CALL TYPE (MSGSADR);
Code of Procedure:

TYPE. PROCEDURE (TYPESPARM);
DECLARE (TYPESPARM,X) ADDRESS;
X-TYPESPARM;

SAARG 'TYPEAD . SETTING UP CDOS
TYPE PARAMETER

$ACALL UCALL.ZTYPE..CALLTO
CDOSs

$ATYPEAD: ORG "+2.STORAGE FOR
MESSAGE ADR.

END TYPE;



Name: KEYBD

Function: Reads a record from the console
into a buffer.

Assumptions: BUFFER is declared as the
input buffer. BUFSLENGTH is
declared as a byte variable.

BUF$ADR is an address variable.

Call to Procedure:

BUFSADR=ADDR (BUFFERY);
CALL KEYBD (BUF$ADR,
BUFSLENGTHY);

Code of Procedure:

KEYBD: PROCEDURE
KEYBUF,LGT);

DECLARE (KEYBUF,X) ADDRESS;
DECLARE (Y.LGT) BYTE;
X=KEYBUF;

$AARG 'KEYADR’
Y=LGT;

$APARM1 'LENGTH’
SACALL UCALL,KEYIN
$AKEYADR: ORG *+2
SALENGTH: ORG *+1
END KEYBD;

Name: PRINTSERROR

Function: Print out a CDOS error
message.

Assumptions: BUFFER is an array with a
minimum of 2 bytes; the error message
number is in the second byte.

MSGSADR is an address variable.

Call to Procedure:

MSGSADR:=ADDR {BUFFER);
CALL PRINTSERROR (MSG$ADR);

Code of Procedure:

PRINTSERROR: PROCEDURE

(10CB1),

DECLARE (10CB1,X) ADDRESS;
X=10CB1;

$AARG ‘ERADR'

$ACALL UCALL,CDERR
$AERADR: ORG “+2

END PRINTS$SERROR;

Name: PARSE

Function: Searches a speclfied input
buffer for a file name and reformats the
information into the appropriate area
of an |OCB. PARSE is designed to help
in setting up an IOCB by taking file
name information from a line buffer
(put there by KEYBD) and relocating it
into an 10CB.

Assumptions: SRBLK is an address array
with two entries. The first entry points
to the address of the input buffer. The
second entry points to the logical unit
number byte in an 10CB.> SRNAM-
$STATUS is a byte variable that will
hold the status of the PARSE oper-
ation.* MSG$ADR is an address vari-
able.

Call to Procedure:

MSG$SADR=ADDR (SRBLK);

SRNAMSSTATUS=SEARCH

$FILENAME (MSGSADR);

— Jg 7 _
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Code of Procedure:
PARSE: PROCEDURE (BLOCK)
RETURNS (NAMEY);
DECLARE NAME BASED (NAME+PTR)
BYTE
DECLARE (BLOCK,X) ADDRESS
X=BLOCK
SAARG (SRADR)
$SACALL UCALL BRNAME
$ASRADR ORG"+2
RETURN (NAME),
END PARSE;

. Name: CDOS

Funclion: Returns control to the COOS
operating system.
Assumptions: None
Call to Procedure:
CALL CDOS;
Code of Procedure:
CDOS: PROCEDURE;
SACDOS
END CDOS;

Name: ENTRY
Function: Set up X and P registers.
Assumptions: None
Call to Procedure:
SAENTRY
Code of Procedure: None

Name: PLMMAC
Function: To automatically ioad the PLM
hbrary using macros.
Assumptions: None
Cali to Procedure:
SAPLMMAC
Code of Procedure: None

Application

The following program, Example 3, Fig. 4,
called EXAMPL, shows how to use all of the
above-mentioned macros and PLM pro-
cedures. The program reads in a file name
from the keyboard of the console. If no file
name was typed, an error message is
printed and control is returned to CDOS. If
a file name was typed, the input data is
retyped on the console's printer. Control
stays with the program and is signaled by
the issuance of another prompt. The
prompt character is a percent sign (%).
Note that ‘the procedures TYPE, KEY-
BOARD. PRINTSERROR, PARSE and
CDOS. which comprise about 50 percent of
the program, do not have to be written by
the programmer. The description of the
macro definition file, MACRO, is shown in
Fig. 5. The CDOS commands required to
compile, assemble and execute the sample
program are shown in Fig. 6.

References
1. Operator Manual for the RCA COSMAC
CDP18S007, RCA Solid State pub-

lication MPM-232.

2. See Reference 1, Chapter 6.

3. For turther information on the IOCB, see
Reference 1, Chapter 6, Fig. 18, pp 66.

4. See Reterence 1, Chapter 6, pp 71,
“10CB Setup Aid Routine,” for a discus-
sion of status values.
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Do
/%

/%
4

/%
/%
/

TYPE:

MACRO MACRO
ARG %LABEL ENTRY
ORG *-5 A.1(START)—>R3.1

A.1(%LABEL)—>R7.1
A.0(%LABEL)—>R7.0

A.0(START)—>R3.0
A1(STACK)—>R2.1

RF.1—>@R7 A.0(STACK)—>R2.0

INC R? SEP R3

RF.0—>@R7 START: ORG °*

MEND MEND

MACRO MACRO

PARM1 %LABEL1 EQUATE

ORG -5 CDERR=#28

A.1(%LABEL1)—>R7.1 CDENT=#1E

A.O(%LABEL1)—>R7.0 ZTYPE=#14

RF.0—>@R7 SRNAME=#24

MEND UCALL=#B453
KEYIN=#12

MACRO MEND

CDOS

CALL UCALL.CDENT MACRO

MENT PLMMAC

[The Standard PLM Library]

MEND

Fig. 3 - Macro definitions required in PLM/
CDOS interfaces.

DATA DECLARATIONS FOR EXAMFLE ®/

$AEQUATE

DECLARE PROMPT ADDRESS INITIAL (2500H)}

DECLARE BUFFER (20) BYTE ;

DECLARE ENDSRUF BYTE INITIAL (OI'H)}

DECLARE BUFS$LENGTH BYTE INITIAL (20)7

DECLARE CONTINUESFROCESSING BYTE INITIAL (O);

DECLARE NAMESFTR ADDRESS INITIAL (OH4GIH);

DECLARE TRUE BYTE INITIAL (0);

DECLARE FALSE BYTE INITIAL (D)

DECLARE (MSG$ADIR,BRUF$ADR) ADDRESS

DECLARE SREIK(2) ADDRESS

DECLARE IOCE(36) RBRYTE

DECLARE. (SRNAMSSTATUS,I) BYTE

DECLARE NULL BYTE IMITIAt (BOH);

$AEJECT
*/

THE FROCEDURES TYPE, KEYBD, PRINTSERROK, PARSE AND CDOS »/

ARE FROM A LIBRARY OF FROCEDURES ANI' DO NOT HAVE TO BE #/

WRITTEN KY THE USER */
®/

FROCEDURE (TYPESFARM) ;

DECLARE (TYFE$FARM, X} ADDRESS

X=TYFE¢PARM

$AARG *TYFEAD? . SETTING UF CIOS TYFE PARAMETER
LACALL UCALL,ZTYFE ..CALL TO CLOS

$ATYFEAD: ORG »42 . 3TORAGE FOR MESSAGE ADK.

END TYPE;

Fig. 4 - Example 3, program EXAMPL.

- /97~
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KEYERD: PROCEDURE (KEYBUF,LGT);
DECLARE (KEYBUF,X) ADIRRESS]
DECLARE (Y.LGT) BYTES
X=KEYRUF ¢ .
+AARG ’KEYALKR?

Y=LGT}

$AFARML ’LENGTH’
Y=LENGTH(X) 7
$ACALL UCALL/KEYIN
SANEYADR: ORG #42
SALENGTH: ORG %+1

END KEYBD?

FPRINT¢ERROR: FROCEDURE (I0CH1)}
BECLARE (IOCR1.,X) ADDRESS §
X=TOCKL;
¢HARG "ERADR’
sACALL UCALL CIHERR
$AERADR: ORG %42

END FRINT$ERROR)

PARSE: FROCEDURE (BLOCK) RETURNS (NAME)
DECLARE NAME HASED' (NAMESFTR) EYTE
DECLARE (BLOCK,X) ADDRESS ¢
X=RLOCK?}
$ALRG TSRADR?
$ACALL UCALL »SRNAME
$ASKRADR: ORG »*+42
RETURN (NAMED }

END FARSE

CI0S: FROCEDURE:

S$ACTIOS

END CLOS/
$AEJECT

VZ

/% THIS IS THE BEGINNING OF THE MAIN PROGRAM : A
/% ’
SAENTRY

. DO WHILE CONTINUE$FROCESSING=TRUE}

D0 I=1 TO 203 /*INITIALIZE INFUT BUFFER%/
BUFFER(I) =0} ’
END
MSGHADR=ANDR(FROMFT) ; /#0UTFUT FROMFT®/
CALL TYFE(MSG¢ANIR) }
RUF $ADR=ADINDIR (BUFFER) 7 /#INPUT FILENAME®/
CALL KEYEDI (BUFSADR,RUF$LENGTH) ;
SRELK (1) =ADDR (BUFFER) ; /#SETUFP FOR FARSING FILENAME®/
SRELK(2) =ADDR(IOCR)Y +11 7
MSGHADIR=ANIK (SRBLK) }

.74

»/
n/

SRNAM$STATUS=FARSE (MSG$ADR) 7 /#FARSE FILENAME INTO IQCB»/
IF SRNAMSESTATUS=NULL /7¥NULL IMRLIES NO FILENAME INFUT®/

THEN
jdei

10CB(Y =11} /¥SETUF ERROR NUMBER FOR SYNTAX ERROR®/

MSGSADR=ADDR (TOCKR)

CALL FPRINTSERROR(MSG$ADR) i /#FRINT SYNTAX ERROR MESSAGEs/
CONTINUETHFROCESSING=FALSE] /#SET FLAG TO STOF FROGRAM®/

END;
ELSE
Do:
MSGHADR=ALDR (RUFFER) }
CALL TYFE(MSG$ADK) 7 /7*RETYFE INFUT FILENAME®/
ENIV;
ENT 7
CALL CDO0S:
$AFLMMAC
END PROGRAM/
EOF

Fig. 4 - Example 3, program EXAMPL [contd].

/98~
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MACRO ARG
MACRO PARM1
MACRO CDOS
MACRO ENTRY
MACRO PLMMAC
MACRO EQUATES
EOM STATEMENT

Fig. 5 - Description of macro defini-
tion file.

PLM EXAMPL (CR)
[PLM output file is called EXAMPL.ASM]

ASM4 (CR) .

TYPE SOURCE FILENAME EXAMPL.ASM (CR)
WRITE TO DSK OR PRINTER (D/P)? D
WRITE? OUTPUT (CR)

7R,B M,L HU=M

MACRO READ?MACRO (CR)

28,8 MLHU=L

ot RBMLHU=U
[Now get a listing and ascertain address of label start. Assume vaiue is
F9. Using CDSBIN, get a binary executable file.}

CDSBIN OUTPUT,; F9 (CR)
(EXECUTE FILE).
QUTPUT (CR)

%

Fig. 6 - CDOS commands required to compile,
. assemble, and execute the program of
" Fig. 5. Undérlined sections are
printed by the computer.

When incorporating RCA Solid State Devices in equipment, itis
recommended that the designer refer to “QOperating
Considerations for RCA Solid State Devices”, Form No. 1CE-
402, available on request from RCA Solid State Division, Box
3200, Somerville, N.J. 08876.

’
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A Methodology for Programming
COSMAC 1802 Applications Using
Higher-Level Languages

by W. Fritchie

This Note defines a method of optimiz-
ing the time-critical portions of programs
written in higher-level languages for
COSMAC 1802 applications by recoding
those portions in assembly language.

The Dilemma

The three maln reasons for using
higher-level languages in the develop-
ment of microprocessor applications are
to assure the development of highly
reliable software, to reduce overall pro-
gram development time (including pro-
gram design, coding, and debugging) and
thus the cost of software development,
and to aid in program maintenance. Once a
program is written in a higher-level
language, its maintenance becomes much
simpler because its logic is described in a
much more readable and understandable
form.

Of special importance in the
maintenance area is program documenta-
tion. The earliest step in program develop-
ment involves its design, and some form
of design notes or documentation, such
as flowcharts, are always formulated before
the coding begins. However, uniess a great
deal of time is spent on updating the design
information while an assembly language
program is being developed, the program,
when finally debugged and running. will
probably not match the initial set of design
notes. To a degree, the higher-level
language eliminates the need to go back
and update the original design notes
because the syntax of the language not
only accurately defines the logic of the
program but also becomes the design
information. Therefore, the use of higher-
level languages assures more reliable
software, speeds up program development,
and aids in program maintenance.

It would seem obvious, then, that
microprocessor applications should be
designed in a structured higher-ievel
language, and there are a large number of
non-time-critical applications that can be
written totally in higher-level languages

like PLM. Moreover, if time<ritical ap-
plications are programmed for hardware
that is not finalized, it may be possibie to
redesign the hardware so that its overall
performance will match the application
requirements when it is used with a pro-
gram written entirely in the higher-ievel
language. However, because it is not
always possible to redesign the hard-
ware, or for other reasons described
below, it may not be possible to code the
entire application in a higher-level
language and still achieve the desired
pertormance. Therefore, the only alter-
native is to rewrite portions of the pro-
gram, or the entire program, in assembly
language.

This performance dilemma was ver-
balized in a U.S. Government report? as
foilows:

“"Unfortunately, machine
language insertions are
necessary for interfacing special-
purpose devices, for accessing
special-purpose hardware
capabilities, and for certain code
optimizations on time-critical
paths. Here we have an example
of Dijkstra’s dilemma {see below],
in which the mismatch between
higher-level language program-
ming and the underlying hard-
ware is unacceptable and there is
no feasible way to reject the
hardware. The only remaining
alternative is to ‘“continue bit
pushing in the old way, with alil
the know iii effects.” Those ill ef-
fects can, however, be constrain-
ed to the smaliest possible
perimeter, in practice, if not in
theory.”

Dijkstra’s dilemma is stated as follows:

“in the past, when we used ‘low-
level language’' (assembly
language) it was considered to be
the purpose of our programs to
instruct our machines; now,

Trademark(s)* Registered
Marca(s) Registrada(s)

Information furmished by RCA is believed to be ac-
curate and reliable. However, no responsibility is
?§sumed by RCA for Its use. nor for any in-
ringements of patents or other rights of third parties
whiCh may resuit from its use. No license is granted
by implication or otherwise under any patent or
patent rights ot RCA.

Printed in USA/11-80
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when using ‘high-order
language’, we would [ike to
regard it as the purpose of our
machines to execute Our pro-
grams. Run-time efficiency can
be viewed as a mismatch be-
tween the program as stated and
the machinery executing lt. The
ditference between past and pre-
sent is that, in the past, the pro-
grammer was always blamed for
such a mismatch: he should
have written a more efficient,
more ‘cunning’ program! With
the programming discipline ac-
quiring some maturity, with a
better understanding of what it
means to write a program so that
the belief In its correctness can
be justified, we tend to accept
such a program as ‘a good pro-
gram’ |f matching hardware is
thinkable, and if, with respect to
a glven machine, the aforemen-
tloned mismatch then occurs, we
now tend to biame that computer
as ill-desligned, inadequate, and
unsultable for proper usage. In
such a situation, there are only a
few ways out of the
dilemma: (1) accept the
mismatch, (2) continue bit
pushing in the old way, with all
the known ill-effects, and (3) re-
ject the hardware, because it has
been identified as inadequate.”

Thus, the problem of having to mix
assembly-language code with higher-level
language code is wel! known. For exam-
ple, an application cannot be program-
med in a higher-level language if its
characters must be sent to a terminal at
19.2 kilobaud; the loop required to pro-
cess these characters would not be fast
enough to handle the baud rate. The solu-
tion to this problem is to recode the data-
communications driver In assembly
language and leave the non-time-critical
paths in the higher-evel language.

An example of a case in which none of
the final application can be programmed
In a higher-tevel ianguage Is one in which
the program must reside in 500 bytes;
most programs require a library of
routines larger than 1000 bytes.
Therefore, the application In question can
be designed in the higher-level language,
but the final program must be recoded en-
tirely in assembly ianguage.

Method of Solution

This Note defines a methodology for
programming COSMAC 1802 applications
using PLM, or for programming any
microprocessor application using a struc-
tured language like PLM. (It should be
noted that PLM itself is not developed to
the extent that it is usable in all applica-
tions of the COSMAC 1802.) The first step
in the method is to design, code, and

[+
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debug the program in PLM (using struc-
tured programming techniques) with the
goal of hightighting time-criticai paths. In
the second step, thoss time-critical paths
that cannot perform fast enough must be
recoded In assembly language using the
PLM code as an overall design guide. At
this point, the application program is
complete. The final result of this ap-
proach is that the maximum amount of
code will be written in PLM. This should
be a major goal in any application in order
to reduce design time, generate a main-
tainable program, produce good docu-
mentation, and develop the program in a
structured way that will assure the
highest degree of reliabllity.

A Practical Example
Higher-Leve! Language Program

The following example, Fig. 1, shows
how the methodoiogy described above
can be applied to the writing of a
microprocessor application. This exam-
ple has a time-critica! path that was first
written in PLM, found to be too slow, and
then rewrlitten in assembly language. The
time-critical path is the one invoiving the
transfer of characters from the read file to
the write file; the code is found in the in-
nermost DO WHILE lcop, The purpose of
the program is to combine one or more
files into a single file. The multiple files
that are to be combined are referred to as
the READSFILE; the single file created is
referred 10 as the WRITESFILE.

The code in Fig. 1 shows only the pro-
gram’s main section. The code for the
associated declarations, procedures, and
macros is not shown, but is straightfor-
ward and not difficuit. The variable CON-
TINUESPROCESSING is a global variable
that is set to false when an abort condl-
tion or a read or write error occurs, oOr
when all programs have been combined.
Assembly language statements can be
added to PLM source programs by
starting the statements with the
characters $A. Thus, the tirst two
statements of the program are assembly
language statements, where EJECT in-
structs the assembler to Issue a TOP OF
FORM character to the line printer and
ENTRY is a macro definition that sets up
the X-register to register 2 and the pro-
gram counter to register 3. The macro
capability in the assembler can aid con-
siderably in writing applications in PLM
for the COSMAC 1802 microprocessors.
DC3is the character that ends the source
file. The constant ASCIHl is equal to the
value assigned to a file when the file is
ascii. INPUTSFILENAME Is a global
variable that keeps track of whether a file
is opened for reading; this variable is
used mainly in the OPENSREADSFILE
procedure. The array FNAME contains the
name Of the file that is currently opened
for reading. Each time a file has been
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DO;

I* PLACE ASSOCIATED DECLARATIONS AND PROCEDURES HERE */

SAEJECT
SAENTRY

I* BEGIN MAIN LOOP */
CALL SETUPSWRITESFILE;

DO WHILE CONTINUESPROCESSING = TRUE;

CALL OPENSREADSFILE;
CALL OPENSWRITESFILE;

IF CONTINUESPROCESSING = TRUE

THEN
DO;

DO WHILE CHAR NE DC3;
PARAMETER = ADDR (READSIOCBY,
CHAR = GET$CHAR (PARAMETER);
PARAMETER = ADDR (WRITE$IOCB);
CALL PUTSCHAR (PARAMETER),

END;

PARAMETER = ADDR (READSIOCSB);
CALL CLOSE (PARAMETERY),
INPUTSFILENAME = NOT$OPENED;
PARAMETER = ADDR (FNAME);
CALL TYPE (PARAMETER),

END;
END;

IF OUTPUTSSFILENAME = OPENED

THEN
DO,
IF MTYPE = ASCII

THEN CALL PLACESDCS;
PARAMETER = ADDR (WRITES$IOCB);
CALL CLOSE (PARAMETER);

END;
$ACDOS
END;
/* END MAIN LOOP */
EOF

Fig. 1 - The sample program coded in PLM.

combined, the name of the flle, found In
FNAME, is typed. OUTPUTSFILENAME is
a global variable that keeps track of
whether the output file has been opened.
The arrays READSIOCB and WRITESIOCB
contain the input/output control block for
the files being read and written, respec-
tively. MFILE is a variable that contalns
the output file type.

A description of the procedures used In
the example follows:

SETUPSWRITESFILE: This procedure
does some initialization for the setting up
of the write file.

OPENSREADSFILE: Before any
READSFILE can be used, the file must be
opened. This procedure takes a specific
source name representing one of the files
to be combined and tries to open that file
on a diskette. If the open is successful,
control returns to the main loop. If there is
a problem, the user is informed of the
specific problem and has the option of
retyping the file name or aborting the pro-
gram and returning to CDOS. If the user
types another file name, control returns to
the beginning of the OPENSREADSFILE
procedure and checking resumes. This
loop continues to be executed until a suc-
 cessful open or abort condition occurs.

OPENSWRITESFILE: Before
WRITESFILE can be written to, it must
also be opened. This procedure works in
the same way as OPENSREADSFILE ex-
cept that an attempt is made t0 open the
specified file for writing. Control remains
with this procedure until a successful
open or abort condition occurs.

GET$CHAR: This procedure takes
one character from the opened read file
and returns it in such a way that it is
stored in the BYTE variable CHAR. If any
tatal errors occur while the character is
being retrieved, an error message is
printed and control returned to CDOS.

PUT$CHAR: This procedure outputs
the current character stored in CHAR to
the WRITESFILE. In the program under
discussion,” CHAR is a global variable
that can be referenced by the PUT$CHAR
procedure. This type of global definition
makes it unnecessary t0 pass the
character to output through a parameter.
However, it is possible to rewrite the pro-
cedure call'and the procedure so that the
character can be accepted by output only
through a parameter. Once again, if any
fatal errors occur while the character is
being retrieved, an error message is
printed and control returned t0 CDOS.
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CLOSE: The close procedure will
close the file referenced by the accompa-
nying parameter. If any errors occur dur-
ing the closing function, an error
message is printed and control returned
to CDOS.

Two more points should be made con-
cerning the program. First, the statement
$ACDOS, found at the end of the program,
ls another macro definition. PLM
transforms this statement into the macro
call CDOS. This macro definition is a
member of the macro definition file that
contains the return mechanism to CDOS.
Second, the argument passed to some of
the procedures Is the ADDRESS variable
PARAMETER. This arrangement Is
necessary because PLM does not allow
an address to be generated in a
parameter list. Therefore, the address has
to be placed in a variable, and that
variable used as the parameter.

Mixed Language Program

When the coding and debugging of the
application under consideration were
complete it was discovered, as mentioned
above, that the innermost DO WHILE loop
performed too siowly; the fotlowing steps
have been taken to increase its speed.
The DO WHILE loop has becen replaced by
one PLM stalement SATRANSF, Fig. 2.
From this statement the PLM compiler
generates one assembly language
TRANSF. TRANSF is a macro definition
that contains an assembly language
routine that transfers data on a sector
rather than a character basis. When the
_ output of the PLM compiler is to be
assembied, the macro option of the
COSMAC 1802 assembler is selected to
read the macro definition file that con-
. tains the macro definition TRANSF. When
the assembler processes the staiement
TRANSF, it substitutes the code from the
previously loaded macro definition. Thus,
the final application program, Fig. 2,
becomes a blend of PLM and assembly
language statements.

- Summary

Skill in making these tradeofis is the
key to writing eftective applications in
PLM. The end resuit of the methodoiogy
advanced in this Note can be compared
with the original motivations for using
higher-level languages as discussed
above. First, design time was reduced
because a large portion of the code was
written in PLM. Second, the final program
is a rather easy program to maintain.
Third, the PLM code can double tor a por-
tion of the design documentation
because it is much easier to read and
understand than a program composed

only of assembly language, and it ac-.

curately reflects the iogic of the program.
Finally, the flow of the program is in a
structured form. Note that the use of the
DO WHILE statement eliminates GOTQO's

A3 Solid
;i State

DO;
1* PLACE ASSOCIATED DECLARATIONS

AND PROCEDURES HERE */
$AEJECT

SAENTRY

i* BEGIN MAIN LOOP */

CALL SETUPSWRITESFILE;
DO WHILE CONTINUESPROCESSING = TRUE;
CALL OPENSREADSFILE;
CALL OPENSWRITESFILE;
IF CONTINUESPROCESSING = TRUE
THEN
DO;
$ATRANSF
PARAMETER = ADDR (READS$!IOCB);
CALL CLOSE (PARAMETER);
INPUTSFILENAME = NOT$OPENED;
PARAMETER = ADDR (FNAME),
CALL TYPE (PARAMETERY);

END;
END;
IF OUTPUTSFILENAME = OPENED
THEN
DO;
IF MTYPE = ASCII
THEN CALL PLACESDC3;
PARAMETER = ADDR (WRITESIOCB);
CALL CLOSE (PARAMETER);
END;
$ACDOS

END MAIN LOOP,
1> END MAIN LOOP */
EOF - -

Fig. 2 - The sample program of Fig. 1recoded
in assembly language to optimize the
speed-critical loop DO WHILE of Fig. 1.

trom the ccde; one of the main objectives
in the production of structured programs
is the elimination of GOTO's,

In summary, all applications can be
designed in PLM, but not all applications,
if they are to perform optimally, can be
completely written in PLM. However, the
time spent in coding the application in
PLM is not wasted because most of the
PLM code will be used (assembly
language will be required In only small
segments of the program), and the PLM
code will represent the overall logic and
documentation of the program, both of
which contribute to its reliability.

Reference

1. “A Common Programming lLanguage
for The Cepartment of Defense—
Background and Technical Re-
quirements,’”” D.A. Fisher, US.
Government Report P-1191, U.S.
Government Printing Office,
Washington, D.C.
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Using the COSMAC Microboard
Battery-Backup RAM, CDP185622

by P. H. Merl

The RCA-CDP18S622, COSMAC
Microboard 8-Kilobyte Battery-Backup
RAM,' pictured in Fig. 1, is a Microboard
RAM card equipped with rechargeable
batteries. The batteries are maintained in
the charged state either by the user's
system power supply or by an entirely
separate, external dc-or ac supply.
Provisions have been made on the card for
an on-board rectitier and regulator and the
necessary capacitors to accommodate this
external supply, Fig. 2. There are also
provisions for an additional, fourth, battery.
Linking options provide the user with the
ability to power a small system from the
battery pack.®* Logic diagrams of the
battery-backup card are providedin Figs. 3
and 4. This Note discusses the application
of the board as a standard-power backup
medium, a nonvolatile transport medium,
and as an efficient means of aiding the
testing of new or prototype boards.

APPLICATIONS

Standard-Power Backup

Perhaps the primary application of the
CDP185S622 Microboard is in systems
subject to power failure. As power in the -
system fails, the on-board voltage
comparator disabies memory read (MRD)
and memory write (MRW), and ali
information on the board remains intact in

" spite of the power failure. The drivers to the

bus are held in the high-impedance state,
so that no current is supplied to the system
backpiane. Battery drain is negligible and
the information in memory is safe for days
because of the low-power requirements of
the CMOS RAM. The MRD and MRW
functions are actively driven to the false
state with system power removed so that
the battery-backup RAM card can be
removed from the system, transferred
elsewhere, installed in another system, and
run,

Fig. 1 - »The CDP18S622, COSA{AC Microboard 8-Kilobyte Battery-Backup RAM.

Trademark(s)™ i information furnished by RCA is belioved to be ac-
ernark(s) Reg"smred curate and reliable. Hoywever. no responsibility is

Printed in USA/1-81

fringements of patents or other rights of third parties
whiCh may result from its use. NO license is granted
by implication or otherwise under any patent or

Marca(s) Registrada(s)’ assumed by RCA for its use. nor for any in-

patent rights of RCA.
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Parts List
B1 ~ B3 =nickei-cadmium, 180 mAh, AAA
*B4 =nickel-cadmium, 180 mAh, AAA
(Panasonic NR-AAA-U)
C1,Ci10=15,F, 5V
*C2, C3 =220 4F, 20 V (Sprague 137D227C7020F2)
C4=033,F, 50V
C5-C8=0.14F, 50V
C9=22pF
CR1-CR4 =1N270
*CR5 = 1IN270
*CR6 - CR9 = 1N4001 (RCA D1201F)
*H1 = Heat sink (Thermalloy 60708)
J1, J2 =terminal, optional 12.6 V ac
R1, R2, R3, R6, R7 =47 k2, Y4 W, 5%
R4=5.1MQ, Ya W, 5%
R5=100MQ, Ya W, 5%
R8=1.1MQ2, % W, 5%
RO=150, 2 W
R10=100 k2, Ya W, 5%
$1.83=SPDT
82 =3.rocker DIP
U1 -U16 = MWSS114E
-U17, =resistor module
22 k{2, 16 pin
U18 = CD4001BE
U20=CD4070BE
U21=COP1867CE
U22, U23 = COP1866CE
U24 = CD4075BE
U25 = CA3078S
U286, U27 = CDP1856CE
U28, U29 = CD4050BE
U30 =resistcr module
22 k1, 14 pin
U31=CD4093BE
*VR1 =15V voltage reguiator
{Fairchild 7805)

*User-supplied components for optional power supply.

Fig. 2 - Layout diagram for the COP18S622. B4, VR1, CR5-CR9, C2 and C3 are optional items not

supplied with the board.

The voitage comparators ailow the system
voltage to drop below battery voltage
before the comparator disables the RAM.
This feature assures that small power-
supply fiuctuations will not gate the RAM
off during normal operation, and that only
an actual power loss will disable the RAM.
Conversely, on power-up, the voltage is
allowed to rise above battery voltage before
the comparator gates the RAM on.
Hysteresis in the comparator circuit
prevents oscillation on, and diminishes the
noise sensitivity of, the enable signal when
power-supply and battery voltage are
nearly equal.

The CDP18S622 battery-backup board is
involved in system power configurations
through five different options. The first
option makes use of the board as shipped.
with three batteries and no regulator
components. In this configuration, the
batteries are maintained in the charged
state by the user's system power supply.

When the system power is off, the batteries
provide power for the CDP18S622 oniy and
memory contents are preserved. The
second option uses the optional external
regulator circuit, which permits an external
ac or dc supply to be connected directly to
the battery-backup board; this external
supply is, again. separate from the user's
system supply. In this mode of operation,
the external supply maintains the battery
pack in the charged state and provides
power for the CDP18S622, but not the rest
of the system. With a power failure, backup
power would be suppiied to the battery-
backup board only. The third option also
makes use of the external supply feature.
However, in this option, the entire system is
powered from the external supply with the
battery-backup capability available to the
entire system. The fourth option uses the
external supply to power the entire system,
but the battery-backup feature applies only
to the CDP18S622 RAM. The fifth option

- o5 —



ICAN-6955

TPA-P2 o

aor-e4lo |-
y AlS
Uix

wer42fo 2

Ard
LK

30
MRD-N 3 r}ﬁ > 4 6 s
{Pi-s) ' gm- READ-N ;‘:—
uw-‘L 5

= PEN

E:IJ_—}’*I N I

5 2
o = D
NOTE aLL 1 ('S POWERED AY

?.{:?‘_ru- 2

von

9iTL-32038
vy £rL02T U3

Fig. 3 - Logic diagram of the CDP18S622: control portion and optional power supply.

makes use of the user's system power
supply to power the entire system; the
battery-pack supply power is available to
the entire system during a power failure ?

When operating an entire system from the
battery pack, it is advisable to install the
fourth battery. Installation and Iinking
provisions have been provided on the card.

Non-Volatile Transport Medium

A second application of the battery-backup
Microboard is as a non-volatile transport
medium. As stated above, the board can be
withdrawn from a system, transferred
elsewhere, installed in another system, and
run ‘without loss of data. Standard
conductive packaging should not be used
during the transter as this packaging will
short out signal. power, and ground lines
onthe RAM card and run the batteries down
prematurely and/or cause stored data to be
lost.

As an example of the use of the battery-
backup Microboard as a transport medium,

(r) tn

N

consider the case of adevelopment system,
such as the CDP18S007 or CDP18S008. for
which software has been developed using
disk storage. keyboard, and display,
software that is now to be run on a remote
system that has none of these features. It
wouid take time to program an EPROM,
which uitimately might develop bugs. for
use on the remote system. The backup
Microboard software could be easily
debugged with the aid of the Micromonitor,
however, and the board inserted in the
remote system in running condition.

An example of a typical debugging
procedure involving use of the battery-
backup Microboard is as follows:

1. Substitute the CDP 185622 RAM card
for the RAM in the development
system that would normally hold the
program.

2. Assure that the memory-protect
switch is in the off position

3. Down-load the program into the
CDP185622 RAM card.
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Fig. 4 - Logic diagram for the COP185622: memory and butler portion.

4. Place the memory-protect switch in

"8,

the on position.
Remove the CDP18S622 RAM card
from the development system.

Note: Power need not be removed
from the development system when
removing or installing the battery-
backup RAM cards, although power
should be removed when reinstalling
the original nonbattery-backup RAM.
It is recommended that the

_development system be placed in the

step mode, by using the Step/Con-
tinuous switch, before removing the
CDP18S622 RAM card; system
execution will probably halt if this is
not done. After removal of the board,
place the switch in the continuous
mode and execution will resume.

8. Transport the CDP18S622 battery-
_ backup RAM card to the target

*ZJ?-

system while observing these
precautions: Make sure the back of
the card does not contact a
conductive surface, including
Velostat® bags. Do not expose the
board to large amounts of static
electricity.

. To change the memory address of the

CDP18S622 at the target system,
simply change the board switch
settings® and install the battery-
backup RAM card into the target
system. See note under step No. 5,
above.

. Reset the target system and run the

transported program. Atthis pointitis
important to note that if the
transported program requires RAM
within the bounds of the battery-
backup card, the memory-protect
switch will have to be placed in the oftf
position.

*Trademark of 3M Company.
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The manual memory-protect switch
already mentioned above is a significant
advantage of the battery-backup RAM card.
Totestaprogram written to resideina ROM
or EPROM, the user need not program an
EPROM or have a test-run ROM made since
A flip of the switch turns the “read/write”
memory card into a “read only” memory
card. Bugs can be sought outin a simulated
ROM environment.

It is important to note that the battery-
backup Microboard is not designed to save
an executing program if power fails during
operation. If the CPU is executing code in
the battery-backup RAM card, and if the
card is not already in the memory-protect
mode, a power outage will cause the
memory read and memory write 10 be
disabled even before the CPU stops
executing code. Therefore, asystem restart
wiil have to be performed whenever power
is lost. However, by using the optional
power-up reset capability, adding some
hardware to detect power failure, and
writing a short, fast, interrupt routine,
system status could be saved on the
battery-backup board so that on the return
of power the system could resume
operation precisely where the program was
interrupted with the power failure.

Testing Other Boards

When testing newly manufactured or
prototvpe boards, the COP 185622 battery-
backup card is a time-saving device. it

saves the time spent in reloading the test
program for each board tested because it
saves the program code; this savings can be
substantial in the testing of many boards.
The procedure given here should be
followed when using the battery-backup
Microboard in this appiication:

1. Put the battery-backup boardintothe
memory area where the test program
is to reside.

2. Load the test program from disk,
paper tape, magnetic tape, etc. This
step is the time consumer!

3. Position the memory-protect switch
to on and run the test program, noting
hardware failures.

4. Turn off the system power and make
the necessary repairs.

5. Return the repaired board to the
system or put the next card to be
tested into the system, turn the power
on, and rerun the test.

Again, no program load phase need be
performed because the battery-backup
card saves the code.

REFERENCES

1. "RCA COSMAC Microboard 8-
Kilobyte Battery-Backup RAM
CcOP18S622,"" RCA Solid State
publication MB-622.

2. See ref: 1 for parts list and directions
for powering an entire system from the
batiery pack.

3. See ref. 1 for switch settings.

tnformation furnished by RCA is believed to be accurate and
rehiable. However, no responsibility is assumed by RCA for its use:
nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication
or otherwise under any patent or patent rights of RCA.
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Programming 2732 PROM’s with the CDP18S480

'PROM Programmer

by D. Block

The -CDP18548C PROM Programmer
was designed to program a variety of
industry-standard PROM's, including the
Intel 2704, 2708, 2758, and 2716's and
equivalent products from other suppliers.
With a simple hardware addition to the
PROM Programmer, and without any soft-
ware changes, the CDP185480 can also
be used to program Inte! 2732 PROM's.
This addition to the PROM family is
organized as 4K x 8 (4 kilobytes x 8 bits)
and operates from a singie + 5-volt sup-
ply. All inputs are T2L compatibie except
for pin 20 (OE/Vpp), which must be pulsed
to 25 volts during programming.

Many electrical and mechanicat
characteristics have been maintained be-
tween the 2716 (organized as 2K x 8)and
the 2732 for upwards compatibility. For
_example, only the definitions of pins 20
and 21 have changed between the two ver-
sions, as shown in Fig. 1. In the 2732, pin
20 continues to represent an output
enable function, but with Vpp (the pro-
gramming voltage) also impressed on it;
pin 21 becomes the Ay address pin.

Electrically, the programming voltage
{+ 25 voits) and programming pulse width

(50 milliseconds nominal) are the same -

2732

_ . . . 92Cs -32391
Fig. 1-Pin configurations.

for both the 2716 and 2732. The technique
for 2732 programming described here
takes advantage of this fact. The 2732 will
be treated as two 2716's for all opera-
tions, and the logic circuitry described
below will handle necessary logic-level
conversions and voltage switching. The
hardware is designed to plug into the
2716 socket of the PROM programmer.

Theory of Oparation

Fig. 2 shows the programming
waveforms for the 2716 and 2732. Note
that the voitages on pin 21 of the 2716 are
almost those required for pin 20 of the

——— e ———————

e
I
I
|
I
1
L

+ 25V
PIN 21 Vpp +5vV
+5v
piN20 OF ov
+5y
p P
PIN 18 CE/PGM 5V
-o{bOm: i‘—
! (a)
+25V
PIN 20 BE/vpp ov
+5V
P I l P | l
piNie TE

o —-—l 30ms L—

e [ I,Il
»

92CM - 32838

Fig. 2—-Programming waveforms (not to scale): (a) 2716, (b} 2732.

Trademark(s)®Reguslered
Marcals) Registradats)
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2732. However, pin 20 must go to ground
in the Read mode. The transistor circuitry
In Fig. 3is designed so that when pin 20
of the 2716 is low, the input to pin 20 of
the 2732 will also be low. When pin 20 of
the 2716 is high, pin 20 of the 2732 s con-
nected to the programming voltage (if a
programming operation is in effect) or to
+ 5 volts, disabling the chip.

The programming pulses applied to pin
18 of the two devices differ in polarity. in-
version of the pin 18 signal is ac-
complished through pin 20 of the 2716 by
means of an Exclusive-OR gate. The con-
ditions for reading and programming are
met by this arrangement.

As mentioned above, pin 21 on the 2732
Is the A11 address pin. Fig. 3 shows this
pin connected to a toggle switch. The
2732 will be exercised twice for each
operation: once with A4 low, and then
with Aq1 high.

Hardware Construction

The circuitry of Fig. 3 can be con-
structed on a small vectorboard that
piugs directly into the 2716 socket of the

PROM Programmer. A ZIF, zero-insertion-
force, socket is required for the 2732. It is
recommended that solder connections
not be made directly to this socket, since
the solder may wick up the ieads and in-
terfere with operation of the pin clamps.
Instead, the ZIF socket should be plugged
into a second socket, and connections -
made to that socket.

Only a CD4049 inverter should be used
to drive pin 18 of the 2732. Other CMOS in-
verters may not have sufficient drive to
handle the T2L input. The use of capacitor
C1 is recommended by inte! to prevent
transients from exceeding the + 26-voit
maximum rating of the device.

Operation

The 2732 will be programmed as two
2716's.1 When programming from a disk
file, sequential sections of the file must
be loaded in, since the disk-tile reader
loads oniy 2 kilobytes at a time into the
buffer. Similarly, when copying one 2732
into another, several steps are necessary.
The examples below should heln clarify
the requirements. CDS output is underlin:
ed. The CDOS software version is assum
ed.

[)-3
8K +3v
st
' 10K £=°
Q2 "
22 — 2
21 |~ 2
Vv 20
2716 vz 10K cl L 2732
SOCKET 20 I SOCKETY
Xv3 ==
1
19 = 19
ui uz L2
o | D> Dot s
17 17
Ule CD4070BE 1-17, 22-24

U22CD4049BE
Ql.Q2+2N2222
Q3= 2N2907

C1=0.1,F,50V

PIN 14 CONNECTS TO SOCKET PIN 24
ULU2 JPIN 7 CONNECTS TO SOCKET PIN I2

SOCKET PIN DIRECT CONNECTIONS

92CM-~ 32837

Fig. 3—Circuit diagram.

AZ/C) -
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Example 1:

— Program a 2732 from a disk file called
FILE.OBJ for the address range
0000-OFFF. First, set S1 so that pin 21 s
low.

PROM PROGRAMMER, VERSION XX
ENTERV.CPFSU: P
TYPE#: 2716 (CR)
LOGIC=P.N: P
(D)ISK OR (R)AM: D
INPUT FILENAME: FILE.OBJ
ENTER LOWEST PROM ADDRESS (XX00): 0000(CR)

- LOADING COMPLETED

DONE! .. The first half of the PROM Iis done

REPROGRAM 27162: N .. Set S1In the opposite position

PROM PROGRAMMER, VERSION XX

ENTER V,C,P,F.SU: P

TYPE#: 2716(CR)

LOGIC=P,N?: P

{D)SK OR (R)AM?: D

iNPUT FILENAME: FILE.OBJ

ENTER LOWEST PROM ADDRESS (XXOO): 0800(CR) .. Second half of
address range.

LOADING COMPLETED
DONE! . . Entire 2732 is now programmed
BEPROGRAM 27162 N

- Example 2:

Copy two 2716's Into one 2732. Insert
the lower address 2716 first.

PROM PROGRAMMER, VERSION XX

ENTERV,C,P,F5,U:C

TYPE#: 2716(CR)

LOGIC=P,N?: P PAGE# =08(CR) .. First half =pg 8-F

DONE!

PROM PROGRAMMER, VERSION XX .. insert higher address 2716

ENTER V,.C,P.FSU: C

TYPE#: 2716(CR)

LOGIC=PN?: P PAGE# =10{(CR) .. Second half=pg 10-17

" DONE!

PROM PROGRAMMER. VERSION XX -..Remove 2716, Insert 2732, set S1low

ENTER V,C,P,FS,U: P

TYPE#: 2716(CR)

LOGIC=PN?: P

(D)ISK OR (RIAM? R PAGE?; 08{CR)

DONE!

REPROGRAM 2716: N .. Set S1 high

PROM PROGRAMMER, VERSION XX

ENTERV,C,PFSU. P

TYPE#:. 2716(CR)

LOGIC=P,N?: P

(D)ISK OR (RIAM? R PAGE# = 10{CR) . . Second half of data
— DONE!

REPROGRAM 27162 N . . Entire 2732 complete

Reference:

1. The operating procedure forthe 27161s Programmer CDP185480,” RCA Solld
given in: “Operator’s Manual for PROM State publication MPM-222A,

~2//~
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Cassette Tape I/0 For COSMAC
Microprocessor Systems

C.D. Smith

This Note describes a circuit and the
software needed to add a low-cost cas-
sette-tape input and output to the COS-
MAC Evatuation Kit (CDP185020,
CDP18S024, and CDP 185025), the
COSMAC Development System(CDP-
185005 and CDP18S007). or the
Microboard Prototyping Kit (COP185691).

Cassette-Tape Format

The RCA COSMAC VIP cassette-tape .

format was chcsen because it is well docu-
mented' and requires only a simple
software and hardware interface. Bits on
the tape consist of one cycle of 2 kHz for a

logical 0 and one cycle of 800 Hz for a
logical 1. Data is preceded by approxi-
mately four seconds of continuous logical
0's for sync followed by a specified number
of data bytes. Each byte begins with a
logical 1 start bit followed by eight data bits
(least significant bit first) and ends with a
panty bit; odd parity is used in this code.
Fig. 1 shows typical waveforms for re-
corded data

Electrical Interface

The electrical interface circuit shown in Fig.
2 is 1dentical to thatused with the COSMAC
ViP.c Bit-serial datais output to U14A-Pin 2

¢ - UL LU LA U LU LS

BIT —» $ A ar P 8
VALUE-POOOOIII t 0 (SN ' |000J|
—_—V AV
SYNC FIRST BYTE
" A-OUTPUT OF UI4A
B-OUTPUT FROM CASSETTE (TAP IN PAD ON CARO) R
92CS- 33228

C-OUTPUT OF UI48

c3
., 0 0047 ,F

P |

§ oorl ':

Fig.1 - Typical waveforms of recorded data.
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[ ] mo e
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Fig.2 - Schematic diagram for COSMAC cassette tape 1/0 interface.
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through the CDP1802 Q bit. Bit-serial data

is input from a cassette recorder to U14B-
Pin 8 and then to the EF2 input of the
CDP1802. Thus, by providing software to

control the Q output and sample the EF2 -

input, data is recorded and recovered from
the tape.

Software Interface

Three software routines are described
below. The tirst is an input/output routine
for COSMAC systems that use the COS-
MAC Microterminal as an operator inter-
face. The second is an input/output routine
tor COSMAC systems that use a standard
RS-232 or current loop remote terminal.
The third is a boot-loader routine that can
be used to load the appropriate input/out-
put routine after power up. This latter
routine can be either ROM resident. or
entered by hand when required.

Using the Microterminal

The use ol the cassette input/output
routine for the Microterminal-based system
requires an understanding of the Micro-
termina! itself.” The Microterminal system

is divided into three functional sections: -

control, display, and keyboard.

The control section contains the requisite
hardware for controlling the operation of
the microprocessor system. The function
keys are as foilows:

R Reset: Resets lhe logic of the Micro-
terminal and microprocessor system. Futs
the CDP1802 in the reset state.

RU Run Utility: Starts execution of the
utility program (UJT5), which is at location
8000. ‘

RP Run Program: Starts program exe-
cution atlocation 0000 with RO as program
counter.

CONT/STEP Slide switch to enable
continuous or single-step operation of the
microprocessor system,

—— Entry Mode Control: Toggles be-
tween the address-entry and data-entry
modes.

INC Increment Address: Each de-
pression increments the address shown in
the display. In the data-entry mode, it also
causes the data byte shown to be written to
the address shown before the address is
incremented.

$P Start Address Program: Starts
program execution at the location shownin
the address display.

CA Clear Address: Clears (resets) the
address dispiay to 0000.

M

-

The keyboard section of the Microterminal
contains 16 digit keys (0 through F) that are
used to enter hexadecimal numbers into
the address or data field. The destination of
entered data is controlled by the Entry
Mode Contro! toggle switch (——). The
functions of the hexadecimal digitkeys and

-some of the control function keys are

encoded and sent to the microprocessor
system on the bidirectional data bus. Logic
is provided forscanning and signalling key-
board activity to the microprocessor. The
actual scanning, debounce, and decoding
algorithms are performed by software rou-
tines in the utility program.

The display section consists of an eight-
digit, seven-segment, LED display, display
drivers, and refresh logic. In either the data-
entry or address-entry mode of operation,
the display shows a four-digitaddress field
on the left side and & two-digit data ficid on
the right; the fields are separated by blank
positions. In other subroutine-oriented
dispiay modes, all eight digits are available
in two groups of four separated by biank
positions. Illuminated decimal points in
either the address or data field indicate the
current operating mode. Software routines
in the utility program perform digit selec-
tion, muitiplexing, and hexadecimal-to-
seven-segmaent code conversion.

The Microterminal cassette I/O software
routine uses the displaved address as the
first location to be output or input and the
displayed data byle as the number of 256-
byie pages to be input or output. If the
Microterminal is in the data entry mode
when the routine is executed, data is trans-
ferred from memory 10 tape: if it is in the
address mode, dataistransferred fromtage
to memory. Initially, the Microterminal is
used to enter the cassette /O routine, Fig.
3. beginning at tocation #0000. After entry
and verification, execute the rcutine by de-

pressing RESET-RUN P. Then change to .

the data entry mode by depressing —— and
enter #01 as data. The address display
should be #0000. Start the cassette in the
record mode, let the tape advance beyond
the nonmagnetic leader, and then depress
$P. When output is compiete, the routine
returns to the monitor program.

Verification of the recorded data is a two-
step process:

1. Piay the data back into the tape input -

circuit and adjust the volume to a point

where the LED flickers. Then execute the

0000 P0B3RBFBOPA3COBI10ED4801A3409D4801A3E0EN4B01AP4BAFB224A4C4AF332271
0020 BAFF363309301C8AFF23AAFAFO3A4S8CF43338N480ES30098E73N4809E40FOAE
0040 [4BOD63009BAFAOFFLCAFAAPIFALAA3S35609091C30071EBEREFBO0AEBCF43RAAS
0060 FBY78ABFBOABNIBIZSI2DINIALEDBIREDFBOIANARYDN76I2RNBBRIA74LNIBDFE33)
0080 BAPUGFIF2EFE3IASDIOEAYF BABFAAPERRBEARD4B1A4309213FB10309A3DASFFOL }
00A0 3A9CIDFBBOFE3SALI097FBII6ABFBA0OENFCOONB2NPNIZAROFE] 0ALI BOBARAF BBFF 5
00CO O0OLBYEFSREIB2KBEIAC21IIBIFSUBEFEIARTIBI0EADIFB0AZRIDFE201 D7B73FF )
00EO0 0133DF3IFLG7A60F030DFFE8BOKOEOFB00A0DO

Fig.3 - Object code for Microterminal cassetta 1/0.
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cassette tape 1/0 routine and load the data
into memory. Loading is accompiished by
tirst depressing RESET, RUN, P, then ——,
Enter #01 as data and then depress —— and
enter #0100 as address. Rewind and start
the cassette in the play mode; let the tape
advance beyond the non-magnetic leader
and then depress SP. After loading. the
routine returns to the monitor.

2. Use the Microterminal to verify the
content of memory starting at location
#0100. 1t loading is unsuccessful, repeatthe
loading process while making slight
adjustments to the tape recorder volume.
After successfully ioading the data, make a
note of the volume-control position for
future reference.

Using a Standard Data Terminal
Using the cassette I/0 routine for systems
having a ROM based utility program that
operates through a standard data terminal
(RS-232 or 20 milliampere loop) requires an
understanding of the ROM utility program.*
This program allows the user to examine
memory, alter memcry, or begin execution
at any specified address.
?M(ADDRESS) (SP) (NUMBER OF
BYTES) (CR)
— The specitied number of bytes in
memory, beginning at the specified
address, will be transmitted to the data
terminal.
IM (ADDRESS) (SP) (DATA) (CR)
— Data bytes consisting of two hexi-
decimal digits are stored in sequentiat
memory address beginning at the spec-
ified address.
$P (ADDRESS)

— Program execution begins atthe spec-
ified address with P=0 and X=0.

Initially, the 'M command is used to enter
the cassette I/O routine, shown in Fig. 4,
beginning at location #0000: After entry and
verification, using the M command,
execute the routine using the $P command.
The system will respond by outputting “VIP

M

CASSETTE /0 FORRCA EK”, followed by
"2U, L, S=". Enter U to return to the utility
program, L to load memory from tape, or S
to save memory on tape, all followed by CR,
and the system will respond by outputting
“FIRST?". Enter the starting address of the
data to be output followed by a CR. The
system will respond by outputting
"LAST?". Enter the address of the last data
byte to be output, but before enteringaCR,
startthe tape in the record mode and let the
tape advance beyond the nonmagnetic
leader. Unlike the Microterminal 1/0
routine, which inputs and outputs data in
256-byte blocks, this program allows the
user to record and load any number of
bytes. However, it is recommended that
data be recorded beginning at a page
boundary, and that blocks of 256 bytes be
output. )

To record the cassette I/O program,
depress RESET, RUN U, and enter $SP0000. -
Enter S-CR. then #0000 for the “tirst”
address and #Q1FF for the "last” address.
Start the tape in the record mode before
entering the last CR. "XFERING" is oulput,
and when the recording of datais complete,
the program returns to its beginning.
Verification of the recorded data s accoms-
plished in a mannersimilar to that used with
the M:icroterminal: Play back the tape,
adjust the volume, and execute the pro-
gram using the $P command. Enter #0200
for the “first” address anc #03FF for the
“last” adaress. Start the tape in the play
mod2. and when the tape advances beyond
the lcader, enter tha last CR. Use the ?7M
command to venfy a successful load.

Boot Strapping After Power Off

To reload either the Microterminal or the
data terminal cassette /O routine after
power off, it is necessary to load only the
cassette boot routine. After entering and
verifying the boot routine in Fig. 5, position
the tape just before the saved cassette I/0
routine, and start execution by depressing
RESET-RUN P, after starting the tapein the

0000 710090FCO1KBFBBLH2FBIFAZE2P0BIBARSFBIBAZFBP2A4FBRA6ASNI1411401B10D7
0020 0A56495020434153534554544520492FAF20464F522052434120454B000A3F 205
0040 T52C4C2C533D203F20000481IRPFFEGI3I266PFFHAC3I2729FFRSSIA1RFBBOROFE;
00460 00AODCI2EONOL1AD40154331H140400C1301K14040154331B140401003E1E14D4)
0080 O1B10NI0AAC4F4144204552524F5200301B13C830A3947384739314683A646R3447
00A0 A320919673867393R683A646736046A393F4RIZ091D0376N3BLA36072A6F0E630)
00CO BSFB2EABFB40ORDFCOONB2LPNIIACTF810ANFBOBAL4ABEFFOODBYRFARBIBIHBE3AS
O0EO D?1LBLFANIB29893ACEIPIACENBUT0000000000000000000000000000000000007
0100 FB42ABFBOARIDBI30320913A06B3IBODFB0PADABPL76RI2ENBBHIA141IIBIF633)
0120 2C9D5A1A29893A0N993A0NFENSDIFB0A3EISFBR01IN7BUFFFO1333739207A9F30}3
0140 37D3F8103DA44304FFF013A441DFBBOFE3S5503041140400R10T10RA446495253543F )

. 0160 2000F800FDIAID4AB1IBIIS49FFRODIAAETIIRABDAALALIA00E1000A4ACA153543F20)
0180 COFBOOBIAND4B1IIH3IIBSIFFRODBAREPN7IBN7314D400KION0ASBA84552494E47
01A0 210060BAFSAR40PA75EI19FCOOCBFFOODSICI 244 F32RCII481A4IORIDS

Fig.4 - Object code for data-termunal cassette I, Q.

M

0000 7100F801RAFBO2BYP0ARAIEFFBIBAFFBO0ABDDF 330F209113A12DF3K19FB0PADAR)
0020 9D76BU2BDFBR3IA201D8DF633379DSA1A29893A19993A19C08000D0F8103D303D}

0040 4BFFO13A3F1DFBBOFE3S549303A

Fig.5 - Object code for VIP casselte-tape-lformat boot loader.
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play mode. The most significant byte of the
first address is in M(0003), and the number
of pages to be input is in M(0006). The
contents of these addresses can be
changed to suit the individual user's needs.

Reterences

1. RCA COSMAC VIP CDOP18S711 Instruc-
tion Manual, RCA Solid State publication
VIP-311.

2. See ref. 1, pp. 70, Fig. E-3-Keyboard,
decoding, audio oscillator. and cassette
interface circuits.

3 Instruction Manual for RCA COSMAC
Microterminal, RCA Solid State publication
MPM-212.

4. For ROM Utility Program information ~
refer to the following RCA Sohd State
publications:

For Evaluation Kits:

— Evaluation Kt Manual for the RCA
CDP1802 COSMAC Microprocessor,
MPM-203.

— lInstruction Manual for the RCA
COSMAC Evaluation KitCDP18S020 and
the EX/Assembler-Editor Design Kit CDP
185024, MPM-224.

For COSMAC Development Systems:
— OQOperator Manual for the RCA COS-
MAC DOS Development System (CDS
ill) COP18S007, MPM-232.

— Operator Manual for the RCA COS-
MAC Deveiopment System !l CDP
185005, MPM-216.

For Microboard Prototyping Kits:

— RCA COSMAC Microboard Proto-
typing System CDP185691, COP18S691V3,
MB-691.

When incorporating RCA Solid State Devices in
equipment, it is recommended that the designer
refer to *‘Operating Considerations for RCA Solid
State Devices”, Form No. 1CE-402, available on
request frem RCA Solid State Division, Box 3200,
Somerville, N. J. 08876.
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Microprocessor Cor_xtrol for Color-TV Receivers

K. Karst_ad

A microprocessor control that makes
available sophlisticated and desirable

features not feasible with current stan-
dard or custom IC's is cescribed. The TV
controller features moduiar design, which
permits essential functions to be im-
plemented on a priority basis while events
of secondary importance are held untii

processing time is available. Physical

modularity also permits features to be
added in the form cf software changes.
thus saving manufacturers the expense in
time and money of hardware redesign.

The tuning function is implemented by.-

means of a microprocessor controlied
phase-locked foop, which constitutes a
frequency synthesizer. Scanning and
preprogramming of desired channels is
possible; for example, a real-time ctock
allows event programming. The set can
be programmed to turn itseit on or off or
switch stations in a preplanned
sequence. User interaction is accomplish-
ed through a locai keyboard on the set cr
a remote 35-key unit tha! transmits pulse-
position-modulated intrared pulses. A Six-
digit LED display provides information
and teedback. In this all-CMOS design, a
two-level battery back-up system
guarantees that stored chanrnels and
events will be kept intact for weeks in the
event of an ac power {ailure. An interrupt
driven system, wiith the interrupt load
time multipiexed, is combined with a
DMA cycle-stealing feature to overcome
the ditficulties in software structuring.

INTRODUCTION

Until recently the numbar of user-
controllabie features on a TV receiver was
limited, both for technical and economic
reasons, to mechanical channei selection
and sound and picture contiol. The advent
of the varactor diode made electronic
tuning possible by taking advantage of
the voltage-variable capacitance
characteristic of the diode. The avail-
ability of IC's, In most cases standard
MSi circuits or custom MSILSI circuits
tailored for specific functions, has made
feasible the electronic contro! of channe!

_trol of a much wider range of features.

selection from the keyboard, either’
remote or part of the set, with the channel
number shown either on or off-screen.
This type of IC control represents the pre-
sent trend in the TV industry; however, the
availability of the microprocessor makes
possible much more sophisticated con-

This Note describes a microprocessor
controi for a coior-TV recelver, a control
that supports a large number of features
and options.' As there is no ciear industry
trend toward the application of
sophisticated electronics to controi func-
tions, it can be assumed that many of the
features discussed will not find their way
into the standard home receiver for some

- time to come. Neverthless, this design,

based on the CDP1802 microprocessor
chip,? illustrates the degree to which the
stored program concept can be used to
impiement receiver control.

The microprocessor control represents
a modutar approach to TV-control design
both in its-ability to process functions on
a priority basis and in its ability to accept
additiona! or modified functions. Depen-
ding on modei or market, and without the
need for the tong-range custom-LSt
development phase required in a hard-
ware redesign. manufacturers can quickly
implement new features through software
changes or additions alone.

_ GENERAL FUNCTIONAL OPERATIONS

Tuning Control and Preprogramming

The tuning function Iin this ali-
electronic system, Fig. 1, is implemented
by means of frequency. synthesis. A
phase-locked loop, PLL, seiects the cor-

- rect local oscillater, L.O., frequency for a

specific channel and keeps the receiver
tuned, irrespective of changes in the
tuner with time and temperature. When
any number from 110 99 is keyed into the
keyboard, the signals are translated by
means of data in a ROM iook-up table into
the 14-bit code, dictated by international
channe; allocations, required to set the
PLL on the constant L.O. frequency for
the channel desired.

Trademark(s)' Registered information turrushed by RCA i3 believed tu be ac-
; : curate and reliable. However, no responsihi'ity is
Marca(s) Registrada(s) assumed by RCA for

Printed in USA/8-80

s .use; -nor for any -

fringements of patents or other rights of third parties - -
whiCh may result frum its use. NO ficense 1< granted 2 / é
by imphcation or otherwise under any palent or

patent rights of RCA.
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Fig. 1 — The microprocessor-control system. The user interacts with the controlier

by means of either the local.2 x 12 keyset or the 35-key remote unit.
Clock and program information is shown on the six-digi! display. Exact
tuning is accomplished through the phase-locked loop. Tre batteiy back-
up system keeps the clock running and stored information intact in the

event of a power lailure.

The PLL design also permits direct fine
tuning over a whole channel. While the
traditional need for fine tuning Is
eliminated by the exactness of the fre-
quency synthesis approach, some users
desire It in fringe areas for improved
picture quality. There is also, in some
areas, a need to tune in the nonallocated
channels used for cable TV and master
antenna systems; the fine tuning capa-
bility makes this possible. In the VHF
band, fine tuning is implemented in
25-kHz steps, and in the UHF band, in
100-kHz steps.

An important feature of the
microprocessor tuner is channel
preprogramming. In the following dis-
cussion, the distinction made between
programs and channels is that commonly
practiced in Europe, where a given pro-
gram may be assigned to two different
channels in two different geographical
areas in much the same way as different
networks are assigned different channels
In the U.S. The tuner can store 16 pro-
grams, which can then be called out
simply by depressing a key number.be-
tween 1 and 16.

This preprogramming technique re-
quires that the channel to which a given
program is assigned be known. For the
more usual case, where the channel is not
known, a scanning mode is available.
Depression of the scan key will initiate a
search starting at the channel to which
the set is currently tuned and terminating
at the next higher channel available on

.the air. If the scan button is not depressed _

~
alvd

again, that channel Is automaticaly
assigned to the stored-program location
currently chosen. With each depression
of the scan button, the tuning system
searches for the nearest higher available
carrier. 1f no station s found, the scan
wraps around and stops on the frequency
from which the search began.

Display and Kayboard Control

Channel and program numbers are shown
on a six-digit, LED, off-screen display.
{Display and keyboards are shown in the
+ Appendix.) For a period of time the on-
screen dispiay was popular, but the imple-
mentation of the off-screen display is
simpler; it can also be on permanently,
and does not distract the viewer's at-
tention. The optimum number of digits
permitting continuous display of clock
and program number, the normal or
prioritized dispiay mode, is six. Upon re-
quest from the keyboard, both channel
and program numbers are shown, the
channel number displacing the clock
display. In the scanning mode, the
channel frequencies assigned to program
numbers are automatically displayed.

The availability ot a real-time clock per-
mits event programming; i.e,, a program
can be automatically turned on or off at a
specific time. Again, the six-digit display
is sufficient for the easy programming of
evenis as well as the listing of events
aiready programmed.

The local keyboard, with 12 keys and
shift-key, can handle 24 tasks, inciuding
-program select scan, analog control

« {(up/dowr), mute, on/oft, and clock set. The

S
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master keyboard is remote, has 35 keys,
and communicates with the receiver over
an infrared link. Each depressed key
generates a unique seven-bit code as a
pulse-position-modulated (PPM) pulse
train;® zero and one bits are defined by
specific distances between pulses. This
pulse train, an asynchronous event with
respect to any other task, is processed by
the DMA (direct memory access) channel.
Hence, a random real-time event is given
priority.

The anaiog functions, volume,
brightness, contrast, and saturation, are
changed continuously up or down by
holding down the appropriate key. A six-
bit word in memory, providing 64-step
resolution, is output at a predetermined

rate and incremented or decremented by -

one each time. With sample-and-hold
multiplexing techniques, one output port
is sufficient for serving four different
channels.

Event Programming

The six-digit display and 24-hour clock
make it possible to preprogram and
monitor events for a period beginning at
the present and extending 24 hours into
the future. An arbitrary number of memory
locations, eight in this- design, are re-
served for event programs. The user,
while watching the dispiay, simply keys in
the time for the set to turn on (or to switch
channels if already on) and the program
number. This procedure can be repeated
until the list Is full, which is indicated by
flashing 9's on the display. Thera is no

restriction on the sequence of entering

events. The software orders the list in
time sequence sO that the event nearest
in time is always at the top of the list. The
software checks every minute to deter-
mine whether an event is to be activiated;
If it is, the event is executed and then
erased from the list, and the next event in
time is moved up. A lit decimal point on
the display indicates that an event is
pending. When the event has been ex-
ecuted, the decimal point begins flashing
and continues to flash until the viewer
acknowiedges by depressing any key. If
no acknowledgment is received within
five minutes, the set turns itself off.

The sequence above describes an event
that occurs only once,; it is a simple mat-

ter to program an event so that it is -

automatically repeated every 24 hours, for
example, an event that turns a program

off at a specified time each day. The pro-

grammed information (time, program

number), along with an indication of

whether it is a one-time-only, off, or repeat
event is listed on the display by use of a
“list” button on the keyboard. An empty
or exhausted list is indicated by flashing
eights.

Expansion

The moduiar structure of the
microprocessor tuner makes it possible
to add options by adding ports to the data

AN-0094

bus and segments of code to the soft-
ware. Two options of considerabie future
Interest are Teletext’ and Viewdatas. If the
receiver in question is equipped with the
Teletext option, for example, the
keyboard will contain a key marked
Teletext. When this key is depressed, the
software will check for the existence of
this option. if it is present, certain keys
will from that moment be redefined and,
when depressed, will lead to the execu-
tion of tasks different from those of the
normal TV mode. The latter mode is re-
called by use of another key, NTV.®

SYSTEM SOFTWARE

The requirements on the software por-
tion of this realtime controlier are to
muitiplex the six display digits, muitiplex
four anailog channels, update the ciock,
monitor the two keyboards, and execute
the tasks called for. The clock must, of
course, be updated regularly and fre-
quently so that it does not lose time. The
display must be refreshed at a rate high
enough to avoid flicker, i.e., at 50 to 60 Hz
at ieast. The analog values must also be
refreshed steadily at a rate high enough
to maintain a dc signal and without ex-
cessively large filter constants. Certainly,
the keyboards must be checked frequent-
ly enough to catch any random key
depressions. Finally, whatever command
is received, fine tuning, scan, mute, etc.,
must be processed and executed. Note in
this context that some of the tasks, such
as volume up/down, require continuous
depression of a key for an indeterminate
amount of time.

These overlapping and partially con-
flicting specitications are met by an
interrupt-driven system together with the
DMA channel used for the remote
keyboard.” A pulse train, derived from the
CPU clock, interrupts the software pro-
gram every four milliseconds, as shown in
Fig. 2. The Interrupt routine, which must
be executed with regular frequency, is
divided into three sections to assure
distribution of the load. Each time the in-
terrupt service routine is called, a test is
made to determine which cycle is to be
serviced next. Hence, three cycles com-
prising a complete frame are sequentially
serviced. After 12 milliseconds, a full in-
terrupt service frame repeats.

The six digits of the display are
grouped in pairs, two per cycle. This ar-
rangement reduces the multiplex rate to
1:3 and provides twice as much time be-
tween interrupts as would otherwise be
the case. The refresh rate for the display
is now 83 Hz, well above the critical
flicker rate.

The sequence of events In the interrupt
routine is as follows: An interrupt occurs.
The last digit pair is turned off and the
next pair is turned on. The four analog

-channels are then multipiexed and

refreshed and the clock is updated. Con-
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Fig. 2 — The interrupt system. Thé system Is Interrupt driven with the interrupt

service routine split and time multiplexed. Remote inlrared control
pulses are received in real time through direct memory access without
interfering with ongoing processing.

trol then returns to the main program. At
the next interrupt the last digit pair is
turned off and the next pair is turned on.
The clock Is updated again, but In this
cycle, the local keyboard is also scanned
for key closure. At the third interrupt, the
last digit pair Is handled, and the service
routine checks for reception of a com-
mand from the remote keyboard. If a
character has been received, the com-
mand is processed and executed. Once
more the clock is updated and the main
program resumes execution. All urgent
tasks are thus served regularly and fre-
quently: the clock is updated every four
milliseconds, and every twelve
milliseconds the display and the D/A
channels are refreshed. In addition, both
keyboards are monitored. and if a key
closure has taken place, the required pro-
cessing is performed for the main pro-
gram to act upon later.

A key closure on the remote keyboard
generates a bit string of pulses, and for
some commands, a long character string.
These pulse trains, which occur randomly
and sometimes last for long periods, are
received without tying up the processor
and reglecting other real time events by
having them fed into the DMA input. Thus
the keyed information is conveyed to the
CPU through a cycle-stealing process
and, to ail practical purposes, without
slowing, or interfering with, the CPU's cur-
rent operation.

. The interrupt service routine in each
- four-millisecond time siol may vary in
- length according to which cycle is on, and
; particularly according to how much of the
4, Clock update routine is required at a

specific moment. Nevertheless, the pro-
cessor is idle during the major part of the
time siot, and is available for background
processing in the main program.

When control returns to the main pro-
gram in each time slot, the program deter-
mines whether a command was received
from one of the keyboards. If it has been,
that task, for example, change
brightness, is executed. if no command
has been received, the CPU is essentially
idle until the next interrupt occurs. In
most cases, the free time in one of the
three cycles is ample time for the pro-
cessing of any task in the main program:
if it is not, the next interrupt simply
postpones the background processing
until one or a few more time slots are
available. This manipuiation is not ap-
parent.to the user.

The tlowchart for the main program,
Fig. 3, provides additional information on
the points mentioned above. An interrupt
can occur at any time in the main
program; however, most of the time, if no
keyboard command has been received,
the program loops through the upper
portion of the chart. A few other tests are
also regularly performed: are there any
events pending, was an event executed

but not acknowiedged, has ac power”

failed, or is no station on the air.

THE HARDWARE/SOFTWARE
INTERFACE
Clock, Display and Keyboards
Four locations in the RAM are assigned
to hold the four clock digits. As shown in
the flowchart of Fig. 4, at every interrupt,

a seconds counter is incremented. Later,,
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Fig. 3— The main-program fiowchart. When

& keyboard command is received,
the program branches from the
upper loop and executes the task
called. The main program also
checks every minute for a pro-
grammed event that cails for
action; the user has tive minutes
to acknowledge an event
execution.

In the update routine, -the counter is
tested for the value of one second, and an
update buffer is foaded.

Another buffer in RAM, the display
buifer, contains BCD data for the six
display digits. The update routine
transfers data for the four clock digits
from the update buffer. The display butfer
also contains addresses for the digit
pairs, the seven scanning lines for the
local keyboard, and the four multiplexed
D/A lines.

The configuration of the data in the
dispilay buffer is closely related to the
hardware scheme shown in Fig. 5.
Segment data for a digit pair are fed from
two separate latch/decoder circuits. An
eight-bit addressable latch seiects the
digit pair or the D/A channel to be
sampled. Another addressable fatch pro-
vides the scan address for testing key
closures on the local keyboard. The re-
quired 16 bits of data are assembled in
one 16-bit CPU register and output over
the memory address bus with just one in-
struction.®
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Fig. 4— The interrupt-routine flowchart.
The Interrupt service routine
increments the seconds counter
and updates the clock. It also
mulitiplexes the display and the
analog values and scans and
monitors the keyboards. If ac
power fails, the CPU switches to &
low-frequency clock and battery
power.

Four RAM locations store the six-blt’
D/A data, which is output before the D/A
channel is sampled. The latched data is
smoothed by a simple R/2R network; no
greater precision is required.

The software section of the interrupt
routine, which interacts with the hard-
ware of Fig. 5, is detailed in the flowchart
ot Fig. 6. The program turns off the last
select line for a digit pair and tests
whether it was cycle 0. lf the answer Is
yes, a new frame of events is about to be
repeated and the display pointer Is reset

. to the top of the display buffer. Segment

data for the next digit pair are output, and
the pair is selected. In this example, the
answer to the test of cycle 2 is yes;
therefore, the four D/A channels are
sampled in a burst mode, after which the
routine exits to its update portion. At the
next interrupt, since it was not cycle 0, the
program turns on the next digit pair, finds
itseif in cycle 1, and activates the local
keyboard routine. Finally, at the third In-
terrupt (cycle 0), the remote keyboard
routine is sequenced.
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Flg. 5— The multiplexing of the six-digit display and the four analog channels,
and the scanning of the local keyboard, is accomplished with a compact
16-bit data format. The eight-bit microprocessor outputs the tull
data word over the memory address bus with only one instruction.
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Fig. 6— This detail of the interrupt service

routine shows how time-division
multiplexing is accomplished in
three cycles in order to distribute
the real-time load.

"~ Akey depression on the local keyboard
is translated into a command code and
stored in memory for the main program to
process. The sequence of events is as
follows: One of the output lines from the
addressable latch is activated; the CPU
tests the first flag-line for key -closure
{Fig. 5). if the output line is line 4 and EF1
Is tested (defined as row 0), a possibie key
closure is identified and marked as key
number 4 + 0 = 4. The CPU next tests
line 4 and flag EF2 (defined as row 7). A
key closure here is Identified as key
number 4 +7 = 11. The key number is
used as an address pointer to a ROM
table that contains the actual command
code for that particular key (for example,
mute). Because the local keyboard has
only 12 keys to handle 24 functions, a
shift-key depression must also be
verified. if the shift key is down, 12 is
added to the table address, causing a
Jump to the second part of the table con-
taining the shift commands. The
keyboard scan repeats every 12
milliseconds. If closure is detected, a de-
bounce routine allows 36 miiliseconds for
verification of a valid key depression.
The received and detecied IR pulse
train from the remote unit is a PPM pulse
stream composed of six bits plus a parity
bit for each character. The software
monitors the presence of a bit stream,
measures the time between puises,
_thereby discriminating between ones and

** zeros, and assembles the Information into
a character that represents the actual

command code. Finally, the program tags
the received command code as 10 what
type it is. a single command (on, off) or a
repeat command (volume up), for the
duration of the key depression. Ones or
zeros are determined by measuring the
time between puises.

A four-bit counter is clocked by a
10-kHz signal. The content of the counter
is read at the beginning of each IR pulse,
and the counter is restarted. Hence, the
number of puises read represents the
time interval between the last two pulses.
As the IR pulse itself activates the DMA-in
line, the time count is automatically read
into a memory location. The DMA pointer
advances in readiness for another input
byte, which occurs at the next IR pulse.
Hence, the seven bits in a command,
represented by seven counts, are
automatically stored in memory. If the
time base is chosen well, it is possible,

. while maintaining good resolution, to get

a count in which the most significant bit
reads directly and correctly 1 or 0 for the
time interval. It remains only for the CPU
to repack the 1's and 0's into a command
code word, which is stored for later use.
The software code used for servicing the
remote unit is in many ways similar to a
UART program; it checks for correct

-number of bits and framing error, and

Ignores noise puises and other error con-
ditions.

Tunning and Program selection

A prescaler in the closed loop circuit,
Fig. 7, divides the outputs from the L.O.
by 64 for VHF and by 256 for UHF; the
dividing ratio is defined as K. The output
of the prescaler, now within the frequency
range of CMOS circuitry, feeds a 14-bit
divide-by-N counter, the output of which
is compared with a reference frequency.
The output from the phase detector is
filtered, amptified, and appiied to the
varactor diode used to tune the L.O. in
sum, the L.O. frequency of the tuner is
measured, and whatever control voitage
is necessary to force the frequency to be
correct for a selected channel is
generated by the loop. At phase lock,
when the inputs to the phase detector are
of the same frequency, the L.O. frequency
of the tuner is N times K times the
reference frequency. Therefore, the
divide-by-N counter, which is under soft-
ware control by the user, selects the
channel.

The data format is a 16-bit word; the
two most signiticant bits are decoded to
select one of ‘our bands (VHF-, VHF-II,
VHF, extra). The remaining 14 bits are the
binary representation of the number N for
a specific channe!. The 14 bits provide
sufficient resolytion to place the L.O.
frequencies as liltle as 25 kHz apart for
VHF. Thus, it is possibie to use the tuner
to select any channel in the world, as weli
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. Fig. 7—

Precise tuning and station selection is done with a phase-locked loop.

The loop is coritrolled by an LSI chip that contains a divide-by-N counter,

P

band select, phase comparator and reference frequency dividers. Band and

channel frequency information is contained in a 16-bit data word sent over

i the mermory address bus.

‘as unassigned channels used In cable TV

and MATV installations. Additional fine
tuning is implemented with the same
resolution. The 16 bits of data are output
over the eight-bit memory address bus
with only one instruction, using register-
based output. With the exception of the
ECL prescaler, the low-pass filter, and
operational amplitier, alt circuitry is inte-
grated on one CMOS chip. The required
interface logic for the remote keyboard,
discussed earlier, is also included on the
chip. X

The PLL system employed in the
microprocessor tuner differs funda-
mentally {rom the open-ioop analog
system commonly employed. In the
analog system, a predetermined voitage
is applied to the tuner with the expecta-
tion that the generated frequency will be
correct. But because there is no feed-
back, changes in components with age
and temperature influence the frequency.
Neither is automatic compensation
achieved for the unavoidable differences
that occur in tuner characteristics.

Note that with a PLL system,
preprogramming of channeis and events
can be done at any time; no stations have
{o be on the air. in fact, it is now possible
for the dealer to preprogram sets before
they are delivered to customers, provided
a battery back-up system is implemented.

Battery Back-Up
A two-level battery back-up system

takes over in the event of a power failure.

Because of the all-CMOS circuitry of the
logic and processor, this system can be

~ impiemented with only four rechargeable

low-capacity NiCd cells.

In order to conserve power, the CPU,
upon detecting a power faitlure,
automatically switches from the 2-MHz
crystal in normai use to a low-frequency
32-kHz crystal. The switching takes piace
during a few milliseconds “‘wait” state
which the CPU also enters automatically
with a power failure. If power is not
restored within the predetermined
number of days, seven, the CPU shuts.
itself down after shutting down the whole
system with the exception of the RAM
storing user-programmed information.
The remaining battery power is sufficient
for approximately three months of
storage. it power returns before three
months, Operation resumes as normal
with stored information intact.

The slow-ciock mode works satis-
tactorily because, during the absence of
ac power, the only task performed by the
software at each interrupt is a ctock up-
date. Essentially the same update routine
is used, except that, in the slow-clock
mode. a branch instruction sets a new
limit for the number of interrupt pulses re-
quired to measure one second. Again, the
software ignores all code except update
clock and testing for the presence of ac
power.
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APPENDIX

'Summary of single and compound keyboard commands. (t and ¢
refer to numerais 0 through 9). Keyboard diagrams are shown on

the following page.

Commands Actions

ANY KEY - Acknowledge automatic turn-on

BRT Brightness adjust

CH Channel scan

ppCH Preprogram channels

CL Clear. Returns program to previous mode. Instant
escape from error mode. Return from listing,
scan.

CcOoL Color adjust

CON Contrast adjust

EVppPtittT Preprogram a one-time event

EVOOPLHT Preprogram off

FT Fine tuning

L List preprogrammed events

L NO Cancel preprogrammed event whlie listing

MU, MUTE Mute

MxX Mix, expansion command

NO NTV Four factory analog values are called

NTV Return to normal TV mode. Four user's anaiog
values are also restored

P Program scan

_ppP

Program selection. Turn set on with pp = 1—16
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SAT Saturation adjust
SF CH What channel is currently assigned? -
SF EVppPttitT Preprogram a repetitive event )
SF NTV Store user’s analog values
SF P Toggle between PAL or SECAM decoder
STB, STBY Standby: toggles set on/off
T Toggle clock display onloff
T Set clock
TEL Tele, expansion command
T 72 Time, expansion command
VW View, expansion command
VoL Volume adjust ‘
Remote KB Local KB
THT e SATY | | BRTV | |CONY
7 8 9
L 4 5 6 FAT
CONA| {NORM| | VOLY
el |l2]s|l¥ ol | B |
v
p o st |l no || &V VOqLA SA;A BR;A
voLsar e leonl el M\l 1
A A A a || M TIME | | MUTE || grpy
P o
VOL || SAT || BRT || CON
v v v v NTV
SHIFT
TEL VW || MX n SBY
92CM-32202
Display
TIME PROGRAM
- O e /U A /.u u
T
SHIFT
EVENT



