





















































































































































































































































































































































CIRCUIT CELLAR

The transmitted message.is synchronous with the AC line, and
each bit is clocked on zero crossing. Each message contains 9
bits of information: 4 bits of security code and 5 bits of matrix

code. Each message is transmitted in true and inverse form on
successive half cycles of the AC-line signal.

Table 1: Security house codes. Table 2: AC-line matrix key codes.
KEY D8 D4 D2 D1 D16
STATE H8 H4 H2 H1
1 0 1 1 0 0
A 0 1 1 0 2 1 1 1 0 0
B 1 1 1 0 3 0 0 1 0 0
C 0 0 1 0 4 1 0 il 0 0
D 1 0 1 0 5 0 0 0 1 0
E 0 0 0 1 6 1 0 0 1 0
E 1 0 0 1 i 0 1 0 1 0
G 0 1 0 1 8 1 1 0 1 0
H 1 9 0 1 9 0 1 i 1 0
| 0 1 9 q 10 1 1 1 1 0
J 1 1 1 1 1 0 0 1 1 0
K 0 0 1 1 12 1 0 1 1 0
L 1 0 1 1 13 0 0 0 0 0
M 0 0 0 0 14 1 0 0 0 0
N 1 0 0 0 15 0 1 0 0 0
0 0 1 0 0 16 1 1 0 0 0
P 1 1 0 0 CLEAR 0 0 0 0 1
ALL 0 0 0 1 1
ON 0 0 1 0 1
GFE 0 0 1 1 1
BR 0 1 0 0 1
DIM 0 1 0 1 1
PHASE 1

TRIG $3 ]

C ¢3 |_]'1

DATA ouT |

ENABLE (60 C/S) 1ms Ims Ims Ilmll Ilmtl 1ms 1ms Ims
[e-2.778 ms 4—2.778ms—’l
| 5.556|ms e ————5556:ms
SERIAL DATA —@ ltf/jlll
DATA DATA

A 1 bitis 3 x 1-ms bursts of 120 kHz, commencing
approximately 200 us after the zero crossing of each phase. A
0 bit is no signal for that half cycle. To synchronize the
receivers with the transmitter, a Start Code consisting of 3
successive 1 bits followed by a 0 bit is used. Thus, a complete

message takes 11 full cycles of the AC line to complete.

Figure 1: BSR transmission protocol and timing.

MAY 1985 « BYTE

113
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TRIG $3 GENERATED AT EACH ZERO CROSSING

ACLINE/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\
TS SVASTRY/ S VIR AR VIRV ARV ARV Y ALY /MY IRV AR VARV

Tpl
Tp2 I
o 2 R o N 9 e R
MESSAGE REPEATED AT LEAST ONCE
3 VAT
SERIAL DATA WL AT | TTN AT IT
AL L AL T[T LRIl
STATE OF s 23R 46 2 B9 O S11512 913 I ANT5 116117 1819520021022/ 018 283406106 72 #1819 110" 11
TRANSMISSION TIMER
s G (oY) E R A (o) o) o) (Il (0) (I L)
D DDDDD D
F ] — ETC.
J
START HOUSE CODE OPERATION CODE
Hg H3 Hp Hi 8 4 2 1 16

Figure 2: BSR transmission protocol and timing continued.

with any combination or all of these
subsystem peripherals. If you don't
have a terminal or an auto-answer
modem, you can configure a video-
based-only HCS and leave the serial
components out. (Because some
users may not initially need or be able
to afford all the functions supported
by the HCS, it is available as a partially
populated board. You can add the ad-
ditional support chips at any time)
Figure 4 is the complete schematic of
the Home Run Control System. | will
explain it in five sections: processor
and memory, timing, serial and paral-
lel 1/0 (see photo 4), video display,
and power supply.

PROCESSOR AND MEMORY
SECTION

At the center of the HCS is a Motorola
6802, ICI (block-diagramed in figure
5). The 6802 is an 8-bit processor that
is software-compatible with the stan-
dard 6800. It contains the same reg-
isters and accumulators as the 6800
114
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plus an internal clock oscillator and
driver. In addition, it has 128 bytes of
on-chip RAM addressed at hexadeci-
mal locations 0000 through 007F. A
4-MHz crystal is used with ICl and
results in a 1-MHz system-clock out-
put on pin 37. This clock is divided
by counters in the timing section to
provide the various interrupt clocks
and pulse-signal sources. The pro-
cessor is reset by pressing PBI, at-
tached to pin 37.

The 16-bit address bus is decoded
through a 74LS138 (IC5) into eight 8K-
byte blocks designated by chip-enable
lines YO through Y7. RAM occupies
the space from 0000 to 3FFF. ROM
occupies the range from A000
through FFFF

The HCS has two 28-pin RAM
sockets that can accommodate either
6116 (2K by 8-bit) or 6264 (8K by 8-bit)
350-nanosecond (ns) CMOS (comple-
mentary metal-oxide semiconductor)
RAM chips. The HCS requires a mini-
mum of 4K bytes of RAM to function.

A jumper that selects/deselects ad-
dress line All sets, whether a 2K-byte
or 8K-byte RAM is inserted. The soft-
ware auto-sizes and allocates avail-
able memory on power-up (be sure to
remove the battery backup when
changing or adding any chips). Table
3 designates the various legal RAM
configurations.

Three program ROM sockets are de-
signed for 2764-type 8K by 8-bit
EPROMs (erasable programmable
read-only memories). The HCS pro-
gram presently resides in 16K bytes
and uses ICIl and ICI2. IC19 is an
empty socket intended for future pro-
gram expansion and enhancements.
(Eventually, I hope to design an
analog 1/0 expansion board for the
HCS, and | decided that it would be
a good idea to put in the hooks now.
Direct temperature monitoring and
HVAC |heating, ventilating, and air
conditioning] motor control are a
possible consideration.) Portions of

(continued)
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Figure 3: A block diagram of the Home Run Control System.
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Figure 4: The schematic of the Home Run Control System.
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Figure 4 continued on page 118
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Figure 4 continued
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the 1/O are also set aside for
expansion.

TIMING LOGIC
Figure 6 outlines the section of the cir-
cuit that generates the timing signals.
All the clocks are derived from a
master 1-MHz clock nroduced by the
processor. The | MHz is divided by
13 through a 74LS161 (IC2) to pro-
duce 76,923 Hz. This frequency is
only 0.16 percent off the 76,800-Hz
frequency normally used for commu-
nication at 4800 bits per second (bps).
The other data-transmission rates
(2400, 1200. 600, 300, 150, and 75
bps) are produced by further dividing
this frequency through the binary
counter, IC4. One of the seven output
frequencies is jumper-selected as the
terminal/modem communication rate
and directed to the transmit/receive
clock input of the serial 1/O chip, IC16.
The frequency at the final output of
IC4 is 601 Hz. This frequency is used
as the master interrupt clock for the
HCS. Every 601 times the interrupt is
called, the real-time clock is incre-

AN

i

i) A

mented | second. At various other in-
crements in time, event and input
status are checked and output set.

The BSR transmission timing is also
controlled through this circuit. The
I-MHz system clock is divided by 8
through IC3 to produce 125 kHz.
While slightly off the 121 kHz normal-
ly specified for BSR line transmission,
it is within tolerance of the receivers.
The 125 kHz is gated on and off
through NOR gate IC7 by an output
bit from IC14. An LM311 (IC29) high-
speed comparator functions as a
zero-crossing detector to let the pro-
cessor know when to gate the 125
kHz onto the AC line.

The 1-ms pulse bursts are timed by
IC6. The elapsed time between releas-
ing the reset line of counter IC6, which
is clocked at 125 kHz, and an output
change of state is 976.56 us, or 1 ms
in the real world. The clock period of
the output waveform is 1 ms, but
changes of logic state occur on the
half period, 0.5 ms. By counting three
of these changes of state, 1.5 ms, the
typical time interval between 125-kHz

e 3 fee ‘o it e

(P

pulse bursts is also derived.

The BSR driver is functionally part
of the power-supply section, and
some elements will be explained later.
Basically, it is a simple two-transistor
power driver attached to the primary
side of a tuned transmitter coil. NOR
gate IC7 drives the output in 1-ms
bursts of 125 kHz. The voltage swing
is from +12V to —12V on the
primary side through a high-voltage
driver transistor, type NTE288 or
equivalent (I. = 300 milliamperes
[mA], V.. = 300V). The secondary
side of the transmitter coil is coupled
to the AC line through a 0.22-micro-
farad (uF) capacitor (400V). A
separate tuned secondary winding in-
creases the transmission amplitude.

SERIAL AND PARALLEL 1/O
Home Run uses three 6821 PIA (pe-
ripheral interface adapter) chips and
one 6850 ACIA (asynchronous com-
munications interface adapter) chip to
connect real-world activities to the
processor. Each 6821 has two 8-bit,
(continued)

Photo 4: The Home Run Control System prototype printed-circuit board. Input and output connections are made via screw

terminals at the bottom of the board. From bottom left to right, the connections are composite video out, RF video out, eight direct
outputs, three ground pins, 16 direct inputs, DB-25S terminal connector, and DB-25P modem connector. The transformer/
transmitter module connects to the board at center right.
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Table 3: RAM configurations.

Memory Size
IC9 IC10 (bytes)
6116 6116 4K
6264 EMPTY 8K
6264 6116 10K
6264 6264 16K

(Note: 6116 RAMs are 24-pin
devices. They are inserted
into the lower 24 pins of the
28-pin socket.)

bit-programmable, bidirectional paral-

lel ports and four control lines, which

serve primarily as interrupt inputs.
IC14 is the only 6821 that must be

installed for the HCS to run. Through
port A it reads the 60-Hz zero-cross-
ing signal, the 601-Hz “heartbeat” in-
terrupt, the 1/1.5-ms timers, and sets
the beeper output and the BSR trans-
mitter gate. Four extra future-option
jumpers are included should I need
them when 1 expand the capabilities
of the HCS. (If the HCS is fully
populated as shown in figure 4, no
jumpers need to be installed. If you
configure an HCS video version or
don't plan on including the serial-
modem capability afforded through
IC16, then install a jumper at PAO and
leave the 6850 out. This tells the pro-
cessor to ignore serial 1/O.)

Port B of ICl14 drives eight open-
collector output lines that are set or
reset by the action of driver number

6 on the main menu. These lines are
activated by following the same pro-
cedures as for the BSR modules. How-
ever, direct outputs such as these are
immune from line transients and can-
not be reset by errant use of a BSR
command controller in another part
of the house. Diagramed in figure 7,
each output is protected against ac-
cidental shorts to a negative-voltage
source and excessive current drain. A
100k-ohm resistor allows the outputs
to be read with a meter during testing
and will not interfere with normal
operation. The 7407 drivers are rated
for 30 mA at 30 V.

IC15 is entirely dedicated to input
data acquisition. Each of the 16 inputs
is diode-protected and current-
limited. They will accept standard TTL

Al5 Al4 Al3 Al2 All Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
ZTSZTAZFZFZTO 1? 1Te 1; 166 |60 14 13 a2 a0 1009
OUTPUT OUTPUT
BUFFERS [ BUFFERS
AM
EoNrroL 35 Vg STANDBY
| [
MEMORY READY 3 —® EZ_B.IT_EE__
ENABLE 37 <— e
SEEET a0 96 BYTES  fe—— 36 RAM ENABLE
NONMASKABLE INTERRUPT 6 —# ooy
HALT 2 —#{ INSTRUCTION
e e A PROGRAM PR
INTERRUPT REQUEST 4 —#| DECODE AND COUNTER — EOONTEN
CONTROL L
EXTAL 39 —
A STACK STACK
BUS AVAILABLE 7 <— POINTER POINTER |
VALID MEMORY ADDRESS 5 <—|
i
READ/WRITE 34 R HiBee
” REGISTER REGISTER |
INSTRUCTION
REGISTER ACCUMIIAJLATOR
ACCUMULATOR
B
CONDITION-
CODE
REGISTER
DATA Ll
Ve = PIN 8, 35 BHERER A
Vss=PIN 1,21 DT
26 27 28 29 30 31 32 33
D7 D6 D5 D4 D3 D2 DI DO

Figure 5: A 6802 block diagram.
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(transistor-transistor logic)-level input
signals or any voltage between +9
and —9V. (The range O to -9 V is a
logic 0. The range 2 to +9 V is a logic
1.) Contact closure should have an ex-
ternal voltage supply and should not
rely on an open-circuit input always
being a logic 1.

IC21 is dedicated to keyboard input
and future expansion. Eight bits and
a control line of port A receive ASCII
(American Standard Code for Infor-
mation Interchange) input data. This
data can come directly from an ASCII-
encoded keyboard via a 16-pin DIP
(dual-inline package) socket (IC27) or
from a scanned-matrix keyboard
through a keyboard-encoder chip in-
stalled in IC18. The matrix keyboard

header adjacent to IC18.

One or the other keyboard option
must be chosen and not both concur-
rently. If a parallel keyboard is used,
no encoder chip should be inserted
in IC18. Similarly, if IC18 is installed,
a parallel keyboard should not be
plugged in. (If you are using a terminal
with the HCS, neither type of key-
board need be installed and both
IC18 and IC21 can be removed.) The
parallel-keyboard input socket, IC27,
is compatible with the Apple Ile.

Port B of IC21 is reserved for future
expansion. As previously mentioned,
the HCS has an 8K-byte EPROM
socket, four jumpers, and an 8-bit [/O
port reserved for future expansion.

The HCS's serial 1/O is through a

nected through separate level shifters,
IC17 and IC20, to two connectors.
One connector is wired to attach to
a modem (DCE), and the other is con-
figured to connect to a terminal (DTE).
The communication data rate is set by
the data-transmission-rate selection
jumpers at 1C4.

The HCS screen displays operate at
different rates, depending upon
whether the system is configured to
use the internal video-display gen-
erator or an external terminal. If a ter-
minal is attached (JP1 should not be
installed), all displays are refreshed at
the selected communication rate. (A
terminal and a modem should not be
trying to communicate at the same
time) When using a terminal, how-

is plugged into a 22-pin ribbon-cable 6850, IC16. The serial port is con- (continued)
DATA RATENE S coiie
1MHz ¢ ; INTERRUPT PA6 PAS
u1-37 et U14-40 u14-8 u14-7
L oo 2?9 on
O o n o g Law O
© o o Q @ o
SR oo RSO oURE
S ¥ oc a8 r
Q; Q2 Q3 Q4 Qs QGQ RESET
7
u2 us 601 Hz ue )
i 7415161 R CD4024 IN CcD4024 7576 Hz
+13 +128 +128
u7
741502 v
u3 125 KHz IR
g ) Yo————{"> TRANSMIT
PA7
u14-9 =
ZERO-CROSSING DETECTOR
75K '\
60 Hz[_> VWA~ fioh SR

IN4148 AL

(2)

PA4
> u1s-

Figure 6: The timing-generator circuit.
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ever, both the internal display and the
terminal refresh at the same data-
transmission rate, and status updates
appear only once a minute. Physical

control operations still occur as ser-
viced by the interrupts, but, because
a terminal could be communicating at
75 bps, the status display is rewritten

+5V

100K

1’“

OPEN COLLECTOR
> ouTPUT BIT

+5V

1IN4148

30V @ 30mA

6821
PlA

1IN4148

S — 10K % IN4148
PAy ! i

<] INPUT BIT

LOGICO 0 TO -9V
LOGIC1 +2 TO +9V

Figure 7: The inputloutput circuit. Substituting a 1k-onm resistor for the
220-0hm resistor expands the voltage range to +15 V.

Photo 5: The power supply for the Home Run Control System contains both
the transformer and the high-voltage section of the BSR transmitter. The sealed
transformer module with BSR PC board effectively isolates the user from the AC
power line. Connection to the circuit board is through a 7-pin DIN connector.
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only once per minute. (A status up-
date can be forced at any time on the
terminal by entering a carriage return.)
When using the internal video display
(JP1 installed or a shorting wire con-
nected between pins 7 and 8 of ]2),
the screen refreshes at full processor
speed (it appears to be about 9600
bps), and the status display is updated
upon occurrence of any programmed
event.

There is an effective compromise
when using a modem, with JP1 not in-
stalled. With an auto-answer modem
such as the Hayes 300 or 1200 at-
tached to the modem input, the HCS
will automatically switch communica-
tion rates. Using the internal video
display and JP1 removed, the HCS
updates the screen at high speed.
Upon sensing a CTS (clear to send)
signal from the auto-answer modem,
the HCS switches its screen speed to
the modem’'s data rate (set on the
data-rate selection switches at 1C4)
and communicates with the remote
terminal or computer. After the
modem hangs up, the screen resumes
its normal speed. | must mention,
however, that screen refresh rate is in
no way related to the speed of con-
trol operations. Real-time screen up-
dates are necessary only if you re-
quire notice of an event in less than
the once-per-minute terminal refresh
and in fact need to see every output
event as it occurs.

HOME RUN VIDEO DISPLAY
Besides accommodating terminal or
modem communication, the HCS has
its own video-display generator. The
display is 24 lines by 40 characters
produced with three chips: 1C22,
IC25, and IC26.

Some of you will remember an arti-
cle I did in the August 1982 BYTE
about building a 10-chip E-Z Color
graphics display. The TMS9918 video-
display processor used in that article
has been replaced in this design with
a TMS9118 chip, 1C22. Functionally
the same, the 9118 uses 5V 64K-byte
DRAMs (dynamic RAMs) instead of
the older three-supply 4116 types. By
using TMS4416 16K by 4-bit DRAMSs,

(continued)
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Figure 8: Power supply and transformerltransmitter assembly.
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