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DEMAND CONTROLLER

Worawit Sureesarakorn
Sayan Hmadlang
Prapas Praisuwanna -Advisor

1987

Abstract

This "Demand Controller" is a thésis sumitted in partial
of the requirements for the degree of bachelor of engineering.
It is developed for controlling the demand consumed in each 15 =
minute interval not over the prior programed values, The z-~80
microprocessor is applied for calculate the intent of the energy
consumed by the linear prediction technics, Comparing with the
presetted values,the outcome will applied to be the data to control
the electrical loads,

The controller recieved the energy consumed signal either
from the pulse-generate energy meter or from the pulse-generate
opto-coupler circuit in the normal energy meter, Power demand is
controlled by 8 output shedding chennels. Each channel has independent
programable preority level‘,minimum off-time maximum off-time and

minimum on-time. especially,the controller can be manual controlled,
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. MC146818
@ MOTOROLA : Addendum

L Advance Information

REAL-TIRE CLOCK PLUS RAM (RTC)
Advance Information Data Sheet
ADI-856-R1

The lollowing information is an addition to POWER-DOWN CONSIDERATIONS
found on page |1 of the MC146818 Advance information Data Sheet (ADI-856-R1).

MC146818s with the date code of IN4EXXXX and GC6XXXX require a synchroni-
2ation of the CE pin with addruss sirobe. The tollowing circuit will sausfy that conai-
tion, and also show a typical application ol power-down circuitry.

1 CEis grounded at all umes (no power down required! the foliowing circuit need

not be used.




MC146818

MBDIOY
{Schotiky}
88ve
IN§148
1S a9V

+12Vi>88v) o

®

(See Note 2)
*88Va Battery Backup Voltage
NOTES:

Bk @ 20k

MC146818
a0 ——2 1 400 osc2
A
AD1 —— 1 A;y

AD2 ——— AD2

~

AD —— Ap3
AD4 ————— AD4 oscy

A5 ——2L] 405
1
A7 — 1L} o vop

AS AS

1. All unused inputs of the MC74HC373 must be grounded.

2. if poing
for3.18 v,

€quals 12 V paint ()

MC74HC373 (See Note 1

should be equal 10 4.06 V. If point ® equals 10 v point should be equal 10 3.38 V with ©

STATEX
470k 32.768 kHz CXV or
3 < Equivalunt
T
2M |
: [
10 pF
B8v :__D
24

set



’ RIDTOROLA | wMCl4818

Advance Information CMOS
REAL-TIME CLOCK PLUS RAM (RTC {HIGH-PERFORMANCE
E { ' SILICON-GATE COMPLEMENTARY MOS)
The MC146818 Real-Time Clock plus RAM is a peripheral device
which inctudes the unique MOTEL concept for use with vanous REAL-TIME CLOCK
microprocessors, microcomputers, and larger computers. This pant PLUS RAM
combines three unique features: a complete time-of-day clock with
alarm and one hundred year catendar, a programmable penodic inter-
rupt and square-wave generator, and S0 bytes of low-power, static.
RAM. Tne MC146818 uses high-speed CMOS technology 10 interface
with 1 MHz processor buses, while consuming very Intle power. L SUFFIX
The Real-Time Clock plus RAM has two distinct uses. Fust, it s cmm?m; "']'*C_“‘G‘
designed as a battery powered CMOS part (in an otherwise NMOS/TTL CASE 716
Systermd including all the common battery backed-up lunctians such as
RAM. ume, and calendar. Sucondly, the MC146818 May be used with a
CMOS mucroprocessor 10 relieve the sofiware of the umekeeping
workluad and (0 eatend the ovaitubly RAM ol s MPU such as the .= P SUFFIX
MCI40805E2, PLAS 1L PACRAGE
® Low-Power, High-Spued, High-Density CcMOS CASE 1
@ Internal Time Buse und Oscillutor
' ® Counts Suconds, Minutes, and Hours of tha Duy
® Counts Days ol thy Weuk, Dute, Month, and Year S SUFF_Ix
® 3V 106V Opuration WRANY
® Tune Base Input Optivny: 4, 194304 MH., 1.048576 MHe, or
32.7u8 kHe y
® Time Base Osaillutor for Parullct Resonant Crystals
® 4010 200 uW Typical Operating Power at Low Fruquuncy Tiune Base
® 40 10 20 mW Typical Opurating Power at High Frequuncy Time cuznrsg::plcﬁ 4
Basu .
CALL 761
® Binary or BCD Representation of Time, Calendar, and Alarm
® 12- or 23-Hour Clock with AM and PM i 12-Hour Moade
® Dayhght Savings Time Opuon
® Automatic £nd ot Manih Recogmition PIN ASSIGNMENT
® Automatic Leap Year Compensation
® Microprocessor Bus Compatble ne Umg, 2111 Voo
© MOTEL Cucuit for Bus Umiversality oscigz @ - 8 23 saw
® Multiptexed Bus for Pin Elficiency
® Interfaced with.Software as 64 RAM Locations 0sc2 (13 137 221 pS
® 14 Bytes of Clock and Contiol Registers ADo 4 @ B34 21] ckout
® 50 Bytes of General Purpose RAM : o ADI s o 1331 20 ] CKFS
® Status Bit Inaicates Data ln.(egmy e ap2 ds o (32119 1] WO
@ Bus Compauble Interrupt Signals {IRQ)
® Three Interrupts are Separately Software Maskable and Testable. A03 07 an . 13u18 [] RESET
Time-of-Day Alarm, .Once-per-Second to Once-per-Day ADa 8 112y 01170 08
Penoaic Rates trom 30.5 us to 500 ms A05 {9 13 1601 NC
End-of-Clock Update Cycle . 06 (10 0@ 24115 ) R}v_v
® Programmabie Square-Wave Output Signal . .
. ® Clock Output May Be Used as Microprocessor Clock Input - AD7 01 09l 1239114 ] AS
At Time Base Frequency +1 or +4 ves 21200 - 2200 CE
® 24-Pin DuakIn-Line Package - *
[} iso Avail
Chip Cartier Also Available L | pin bers n equivalent Z
sulhx clup carnor pins. Pins that have not been
dusignated for the chip carner are not connucted.

Thus ducument CONLLNS NIINWLLN YN 4 uw PIGICT: Spaihcat W3 INOHNALON heron
MO SLDIL 10 Chengw without akce.




MC146818

FIGURE 1 ~ BLOCK DIAGRAM

- > Ciock  |—— CKOUT
»] Output | CKFS
.
osci | Tune Base B > > 1 ___! Hz
05C2 ~— 1aput/Ose- i B -3 o | 32 Ll .32 | -
—t ) 1 T
4 4 4 A 'y y ryYy.
Penodic Interrupt/ Square Wave Rute
. Selection
({1-01-15 Selector}
S;
Dwider < l ‘Square o
Controt 2 -2 Wave Out > saw
vpp ——* = T
vss * OVe-DV2 % .
I——-—> IRQ
CE —»i v ‘> Augeters A, 8, C, 0 * RESET
. : 14 Byles) i | g PS
Bus v l
0§ ~—» Intertace
RIW =t VA:j‘ Crocs Clock, Alsen,
:> Catungar <::_> Culundar HAM
AS —p] Lhualy 110 Bytus)
ADO-AD? @ ) )
Bacrary -
fncrernent .
Usut RAM
1L0 Bytes)
MAXIMUM RATINGS (Voltuges relurenced 10 V)
Ratings . Symbuol Valug Unit
Supply Voltuge Voo 0310 +60 v
All input Voltegus Eacept 05C1 Vin Vg5-0510vpp+0S v .
C“\'I"m 3_:;"\; pur P Eacluaing 1 10 mA This device contains cucuitry (0 protect the in-
0o 5s - puts against dumage due 10 gh Stetic voltages
Operaung Temperature Range : or electnc fields: however, it 1S adwised that nor-
MCN&fBI& TutoTy . mal precautions be taken 10 avoid apphcation ol
MC145818C IVpp=301055V Ta 0to 70 c any voitage nigher than Maximum raled voltages’
operationi . -401085 10 this hign-unpedance ciucuit. For propet opera-
Storage Temputature Range Tsig -55 10 +150 °C LON i1 13 feCommended that Vi and Vgt be con-
T suiained 10 the ringe V§SsiViq of Vouy
. sVpp RAchabiity of operation s enhanced
THERMAL CHARACTERISTICS unused 1Npuls ate Led (O an appropnate 10gic
Chersciensuc Symbol | Vulue Unit voltage level le.g., eithes Vg§ or Vpo!.
Thermal Aessitance
Plasuc 120 B
Curdip HAa o5 “CIwW
Ceramuc %)




MC146818

OC ELECTRICAL CHARACTERISTICS IVpp =3 vac, Vgg =0 vde, To= Ty, 10 Ty uniess otherwise nated)

Characteristics Symbol *Min Max Uait
Frequency of Operation . losc 3278 32768 | xHz
Output Voltage VoL - ol v
1Load < 10 4A Vow { Vpp-01 -
oD - Bus tale
CKOUT = tosc. CL= 15 pF: SQW Disavled, EE = Vpp-0.2: CL 105C2) = 10 pF
losc=32.768 kHz | 'DD3 = % el
100 ~ Quiuscent 1pp4 - 50 #A
lase=DC; 0SC1=DC; . ’
All Other Inputs s Vop ~0 2 V;
No Clock
Cutput High Valtage
Lioag= - 025 mA, All Outputs) . vou 27 - v
Quiput Low Voltuge % .
toad=0.26 mA, Al Outputs) . * Vou - 0.3 v
1npul High Voitage ADO-AD7, DS, AS, R/W. CE. Vin 2.1 VDo v
RESET, CKFS, PS. 0SC1 25 VoD
Input Low Valtage ANl inputs — : ViL vsg 05 v
Input Current Allinputs hn - z »A
Thice-State Leakage IRQ, ADO-AD7 IrsL . - £ 10 »A
OC ELECTRICAL CHARACTERISTICS VDD =5 Vdc + 10%. V50 Vdc, Ta = T}, 10 T unless ctherwise noted)

. Characteristics Symbol Min Max Unit
Froyuuncy of Opsraton love 2.0 4194 304 | kHz
Output Vullugu VoL - 0.1 v

"Loaa <10 kA You | Vpp-0.! -
100 ~ Bus Idtu (Exturnal Clockl
LROUT « ty,e, CL~ 15 pr, SOW Oisublud, TE= Vg -0.2, €L 105C2) =10 gF
toge =4 1HIH MM, 1001 - ‘3 mA
Tusc = | 048516 MH D2 N oo #A
tusc = 32 708 AHg 00y S w0 sA
100 = Quuwscunt -~ 1004 - 2] »A
Ipse ~DC, USCI-0C,
Al Othar Inputs « Vpp - 0.2 \'H -
No Clock
Output High Voltage
M oug~ - 1.6 mA, ADO-AD?, CKOUT) VOH 44 - v
Hioug= - 10 mA, sawW)
Output Low Valiage
U oag = 1.6 MA, ADG-ADZ, CKOUT) voo |7 - 0.4 v
Utoag=1.0 mA, iRG ang SQW) R
nput High Voltage . CKFS, ADO AD7, DS, AS. RyW, CE. PS Vpp-2.0 Voo
RESEY| w4 | vpp-0.8 voo v
2 0scCi Vpp-1.0 VDo
Input Low Voltage ADO-AD?, DS, AS, R/W, TE Vss 0.4
CKFS, PS, AESEY viL Vss 08 v
0sc1 vVss 0.8
input Cusrent All Inputs ha - 1 #A |
TrieeState Learage . IRQ, ADO-AD7 [ Iys - £10 | 4A |




MC146818

BUS TIMING
Vpp=5.0V
1+10%
Vpp*3oVv 2TTL and
ident. 50 pF Load 130 pF Load
Number R Charannriniq: Symbot Min Max Min Max Unit
1 Cycle Time leye 5000 - 953 dc ns
Puise Width, DS/E Low or RO/WR High PWeL | 1000 - 30 | = ns
3 Pulse Width, DS/E High or AD/WH Low PWey 1500 - 325 - ns
- ’ 4 Input Rise and Fail Time 1. 1 - 100 - 30 ns
8 | A/W Hold Time tawk | .10 - 10 - ns
13 R/W Setup Time Belore DS/E aws | 200 - 80 - ns
14 Chip Enable Setup Time Beloro AS/ALE Fall Ics 200 . &5 . ns
15 Chip Enable Hold Time N \CH 10 - 0 - ns
18 Read Data Hold Time DHR 10 1000 10 100 ns
2 Write Data Hoild Time IOHW 100 - [] - ns
24 Muxnd Addrass Valid Time 1o AS/ALE Falt 1ASL 200 - 50 - ns
25 Muxed Address Hold Time TAHL 100 ~- 20 - ns
26 Delay Time DS/E 10 AS/ALE Rise TASD 500 ~ 50 - ns
27 Pulse Width, AS/ALE High PWASH [F¢0) - 135 - ns
28 Oelay Tima, AS/ALE to DS/E Rise ASED Al - 60 - ns
0| Perpharal Output Data Defay Time from DS/€ or AD 1DDR 1300 - 20 240 s
n Peripheral Data Setup Time tosw 1500 - 200 - ns

NOTE: Designauons E, ALE, RD, and WR reler to signals trom alternative microprocessar signals. -

* Rofer to IMPORTANT NOTICES appearning on page 20 of this data shaet.

FIGURE 2 = MC146318 BUS TIMING

VHIGH
e ppem— O | Yiow
03 (©) ROl 28 “’/ o \
« b I,
2O) @
-t H® H
I RIW i . X
QO =0
@ \ A7/
or N —o—d||
- ADG /
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FIGURE 3 — BUS READ TIMING COMPETITOR MULTIPLEXED 8US
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TABLE 1 — SWITCHING CHARACTERISTICS (Vpp = 5.0 Vde £ 10%, Vgg=0Vde, To= Ty to Tyt

j Description ) Symbol | Min | Max | Unit

Oscillaior Startup . 'RC — 100 ms
Reset Puise Width ' 'RWL 5 —_ us
Reset Detay Time 1RLH 5 - »s
Power Sense Pulse Width tPwWL 5 -— ns
Power Sanse Delay Time IPLH 5 - s
IRQ Ralesse from OS . YADS _ 2 | as

" IRQ Relesse from RESET un | — [ 2 us
VAT 8u Delay N WRTD | — 2 Hs

FIGURE § — IRQ RELEASE DELAY

s fr VLOV;I :
RESET \ /—
7C YHIGH v ‘\ 7C

IR 3
HRDS R
NOTE: VHIGH=VDD - 2.0V, Vi ow =08V, for VOp =50V +10% m
FIGURE 8 — TTL EQUIVALENT TEST LOAD
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or Equivalent
Test
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AN Quiputs Except OSC2 {See Figure 101
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FIGURE 7 —~ POWER-UP
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FIGURE § — CONDITIONS THAT CLEAR VAT BiT
veo ~f
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(D The VAT bit is set 10 a "1 by reading Register d. The VAT bit can anty be cleared by pulling the PS pin fow (see REGISTER D {4001).
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MOTEL

The MOTEL circuit 1s'a new concept thal permits the

MC146818 to be directly interfaced with many types of"

microprocessors. No external logic is needed to adapt to the
differences in bus control signals ffom common multiplexed

. bus microprocessors.

Practically ali microprocessors interface with one ol two
synchronous bus structures. One bus was originated by the
Motorola MC6800 and the other by the intel 8080 and its
companion part, the 8228.

The MOTEL circuit (for MOTorola and IntEL bus com:
patibility) is built into peripheral and memory ICs to permut
direct connection to either type of ?us. An industry standard

bus structure is now availlable. The MOTEL concept is
shown logically in Figure 9.

MOTEL selects one of two interpretations of two pins. In
the Motorola case, DS and R/W are gated together to pro-
duce the internal read enable. The internal write enable is a
simiar gating of the inverse of R/W. With competitor buses,
the inversion of RO and WR create functionally identical in-
ternal read and write enable signals.

The MC146818 automatically selacts the processor type by
usmg AS/ALE to latch the state of the DS/RD pin. Since DS
is always low and AD is always high during AS and ALE, the
latch automatically indicates. which processor type is con-
nected. !

FIGURE 9 — FUNCTIONAL DIAGRAM OF MOTEL CIRCUIT

Motcrota Type Competitor Type MC146818

. Internal
Competitive Bus Signats
c Molorola
= Bus '
) U

Dc( Aead Enable

Wrie Enable

MPU Signals MPU Signals Pin Signals
AS ALE AS O
DS. E. or 62 fD oS |,
RIW WA w0

SIGNAL DESCRIPTIONS

The bldck diagram in Figure 1, shows the pin connection
with the major internal functicns of the MC146818Real-Time
Clock plus RAM. The lollowing paragraphs describe the
function of each pin.

Voo. Vss

DC power 1s provided 1o the part on these two pins, Vpp
being the more positive voltage. The minimum and max-
mum voltages are listed in the Electrical Characteristics
tables, .

0SC1, 05C2 — TIME BASE, INPUTS

The time base for the tme functions may be an external
signal or tho crystal oscillator. External square waves at
4.194304 MHz, 1.048576 MHz, or 32.768 kM2 may be con-
nected to OSC1 as shown in Figure 10. The internat time-
base frequency 1o be used is chosen in Register A,

Tha on-chip oscillator is designed for a parallet resonant

s

AT cut crystal at 4.194304 MHz or 1,048576 MHz frequen-
cies. The crystal connections are shown in Figure 11 and the
crystal characienstics in Figure 12,

CKOUT -~ CLOCK OUT, OUTPUT

The CKOUT pin is an output at the time-base Irequency
divided by 1 or 4. A major use for CKOUT is as the input
clock to tho microprocessor; thereby saving the cost of a se-
cond crystal. The frequency of CKOUT depends upon the
time-base frequency and the state of the CKFS pin as shown
in Table 2.

CKFS — CLOCK OUT FREQUENCY SELECT, INPUT

When the CKFS pin is tied to VD it causes CKOUT to be
the same Irequency as the time base at the OSCY pin. When
CKFS is tied 10 Vg5, CKOUT is the OSC1 time-base fre-
quency dividnd by lour. Table 2 summanzes the elfect of
CKFS
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FIGURE 19 EXTERNAL TIME-BASE CONNECTION
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TABLE 2 ~ CLOCK OUTPUT-FREQUENCIES

Tima Base Clock F y | Clock fr Y
{OSC1) Salact Pin Output Pin
Frequency {CKFS) {CXOUT)
4194304 MHz High 4.194304 MH;
4,194304 MHz Low 1.048576 MH2
1.048576 MHz High 1.048576 MMz
1.048576 MH; Low 262.144 kHz |
" | 32768 xHz High 32.768 kHz
32 768 kH:z Low 8.192 kHz

SQW — SQUARE WAVE, OUTPUT

The SQW pin can output a signal from one of the 15 taps
provided by the 22 internal-divider stages. The frequency of
the SQW may be altered by programming Register A, as
shown in Table 5. The SQW signal may be turned on and ofl
using the SQWE bit in Register 8.

ADO-AD? — MULTIPLEXED BIDIRECTIONAL AD-
DRESS/DATA BUS

Mulliplexed bus processors save pins by presenting the
address during the first portion of the bus cycle and using
the same'pins during the second portion for data. Address-
then-data muluplexing does not slow the access time of the
MC146818 since the bus reversal from address 1o data 1s oc-
curnng during the internal RAM access time.

The address must be valid just pnior 1o the fall of AS/ALE
at which tme the MC146818 latches the address from ADO
to ADS, Valid wiite data rhust be presented and held stable
during the latter portion of the DS or WH pulses. In a read
cycle, the MC146818 outputs erght bits of data durning the
latter portion ot the DS or AD pulses, then ceases dnving the
bus {returns the output drivers 10 the high-impedance statel
when DS falls in the Motorola case of MOTEL or AD rises in
the other case.

AS — MULTIPLEXED ADDRESS STROBE, INPUT

A positive going multiplexed address strabe pulse serves
to demuitiplex the bus. The falling edge of AS or ALE causcs
the address to be loiched within the MC146818. The
automatic MOTEL circurt in the MC146818 also latches the
state of the DS pin with the falling edge of AS or ALE,

DS -- DATA STROBE OR READ, INPUT.

The DS pin has two interpretations via the MOTEL circuit.
When emanating from a Motorola type processor, DS is a
positive pulse during the latter portion of the bus cycle, and
is variously called DS (data strobe), £ lenable), and ¢2 (¢2
clockl. Duning.read cycles, DS signifies the time that the
RTC s to drive the bidirectional bus. In write cycles, the trail-
ing edge of DS causes the Real-Time Clock plus RAM to
latch the wnitten dnta.

The second MOTEL interpretation of DS is that of RD,
MEMR, or I/0R emanating from the competitor type pro-
cessor. In this casa, DS identfies the time period when the
real-time clock plus RAM drives the bus with read data. This
interpretation of DS is also the same as an output-enable
signal on a typical memory.

The MOTEL circuit, within the MC146818. latches the
state of the DS pin dn the lalling edge of AS/ALE. When the
Motorola mode of MOTEL is desired DS rust be low during
AS/ALE, which 1s the case with the Motor6ia multiplexed
bus processors. To ensure the competitor mode ol MOTEL,

.

the DS pin must remain-high during the time AS/ALE s
high.

R/W — READ/WRITE, INPUT

Thé MOTEL circuit treafs the R/W pin in one of two ways.
When a Motorola type processor is connected, R/W is a
level which indicates whether the current cycle is a read or
wite. A read cycle is indicated with a high level on R/W
while DS is high, whereas 3write cycle is a low on R/W dur-
ing DS . .o

The second interpretation of R/W is as a negauve write
pulse, WR, MEMW, and I7OW from competrtor type pro-
cessors. The MOTEL circuit in this mode gives R/W pin the
same meaning as the ‘write (W} pulse on many generic
RAMs,

CE ~ CHIP ENABLE, INPUT

The chip-enable (CE) signal must be asserted llow) for a
bus cyclein which the MC146818 1s 1o be accessed. CE.is not
latched and must be stable during DS and AS iMotorola
case of MOTEL} and during AD and WR (in the other
MOTEL case). Bus cycles which take place without asserting
CE cause no actions 10 1ake place within the MC146818.
When CE is high, the multiplexed bus output 15 1n 3 high-
impedance state.

When CE is high, all address, data. DS, and R/W nputs
from the processor are disconnected within the MC146818,
This permits the MC14681_8_10 be isolated from a powered-
down processor. When CE 1s held high, an unpowered
device cannot receive power through the input pins from the
real-time clock power source. Battery power consumption
can thus be reduced by using a pullup resistor or acuive
clamp on CE when the main power is off. When CE is not us-
cd, it should be grounded.

iRG — INTERRUPT REQUEST, OUTPUT

The IAQ pin is an actve low output of the MC 146818 that
'mnv be used as an interrupt input’1o a processor. The IRQ
output remains low as long as the status bit causing the in-
terrupt is present and the corresponding interrupt-cnable bit
is set.. To clear the iQ pin, the Processor program nair-ally
reads Register C. The RESET pin also clears peNL. a1y el
rupts.

When no interrupt conditions are present, the iRQ level is
in_the high-impedance state._Multiple interrupting devices
may thus-be connected to an IRQ bus with one pullup at the
processor. .

RESET — RESET, INPUT

The RESET pin does not affect the clock, calendar, or
RAM functions. On powerup, the RESET pin must be held
fow for the specificd time, tRLH. in order 1o allow the power
supply [0 stebilze. Frgure 13 shows a typrcal tepreseniation

of the RESET pin circurnt, .
When HtSE‘ is low the following occurs:

al Periodic: Interrupt Enable {PIE) bit is cleared to zero.‘

b} Alarm Interrupt Enable (AIE) bit is cleared to zero,

c) Update ended Interrupt Enable (UIE) bit is cleared to
zero,

d). Update ended Interrupt Flag (UF) bit is cleared to zero,

el Interrupy Request statys Flag (1RQF) bit is cleared 10
2ero,

1) Periodic Interrupt Flag IPF} bit is cleared 10 zero,

g} The part is not accessible.

=
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FIGURE 13 — TYPICAL POWERUP DELAY
CIRCUIT FOR RESET
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FIGURE 14 — TYPICAL POWERUP DELAY CIRCUIT
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D1.= MBD701 {Schottky} or £quivalent
D2= 1N4148 or Equivalent

@) Alarm tnterrupt Flag (AF) bit is cleared to zero,

n iRQ pin s in high-impedunca stats, and

i} Square Wave output Enable (SQWE) bit is cleared to
zuf0.

PS — POWER SENSE, INPUT

Thu powui-sunse pn 15 used 1 the coatrol of thy valid
RAM and tme (VRT) tit in Register O. When the PS pin is
fow the VAT bit is cloared 10 Zuro.

Whaun using tho VRT teature during powurup, tho PS pin
must bu extemnally held low lor the spacified 1pLH ume. As
power is applied, tha VRT bit remains low indicating that the
contents of the RAM, time regislers, and calendar are not
guarantead. PS must go high after powerup 10 allow the
VAT bit to be sat by a read of register 0.

POWER-DOWN CONSIDERATIONS

In most systems, the MC146818 must continue 10 keep
ime when system power is femoved. In such systems, a
conversion from system power 10 an alternate power supply,
usually a battery, must be made. Dunng the transition {rom
system 1o battery power, the designer of a battery backed-up
ATC system must protect data integrity, fumimize POwer
consumption, and ensure hardware rehability.

.The chip enable tCE) gin controls all bus inputs (R/W, DS,
AS. ADO-AD?). CE, whin negaled, disaliqws any uninterid-
ed modificauton of the RTC data by the bus. CE also reduces
power consumption by reducing the number oOf Lransitions
sean internally.

Power consumption may be further reduced by removing
(esistive and capacitive loads {rom the clock out (CXOouTi
pin and the squaruwave {SQW) pin.

Dunng and astter the power souice conversion, the VIN
maximum spucification must never bu excuuded. Falute to
meet the Viy maximum spucificaton can cause a virtual
SCR (o appear which may result n excassive current drain
and destruction of the part. -

ADDRESS MAP

Figure 15 shows the address map of the MC146818. The
mamory consists of 50 ganeral purpose RAM bytes, 10 RAM
bytes which normally contain the time, calendar, ang alarm
data. and four control and Status bytes. All 64 bytes are
directly readable and writable by the procassor program ex-
cept for the following: 1) Registars C and D are read only, 2}
bit 7 of Register A is read only, and 3 the high-order bit of
the seconds byte is read only. The contents of lour control
and status registers (A, B, C, and D) are described in
REGISTERS. .

.TIME, CALENDAR, AND ALARM LOCATIONS

The processor program obtains time and calendar infor-
mation by reading the appropriate’ locations. The program
may initialize the timu, calendar, and alarm by wiriting 10
thesa RAM locations. The contents of the 10 time, calundar,
and alarm bytes may be eithes binary of binary-coded deci-
mal (BCD). . .
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Belore imtializing the internal registers, the SET bit in
Register B should be set to a "'1” to prevent time/ calendar
updates from occurring. The program initializes the 10 loca-
tions in the selected format (binary or BCD), then indicates
the lormat in the data mode (DM) bit of Register B. All 10
ume, calendar, and alarm bytes must use the same dala
mode, either binary or BCD. Tho SET tut may now be cleared
to allow updates. Once iniiahized the real-time clock makes
all updatos in the selected data mode. The data mode cannot
be changed without reimitializing the 10 data bytes.

Table 3 shows the binary and BCD tormats of the 10 time,
calendar, and alarm locations. The 24/12 bit in Register B
estabhishes whetheér the hour locations represent 1-10-12 or

0-10-23. The 24/12 bit cannot be changed without reinitializ-
ing the hour locations. When the 12-hour format is selected
the high-order bit of the hours byte represents PM when itis
a™” .

The time, calendar, and alarm bytes ara not always ac-
cessable by the processor program. Once-per-second the 10
bytes are switched to the update logic to be advanced by one
second and to check for an alarm condition. If any of the 10
bytes are read at this time, the data outouts are undelined.
The update-lockout time is 248 us at the 4.194304 MHz and
1.048567 MHz ume bases and 1948 us lor the 32.768 kH2
time base. Tho Update Cycle section shows how 1o accom-
modate the update cycle in the processor program.

' FIGURE 15 — -ADDRESS MAP

0 oY 1] Seconds e}
4 | Seconds Alarm [o}]
Byies
13 on 2 Minutes 02
4 3 3 Kinutes Atarm 03
4 Hours 04 Binary
' 5 Hdurs Alarm 05 or 8CO |
Conients
6 Day of Week 06
20 7 Date ot Month 07
Bytes
User 8 Month 08
9 Year 03 J
10 Register A OA
1 Hegistor B o8
‘ 12 Reqistor C oc
[[x] 3F i3 Ragister D (¢]o]

TABLE 3 — TIME, CALENDAR, AND ALARM DATA MODES

Address : Declmsl i Range Expmall
Location Fahgtiog Range Binary Data Mode OBCD Dats Mode Ds?llph.;:do D"Ei:”.
0 Suconds ‘| o059 $00-$38 $00-$59 15 2
1 Secands Alarm 0-59 $00-538 $00-$59 15 21
2 Minutes 0-59 $00-$30 $00-$59 JA 58
3 Minutes Alarm 0-59 $00-$38 $00-559 JA 58
Hours 112 $01-50C {AM) and | $01-812 (AM) and o5 o5
‘ {12 Hour Mode! $81.58C (PM) $81-592 (PM)
2 | 0B $00-517 $00-523 o 05
Hours Alarmr 112 $01.60C {AM} and | 301-312 {AM] and 5 05
3 {12 Hour Madn) $81-40C IPM) $81-592 (PM)
. (7?::::::1\3;:‘0! o 300-517- $00-22 05 05
8 Day of the Waak |, 201507 501507 o5 05
Sunday = |
7 Oate ol the Month 1-3% 301-$1F 30153t OF 15
8 Month 112 $01.30C $01-512 02 02
9, Yonr 0-993 400-283 300-309 AF 79

“Exampte: 5:58:21 Thursday 15 February 1979 (time is AM)
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The three alarm bytes may be used in wo ways. First,
when the pragram inserts an alarm ume in the appropniate
hours, minutes, and seconds alarm locations, the alarm
fnterrupt s initiated at tne speailied time each day if the
alarm enable bit is high, Tha second usage is 10 insert a

“don’t care” state in one or more of three alarm bytes. The :

“don’t care” code is any hexadecimal byte from CO 10 FF.
That is, the two most-signiticant bits of each byte, when set

. 101", create a “don’t care™ situanion. An alarm interrupt

each hour s created with a ‘don’t care” code in the hours
alarm locauon, Similarly, an alarm s generated every minuta
with “don’t care” codes in the hours and minutes alarm
Dytes. The "don't care” codes in all nreg alarm by, create
an interrupt every second. ‘

STATIC CMOS RAM

The 50 general purpose RAM bytes are not dedicated
within the MC146818. They can be used by the processor
program, and are lully avadabie during the update cycle.

When ume and calengar wnlormaton must use Dattery
back-up, very frequently there is other non-volaule data that
Must De retained when mamn power 15 removed. The 50 user
RAM pyies serve the need lor low-power CMOS battery.
backed storage, and extend ine RAM available 10 e pro-
gram.

When further CMOS RAM s fieéded, additional
MC143818s may be included in the system. The time/calen-
oar functions may be disabled by holding the DOVO-DV?2
dividers, in Register A, in the resel state by setung the SET
Dit in Register B or by removing the oscillator. Holding the
aividers in resel prevents nterrupts o SQW output from
Operaung while setting the SET bit allows these functions to
occur. With the aividers clear, the available uscr RAM 15 ex-
lendud 1o 59 bytes Thu lugh-order it of thy sucands bytu,
bit 7 of Register A, and ol bits of Registers C and O cannot
eltectvuly be uscd ay guneral purpose HAM.

INTERRUPTS

The ATC plus RAM includes thiee separate tully automatic
sources of inturrupts (0 the processor. The alarm nteriupt
May be programmud 10 occur at rates rom once-per-second
10 onu-a-day. The puenodic nterrupt may be selected lor
fates from hall-g-second 1o 30.517 #3. The update-ended
nnluuupl'may be used 1o indicate 10 the program that an up-
date cycle i1s completed. Each of these independent interrupt
conditions are descnbed in greater detasl in other sections.

The processor program selects which intestupts, if any, it
wishes 10 receive. Three bis in Register B enable the 1hree
nterrupts. Wrting a 1 10 a nterrupt-enable bit permuts
thatunterrupt 10 be utiated when the event occuis. A0 in
tne unterrupt-enable bt protibits the 1RQ pin fiom being
asserted due to the nterrupt cause.

It an interrupt Mag is dlteady set when the interrupt
becomes enaoled, the IRQ pin is i/mmediately acuvated,
though the nerrupt iIntising the event may have occurred
much earher. Thus, thers are cases where the program
should clear such earher ininated interrupts betore st
6nabing new interrupts.

When an'interrupt event aceurs a flag bitis set toa 1" in
Register C. Each of the three interrupt saurces have separate
flag bits in Regsster C, which are setindependent of the state
ol the correspanding enable bus in Register B. The flag bul
May be used with or withoul énabling the corresponding
enable its.

In the software scanned case, the program does not
enable the interrupt. The “interrupt” flag bit becomes .a
S13tus bit, which the soliware Intecrogates, when (f wishes,
When the software detects thag the flag is set, itis an ingica-
tion 1o software that the “intersupt” event occurred since the
bit was last read.

However, there is ona precaution. The flag bits in Register
C are cleared {record of the intesrupt event 1s erased) when
Register C s read. Double latching is included with Register
C so the bits which are set are stable throughout the read
cycle. All bits whuch are high when read by the program are
cleared, and new interrupts lon any bits) are held untd after
the read cycle. One, two, ot three tlag bits may be found 10
be set when Register C is read. The program snoutd inspect
alt utilized flag tits every ume Register C is read to nsurc
that no intersupts are lost. *

The second flag bit usage method is with fully enabled
interrupts, When an nterrupt-flag bit is set and" the cor-
responding inlerrupt-enable bit is also set, the IRQ pin s
asserted low. IRQ is asserted as long as-at least one of the
three interrupl sources has us flag and enable bits both set.
The IRQF bit in Register Cis 2 "1 whenever the IRQ pin 1s
being driven low.

The processor program can determine that the ATC
inttiated 1he interrupt by reading Register C. A “1” in byt 7
{IRQF bih indicates that one or moie interrupts have been
intiated by the part. The act.of feading Regisiur C clears all
thu then-active flag bits, plus the IRQF bir. When the pro-
gram hnds IKQF set, 1t should look at each of the individual
llag buts in the same byte wiuch have the corresponding
interrupt-mask bits set and serwice each nterrupt which s
sel. Again, mote than one nterrupt-tlag bit may be set.

)

DIVIDER STAGES
The MC146818 has 22 binary-divider stages following the
urhe base as shown in Figure 1. The output of the dividers is
a1 Hz signal 1o the update-cycle logic. The diders are con-
troller by three divider bus (DV2, DV, and DVO) in Register
A.

.

DIVIDER CONTROL .

The dwider-control bits have three used, as shown in Table
4. Three usable operaung time bases may be selecied
{4.194304 MH2, 1.048576 MHz, or 32.768 kHz). -The divider

" chain may be held reset, which allows precision setung of

the time, When the divider is changed from reset to an
operatng tme basw, the first update cycle is one-half second
«later. The. divider-control bits are also used_to. facifitate
lesting the MC146818,
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TABLE 4 — DIVIDER CONFIGURATIONS

’ Time-Base %‘V"?e{ 8': Operation]| Divider | Bypass First
Frequency -negister Mode Reset ( N-Divider Bits
OVZT OVI T OVO
4.194304 MH7 0|l oo Yes - N=0
1.048576 MH2z 0 0 1 Yes - N=2
32.768 kHz 04 1o Yes - N=7
Any | 1 1 0 No Ye:s -
Any 1 1 1 Ng “Yes -

Note: Other combinations of divider bits are used for test purposes only.

PERIODIC INTERRUPT SELECTION

The periodic interrupt atllows the RO pin 10 be tnggered
from once cvery 500 .ms 1o onge every 30.517 ps. The
penodic intercupt s separgie from the alarm'interrupt which

SQUARE-WAVE OUTPUT SELECTION

Fiflteen of the 22 divider 1aps are made avadable 1o a
1-0l-15 selector as shown in Figure 1. The lirst purpose of
sclecting a divider tap is to generate a square-wave output

signal at the SQW pin. The RSO-RS3 bits in Register A
estabhish the square-wavn lrequency as histed in Table 5. Tha
SQW lrequency selaction shares tha 1-of-15 solector with
penodic interrupts.

may be output Irom once-per-second to once-per-day,
Tahlc 5 shows that the penodic interrupt rate 1s selected

with the sumoe Register A bits which select the square-wave

frequency. Changing one also changes the other. But each

function may be sepuralely enabled so.that a program could
switch between thu two loatures or use both. The SQW pin
15 enablad by tho SQWE bit in Register B. Similarly the
penodic intorrupt 1s enabled by the PIE bit in Register B,

Periodic interrupt 1s usable by practically all real-time
systems. it can be used 1o scan for all forms of inputs from
contact closures 1o scnal receive bits or bytes. i can be used
in multiplexing displays or with software counters 10 mea-
sure inputs, create output intervals, or await the next needed
soltware ftunction.

Once the frequency is sclected, the output of the SOW pin
may be turried on and ol undur program control with the
squarg-wave gnabla (SQWE) bil iy Registar B. Altanng tha
divider, square-wave outpu! solection bits, or the SOWE
-output-enable bit may generate an asymmetncal wavelform
at the time of execution. The square-wave output pin has a
number of potential uses. For example, It can serve as a fre-
quency standard for external use, a Irequency synthesizer, or
couid be used to generale one or more audio Jones under
program control.

TABLE § — PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY

4.134304 or 1.048576 MHz 32.768 kHz
Soloct Bits' - .Tl"" LA -~ ,Tim” LX)
Register A lm:::t:’;;’xd:me SAW Output In(eprzl;;d:me SQW 0
RAS3 | RS2 [ ASI | RSO Py Frequan:v P quu':!:lﬂ
Y
0 [} Q 0 None None None Nong
0 [y} 0 1 30 517 us J2.768 \Hz 3 90625 ms 2% Hz
0 0 1 0 61035 us 16.384 W H2 78125 ms 128 Hz
0 0 1 1 122.070 s 8 192 kHz 122.070 s 8192 kHz
[} 1 0 [+] 244 141 ps 4 096 kHz 244 141 s 4,096 xHy -
0 1 0 1 483 281 us 2 048 kHz 488 281 x5 2 048 ' Hz
0 1 1 0 976 562 us 1024 xHz 976 562 us 1.024 kHz
0 1 1 V19525 ms| 512 M7 195125 ms [ 5j2 Hy
N 1 0. 0 0 3 80625 ms 256 H 3625 ms 256 Hz
' 1 ] 0 1 78125 ms 128 He 78125 ms 128 Hz
1 0 ) 0 15 625 ms 64 Hy 15625 ms 64 Hr
1 0 1 1 25 ms 12 He A1 25 ms 32 Hy
1 1 ] i 625 ms 16 Hz 62.5 ms 15 Hz
1 H 0 1, 125 ms 8 Hr 125 ms 8 Hr
1 1 \ .0 250 ms 4 Hp 250 ms 4 Mz
1 1 1 1 500 ms 2 Hy 500 ms 2 He
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UPDATE CYCLE

The MC146818 executes an update cycle once-per-
second, assuming one of the proper ime bases is in place,
the OVO-OV2 divider 13 not cluer, and the SET titin Rugistor
B s clear. The SET titin the 1 state purauts the program
10 initiahze the ume and calendar bytus by stopping un uast-
Ing update and preventing a new onu from occuring.

The primary function ot the updato cyclu s 10 1ncrumunt
the seconds byte, check lor ovurtlow, increment the minutes
byle whun appropnate und so forth thivugh to the ycar ot
e centuly Dyte. The updaty cyclu also cormparus vach
ulatm byte with- thu corresponding time bytu and 1ssuus an
alarm uf 3 match or 4 3 “Yon't Cary” codu [TIXXXXXN] 15
present in all three posihons.,

With a 4.194304 MHz or 1.048576 MHz time base the up-
date Cycle takes 248 us while a 32.768 kHz time base update
Cycte takes 1984 us. Duning the update cycle, tha ume, calen-
Qar, ana alarm bytes are not accessable by the processar
program. The MC146818 protects the program from reaaing

-wansiwonal data. This protection is provided by switching

the ume, calendar, and alarm portion of the RAM off the
MICIOProcessor bus dunng the enure update cycle. It the
processor reads these RAM locaunons before the update is
complete the output will be undehined. The update in pro-
gress (UIP} status bit is set during the interval.

A program which randomly accesses the me and date n-

- formation linds data unavailaole statistically once every 4032

attempts. Three mathods of accommodating nonavailability
dunng update are usable by the program. in discussing tha
three methods 1t s assumed thdl 3l tanJom PoINts usur pro-
grams are able 10 call 3 subsoutne to abtam the ume of day.

The first method of avoiaing the update cyclu uses the
update-ended nterrupt. I unadled, an interrupt occurs atter
every update cyCls which indicates that over 999 ms are
avaiuble 10 read vald time and dats informaton, Ouning thes
ume a aisplay could bu updatud or the Intormation could ba
transfered 10 continuousty available RAM. Before leaving the
interrupt service routine, the IRQF bit in Rugister C should be
Cleared.

time needed 1o read valid "time/calendar data to exceed
244 us.

Thy third methed uses a periodic interrupt to determine if
an updatu cyclu s in progress. The UIP bitin Reqister A is set
high betwuen’ the setung of the PF bit in Reqister C (sea
Figura 16). Periodic interrupts that occur at a rate of greatur
than 1Y C + Wy allow valid ume und date nforination to bu
fuad al vach occunynce o 1he penodic interrupt, The reads
should be completed within (Tpg + 2) + 1gyC 10 ensure 1hat
duty is nOt juad dunng the updula cyclu.

To proputly setup the internal counters for daylight sav-
ings timu opuration, the usur must sel the tme at least two
secondy belore the rollover will occur. Likewise, the time
must be set at least two seconds belose the end of the 29th

or 30th day of the month, '

N
REGISTERS - .
The MC146818 has four registers which are accessible (o
the pracessor program. The four registers are also fully ac-
cessible duning the update cycle.

REGISTER A ($0A)
MSB LSB Read/Wnite

b7 {°b8 | bS5 | b4 | 83 | b2 | b1 | w0 Register
uie [ ov2[ ovi| pvo| Rsa | asz | As1 | rso| @xcept UIP

UIP — The update in progress [UIP) bitis a status flag that
may be manitored by the program. Whon UIP is a “1** 1he
updaty Cycly 1s in progress or will $oon bagin, When UIP 1s a
0" tho updats cycle is not in progress and will not be for at
least 244 us {lor all ume basos). This 1s detailea in Tabia 6.
The time, calendar. and alarm information in AAM is fully
available 1o the program when the UIP bit s 2ero — il s not
n wansinon, Thy UIP bit 1s a rwad-only bit, and is not al-
fuctud by Resol. Wating the SET bit in Register 8 foa 1"
intibit any update cycle and then clear the UIP status bit.

TABLE 6 — UPDATE CYCLE TIMES

The second method uses the update-in-progress bit (UIP} ¢ Time Bass  |Update Cycle Time :‘:,‘::‘: ?J‘p:;:?:
n Register A to dotermins il the update cycle is in progress’ uip it {OSCY) tye) Cycle (tgyc)
or not. Tha UIP bit will pulse once-per-second. Statistically, g
thy UIP bt will indicate that ume and date information is 1 4.194304 Mz 248 p3 -
unavailably once evary 2032 attempts. Alter the UIP bit goes 1 1.048576 MHz 28 p3 -
high, the update cycle begins 244 ks later. Therelore, it a low 1 32.768 kHz 1994 3 -
is read on the UIP bit, the ussr has at least 244 #5 before the 0 4.194304 MHz - 244 u3
ume/calondar data will be changed. It a 1" is ruad in the 0 1.043526 MHz - 244 ps
UiP but, the 1f'niu/calundar‘da(a, may not be valid. The user 0 32,768 kHz - 244 43
should avoid interrupt service routines that would cause the
* FIGURE 16 — UPDATE-ENDED AND PERIODIC INTERRUPT RELATIONSHIPS
UIP bit i J-I
Regrster A o
uc
Buc
UF bit in
Registar C . m
e— 1 +2
[LL Py L w2 —i—‘

PF bitin

- Register C m -HHHL ﬂmm

1p= Penoaic intesrupt Time Intarval (500 ms, 250 ms, 125 ms, 62.5 ms, wic. pur Tuble 5)

WC=Updete Cycla Time (248 43 of 1984 us)
tguC = Doldy Time Belore Update Cycle (244 s}
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DV2, DV1, DVO —~ Three bits are used to permut the pro-
gram to select various conditions of the 22-stage divider
chamn. The divider selection bits idenuly which of the three
ume-base frequencies 1s i use. Table 4 shows that ume
bases of 4194304 MHz, 1.048576 MHz, and 32.768 kHz may
be used. The divider selection bits are also used 10 reset the
divider chain. When the time/ calendar 1s first inutiglized, the
program may start the divider al the precise time stored in
the RAM. When the divider reset 1s temoved the first update
cycle begins one-half second later. These three read/write
bits are not affected by RESET.

AS3, RS2, AS1, RSO ~ The four rate selection bits select
one of 15 taps on the 22-stage divider, or disable the divider
output The tap sclected may be used to generate an output
square wave [SQW pinl and/or a penodic interrupl. The pro-
gram may do one of the following: 1} enable the interrupt
with the PIE bit, 2} enable the SQW outpul pin with the
SQWE bit, 3} enable both at the same time 3t the same rate,
of 4} enable neither. Table 5 lists ihe penodic interrupt rates
and the square-wave lrequencies that may be chosen with
the:RS bits. These four bits are read/wnite bits which are not
atlecicd by HESET

REGISTER B {500}

S LS
MSE = - .)u Aead/ Wite
L7 L3 b bl bl H2 b 3¢ Hegston

SUE Y PIC | Al Ui | SQWE [ DM | 24712 [OSL

SET — When the SET titis a 0™, the update cycle func.
tons normaily by advanging the counts once:per-second
When the SET tit is wntten-lo a 17, ‘any update cycle
proygress s aborted and the program may instialize the tune
and calendar bytes without an update occutnng in the midst
ol intahzing. SET s a read/ wite it which 1s not modihed
by RESET or internal functions of the MC14G818.

PIE — The periodic interrupt enable (PIE) bt s a
read/wnte bit which allows the peniodic-interrupt flag IPF)
bitin Register C 10 cause the iRT pin 1o be driven tow. A pro-
gram writes a "1 1o the' PIE tut in order to receve periodic
interrupts 3t tho rate spechied by the AS3, AS2, RS, and
RSO bits in Aegister A. A zero in PIE biocks ifIQ from being
imtiated by a penodic interrupt, but the penodic flag (PF) bt
is sull set at the penodic rate. PIE 1s not modified by any in-
ternal - MC146818 lunctions, but is cleared to 0" by a

"AIE — The alarm interrupt enable (AIE) bit is a read/write ©

bit which when set 10 3 " 1" permits the alarm flag {AF) bit in
Register C 1o assert [RQ. An alarm nterrupt occurs for each
second that the three ime bytes cqual the three alarm byles
tincluding a “don’t care™ alarm code of binary 11XXXXXX).
When the AIC bitis a 0", the AF bit does not inytiate an Q)
signal. The AESET pin clears AIE 100" The mternal func-
tions do not alfect the AIE bit.

UIE -~ The UIE (update-ended interrupt cnable) bit s a
tead/wrile bit which enables the update-ond liag (UF) bit in
Register C to assert iRQ. The pin going low or the
SET bit going high clears tha UIE bit,

SQAWE — When the square-wave enable {SQWE) bit is sot
to a.”'1” by the program, a square-wave signal at the fre-

quency specified in the rate selection bits (RS3 to RSO) ap-
pears on the SQW pin. When the SOWE bit is set 1o a zero
the SQW pin is held low. The state of SQWE is cleared by
the RESET pin. SQWE is a read/write bit.-

OM ~ The data mode (DM bit indicates whether tme
and calendar updates are to use binary or BCD formats. The
DM bit is written by the processor program and may be read
by the program, but is not modtfied by any internal functions
or RESET. A 1" in DM signihies binary data, whie a “0"" mn
DM specifies binary-coded-decimal (BCD) data:

24/12 — The 24/12 controt bit establishes the format of
the hours bytes as either the 24-hour mode (a “1”'} or the
12-hour mode {a “0"). This 1s a read/write bit, which is af-
tected only by software.

DOSE - The dayhght savings enable (DSE) bit is a
read/write bit which allows the program to enable two
special updates (when DSE 15 @ “1"*) On the last Sunday in
April the tme increments from 1:59:59 AM 1o 3:00:00 AM.
On the last Sunday in October when the ime first reaches
159 59 AM it changes 1o 1'00:00 AM. These special updates
do not occur when the DSE titis a 0" OSE is not changed
Ly any internal operauons or reset.

REGISTER C ($0C)

s 5
Mop 58 Apad-Only
b7 [T v td ] b bl 23] Aegister

IHQF | PF AF UF Y 0 0 0

IRQF — The interrupt request flag (IRQF) is set 10 a 1"
when one or more of the following are rue:
PF=PIE=""1" 1
AF = AIE = 1
UF=UlE="1"
0., IRQF = PF+PIE + AF+AIE + UFsUIE

Any ume the IRQF bitis a *1*, the'iRQ pin 15 drivén fow.
All flag bits are cleared alter nquSlel C s read by the pro-
gram or when the RCSET pin 1s low

PF ~ The penodic interrupt Hlag (PF) is a read-only bt
which 1s set to 3 1" when a particular edge 1s detected on
the sclected tap ol the divider chain. The RS3 1o RSO bits
estabhsh the periodic rate. PF is set 10 a 1" independent of
the state of the PIE bit. PF being a 1" initiates an IRQ signal
and sets the IRCF bt when PIE is also a 1 The PF bit 1s
cleared by a RESET or a soliware read ol Regrster.C.

AF — A 1" in the AF (alarm interrupt flag) bit indicates
that the current tme has matched the alarm time. A 1" in
the AF causes the IRO.pin to go low, and 3 "' 1" (0 appear n
the IRQF bit, when the AIE it also 1s a 1. A RESET or a
read .of Reqister C clears AF. °

UF - Tha update-ended interrupt flag (UF) bt is set after
each update cycle. When the UIE bit is a “1, the 1" in UF
causes the IRQF bit to be a 1", asserting IRQ. UF is cleared
by a Radister C read or a RESET.

b3 TO b0 ~ The unused bits of Status Register 1 are reod
3s "0’s” They can not.be written,



MC146818

REGISTER D {$0D)

MS8 LS8
p? f w6 | b5 | b3 | B3| b2 )] 01| W0
VRT | O 0 0 0 0 0 0

Read Only
Register

VAT — The valid RAM and time (VRT) bit indicates tha
condition of the contents of the RAM, provided thu powur
sunse (PS) pin 1s satistacionly connucted. A 07" appuars in
the VRT bit when the powur-sensa pin 15 low. The processol
program can set the VAT it when the ume and calendar are
mnitialized 1o indicate that the RAM and ume are vald. The
VAT is a read only bit which is not moditied by the RESET
pin. The VRT bit can only be set by reaving Register D.

b6 TO b0 — The-remaning bits of Regisiur D are unusud.
They cannot be watten, but are always read as “0's.”

TYPICAL INTERFACING
The MC146818 1s best suited 101 usa with MICTOPIOCUSSOlS
which generale an  sddress-then-datd muluplexed  bus
Figures 17 and 18 show typical intertuces 10 bus-compatibi:

processors. These intertaces assume that the address
decoding can be done quickly. However, if standard metal-
gate CMOS gates are used the CE setup time may be
violated. Figure 19 illusirates an alturnalive method of chip
selection which will accommodate such slower decoding.
The MC146818 can be ifterfaced to single-chip microcom-
puters (MCU} by using eleven port hines as shown in Figure
20. Non-multiplexed bus microprocessors can be-interfaced

with aaditional support. . .
Thuere is one muthod ol using the multiplexed bus

MC146818 with non-multiplexed bus processors. The inter
tace uses uvailuble bus control signals to multiplex the
address and dats bus together.

An examplu using either the Motorola MC6800, MC6802,
MC6808, or MCE803 microprocessor 15.shown in Figure 21,

anuré 22 ilustrates the yubroutines which may be used for
data transfurs in a non-multiplexud sysiem. The subroutines
should by vnjered with the registers containing the 1oliowing
data:

Accumulator A: The address of the RTC to be accessed.

Accumulator B: Write: The data 10 bo wiien.

Reud: The duts swad lrom the RTC.

Thu ATC is mapped 10 Iwo Conseculive Memoly locations -
RTC and RTC + 1 as shown in Figure 21.

FIGURE 17 — MC146818 INTERFACED WITH
MOTOROLA COMPATIBLE MULTIPLEXED UUS MICHOPROCESSORS

<IL Addruss/ Duts Muluptuaud 8 )
Addiuss Strobe
Duta Sudbu b} A\ . Ot
— Punphutaly
MCotol Huad/ Wiito (RZW) I!ll:lnI;llu
Me & Ineniupl Heguust NG} Mumory
a/b AdJiuss l!lt'>>
|
| Adoress
[ Decode R A v
! R0 A/W DS AS ADO-AD?
! RESET l
! 4194304
1 = MH2 (Typ)
[ MC148818
- RESET
i, .CKOUT CKFS saw
1
l T
|
- - — -

— e m wm emr m w— e— e o= e

* High- Spuud Siicon-
Gats CMOS or TTL
Aggress Decoding
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FIGURE 18 — MC146818 INTERFACED WITH .
COMPETITOR COMPATIBLE MULTIPLEXED BUS MICROPROCESSORS -

8 Address/Data ) 8 >
Address Laich Enable (ALE}
8085 - —
N Read (R)
. — > Other
8048 Wirte (W) Penpherals
8049 Interrupt Request and Memory
8/4 Address . 8/4
+
8085
Oniy- -~
Address
Decode
Y Yy y
-CE IRQ R/W DS AS ADG-AD?
'——> AESET
4
—— MC146818 LS, e
RESET j_ MH2z (Typl
sow .
FIGURE 18 — MC!‘GB'IB‘INTERFACE WITH MC146805€2
CMOS MULTIPLEXED MICROPROCESSOR WITH SLOW ADDRESSING DECODING
tmertupt Request (IRQ)
Read/We (RIW) 0 4 -
" Addiess Siohe 1AS) R
Data Strobe (DS)
MC146805€2 T
5 Non-Multtipiexed Address 57 Non-mulnplm.cd addiess )
< 8 Multplexed Address/Data )
0scH ) oS
| A2
|
| Address
| Decode —l ' A
I DS CL AS W/W IRQ ADO-AD7
' l———» L
41 '
| . MC146818 C 1o i
N {Typ)
l RESET I
:" CKOUT CKFS Sow
1 +1
e —— — —— Sty Bt S S, P iy Sl b e VS S,
Vop

Trus diusiraies 1the use of CMOS wanng lor address dacoding.



FIGURE 20 = MC145818 INTERFACED WITH THE PORTS OF A
TYPICAL SINGLE CHIP MICROCOMPUTER

MC3870
MCE805
MC 146805
§2000
8021

Pony

Port

‘4.184304 MHz (Typ)

i

MC146818
K 8 Aaaress/Data "8 )Y ADO-AD? sow >
. Addiess Stobe y .
1 AS CKFS e
Reao
w =102
nie
| R/
CKOUT [
!
5 v @ |
5§ :
MO0__ AFSFT__PS :
NN
5 / 1
!
Poiy |
Lines I

FIGURE 21 — MCI4818 INTERFACED WITH MOTOROLA PROCESSORS

Acuive High Chip Suluct

MC6000,
. MCBS02, R/W

MC6808,
or
= MC6809

D0-D07

DS

MC146818

Vgg——in
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MC146818 ‘ , g

FIGURE,22 — SUBROUTINE FOR READING AND WRITING
THE MC)46818 WITH A NON-MULTIPLEXED BUS

READ STA RATC Generate AS and Latch Data from ACCA
. LDAB RTC+1 Generate DS and Get Data
RTS .
. WRITE STA ATC Generate AS and Latch Data from ACCA
STAB  RTC+1 Generate DS and Store Data
RTS

IMPORTANT NOTICES

¥

Those devices made with date code 3N4GXXXX have the
following exceptions when used in the Motorola mode of
MOTEL.

1. Vpp=3.105.25 V loroperation

2. DS Vi =0.6 V Max.

The falfing gdge of chip select should occur dyring the ac-
tive high pulse of address strobe, only pn those umits with
date code GCEXXXX.




MACRD-80 3.3p 2-Jan-88 PAGE !

0000*. ASES
. 180
Reececsstioteistetsssrsssesissevassossted
jommmmm—————n- TEST PROGRAM------------=---
;ttttttXiXXxXtttxtttttttttttxttttttttxtt{
H

0000 stat equ 0000h ; starting adress

0070 intial  equ 0070h

0000 4] equ stat

1000 ram equ stat+1000h

1460 datal  equ ram+400h

8233 port number assignment

- mu

00F 0 entr0  equ OFOh
00F 1 . cntrl equ cntri+f
00F2 entr2  equ entro+2
00F3 . cntv equ cntrO+2
i 2 W G511t
; 8235 port nusber assignment
: : ‘
00F4 ppiA equ cntri+4
00FS ppib equ cntri+d
00F6 ppil equ cAtr0+6
00F7 conP equ cntr(+7
; - e -
H RTC port number ‘assignment
P G\ RIY # «
4000 addr’ equ 4000k
4001 data equ 4001h

H DISPLAY port number- assignment

i

00F S . seqn equ ppib
1200 dspbf  equ ramt200k
0F00 sgth equ stat+0r00h

!
; KEYBOARD port ousber assignaent
; ;

00F6 Krow equ ppil

00FE Kcol equ ppiC,

OUTPUT port number assignuent

00F4 equ ppié

- ) = e we
]
=]
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i
-txxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxx
------------- START THE PROGRAMME-----------
txxtxtxxxxxxxxxxtxx:tttzxxtxxxtxzxxxtzzx:x

org stat ¢
0000 21 0000 LD HL,00
0003 2B start: DEC HL
0004 7C LD AN
0005  BS R L
0006 20 FR JR  NI,START
o008 €3 0070 JP INTIAL
OR6  0038h
0038 €3 069E JP readl
. ORE 06h
0066 C3 00RD JE. NAIN
DRE  INTIAL
G070 F3 DI
0071 31 17FF LD SP,17%th iset stack pointer
]
jrmmmmm—mee INITIAL 8253
!
0074 3E 30 LD A,00110000B
0076 D3 F3 OUT  (cntw), A iset counter0 to mode ¢
0078  3E 70 LD A,0{110000R
0074 D3 F3 OUT (cntw),A iset counter! to mode 0
007C  3E RO LD A, 101100008
007t D3 F3 OUT  (cntw), A jset counter? to mode 0
i
Hat INITIAL RTC
1]
0080  AF 0R A
0081 32 1273 LD (Aflag),A
0084 11 0A00 LD DE,0A00h
0087  CD 0729 ~ CALL WRBYTE
008A 11 0B32 LD  DE,0B32h
0080 CD 0729 CALL WRBYTE
0090  CD O1RE CALL DLY10

jrommmm———- INITIAL 8255



0033
0095

0097
0093

0080
00B1
0084
0087
0089
00BA
0088
00RD
000
00C3
00C6
008
00CB
00CE
0080
00D1
00D2
00D2
00D4
00D5
00D6
00D7
0009
00DC
000D
00E0
00E2

00ES.

00E8
(00EB
00ED
00EF
00F1
00FS
00F7
00F A

MACRO-80 3.36 2-Jan-88

3E 88

D3 F7

ED 56
FB

AF
21 1282
11 0008
06 08

7

19

10 FC

21 1292
11 129
CD OA4F
38 11

21 1292
11296
06 04

1A

4F

7E

12

1

2

13

10 F7

tD 062D
AF

37 1356
D3 F4

Db 21 1278
06 OA

DD 77 00
DD 23

10 F9

3 FF

oD 21 1262

‘06 08

Db 77 00
bD 23

INTPO:

INPRIO:

NAIN:

ucL:

maini;

INX:

INt:

PAGE 1-2

LD
aut

I
El
ORE
X0R
LD
L
LD
LD
ADD
DINI
Lb
LD
CALL
JR
LD
Lb
Lb
LD
LD
LD
LD
LD
INC
INC
DJINZ
CALL
A0R
Lh
ouT
Lp
LD
LD
IKC
DINL
LD
LD
LD
LD
INC

4, 100010008
(conP),A

MAIN PROGRAM

1

0BOh

A
HL,CPRIOY
DE, 08
E,08
(HL), A
HL,DE
INPRIO
HL,PUL1
DE,PLLI
COMPAE
C,mainl
HL,PULI
DE,PLLY
B,4

A, {06)
C,A

A, (HL)
(DE), A
{(HL), ¢
HL

DE

ucL

RUK

A
(MASK), A
(PPIA),A ; turn off all load
I, NP

B, 0Ah
(1X+0),A
X

INX

4, OFFH
IX,READFG
B,8
(IX+0),A
13



00FC
00FE
0102
0106
0108
0108
010D
010F
0111
0H3
0117
011B
011E
01tF
0122
0125
0128
0128
012E

0130
0133
0136

0139
013C
013F

0142
0145
0148

014R
014F
0151

0154
0136
0138
0159
0154
0138
015C
013D

NACRO-80 3.36 2-Jan-88

10 F9
BD 21 1282
FD 21 12F2
06 20

tD 0985

D 23

m 23

FD 23

10 £

DD 21 129€
FD 21 1242
€D 0985

o

32 120

CD 030¢

21 1272

11 1312

01 0020

ED B0

21 1233
111213
e o154

21 1235
11 1218
€D 0154

21 1237
11219
€D 0154

b 21 1213
06 08
Ch 02r0

3E 00
£D &7
12
13
7t
12
c9
3E FF

bich:

i
RTCcon:

LED:

PAGE 1-3

DINZ INXt

LD IX,Cpriot
LD IV,priot
10 B,32
CALL BICONZ
I Ix

INC IX

INC 1Y

DINI bich

LD IX, INTVAL
LD IV, INTV
CALL BICON2
(1]

LD (INTVC),A
CALL KYCLR

LD  HL,PRIOY
LD “DE,PRID_{
Lb BC,32
LDIR

----- DISPLAY DATA IN REAL BUFFER

LD HL,RTCRUF
LD DE,second
CALL RTCcon

LD HL,RTCBUF+2
LD DE,ainute
CALL RTCcon

LD HL,RTCRUF+4
LD DE,hour
CALL RTCcon

LD IX,second
tb 8,8
CALL dspy

LD 4,00

RRD

LD-  (DE),A
INC DE

LD A, (HL)
LD (DE),4
RET

LD A,OFFh



MACRO-B0 3.36 2-Jan-88 PASE -4
015F 32 1209 LD (LINE),A
0162  1E 00 LD E;00
0164  CD 0IAC RELESI: CALL Scan
0167 DB FB RELES2: IN A, (Krow)
0169  f6 OF R OFh
0168  2F CPL
0ieC A7 AND A
016D 20 0B JR  NI,press
0l6f  IC INC E
0170  3E 0B LD A8
0172 BB cPE
0173 28 07 R 1,KEYIN
0175 18 £D JR  RELESY
0177  CD 01BR press:  CALL DLY10
0174 {8 EB JR RELES?

!

§ommmmm e DISPLAY TIME AND SCAN KEYBODARD

H
017¢C 21 1200 keyIN: LD HL,DSP
0l7F  3EFF LD  A,0FFh
0181 32 1209 LD (LINE),A.
0184  CD 01AC keyINI: CALL Scan
0187 DB Fé IN A, (PPIC)
0183  F6.0F OR  OFh
018  2F cPL
o18c 47 AND A
018D  C2 01Ck JP NI,deboun
0190 JE LD A, (HL)
0191 D3 FS OUT  (segip), A
0133 23 INC HL
0194 11 1208 LD DE,RON
0197  ED 52 S8C HL,DE
0198 20 E9 IR NI, keyINt
0198 3A 1284 LD A, (LoopF6)
019 3¢ INC A
019F  C2 017C JP NI,KEYIN
01A2  3A 1278 Lh A, (NF)
01AS  B7 0R A
01A6 €A 0130 JP I,REAL
0149 €3 017C JP KEYIN

1)

01AC 01 1203 Scan: LD BC,Line
01AF  OA LD A, (BC)
01B0 3¢ INC A



0181
0183
0183
017
0189
01BA
0188
01BC
018F
010
01ci
01C2
o1c4
01¢5

016
0107
01CA
oice
01CE
01¢F
0100
0103
0105
0106
013
0108
010D
010F
01E1
01E2
01E5

01E8
01EB
01EC
0fED
01EE
0iF0.
01F2
]
01F7
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FE 08
38 02
3E 00
D3 Fb
02

€9

£5

21 0115
28

7

85

20 FB
3

€9

57

CD 01BE
DB Fb&
F& OF
2F

47

CC 01BB
28 A7
BA

€2 016
CB 3F
CB 3F
Ch 3F

LB 3F

2F
32 1208
€3 01EE

21 1208
4€

2

7E

CB 09
38 05
11 OFOF
18 03
11 OF17

ceP
v
LD
NX: out
LD
RET
DLY10i PUSH
LD
Ll DEC
LD
Or
JR
pop
RET

_____________

debouns LD
CALL
IN
iR
CPL
AND
CALL
JR
cp
Jp
SRL
"SRL
SRL
SRL
CPL
Lb
JP

kyCON: LD
LD
INC
LD
RRC
JR
LD
IR

kTAB2: LD

PAGE | ]

08H
¢, N

A, 00
(PPIC) A
(BC), A

HL
HL,277
HL

AH

L
NZ,LX
HL

DEBDUNCE KEYBDARD

D,A
BLY10

4, (PPIC)
OFh

A

1,0LY10
1,KEYin

D

NI, deboun.
A

A
A
A

{rov), A
kyCON

KEY CODE CONVERTION

HL,ROW

¢, (HL)

HL

A, (HL)

c

C,kTAB2
DE, kcode-1
kTAB

DE, kcode+7



01FA
01FC
01FD
01FE
0IFF
0201
0202
0203
0207
0209
0204
020C
020F
0210
0213
0216
0217
021A
021D
021F
0220
0221
0223
0226
0228
0224
022B
022C
022D
0226

022F
0231
0233
0233
0237
0239

0220
0222
0224
0225
0226

MACRO-80 3,36 2-Jan-88

PAGE t-6

06 FF kTAB: LD  B,0FFh
04 kTABI: INC B
13 INC DE
b8 cr B
20FB JR NI,kTABt
1A LD A, (DE)
32 1212 LD  (kCODBF),A 7 keep code at keycode
0E 00 b C,00 ; buffer
06 04 LD B,0Ah
B2 kyo:  CP B i Is function key
30 1 JR N, FUNC j i5-pressed ?
3A 1285 LD A, (nchfg) i If yes jump FUNC
3C NG A
€2 02c0 JP NI, shift2
3A 1283 SetCK: LD 4, (setfg)
I INC A
C2 0202 JP NI,shit
€3 0130 JP REAL
28 04 FUNC:  JR  I,kY1
or IC ¢
04 INC B,
18 E6 R kYo
21 0228 k¥l: LD HL,TABL
CB 21 SLA €
06 00 LD"  B,00
09 ADD  HL,BC
bE LD L, (HD)
23 INC HL
66 LD H, (HL)
£9 JF- (HD)
i
0389 TABL: ~ DM  SYNC
05EA DW CLEAR
035¢ DH  ENTER
027D DH  READ
028D DW  SET
0227 DN MDDE
H
e ma Convert to 7-segment code
]
ORE stat+220h
16 OF seven: LD D,0FH
E6 OF AND  OFh
3 LD E,A
1A LD A, (DE)
9 RET



0227
0229
022¢
022F
0232
0233
0235
0237
0239
0234
023
023F
0241
0243
0245
0248
0249
024¢
0250
0253
0256
0258
0258
025€
025F
0262
0265
0268
026¢
0270
0273

0276.

0278
027A

027D
027F
02682
0283
0286
0287

KACRD-80 3.36 2-Jan-88

3E FF
32 1283
32 1282
34 1278
K

FE 03
28 02
18 01
AF

32 1278
CB 3F
38 07
Ch 3F
38 19
C3 00BD
AF

C3 037F
FD 21 1200
11 1204
01 0004
ED BO
01 0004
C3 02r0
AF

32 1285
32 1284
21 OF64
DD 21 t27¢
FD 21 1200
01 0006
{1 1202
ED BO
06 02
€3 02F0

3E FF
32 1283
AF

32 1282
AF

32 12719

sode: LD
Lb
L
LD
INC
cP
JR
JR
amin:  XDR
CKmode: LD
SRL
JR
SRL
JR
Jp
Sys:  XOR
JP

Dispy: LD I

Noved: [D
LD
LDIR
LD
JP

ChanN:  XOR
LD
()]
LD
LD

DispyC: LD
LD
LD
LDIR
LD
JP

READ: LD
LD
10R
Lb
XOR
Lr

PAGE 1-7

HODE FUNCTION

4,0FFh
(setfg),A
(readfg),A
A, (af)

A

03

1,mpin
ckende

A

(ef),A

A

C,Sys

A
C,ChanN
Main

A

Actl

Y, DSP

DE, DSP+4:
BC,4

BC,4

DspPY

A

(HchFG) , &
(Loopf6), A
HL, IPCH
I¥,Chn
1Y,D5p -
BC,6

DE, DSP+2

B,2
DSPY

Read Function

A, OFFH
(SetFG),A
A
(ReadfG), A
A
(CRBUF), A



028A

028D
026€
0291
0294
0295
0299
029R
029E
029F
02A1
0244
0246
0248
02AB
024F
0281
0283
0286
0289
028C
028F

02C2
02C3
02C6
0209
02C8
o2ch
02CF
0201
0203
0286
02D
02DA
02DB
020C
020D

KACRD-80 3.36 2-Jan-88 PAGE 1-8

€3 0492

AF

32 1283
34 1278
CB 3F
DA 02BE
CB 3F

DA 02BC

F3

16 OB
CD"0720
CB FB
16 0B
Cb 0729
21 0F58
11 1204
ED BO
CD 0306
3A 127A
£3 0382
34 127R
€3 03c7

AF
32 1236

. 3k 1278

fE 02
20 04
06 02
18 02
06 04
34 1212
21 1204
4E

77

73

23

10 FA

P Act3

------------ Set Function

SET:  XOR A

LD (SetF@),A
LD A, (KF)
SRL A
JPC;SetSy
SRL A

P C,SetCH

SetRL: DI

LD D, O0BH
CALL RdBYTE
SET 7,k

LD D, 08H
CALL WrBYTE
LD HL,SetT
LD DE,DSP+4
LDIR

CALL Worki

Setsy: LD A, {Csbuf)

JP o Actst]

Setch: LD A, (Ccbuf)

JP Actst?

------------ Shift’ ant add key data to key buffer

Shft:  XOR A

LD (ShfFG),A
LD &, (uf)
2

JR N1,5hifts

Shift2: LD  B,2

JR - Shift

Shift4: LD B4
Shift: LD A, (kCODBF)

LD HL,KBuF

Add: LD C,(HD)

L (HD,A
LD AC
INC HL
DJNI Add

P Display data in keybuffer
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02DF  3A 1278 LD A, (af)
02E2  FE 02 cr 2
02E4 20 04 JR  NZ,kDSPY
02E6 06 02 b B,2
02€8 18 02 JRkd
02EA 06 04 kDSPY: LD B,4
02EC DD 21 1204 Kd: LD IX,KBUF
02F0  FD 21 1200 DSPY: LD 1Y,DSP
02F4 DD 7E 00 NEXDI: LD A, (1X+0)
02F7 €D 0220 CALL Seven
026A  FD 77 00 LD (IV+0},4A
026D DD 23 INC IX
02FF  FD 23 ; INC IV
0301 10 F1 DJNZ REXDI
0303 €3 015D JPLED
!
ey~ Clear buffer
]
0306  CD 030C Workl: CALL KYCLR
0309  C3 02EA JP kDSPY
1
JomEe e Clear key buffer
!
030C DD 21 1204 KYCLR: LD IX,KBUF
0310 AF CLDATA: XOR A j
0311 06 04 LD B,04
0313 DD 77 00 CLRNX: LD (IX+0),A
0316 DD 36 04 0A LD (IX+4),04H
0314 DD 23 INC IX
031C 10 F5 DINZ CLRNX
03IE (9 RET
’
§om e Display Energy Consume in This day
1
031F  CD 032 DISENG: CALL ECONV
0322 21 OF4C LD HL,ENERGY
0325 DD 21 1332 LD IX,ECONS
0323 €3 024¢ JP DISPY
032C 21 1334 ECONV: LD  HL,BIENGY
032F 11 1227 LD DE,DIVD
0332 01 0004 . LD BC,4
0335  ED BO LDIR
0337 DD 21 '1294 LD  IX,USCALE
0338 AF XO0R A
033C DD BE 00 OR  (IX+0)

033F DD Bs 01 0R  (IX+1)



0342
0345
0348
0349
034D
0350
0353
0357
0338

035€
0361
0362
0365
0368
0369
368
036€
0370
0372
0374
0376
0379
0374
037¢
037€
037F
0382
0383
0386
0388
0384
0388
038€
0392
0335
0398
0399
039¢
0330
039F
0341
03A4
02A8

HACRD-80 3.36 2-Jan-BB PABE 1-10

DD B 02
DD B6 03
c8

FD 21 122F
D 0953

€D 0409

Db 21 1227
Fb 21 1332
€3 0938

34 1282
k(N

€2 0489
34 1283
3t

20 63

34 1278
CB 3F

38 04

CB 3F

38 23

34 1274
ac

FE 06

20 01

AF

32 1274
4F

21 045¢C
ch 2t

06 00

09

22 1288
DD 24 1288
DD 6E 00
0D 66 01
E9

34 1285
3C

28 1C

3E FF

32 1285
FD 21 1204
FD 7€ 00

OR
OR
RET
LD
CALL
CALL
LD
LD
Jp

ENTER: LD
INC
P
Lo
INC
IR
5)
SRL
IR
SRL
R

DSPSYS: LD
INC
cP
R
XOR

ACTI: LD

ACTSTL: LD

LD
HORK2:  SLA
LD
ADD
LD
LD
LD
LD
JpP
DSPCH: LD
INC
JR
L
LD
LD.
LD

(1X42)
(1X43)

1

1¥, DIVR
BICON
BIDIV

¥, DIVD
1Y, ECONS
BCDCON

Enter Function

A, (READFE)
A
NI,EREAD
A, (SETFE)
A

NI,ESET
A, (HF)

A

¢, DSPSYS
A

¢, DSPCH
A, (CSBUF)
A

§

NI, ACT1

A
(CSBUF), A
C 4

HL, TABSY
¢

B, 00
HL, BC
(HLBUF) , HL
IX, (HLBUF)
L, (1X+0)
H, (IX+1)
(L)

A, (NCHFS)
A
1,DSPCHI
A, OFFH
(NCHFG), A
1Y, KBUF
A, (IYV)



03AB
03AD
0380
03B2
0383
03B8
0389
03BB
03BE
03BF
03C1
03C3
03C4
037
038
03CR

03CE
0301
0303
0303
0307
0304
03DD
030F
03E1
03t4
03E7
039
03ER
03tD
03F0
033
03F3
037
038
03FD
0400
0401
0404
0406
0409
040C
040D
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FE ot
DA 05AR
FE 09
D2 05AR
32 121C
AF

18 09
3A 127B
ac

FE 04
20 01
AF

32 1278
4F

21 0448
C3 0386

34 1278
CB 3F
38 54
CB aF
D4 045D
34 1208
FE 05
38 03
€3 05AB
34 120D
FE 02
28 05
FE 03
D2 035AB
34 120C
FE 04
38 03
C3 05AB
34 1208
21 1235
77

34 1204
ED &F
34 120D
21 1237
77

34 1200

DSPCHI:

ACT2:
ACTSTZ:

PAGE {-11

cp
JP
cp
P
Lb
Xor
JR
LD
INC
Cr
JR
XOR
LD
L
LD
P

1
C,ERROR-
o

NC, ERROR
(CHNO) , A
A

ACT2

A, (CCBUF)
A

4

NI, ACT2

A
(CCRUF), A
C,h

HL, TABGH
WOKE2

'
ESET:

ESETRL:

ERL1:

ERL2:

ERL3:

LD
SRL
IR
SRL
IP
Lo
cP
IR
JP
)
cP
IR
cP
I
LD
cP
IR
I»
LD
LD
LD
)
RLD
Lo
Lo
LD
LD

4, (MF)
A

¢, ESETSY
4

C,ESETCH
A, (KBUF+1)
3

C,ERLI
ERROR

A, (KBUF+3)
2

1,ERL2

2

NC, ERROR
A, (KBUF42)
4

C,ERL3

ERROR

A, (KBUF+1)
HL, RTCRUF +2
(HL), &

A, (KBUF)

A, (KBUF+3)
HL, RTCBUF +4
(HLY, A

A, (KBUF+2)



0410
0412
0413
0416
0419
041B
041
0420
0422
0425
0426

0429
0420
0430
0431
0434
0436
0439
043C
043F
0440
0443
0445
0448
0444
044C
044E
0451
0453
04357
0454

0430
0461
0464
0465
0468
0464
046D
046F
0473
0476

0479
047¢C
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ED &F
AF

32 1233
Cb 0710
16 OB
b 0720
CB BB
16 o
€h 0729
FB

3 00RD

FD 21 1204
34 1286
3

CA 0376
3E FF
32 1286
34 1208
21 1218
77

34 1204
ED &F
34 1218
FE 13
28 05
FE 30
£2 035AR
0t 04

DD 24 127D

CD 0479
€3 0376

FD 21 1204
34 1286

K]

CA 03BB
3E FF

32 128t

06 02

DD 24 127D
CD 0479

C3 038B

FD 7E 00
DD 77 00

i
Esetsy:

ES1:

i
ESETCH:

i
NXDATA:

PAGE 1-12

RLD
Y0R A

LD  (RTCBUF),A
CALL. WRITE

LD D,O0BH
CALL RDBYTE
RES 7,E

LD D, 0BH
CALL WRBYTE

£l

P HAIN

LD IV,KBUF
LD A, (5h{F6)
INC A

JP 1,D5PSYS
LD A,OFFH

LD (ShfFG),A
LD A, (KBUF+1)
LD HL,BUF

LD (HL),A

LD A, (KBUF)
RLD

LD A, (BUF)

CP 15H

JR 1,881

CF 30H

P NI,ERROR
LD B4

LD"  IX, C(1XBUF)
CALL NXDATA

JP DSPSYS

LD IY,KBUF
LD #,(ShiF6)

JINC A

JF1,DSPCHI
LD A,OFFH

LD (ShiFG),A
Ll 8,2

LD IY, (IXBUF)
CALL NYDATA

JP DSPCHI

LD A, (1Y+0)
LD (IX+0),A



047F
0481
0483
0485
0488

0489
048C
048D
048F
0491
0492
0493
0496
0499

049¢C
049E
04A0
04A2
04Ad
0446

0448
04AA
04AC
04AE

0480
04B2
0484

0484
04B9
048D
04C1

04C4
04C7
04CB
04CF

0402
04D5
0409
04DD
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Db 23
FD 23
10 F4

.CD 030C

€9

34 1279
3

FE 03
20 01
AF

22 1279
4

21 04B0
€3 0386

048¢
04C4
0df L
04D2
040
04EE

0304
0528
0331
033R

0345
0348
0352

21 0F20
DD 21 1284
DD 22 1270
£3 024C

21 0F20
DD 21 128€
DD 22 127D
€3 024C

21 0F24
DD 21 1292
DD 22 127D
C3 024C

i
EREAD:

ACT3:

i
TABSY:

i
TABCH:

i
TABRD:

i
DDATE:

j
MMONTH:

i
PUL:

PABE {-13

INC
INC

IX
Iy

DINI NIDATA
CALL KYCLR jClear key buffer

RET

LD
INC
ce
IR
X0R
LD
LD
LD
JP

Dy
DK
D
D
DH
DH

DH
DY
DH
D

DH
DH-
DH

LD
LD
Lp
JP

Lb
LD
LD
Jp

LD
LD
LD
JF

A, (CRBUF)
A .
3

N1,ACT3

A
(CRBUP), A
C,A

HL, TABRD
HORK?

DDATE
HHONTH
INTEV
PUL
PLL
PSCALE

PPRID
KM INON
MHINOF
HMAYOF

EECONS
EEPEAK
PPRED

HL, DATE
1, DATEE
(TYBUF), 1Y
DISPY

HL, DATE
IX, YEAR
(IXBUF), I
DISPY

HL, UL
1, PUL1
CIXBUF), IX
DISPY



04E0
04E3
04£7
04ER

04EE
04f 1
04F5
04F9

04fC
04FF
0503
0507

0504
0300
0511
0514
0515
0517
0519
051A
051C
031D
051F
0521
0523

0528
0328
052F

0331
0334
0338

033k
033t
0542

0548
0348
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21 0F28
DD 21 129
DD 22 127D
€3 024C

21 OF2C
DD 21 1294
Db 22 127D
€3 024C

21 0F30
DD 21 129E
DD 22 127D
€3 024C

21 0F34
DD 21 1282
34 127€

47

1E 04

3€ 00

83

10 £D

4

08 00

DD 09

DD 22 1270
€3 026C

21 OF34
DD 21 1284
18 E0

21 0F40
DD 21 1286
€3 0511

21 OF4t
DD 21 1288
C3 0511
£3 031F

21 0F30
DD 21 1336

i

PLL:

i
PSCALE:
i
INTEV:

i
PPRID:

TCCH:

ADDCH:

i
HHINON:
j
NMINOF:
i
MMAXOF ;

i
EECONS:

!
EEPEAK:

PAGE 1-14

LD
LD
LD
JP

LD
LD
LD
JP

LD
LD
LD
JP

LD
LD
LD
LD
LD
LD
ADD
DINI
LD
LD
ADD
LP
JP

LD
(o
JK

LD
LD
JP

LD
LD
JF
JF

LD
LD

HL, LL
IX, PLL1
CIXBUF), IX
DISPY

HL, SCAL
I, USCALE

(1XBUF), 1X
DISPY

HL, INTOL
11, INTUAL
(IXBUF), IX
DISPY

HL, PRIOO
IX, CPRID!
A, (CHND)
B,A

£, 04

A, 00

AE

ADDCH

£ A

B,00
I, BC
CEXBUF), IX
DISPYC

HL, NON
IX, NINON1
TECH

HL, NOFF
IX, NINGF1
TCCH

HL, XOFF
IX, MAXOF 1
TCCH:
DISENG

HL, PEAK
I, EPEAK



054F

0552
0535
0558
0558
0550
0560
0362
0564
0366
0568
0364
056C
036F
0571
0373
0574
0576
0577
0379
057D
057
0381
0584
087
0584
058C
0390
0593
03%
0594
039E
0541
0544
05A8
05AR

SAE
03B!
0SB4
0586

0589
058C
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€3 024C

21 134
11 1227
0f 0004
ED B0
3A 1242
FE IF
20 04
OF 01
18 02
0E 02
06 04
21 1227
F6 0A
CB 16
23

10 FB
0D

20 Fi
DD 21 1234
AF

‘DD B6 00

D B6 01
DD B6 02
DD Bb 03
28 1F

FD 21 122F
D 0933

CD 0A09

OD 21 1227
FD 21 1352
CD 0998

21 0F54

Db 21 1352
C3 024C

21 OFSC

11 1200

01 ¢oo08

ED Bo

€3 015D

3A 1242
32 1284

!
PPRED:

NUL- 2:
BLE:
KUL_4:

ROT:

ERROR:

PAGE [+15

IP DISPY

LD HL,PREDP
LD DE,DIVD
LD BC,04
LDIR

LD &, (INTV)
P 1FH

R NIBLE
1

R MUL_4

L ¢,2

Ll B4

LD HL,DIVD
OR  OAH

AL (HL)

INC HL

DJNZ ROT

DEC

JRNI,MUL_4
LD IX,USCALE
XOR &

0R  (1X+0)

OR  (IX+1)

0R  (1X+2)

OR  (IX+3)

JR - 1,ERROR
LD IY,DIVR
CALL BICON
CALL RIDIV

LD I%,DIVD
LD IY,PREDH
CALL BCDCON

LD HL,PRED F
LD 1X,PREDN
JP DISPY

LD HL,ERR

LD -DE,DSP

LD BC,8

LDIR

JPLED

------ SYNC FUNCTION

LD A, (INTV)
LD C(INTVC), A



05BF
05C0
03C3
0504
05Ch
059
05CH
0:CD
0300
0501
0304
03D
0508
03DA
030¢C
0aDF
03€1
05E3
036
03E7

035EA
03EC
0SEF
05F2
05F5
03F7
03F9
03FB
05FD
0600
0604
0606
0609
060C
060F
0612
0616
0618
061B
061
0621
0622
0625
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AF

32 127F
F3

16 0B
€D 0720
CB FB
16 0B
Cb 0729
AF

32 1233
3t FF
D3 FO
D3 FO
16 0B
£h 0720
Cb BB
16 0B
€D 0729
FB

€3 0130

3EFF

32 1283
32 1282
34 1278
Ck 3F

38 04

Ch 3F

38 12
3A 1274
DD 24 127D
06 04

CD 0821
34 1274
€2 0382
JA 1278
BD 24 127D
06 02

Ch 0621
34 1278
€3 03C7
AF

b 77 00
Db 23

X0R
LD
DI
LD
CALL
SET
Lb

PAGE f-16

4
(1305),A

D, 0BH
RDBYTE
7,E

D, 0BH

CALL HRBYTE

X0R
Lb
LD
out
ouT
LD
CALL
RES
LD

A
(RTCBUF), A
A, OFFH
(CNTRO) , A
(CNTRO), A
D, OH
RDBYTE

7,E

D, 0BH

CALL WRBYTE

El
JP

CLEAR: LD
Lb
LD
LD
SRL
JR
SRL
IR
SYSCL: LD
LD
LD
CALL
LD
Ip
CHCL: LD
LD
LD
CALL
LD
v JP
ALLCLR: XOR
NXCLR: LD
. INC

REAL

............. CLEAE FUNCTION

A, OFFH
(SETFG), A
(READF6) , 4
A, (MF)

4

C,SYsCL

A

¢, CHEL

A, (CSBUF)
IX, (IYBUF)
B,4
ALLECLR

A, (CSBUF)
ACTSTH

A, (CCBUF)
IX,.(IXBUF)
B,2
ALLCLR

A, (CCBUF)
ACTST2

A

(11403,
It



0627
0629
062C

062D
0631
0634
0637
0634
063D

063F
0643
0646
049
064C
064F
0651

0652
0656

0639
065D
0661
0664

0667
0664
066D
0670
0672
05676
0679
067R

067D
0681
0685
0689
068D
0691
0695
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10 F9
€b 030C
co

Db 21 1292
CD 0652

21 1246

11 1244

01 0004

ED BO

DD 21 1296
CD 0652

21 1286

11 128

01 0004

ED BO

€9

FD 21 121D
€D 0953

DD 21 1294
FD 21 1221
£D 0933
CD 093

21 1222

1246

01 0004

ED B¢

DD 21 1246
3A 1242

FE IE

28 10

DD CB 03 3¢
DD CB 02 IE
D CB 01 IE
DD CB 00 IE
DD CB 03 3t
DD CB 02 1E
DD CB 01 IE

PAGE 1-17

DINT NXCLR —_—
CALL KYCLR o —

RET e

jrmmmmemmnees RUN NODE

1
TAGBCAL:

Dv2:

LD IX,PULI
CALL TAGCAL
LD KL, TEET!
LD DE,UPPER
LD BC,4
LDIR

LD IX,PLL!
CALL TAGCAL
LD HL,T6ETI
LD DE,LDHER
LD BC,4
LDIR

RET

LD IV, MULTC
CALL BICON

LD IX,USCALE
Lb 1Y, RULTR
CALL BICON
CALL BIMULT

LD HL,MRESUL
LD DE,TEETI
LD BC,4
LDIR

LD 1¥,T6ETY
LD 4, (INTV)
P 1EH
1,002

SRL  (IX+)
RR (1X+42)
RR (IX+1)
RR(1X40)
SRL (IX+3)
RR (IX+2)
RR - (IX+D)



0699
069D

069
069F
06A0
06AL
06A2
06A4
06Ab
06A8
06AB
06AD
06AF
06R2
06R3
0583
06BB
0683
06BC
06RE
06C0
06C3
06CS
06C7
06CA
06CD
06CE
06CF
06D0

06Dz

06D5.

06D
0608
06DA
060D
(0EDE
06EQ
0bE2
06E4
06EE

HACRD-B0 3.36 2-Jan-88

DD CB 00 1E
cy

F5 READT:
£5

DS

E3

DD E5
FD E5
16 0C
£D 0720
CB €8
20 54
34 1284
ac

28 O
34 1277
30

32 1277
20 05
3€ FF
32 1284
06 OF
16 00
21 1233
CD 0720
73

14

23

10 F8

READO:

READI:

3A 1280
3

FE 00
20 18
3A 1287
K}

FE 00
20 0A
3t 08
D3 6
AF

PAGE 1-18

RR - (IX+0)
RET

------ INTERRUPT ROUTINE EVERY § §.

PUSH AF

PUSH BC

PUSH DE

PUSH HL

PUSH 1%

PUSH 1Y

LD D,0CH
CALL RDBYTE
BIT §,¢

JR  NI,READA
LD A, (LDOPFG)
INC A

JR  1,READO
LD A, (CLOOM)
DEC &

LD  (CLOOP),A
JRNI,READO
LD A, 0FFh

LD ~ (LOOPFG),A
Lb B, M

Lb D0

LD HL,RTCBUF
CALL RDBYTE

LD (HL),E
INC D

ING HL

DINZ READ!

LD A, (AFG)
NG A

0

JR NI,READX
LD &, (AFGD)
ING A

P9

R NI, DFG

LD 4,000010008
OUT (PPIC),A
XOR A



06E7
06EA
06EC
06EE
0EF0
06F2

06F5
0678
06F9
0GFB

O6FE
0700
0702
0703
0704
0703
0706
0707

0709
0708
070E

0710
0712
0714
0717
0718
0718
071C
071D
071F

0720
0721
0724
0727
0728

HACRO-80 3.36 2-Jan-88 PAGE

32 1280
18 09
3E 00
b3 b
3E FF
32 1287

34 127F
3

FE 3C
€C 0720

FD Ef
DD EI
Ef
if
C
Fi
FB
£D 40

3E 05
32 1273
18 B2

06 40
16 00
21 1233
3t

D 0729
14

23

10 8
£y

TA
32 4000
34 4001
SF
9

1D
®
DF6: LD
out
LD
1D

i
READY: LD
INC

(AFB), A
READY
4,00
(PPIC), A
A, OFFH
(AFG1), A

4, (1308)
A

P 60

CALL

pop
Pop
POF
pPOP
POF
POP
El
RETI

READA: LD
LD
JE

!

HRITE: LD
LD
LD

HRITEL: LD
CALL
INC
INC
DJNI
RET

i IN D:ADD
i OUT E:DATA
!
RDBYTE: LD
LD
LD
LD
RET

Z,INTRT

v -
I
HL
DE
BC
AF

j=----=~====-ALARM FLAG

A5
(AFLAG), A
READO

K, 64
D,0

HL, RTCBUF
£, (HL)
WRBYTE

D

HL

WRITE

------------- RBYTE SUB

AD
(ADDR), A
A, (DATA)
E,A

1-19



0729
0724
072D
072€
0731

0720
0721
0724
0727
0724
0720
072
0730
0733
0736
0738
0739
0738
073¢
073F
0741
0744
0746
0748

0744
0740
074
0731
0754
0756

0733-

075¢
075E
0761

KACRO-80 3.36 2-Jan-88

74
32 4000
7B
32 4001
C9

AF

32 127F
Ch 07c8
CD 082D
34 1244
3D

20 05
34 1242
32 1284
DR FO
4

DB FO
47

21 FFFF
ED 42
22 133
3E fF
D3 Fo
D3 FO

34 1242
FE OF
28 0B
34 12A4
FE IE
D2 083p
34 1244
FE OF
02 0898
21 133€

IN.D:ADD

PAGE

HRBYTE SUB

OUT E:DATA

NEXTI:

PDi:

Y
i
!
WRBYTE:

LD
Lo
LD
Lb
RET

ORG
10R
LD

AD
(ADDR), A
AE

(DATA), A

7204
A
(1305), A

CALL SETFLG
CALL CKMAX

L0
DEC
IR
LD
LD
IN
LD
IN
LD
LD
$8C
LD
LD
ouT
out

i LD

e
JR
LD
cp
Jp
Lb
ce
JP
LD

A, LINTVC)
A
N2,NEXT{
A, (INTV)
(INTVC), A
A, (CNTRO)
€4

A, (CNTRO)
B, &

HL, OFFFFH
HL, BC
(KHHP), HL
A, 0FFH
(CNTRO), A
(CNTRO) , A

------------- PREDICT §

A, (INTV)
15

1,PD1

A, (INTYC)
30

NC, SYNE1S
A, (INTVC)
15
NC,SYNCIS
HL, KWHP

1220

ROUTINE EVERY 60 S,

Us

iFet data in kvh-buf
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0764  SE LD E,(HL) jAnd clear kvh-buf
0765 36 00 Ld  (HL),00
0767 23 ING HL
0768 56 LD I, (HD
0769 36 00 LD (HD),00
0768 ED 53 1342 LD (KWHBUF),DE
1
076F 21 134 LD  HL,ACCI5M
0772 11 1342 LD  DE,KWHBUF
0775  CD 0A59 CALL STORE.
H
0778 21 134¢ LD HL,ACCISH
0778 11 134 LD  DE,PREDP
077 01 0004 LD BC,4
0781 ED Bo LDIR
0783 34 1242 LD A&, (INTV)
0786  FE-OF P15
0788 28 04 JR 1,51
0784  3E I LD 4,30
078C 18 02 JR  SE
078E.  3E of SEE W) ¥, 48
0790. 21 1244 SE: LD HL,INTVC
0793 9% SUB (L)
0794  4F LD (A
0795 21 134€ SUMPRD: LD  HL,PREDP
0798 11 1342 LD  DE,KWHBUF
0798 CD 0A59 CALL STORE
079 0D DEC €
079F 20 F4 JR  NI,SUMPRD ;Predict pulse is in PREDP
]
R COMPARE PREDICT PULSE WITH TARGET
i)
07A1 11 1244 CHP: LD  DE,UFPER
07A4 21 134F LD HL,PREDP
07A7  CD OAdF CALL CONPAE
07AA 30 04 JR NC,LHCK
07AC €D O7FS CALL SETUL
07AF  3E FF LD A, OFFH
07B1 32 1280 LD (AFB),A
0784 18 oC IR OEXIT
)
0786 i 124f LWCK: LD  DE,LOMER
07B9 21 134F LD  HL,PREDP
07BC  CD O0A4F CALL COMPAE
07BF D4 0832 CALL NC,SETLL

072 3A 135 EXIT: LD 4, (MASK)



*07C5
07C7

07C8
07¢9
07CD
0701
07D4
0706
0709
0708
07DE
07El
07E3
076
077
0789
07EA
07EC
07EE
07F0
07F1
07F2
07F4

07F5
07F6
07F9
07FB
07FE
07FF
0800
0802
0803
0805
0807
0809
080C
080D
080F
0813
0814
0816
0818
081A
081C

NACRO-80 3,36 2-Jan-88

D3 F4
€9

AF
DD 21 4313
FD 21 1314
21 1315

06 08

BD BE 00
28 03

DD 35 00
FD BE 00
28 03

FD 35 00
BE

28 03

5

0E 04

0D 23

FD 23

23

0D

20 F8

€9

AF
32,1280
{E 08
28 12F2
AF

BE

28 23
46

16 80

B 02

10 F¢
34 1356
A2

28 it
DD 21 130F
4E

CB 21
B 21
06 00
Db 69
#F

!
SETFLG:

SMLOOP:
SH1:

5M2:

SH3:

SETUL:

cuLoop:

cuo:

PAGE 1-22

our
RET

XO0R
LD
LD
Lb
LD
cp
JR
DEC
cp
JR
DEC
cp
JR
DEC
L
INC
INC
INC
DEC
JR
RET

XOR
LD
LD
LD
XOR
cp
JR
LD
LD
RLC
DIN1
b
AND
IR
Lo
LD
SLA
SLA
LD
ADD
X0

(0_P), A

A

IY, CNIONt
1Y, CNIDF1
HL, CHXOF1
B,8

(11}
1,5M1
(I

(I
1,5M2
(1Y)

(HL)
1,5M3
(HL)

C,4

I

Iy

HL
[
NZ, 5M3

A
(AFB), 4
£,8

HL, PRIDI

A

(HL)

Z,cu1

B, (HL)

D, 80H

D

cuo

A, (HASK)

i

1,001,

IX, CNIONI -4
¢, (HL)

c

¢

B, 00

1, BC

A .
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081D DD BE 00 (I
0820 20 03 R Nz,CU
0822 €3 0868 JP OFFLD
0825 23 CUt:  INC WL
0826 23 INC H

0827 23 INC HL

0828 23 INC H

0829 1D DEC £

0824 20 D2 JR Nz, cuLOop
082 €9 RET

0820 21 1311 CKMAY: LD  HL,CMXOF1-4
0830 18 03 JR K11t
0832 21 1310 SETLL: LD  HL,CRIOF1-4
0835  -1E 0B CKlfl: LD E,8
0837 DD 21 130€ LD Ix,PRIOS
0838 AF CLLOOF: XOR 4

083 DD BE 00 P (I
0B3F 28 1F [ Tp 5
0841 DD 46 00 Lo B, (N
0844 16 B0 LD  D,BOH
0846 CB 02 CLo:  RLC D

0848 10 FC DINZ CLO
0844 34 1356 LD A, (NASE)
084D A2 AND D

084E 20 OF JrNILCLE
0850 DD 4E 00 Lb ¢, (I
0852 CR 21 SLA ©

0855  CB 21 SLA ©

0857 0% ADD HL,BC
0858 AF XOR A

0859  BE P (HL)
0854 20 03 Jr NI,CLY
085¢ €3 0889 JP - ONLD
085F DD 22 Cltr  INC I¥

0861 DD 23 NG Ix

0863 DD 22 ING 1Y
0865 DD 23 INC I

0867 1D DEC £

0868 20 D1 JR NI, CLLOOP
086A €9 RET

086B  3A 1356 OFFLD: LD A, (NASK)
0BEE  2F CPL

086F B2 0R D

0870  2F erL

0871 32 135 LD (MASK), A

0874 21 12F0 LD  HL,MIOF1-4



0877
0878
0879
087¢C
087D
087E
0881
0882

0883.

0886
0887
0888
0889
088C
088D
08%0
0893
0894
0893
0838
0899
0894

0898
083E
08A1
08A4
08AS
0848
0849
084AA
084B
0BAE
0881
08B4
0886
08R9
088B
088D
088F
08¢t
08¢3
08C5
08C8
08C9
08CB
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09
Tt
21 1310
09
77
21 127}
03
7E
21 1311
09
77
09
34 1356
B2
32 1356
21 12EF
09
TE
21 130F
03
77
9

21 1346
11 133€
CD 0A39
AF

21 133t
71

23

77

21 1346
11 1227
01 0004
ED RO
34 1242
FE IE
20 04
0E 01
18 02
0E 02
06 04
21 1227

-B7

CB 16
23

ONLD:

i
SYNCIS:

HUL2:

DOUBLE:
NUL4:

ROTATE:

PAGE 1-24

ADD
Lb
LD
ADD
LD
LD
ADD
LD
LD
ADD
Lb
RET
LD
or
Lb
LD
ADD
Lb
LD
ADD
LD
RET

Lb
LD
CALL
XOR
LD
LD
INC
LD
LD
LD
LD
LDIR
LD
cp
JR
LD
IR
LD
LD
LD
aR
RL
INC

HL, BC
A, (HL)

HL, CHIOF 1-4
HL, BC
(HLY, A

HL, NX0F1-4
HL,BC

A, (HL)

HL, CKXOF 1-4
HL, BC
(HL), A

h, (MASE)
D

(KASK), A
HL, NIONL -4
HL, BC

A (HL)

HL, CHION1-4
HL, BC
(HL) 4

HL, ACCISH
DE, KHHP
STORE

A

HL, KiHP
(HL), &
HL

(HL), A
HL, ACC1SM
DE, DIVD
BC, 4

A, LINTY)
30
NZ,DOUBLE
C,1

MUL4
c,2

B4
HL,DIVD
A

(HL)

HL



08CC
08CE
08CF

0801
0805
08DE
0809
08DC
08DF
08E2
08E4
08ER
08ER
0BEE
08F 1
08F2
08F4
08F6
08F8
08FA
08FB
0BFE
0900
0903
0906
0309
090
090D
090F
0811
0912
0913

0916
0314
091
0321
0924
0927
0924
092C
092F
0932
0935
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10 FR
0D
20 F2

DD 21 1294

“AF

DD B6 00
DD B6 01
DD Bk 02
DD B6 03
28 53

FD 21 122F
€h 0953
Ch 0409
34 1281
3

FE 01

28 0A

FE 61

38 oC

AF

32 1281
18 EE

21 1400
22 1275
24 1275
34 1227
77

23

34 1228
77

23

22 1275

bb 21 1227
FD 21 1344
€D 099R

11 1336

21 1344

CD 0A4F

30 0B

21 1344

11 1336

01 0004

ED BO

NENDT1:

HEMDT:

NYLD:
NXLD1:

PAGE 1-25

‘DINI

DEC
JR

Lh
10R
1]
R
or
O0r
JR
Lb
CALL
CALL
LD
INC
e
R
ce
Ik
10k
LD
JE
LD
LD
LD
L
LD
INC
Lo
Lp
INC
LD

LD
LD
CALL
LD
LD
CALL
IR
LD
LD
LD
LDIR

ROTATE
¢
NI, NUL4

‘1X, USCALE
A

(1X40)
(IX+D)
(1X+2)
(1X+3)

1, DEKDSF
IY,DIVR
BICON

BIDIV

A; (CDATA) jstore demand in binary
A jat address DATAI
1

1,MEHDT

97

C,NILD

A

(CDATA), A
HEMDT !

HL, DATA]
{TBDATA}  HL
HL, (TBDATA)
A, (DIVD)
(HL), A

HL

A, (DIVD+)
{HL), A

HL
(TRDATA), KL

1%, DIVD
1Y, KAXDEM
BCDCON
DE, EPEAK
HL, MAXDEN
CONPAE
NC, DEMDSF
HL, NAXDEN
DE, EPEAK
BC, 4



099
0997
0994

0998
099
0941
09A4
0946
0947
0948
0949
09AA
03AR
09AC
094D
03AE
094F
Q09E1
0983
09B¢
0388
09BA
038BC
0SEE
09C!
032
0904
09G7
059
09CR
09CD
09GF
0902

0303
0906
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19
FD 75 00
€9

DD 6E 00
b 66 01
11 0000
06 10

28

78

8F

27

SF

A

BF

27

57

10 F§

E6 OF

FD 77 2
Ck 34
CB.34

CB 34
Ck 34

FD 72 03
7B

E6 OF.
FD 77 o¢
(B 3%
(B 3B

CB 3B
CB 3B

FD 73 01
9

21 1223
AF

ADD HL,DE
L (10,1
RET

jrmmmmmmmnnnn CONVERT 16-B1 TO 4-BCD
; INPUT:  IX=ADD OF BI
i OUTPUT: 1Y=ADD OF BCD

1

BCDCON: LD L, (1X+40)
LD H, (Ix+D)
LD DE,0000K
LD 8,16

TONNY:  ADD HL,HL

b AE
ADC 4,4
DAA
LD E;A
Lb 4D
ADC 4,4
DAA
LD DA
DINT CONNY
AND  OFH
LD (1¥+2),A
SRL D
SRL D
SRL D
“SRL D
LD (1v+3),D
LD A
AND  OFH
LD (IY+0),4
SRL E
SRLE
SRL E
SRL £
LD (IV+1),E
RET

joomm—- 16X16 EIT BI MULTIPLY ROUTINE

i INPUT: 16-BIT NULTIPLICANT IN 'MULTC' BUFFER
H : 16~BIT MULTIPLIER  IN 'MULTR' BUFFER
jOUTPUT: RESULT IN 32-BIT 'MRESULT' BUFFER

U g
BINULT: LD  HL,MNRESUL
R A



0907
0909
09DA
0908

090D
09DF
092
09E4
09ES
09E7
03E8

09EA
03ED
09EE
09F 0
09F1
05r3
09F5
09F8
09FH
09FD
09FE
09FF
0A00
0A0)
0402
0403
0A03
0406
0A08

0409
0A0C
OAOE
0AOF
0A10
0A11
0A13
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06 04
71
23
10 FC

0E 10
21 1223
06 04
B7

CR 16
2

10 FR

21 1221
B7

cB 16
23

CB 16
30 10
21 1223
11 121D
06 04
£7

1A

BE

77

23

13

10 F9
0D

20 D7
£9

21 1278
06 04
AF

77

23

10 FC
0E 20

RSLCLR:

NYBIT:

SHIF:

ADBYT:

BICNT:

PAGE 1-28

LD B,4H
LD (HL),A
INC HL
DINZ RSLCLR

L ¢,16
LD  HL,MRESUL
LD B,4H

0F &
RL(HL)

INC HL

DINT SHIF

LD “HL,MULTR
R 4

L (HD)

INC HL

RL (HL)

IR NC,BICNT
LD HL,KRESUL
LD DE,MULTC
LD B,4H

R A

LD 4, (DE)
ADC A, (HL)

LD (HL),A
INC WL

INC DE

DINI ADBYT
DEE €

R NI,NKBIT

RET

CLRRES:

--------- 32/32 BIT BI BIVITION ROUTINE

: 32-BIT DIVIDENT IN 'DIVD’ 8F
: 32-BIT DIVISOR IN 'DIVR® BF
: QUOTIENT IN 'DIVD’ BF

t REMAINDER IN 'DRESUL' BF

LD HL,DRESUL
LD B,dH

XOR A

LD GHL),A
INC KL

DJNI CLRRES
L ¢,32
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0AIS 21 1227 DIV: LD HL,DIVD
0A18 06 0B LD B,8H
OMA B 16 SHFBIT: RL  (HL)
0AIC 23 INC HL
0AID 10 FR DINI SHFBIT
OALF 11 1228 LD  DE,DRESUL
0A22 21 12%F LD HL,DIVR
0A25 06 04 LD B,44
0A27 1A SUBEYT: LD &, (DE)
0A28  SE SBC A, (HL)
0A29 12 LD (DE),A
0A24 23 ING HL
0A2B 13 INC DE
0A2C 10 F9 DINI SUBRYT
OA2E 30 10 JR - Ne,DIVI
0A30 11 122B LD DE,DRESUL
0A33 21 120F LD HL,DIVR
0A36 06 04 LD B,4H
0438  B7 0R 4
0A33 1A ADDBYT: LD A, (DE)
0A34  6F ADC A, (HL)
0A38 12 LD (DE),A
0A3C 23 NG HL
0A3D 13 INC DE
0AE 10 F9 DJNI ADDRYT
0Ad0  3F DIVL:  Cef
0A41 0D DEC ¢
0A42 20 DI IR N1, DIVO
0Add 21 1227 LD HL,DIvD
0K47 06 04 LD 8,44
0A49  CB 1 SHFNX: RL (HL)
0AdR 23 ING HL
0A4C 10 FB- DINZ SHFNY
0ME €9 RET
)
jomm———e COMPARE ROUTINE
H

0MF 06 04 COMPAE: LD  B,%H

0AS1  B7 0F A

0AS2 1A CHPNX: LD A, (DE)

0AS3  9E SBC A, (HL)

0AS4 23 INC HL

0ASS 13 INC DE

0AS6 10 FA DINI CHPNX

0A58 €9 RET
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4

-------- ACCHULATE DATA 4-BYTE WHICH IS

H
; POINT BY HL/DE REG ,ACCNULATED
; DATA IS IN (HL)
!
0459 06 04 STORE: LD  B,4H
0ASE BT R A
0ASC 1A STRNX: LD 4, (DE)
0ASD  8E ADC A, (HL)
OASE 77 LD GHD),A
OASE 23 IN HL
0AG0 13 NG DE
0A61 10 F9 DINL  STRNX
0A63 (9 RET
!
i
!
ReEeaTiastEatiasiseateitesicel
i) SEGHENT TABLE-------
2E32323023083383423403E88525 0%
i
i
ORS  SGTR
0F00  3F SEGTB: DB 3FH ;0
0FO1  0f DE OBH ; 't
0F02 5B DB SBH ; '2
0F03  4F DB 4FH ;'3
0F04 65 DB B6H ; '4!
0F05 6D DE - EDH ;'S
0F05 7D DR DR e
0F07 07 DB O7TH  ; '7
0F08 77 DB 7FH ;e
0F03  6F DB BFH ;97
OFOA 40 DB 40H ; '-
OFOR 80 DB BOH ;'
OFOC 08 DB O8R!t
OFOD  5E DB SEH ;D
OFOE 79 DB T 'E
OFOF .71 DB TIH ;P
s
R KEY CODE CONVERSION---
0F40 KCODE: i COL-ROH
0F10 07 DB O7H ; 00-0F
OFtL 08 DB OBH ; 01-0E
0F12 09 DB O30 ; 02-0E
OF13  oOF DB OFH ; 03-0F
0F14  Of DB OEH ; 04-0F
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OFIS 0B DB O06H ; 05-0F
OFt6 05 DB O05H ; 06-0F
OF17 04 DB 04H ; 07-0F
OF18 00 DB 00H ; 00-0D
OF19  0A DB OAH ; 01-0D
OFIA 0B DB OBH ; 02-0
OF1B  0OC DE OCH ; 03-0D
OFIC 0D DB ODH ; 04-0D
OF1D 03 DB O03H ; 05-0D
OFIE 02 DB 02 ; 06-0D
OFIF  0f DB Ok 07-0D

i

oo DISPLAY PATTERN TABLE

!
OF20 7B DATE: DB 7BH ; te!
oF2t 78 DB 78H 't
0F22 77 DB T7H ;A
0F23 5 DR SEH ;'
OF24 5 UL: DB SO0H
0F25 76 DR 76H 3 ve!
0F26 73 DB T3 ;P
0F27 37 DB AW
0F28 5 LL: DB 50H ; 'p!
0F23 76 DR TEH ; te!
OF24  5C DR SCH ;5 '
0F28 B3 DR 0BBH ;'
OFZC BB SCAL: DB OBBH ;'L
OF20 77 BT A
OF2E 39 DB 3% ;'
OF2F 60 DB 60H ;1S
0F30 37 INTVI: DR 37H gty
0F31 78 DB 78H 't
0F32 54 DE 54 ; 'm!
0F33 05 DB O6H 5 'I!
0F34 40 PRIDC: DB 40H ; '~
0F35 40 DB 40H ;'
0F36  5C DB SCH ;o
0F37 04 DB O4H ;i
0F38 50 DB 50H ; 'p!
0F33 73 DB T3 ;P



0F34A
0F3B
0F3C
0F3D
0F 3t
OF3F

0F40
0F41
0F42
0F43
0Fd4
0F45

0F46
0F47
0F48
0F49
OF4A
0F4B

0Fd4C
0F4D
0F4E
OF4F

0F 50
0F51
0r52
0rs3

0F 54
UH]
0F56
0FS7

0F58
0F39
0F5A
OF5B

0F5C
OFSD
0F3E
0FSF
0F60

40
54
5
54
04
4F

71
71
ar
54
04
4F

7
7
3f
7
F7
4F

EE
6F
34
79

406
oF
79
73

3E
7B
30
73

78
78
TH
B0

40
40
30
3C
30
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NDN:

NOFF:

XOFF:

ENERGY:

PEAK:

PRED_P:

SETT:

ERR:

PAGE

DB
DB
DB
DB
DB
DB

DB
DE
DB
DR
DR
DB

DB
DR
DB
DR
DR
DB

DB
DE
]
DB

DB
DB
Dk
DE

DB
DE
DB
DB

DB
DR
DR
DB

DB
DB
DB
DB
]

40H
54H
J9CH
34H
04H
4FH

TiH
71H
3FH
S4H
04H
4rH

TIH
71H
3FH
76H
OF7H
4rH

OEEH
&6FH
34H
79H

40H
OFH
794
734

SEH
TbH
50H
73H

784
78H
7bH
bOH

40H
40H
30H
SCH
30H

=8 e wme we wme wme

- e wma van

e s wa e

1.1
IA!
!El
!Pl

Idl

lrl
!P!

)t!
ltl
'E,
!Sl

L



0F61
0F62
0F63

0F64
0F65
0F6b
0F67
0F6B
0F69

1200

1208
1209
1204
120E
1212

1213
1213
1216
1218
1219

121B
121D
121F
1221

1223
1227
1228
122F

1233
1273
1274
1275

30
19
40

80
TF
40
06
76
33

04

04
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IPCH:

- we ae

!
SECOND:
HINUTE:
HOUR:

!
BUF:
HULTC:

HULTR:

HRESUL:
DIVD:
DRESUL:
DIVR:

-------- RTC BUFFER

!
RTCBUF:
AFLAG:
DFLAG:
TBDATA:

PAGE

DB
DB
0B

DB
DB
DB
DR
DR
DR

30H
T9H
40H

80H
TFH
408
06H
76H
39H

1-33

« Tpt?
N
. }
i 'k
« 10
§

LI
’8!
1.1
!1!
IHI
lcl

{XTIILIRESERVE AREA IN RAMIfiLfiy

DISPLAY BUFFER

ORG  DSPRF

IS

8

i DISPLAY BUFFER

KEYBOARD BUFFER

0§
bs
s
DS

S IL]

TIME BUFFER

s
DB
DS
DR
DS

DS
D
DS
DS

s
0§
s
D§

s
DS
DS
Ds

{
1
4
4
1

2
0AH
2
0AH

2

B R R R

- Y

4

64
1
|
2 .

i ROW DATA BUFFER
i COL DATA ‘BUFFER
; KEYBOARD BUFFER

i KEY CODE BUFFER

i (8) BF

; '-'SI6N
7 (0 BE

i "-'SIGN
7 (H) BF

; RTC BUFFER



1277
1278
1279
1274
1278
127¢€
127D
127¢F
1280
1281
1282
1283
1284
1285
1286
1287
1288

1284
128C
{28F
1250

1292
1296
1294
129E
12A0
1242
1284

1246
1244
12AE

1282
1283
12B4
1286
12B8

01
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CLOOP:
HF:
CRBUF:
CSBUF:
CCBUF:
CHNO:
TXBUF:
1308:
AFG:
CDATA:
READFG:
SETFa:
LOOFFG:
HCHFG:
ShfFe:
AFGL:
HLBUF:

1
DATEE:
DAY:
YEAR:
HONTH:

PULT:
PLLI:
USCALE:
INTVAL:

INTY:
INTVE:

TGETH:

UPPER:
LOWER:

H
CPRID1:

HINONI:

PAGE

s
DS
DS
DS
bs

0§

DS
DS
DS
DS
DS
DS
DS
bs
DS
DS
DS

!
1
{
!
i
l
2
)
)
t
1
1
1
!
|
!

1-34

SYSTEM DATA AREA=------

DS
DS
DS
DS

DS
bs
DS
Ds
DS
oS
DS

D3

[ =]
(A T ]

DS
DB
DS

NINOFL: DS

MAXOF1:

!

bs

L 21 N B N I CY

YR RO N B B

4

4
4

BN e e

D R T L T

e e wr s we nme

.
1
.
!

BCD FRON RTC
BCD FROM RTC
BCD FROYH RTC
BCD FROM RTC

BCD PRDGRAMMED UL

BCD PROGRAMMED LL

BCD PROGRAMMED SCALE
BCD PROGRANNED INTERVAL
PLACE 00

INTERVAL IN BINARY

TARGET BUFFER
UPPER LIMIT
LOWER LIKIT

PRIORITY Ne.d

00

HIN ON TIME IN BCD
NIN OFF TINE IN BCD
MAX OFF TIHE IN BCD



12BA
12BB
12BC
12BE
1200

12C2
12€3
1204
12C6
12c8

12CA
12Ch
12c¢
12CE
1200

1202
1203
1204
12D6
1208

12D4
12DR
1200
12DE
12£0

1282
12E3
1284
12E6
1288

12EA
"12EB
12eC
12EE
{2FQ

122
12F3
12F4
12F3

01

01

01

01

01

.01

01
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CPRID2:

NINON2:

HINOF2:

NAXOF2:
i
CPRIO3:

MINON3:
NINOF3:
MAXOF3:

' -
CPRIOY:

MINON4:
HINDF4:
NAXOF4:

1
CPRIOS:

HINONS:
HINDF e
MAXOFS:

i
CPRIOG:

NINONG:
MINDF6:
NAXOF6:

!
CPRIOT:

HINONT:
NINDF7:
HAXGF7:

i
CPRIDS:

HINONS:
MINOF8:
NAXOF8:
i
priol:
mionl:
piofi:
axofl:

PAGE

DS
DB
DS
DS
DS

DS
DB
DS
DS
DS

Ds
DE
DS
s
DS

Ds
DE
DS
s
DS

DS
bE
DS
DS
08

HE
DB
s
bg
s

s
DB
DS
DS
DS

DS
DS

0§

D§

R Ay D e L I R N ] LS I R O R B I N e LS I N AN N e e

LA N B R

- e e

.
’
!
.
!
.
H

w4 e ee e e - e wE me e e ree e e - me we e e —-— e we e we -, we we we wa

- e e e

{-35

PRIORITY No.2
00

; MIN ON TINE IN BCD

HIN OFF TINE IN BCD
MAX OFF TINE IN BCD

PRIORITY No.3

00

NIN ON TINE IN BCD
MIN-OFF TIME IN BCD
NAX OFF TIME IN BCD

PRIORITY No.4

00
NHIN ON TINE IN BCD

KIN OFF TIHE IN BCD
MAX OFF TIME IN-BCD

PRIGRITY No,S

00

MIN .ON TINE IN BCD
MIN OFF TIME IN BCD
HAX OFF TIME IN BCD

PRIORITY No.6&

00

NIN ON TINE IN BCD
MIN OFF TIME IN BCD

. MAX OFF TIME IN BCD

PRIORITY No.7

; 00

MIN ON TINE IN BCD
NIN OFF TIME IN BCD
HAX OFF TIME IN BCD

PRIORITY No.8

00

HIN ON TINE IN BCD

MIN OFF TIME IN BCD
MAX OFF TIME IN BCD

PRIORITY IN BINARY
HIN ON IN BINARY
HIN OFF IN BINARY
HAX OFF IN BINARY



{2F6
1277
12F8
12F9

12FA
12FB
12FC
12FD

12FE
12FF
1300
1301

1302
1303
1304
1305

1306
1307
1308
1309

1304
1308
130C
130D

130
130F
1319
1311

1312
1313
1314
1313

1316
1317
1318
1319
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1

prio2:
nionZ:
niof2:
nxof2:

]

pried:
miond:
piof3:
axof3:

H

priod:
piond:
Riofd:
nxofds

H

priod:
mion3:
Biof3:
rxofd:

)

priob:
miont:
piof6i
pxofbs
i

prie?:
mion7:
wicf7:
nxof7:

?
prie8:
nionB:
aiof8:
wxofBs
i
pric_fs
caiont:
cmicfl:
caxofi:

¥

prie_2:
ceion?:
caiof2:
coxof2:

.
!

PAGE

Ds
DS
s
DS

s
DS
DS
DS

n
]

DS
DS
DS

bS
s
DS
DS

D5
0§
Ds
s

ik
s
DS

o
g

DS
s
DS
s

DS
bs
DS
DS

DS
s
DS
s

— e — e e — e et s —— b g paan — e e — e s b — A e e e

— s

-y e caw ww PP -~ - - . e - - - -
- - - - - —e w=n eaw e e cmm e -e e e e —ws wa mw wa

R P

- wme m we

1-36

PRIORITY IN BINARY
KIN ON IN BINARY

MIN OFF IN BINARY
MAY OFF IN BINARY

PRIGRITY IN BINARY
HIN OH IN BINARY
NIN OFF IN BINARY
NAX OFF IN BINARY

PRIORITY IN BINARY
MIN ON IN BINARY
HIN OFF IN BINARY

; KAX OFF IN BINARY

PRIORITY IN BINARY
NIN ON IN BINARY

MIN OFF IN BINARY
KAX OFF .IN BINARY.

PRIORITY IN BINARY
NIN ON IN BINARY

HIN OFF IN BINARY
HAX OFF IN BINARY

PRIDRITY IN BINARY
HIN ON IN BINARY
HIN OFF IN BINARY
NAX OFF "IN BINARY

PRIORITY IN BINARY
KIN-ON IN BINARY

KIN OFF IN BINARY
MAL OFF IN BINARY

PRIORITY IN BINARY

COUNT HMIN ON IN BINARY
COUNT HIN BFF IN BINARY
COUNT MAX OFF IN BINARY

PRIORITY IN BINARY

COUNT MIN ON IN BINARY
COUNT NIN OFF IN BINARY
COUNT MAX OFF IN BINARY
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1314 prio 3: DS 1 ; PRIORITY IN BINARY

131B caion3: DS 1 ; COUNT MIN ON IN BINARY

131C cuiof3: DS 1 ; COUNT MIN OFF IN BINARY

131D cxof3: DS 1 5 COUNT MAX OFF IN BINARY
!

131E prio_4: DS 1 ; PRIORITY IN BINARY

13tF caiond: DS { ; COUNT MIN ON IN BINARY

1320 caiofd: DS 1 ; COUNT MIN OFF IN BINARY

1324 caxof4: DS 1 ; COUNT MAX OFF IN BINARY
1

1322 pric_5: DS 1 ; PRIORITY IN BINARY

1323 cwions: DS 1 ; COUNT MIN ON IN RINARY

1324 ciofd: DS 1 ; COUNT MIN OFF IN BINARY

1325 trxefd: DS 3 COUNT MAX OFF IN BINARY
!

1326 prie 6: D5 1 ; PRIDRITY IN BINARY

1327 caionb: DS 1 ; COUNT MIN ON IN BINARY

1328 caiof6: DS 1 ; COUNT MIN OFF IN BINARY

1323 caxofé: DS 1 ; COUNT MAY OFF IN BINARY
]

1324 pria_7: DS 1 ; PRIORITY IN BINARY

132B ceion/: DS 1 ; COUNT MIN ON IN BINARY

1320 ‘chiof7: DS 1 ; COUNT MIN OFF IN BINARY

132D cxef7s DS 1 COUNT MAX OFF IN BINARY
!

132E pric_8: D5 I ; PRIDRITY IN BINARY

132F caion8: DS 1 ; COUNT MIN ON IN BINARY

1330 caiofB: DS 1 ; COUNT KIN OFF IN BINARY

1331 4 caxof8: DS 1 ; COUNT MAY OFF IN BINARY
H

1322 ECONS: DS 4 ; E-CONSUMED IN THIS DAY

1336 . EFEAK: DS 4 ; PEAK DENAND IN BCD
I

1334 - BIENGY: DS 4 ; ACCUMULATE ENERGY

133E KWHP: DS 2 ; 'KWH-PULSE COUNTER

1340 DS 2 ;00 -

1342 KWHBUF: DS 2 i KWH-PULSE BUF

1344 s 2 ; 00

1346 ’ ACCISM: DS 4 ; ACC. ENERGY IN 15 M.

1344 HAXDEN: DS 4 ; MAXINUM DEMAND

134E PREDP: DS 4 ; PREDICT PULSE IN EACH 305, —-

1352 FREDM: DS 4 ; DISPLAY PREDICT DEMAND

I ; RELAY STATUS

1336 NASK: DS

}

END



Macros:

Symbols:
ACCISH
ACTST!
ADDBYT
AFGl
BICH
BIBIV
BUF
CHCL
CKHODE
CLEAR
CLRRX
CHIOF3
CHIOF7
CMION3
CHIDN7
CHYOF1
CHXOFS
CNTRO
COMPAE
CPRI02
CPRIBE
CSBUF
DATA
DAY
IFg

DISPYC

DIVR
Dsp
DSP5YS
ECONY
ENTER
ERL2
Es1
ESETSY
HOUR
IRTIAL
INTVI
IRX1
KBUF
Kpsey
KTAR
KWHP
KYCON
LOOPFG
BATN
NAXOF

MACRD-80 3.36 2-Jan-88

1345
0382
0439
1287
0108
0409
121B
060F
0234
05EA
0313
131¢
132
1318
1328
1315
1325
000
0AdF
1284
1204
1274
4001
128¢
0BEC
026¢
122
1200
0376
0320
035E
03F0
0451
0429
1219
0070
0F30
00F7
1204
02EA
01FA
133
01E8
1284
008D
1288

ACT1
ACTST2
ADDCH
AFLAG
BICNT
BIENGY
CCRUF
CHND
CLo
cLLoor
CLRRES
CHIGFY4
CMIOFS
CHION4
CMIDNS
CHXOF2
CHXDFE
CNTRY
CONNX
CPRIO3
CPRID7
cuo
DATAI
DDATE
DFLAG
DIVO
DLY1O
DSPRF
DSPY.
EECONS
EFEAK
ERL3
ESET
EXIT
1305
INTPO
INTVAL
IPCH
KCODBF
KEYIN
KTAB1
KYo
LED
LORER
HAINI
NAXOF2

PAGE

037F
03cC7
0519
1273
0A03
1334
1278
1270
0846
0838
0AOF
1320
1330

131F

132F
1319
1324

00F |
0346

1202
12E2

0805

1400
0486
1274
0A1S
018
1200
02F0
0545
1336
03F 4
03CE
072
127
00B0
129
064
1212
017e
01FC
0209
015D
124€
0009

1200

ACT2
ADBYT
ADDR
ALLCLR
BICON
BINULT
CDATA
K1l
CLY
cLoop
CHIDF1
CMIOFS
CHION]
CHIONS
CHP
CHYOF3
CHYOF7
CNTR2
CONP
CPRIDY
CFRIOE
cut
DATE
DEBOUK
DISENS
DIV
DOUBLE
DSPCH
V2
EEPEAK
EREAD
ERR
ESETCH
FUNC
INPRID
INTRT
INTVC
IXBUF
KCODE
KEYIN{
KTAB2
Kyl
LINE
LWCK
MASK
NAXOF3

03cC4

09FE

4000
0621
0953
0903
1281
0835
0B5F
1277
1314
1324
1313
1323
0741
131D
132D
00F2
00F7
1204
12EA
082

0F20°

01C6
031F
0440

-08C1

0333
068D
0348
0489
0F5¢
0450
0210
00B9
0720
1244
127D
OF10
0184
01F7
0223

1209

0786
1356
12C8

4CT3
ADD
AF6
BCDCON
BICONZ
BLE
CHANN
CKMAX
CLDATA
CLRACC
CHIOF2
CHIOFG
CMIONZ
CHIONG
CMPNX
CHXOF4
CMxore
CNTHW
CPRIDI
CPRIOS
CRBUF
cuLoop
DATEE
DEMDSP
DISPY
DIvD
DRESUL
DSPCHL
ECONS
ENERGY
ERLI
ERROFR
ESETRL
HLBUF
INTEV
INTV
INX

K4
Kooy,
KROW
KWHBUF
KYCLR
L

LX
HAXDEN
NAXOF4

0492
0209
1280
0998
0985
0568
025€-
082D
0310
093D
1318
1328
1317
1327
0452
1321
1331,
00F2
12B2
1202,
1275
07FE
12BA
0937
024
1227
122R
0388
1332
0Fd4c
03E4
05AR
03D4
1288
04FC
1242
00E8
02EC
00F6
00F%
1342
030C
0F28
01BF
1344
1200
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MAXOFS 1208 NAXCFS 12E0 HAXOF7 12€8 HAXOFS {270
HCHF6 1285 HENDT 0300 MENDTI 0BEE NF. 1278
NINOF! 12B6 HINOF2 {2BE HINOF3 1206 NINGF4 12CE
NINDFS 126 HINOFB 12DE HINOF7 12E6 HINOFB 12EE
MINON! 1284 NINON2 128C NINON3 1204 HINON4 12¢C
KINONS 1204 MINONE 120C HINON7 12E4 HINONS 12EC
HINUTE 1216 NIOF1 12F4 HIOF2 12¢8 NIOF3 12FC
NIDF4 1300 HIOFS 1304 HIOFE 1308 HIOF7 130C
NIOF8 {310 NIONY 12F3 HION2 {2F7 RIONS 12FB
K10N4 12FF HIONS 1303 KIORE 1307 NIONT 1308
HIONS 130F HNAXOF 0338 HHIN 0239 MMINOF 0531
HHINON 03528 « MMONTH 04C4 MODE 0227 MONTH 1250
NOVE4 0250 HRESUL 1223 HuL2 088D HUL4 0803
HULTC 121D HULTR 1224 NUL_2 0564 HUL_4 0564
HXOF1 12F5 HX0F2 12F9 MXOF3 12FD MXOF4 1301
KXOFS 1305 MXDFE 1308 NXOF7 130D HXora 131
NEXDI 02F4 NEXTI 0736 NOFF 0F40 NON 0F34
LH 0187 NXEIT 09DF NXCLR 0622 NXDATA 0479
NILD 0306 NYLD! 0309 OFFLD (86R ONLD 0889
o_F 00F4 FD1 0739 PEAK 0F50 PLL 04E0
PLLI 1296 PPIA 00F4 PPIB 00FS FPIC 00F6
PFRED 0352 PPRID 0304 PREDIC 0744 PREDY 1332
PREDP 134E PRED_P- 0F54 PRESS 0177 PRID 12F2
PRIOZ 12F6 PRIO3 12F A PRIOY 12FE PEIDG {302
PRI06 1306 PRIO7 1304 PRIOG 130E PRIOO 0F34
FRID_I 1312 PRIO_Z2 1316 FRIO_3 {314 FRID 4 {31E
PRID_S 32 PRIO_6 1326 PRIO_7 1324 PRID_S 132€
PSCALE 04EE FUL 0402 PUL1 1292 RAM 1000
RDBYTE 0720 READ 027D READO 06C3 READ] 06CA
READA 0709 READF& 1282 READT 06SE READX 06F3
REAL 0130 RELES] 0164 RELESZ 0167 RON 0000
ROT 0571 ROTATE 0BCY ROW 1208 RSLCLF 0909
RTCRUF 1232 RTCCOM 0134 RUN 062D 5B 0790
5B1 O78E SCAL OFzC SCAN 01AC SECOND 1213
SEGM 00F 3 . SEGTH 0F00 SET 028D SETCH 0280
SETCK 0213 SETFG 1283 SETFLG 07c8 SETLL 0822
SETRL 023E SETSY 0288 SETT 0r58 SETUL 07F35
SEVEN 0220 SGTH 0Fo0 SHFRIT 0ALA SHFF6 1286
SHFNX 0441 SHFT o2c2 SHIF 09E5 SHIFT 0203
SHIFTZ: 02CD SHIFTY 0201 51 07DE 5Kz 07E6
SM3 07EC SHLOOP 0708 START 0003 STAT 0000
STORE 0A39 STRNX 045SC SUBRYT 0A27 SUN 0981
SUMMUL 097E SUKPRD 0733 SYNC 0589, SYNCIS 0898
5YS 0248 SYSCL 05FD TABCH 0448 TABL 022F
TABRD 0480 TABSY 049¢C TAGCAL 0652 TBDATA 1273

TCCH 0511 TGET! 1246 lcL 60D0 i 0F24
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UPPER  12AA  USCALE 1294  WORK! 0306  WORK2 0386
WRBYTE 0729  'WRITE 0710  WRITEl 0717  XOFF  OF4:
YEAR  128E

Ne Fatal error(s)
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