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INTRODUCTION

Mountain Hardware's 100,000 Day Clock is an accurate time piece for your
computer. It will keep track of time in 100 microsecond intervals, up to
100,000 days. Advanced Complimentary Metal Oxide Semiconductor {CMOS)
circuit draws less than 2 mA, which allows the clock to be run off a 9-volt

battery for up to four days while the computer is shut down or if AC power
fails.

The Clock uses 15 I/0 ports for ‘the time plus one I/0 port to set the
interrupt function. Using DIP switches, the user can assign these ports

to any 16 consecutive 8080/Z-80 ports. The Clock is easily set by entering
BCD digits one at a time at each time port. The moment you enter the first
digit, the Clock stops. Then you enter the remaining digits. The Clock
starts again on the first "read" command. A "write protect" switch prevents
the Clock from being accidentally stopped or changed.

By using the interrupt feature of the Clock, activities relating to time of
day may be preformed at preprogrammed intervals without interfering with

the normal operations of the computer. You may program interruptions on
any change in a Clock digit; that is, at intervals of 100 microseconds, Ims,
10ms, and so on to 1 hour, 10 hours, etc. The board can be easily used with
most BASICs. However, with our Introl BASIC, time is especially simple to
set, compare, check, display and print.

Two software packages are included that expand the capabilities of the Clock
board. One oackage gives calendar information such as month, day, year and
day of week. The other package allows mu1t1n1e interrupts, at any time
interval, or absolute time.

The 100,000 Day Clock board, because of all the features included on
one board will enhance the power of your computer and add to it the
dimension of time.

-1-
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USING THE CLOCK

The 100,000 Day Clock has been designed to work in virtually all S-100
computers. It will work with machines running at speeds up to 4 MHz,
which means it will operate with the newer and faster microprocessors.

When handling the clock board, care must be taken to avoid static discharges
on the board, as this can cause damage to the CMOS (Complimentary Metal
Oxide Semiconductor) circuitry. Hold the board on the sides when handling,
and store the unit on static-proof foam when out of the computer. CMOS

has very high input impedances and properly placed fingers on the back side
of the board can stop the clock or accidentaly change the time. General
rule is to handle as little as possible, and then only on the sides.

BATTERY INFORMATION

The battery supplied with the clock board is a rechargeable NiCad battery
that powers the clock when the computer is turned off, or when the power
fails. The battery will continue to power the CMOS circuitry on the board
and the correct time will not be lost. The battery has the capacity to run
the clock for 4-5 days if it is fully charged.

To fully charge the battery, power must be applied to the clock for at Teast
4 daysy as it is a slow charge. This is designed to maximize the life of
the battery. As a general guideline with plenty of margin. let the battery
charge two hours for every hour of use.

When the computer power is turned off, the board may be removed from the
computer as long as the battery is in place and charged. The clock will
continue keeping time. Hence, the board may be "time-shared" between two
computers or set aside for awhile if its space is needed for another
peripheral in machines with few expansion slots.

The battery's life should be several years and should be replaced if its
performance drops significantly.

A9 - 12 volt adapter may be plugged into J1. This will keep
the battery charged and the clock running even when power is
furned off from the computer. This will allow very long down
times, and also keep the battery charged in the event power
should go off in the bullding.

The adapters are available from Mountain Hardware.

.
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SETTING THE FREQUENCY

Your 100,000 Day Clock has been factory assembled, burned in and tested.
The 1.0000 MHz time base has been accurately set to within .001%.
Vibrations or extreme temperatures can cause slight changes to the time
base and may produce noticeable errors. If these errors are noticed,

or if you desire to set this frequency more precisely for your environment,
an accurate frequency counter and a small non-metallic screwdriver are
required.

Connect the frequency counter with the ground lead to the screw on the
regultator and the positive lead to Pin 10 of U6. Adjust C12 for a
frequency as close to 1.000000 MHz as possible. Be sure the clock is
at the same operating temperature as its normal environment.

SETTING THE PORT ADDRESS

The clock board occupies 16 port addresses on the S-100 system bus.
Changing the switches labelled A4, A5, A6 and A7 can change the clock to
respond to different port addresses. Table 1 shrows the relation-
ships between switch positions and addresses.

_ PORT ADDRESSES SWITCH POSITION
DECTMAL HEX A7 A6 A5 A4
0- 15 0- F 0 0 0 0
16 - 31 10 - 1F 0 0 0 1
32 - 47 20 - 2F 0 0 1 0
48 - 63 30 - 3F 0 0 1 1
64 - 79 40 - 4F 0 1 0 0
80 - 95 50 - 5F 0 1 0 1
96 - 11 60 - 6F 0 1 1 0
12 - 127 70 - 7F 0 1 ] 1
128 - 143 80 - 8F 1 0 0 0
144 - 159 90 - oF 1 0 0 1
160 - 175 AO - AF 1 0 1 0
176 - 191 80 - BF 1 0 1 1
192 - 207 CO - CF 1 1 0 0
208 - 223 DO - OF 1 ] 0 1
224 - 239 EO - EF 1 1 ! 0
240 - 255 FO - FF 1 1 1 1

TABLE 1

For port selection purposes, a 1 (one) means the switch is closed (on)
a 0 (zero) means the switch is open (off),

Address your clock to a set of ports that are not presently used by your
other peripherals. If possible, we recommend that you use ports 32-47
(20-2F HEX) to standardize with our software.

-3
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SETTING THE CLOCK

The following table shows the significance of each of the 16 ports -
assigned. Obviously, if you assigned your board with the switches

set for 32-47 decimal, your lowest port address for the clock would

be 32 and the highest would be 47.

R S

PORT ADDRESS PORT SIGNIFICANCE TIME RANGE

Lowest 100 ps (microseconds) 0-9

Lowest +1 1 ms (milliseconds) 0-9

Lowest +2 10 ms ' 0-9

Lowest +3 100 ms ‘0-9

Lowest +4 1 second 0-9

Lowest +5 10 seconds 0-5

Lowest +6 1 minute 0-9

Lowest +7 10 minutes 0-5

Lowest +8 1 hour 0-9

Lowest +9 10 hours 0-2

Lowest +10 1 day’ 0-9

Lowest +11 10 days 0-9

Lowest +12 100 days 0-9

Lowest +13 1,000 days 0-9

Lowest +14 10,000 days 0-9

Highest Interrupt port 0-14 (0-E Hex)

. .
TABLE 2 -

Each digit of time is available by reading the proper port number. To
set the clock, the write protect switch must be set in the WRITE position
(the switch in the on position). When in the WRITE PROTECT position,

it is impossible to write to the clock, except to set interrupts.

To set the clock QUT instructions are used to set the digits to the

proper time. When an OUT instruction is executed to the clock, the

clock stops. This allows you to set all the digits correctly without

fear of the clock changing. Therefore, the recommended procedure is to set
all the digits correctly for a minute or two ahead of time and wait for the
real time to catch up with the clock. At the precise time, execute a read
(INP) from one of the clock’s ports. This starts the clock running.

As can be seen from the time range column in the last table, the clock keeps
“normal” time for seconds, minutes and hours. The clock board will keep track
of seconds up to 59 and then carry back to 00 instead of 60. The same is

true of minutes. Hours count up to 23 and then carry back to 00. Days

count from 0 through 99,999. The clock will need to be reset for time

after 99,999 days, 23 hours, 59 minutes, 59.9999 seconds. The exception

is, if you desire to change the clock for Daylight Saving time, if used in
your area.

Once the time has been set, place the WRITE PROTECT.switch back in the WP
position. This places the clock in a state where the time cannot be
accidentally changed. -

~4_
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READING THE CLOCK

The clock is read by using input commands from the ports addressed on the
clock. See the chart on the previous page to find the sign1f1canc§ of each
port. The lower four bits of each word contain the BCD digit of time.

A potential problem can occur when reading the clock. If you are reading
all the digits in order to find the time, the clock may change after you
have read several but before you have read them all. The clock is

changing every 100 microseconds. If the time is 23 hours, 59 minutes,
59.9999 seconds when you start reading and changes to L day, 00 hours,

00 minutes, 00.0000 seconds, a significant error will be found. Admittedly,
this occurs rarely but can happen in lesser degrees to any port. Two
solutions are available:

1. Read the clock twice. If the time has not changed then the
time is correct. If it has changed, the later time is correct.

2. The clock board has a provision to tell the user that the time °
has changed since the clock was last read. Bit /7 of each input
time (the bottom 4 bits contain the BCD digit of time) is a 1 (one)
if the time has not changed since the last read. If it is a 0
(zero) then the time has changed by at least 100 microseconds
since the last read. Consequently, the time can either be
corrected with software or by re-reading the clock.

The speed of your computer determines how many instructions can be executed
in 100 microseconds {(when the clock has changed). For fast timing considera-
tions, all of the digits should be read in order and stored before any
manipulation is done. This will improve the chances of reading the ciock
without it changing. Of course, if you are not interested in 100 micro-
second intervals the problem is not as significant and errors are less
Tikely.

USING INTERRUPTS

The 100,000 Day Clock board also has the capability for generating hardware
interrupts. The hardware supports one interrupt level. More can be
handled in software.

The interrupt feature is enabled by sending a value of 1X in hexadecimal
to the highest numbered clock port where X represents a digit from O to E.
This corresponds to the clock digit whose transition will generate an
interrupt.

In other words, if the clock is address for ports 20 through 2F Hex and a

value of 14 (Hex) is sent to port 2F, then an interrupt will be generated:
every second since a 4 represents the "seconds" digit.

-5-
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Number outout to the highest port
on the -clock board

Interrupt will occur every:

DECIMAL

16
17
18
19
20

HEX

10
1
12
13
14
15

100 microseconds
1 miliisecond
10 miltisecond
100 millisecond
1 second
10 seconds
1 minute
10 minutes
1 hour
10 hours
1 day
10 days
100 days
1,000 days
10,000 days
CLEARS INTERRUPTS

TABLE 3

To clear the interrupt a 00 through OE (Hex) may be output .to the

interrupt port.

Also hitting the reset button on your computer or

powering up the computer will clear the interrupts.

The trace coming off of Pin 75 on the S-100 bus may be cut if it is
desired to not have RESET clear the interrupt feature.

Several types of interrupts are available on the clock board. The

unit is shipped set up for a re-start type interrupt.
whenever an interrupt occurs from the clock and the computer acknowledges

This means that

it, an 8080-type re-start instruction is forced onto the $-100 bus.
switches labelled R), R2 and R3 determine which re-start address is

presented to the computer.

When a re-start instruction is performed

the computer calls an address as shown in Table 4.

-6-
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RESTART ADDRESS RESTART SWITCHES

DECIMAL HEX R3 R2 Rl
0 0000 0 0 0
8 0008 0 0 1
16 0010 0 1 0
24 0018 0 1 1
32 0020 1 0 0
40 0028 1 0 1
48 0030 ] ] 0
56 0038 1 1 1

TABLE 4

Software can then be placed at the ré—start location to service the
interrupt.

The other type of interrupt on the 100,000 Day Clock board is a

Vectored Interrupt. This is available for users of a vectored interrupt
controller. To use this feature, the trace between I and PINT in the
lower-left corner of the clock should be cut and a jumper placed between

I and one of the VI pins labelled VIO-V17 and aisc in the lower-left
corner of the clock board. For more information on the vectored interrupt
see the details with your Vectored Interrupt board.

With all interrupts care must be taken to avoid conflicts between
peripherals requesting an interrupt.

-7-
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SOFTWARE ROUTINES

SETTING THE CLOCK FROM BASIC

Setting the clock is as easy as outputting the desired time digits to
the corresponding digits of the clock.

Here is a program to do just that, setting the hours, minutes and seconds.

10 C = 32: REM CLOCK'S LOWEST PORT NUMBER

20 PRINT "ENTER TIME AS H,H,M,M,S,S"

36 INPUT R1,HO,M1,M0,S1,S0

40 OUT C+9, H1: QUT C+8, HO: OUT C+7, M1: OUT C+6, MO
50 OUT C+5, S1: QUT C+4, SO

60 X=INP(C): REM START CLOCK AGAIN

70 END .

An assembly tanguage program is just as simple. Here is one which sets
the time to 12:30:15.

MVI A, 3 : Tens of hours
QUT CLK+9

MVI A,2 : Hours

OUT CLK+8

MVI A,3 : Tens of minutes
OUT CLK+7

MVI A,O : Minutes

QUT CLK+6

MVI A, ] : Tens of seconds
OUT CLK+5

MVI A,5 : Seconds

QUT CLK+4

INP CLK : Start clock

-8a
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READING THE CLOCK - PRINTING THE TIME

Since the clock stores the time on-board in the form of BCD digits,
displaying the time is very easy. The lower 4 bits of each clock

digit hold the actual information. Here is a basic program which prints
the time.

10 C=32: REM CLOCK'S LOWEST PORT ADDRESS
20 FOR I = 9 TO 4 STEP - 1-

30 D=INP(C+I): REM GRT A DIGIT
35 D=D -~ INT (D/16)¥ 16 : REM REMOYE TOP 4 PITS
4o PRINT D;: REM PRINT DIGIT

50 IF 1=8 OR I=6 THEN PRINT f":";
A0 NEXT T

790 PRINT

80 END

CALENDAR ROUTINES

This software package was developed to enable you to translate the day
information on the clock board {0 - 99,999 days) to date information 1in
the form of month, day, year, day of week.

Using this software is simple:

1. Set location "CLKPRT" (t1400) to the lowest port address of your
clock board.

2. Call "READ" as a machine Tanguage subroutine. (Location 4200).
3. Read the returned information from RAH storage area.
MONTH is the month (1 = JA
DATE is the day (1 - 31)

N,
(Lo
YEAR is the year (1978..:)
DAY is the day of week (O =

2 = FEB...) {Location 4402).
cation 4403

1ocat1onsnuou RLQ5-Low, High).
SAT, 1 = SUN...) (Location 4yq1).

The above addresses are given in hex and refer to the source listing of
the calendar routines.

The calendar routine assumes that the DAYS digits of your clock board have
been set to the number of days since December 31, 1977. That is,
January 1, 1978 1is DAY 00001.
That is all there is to it.
Here is a BASIC program to perform this task:
10 L =37408: REM START OF RAM STORAGE FOR CAL ROUTINES
20  POKE L, 32: REM CLOCK AT 32 (LOWEST PORT # ON CLOCK)
30 Y = USR (16896): REM CALL ROUTINE
40 PRINT PEEK (L+2g; /", PEEK §L+1); VAN

50  PRINT PEEK (L+4) + 256%PEEK (L+5)
60  END

This prints the date as MM/DD/YYYY.

-9-
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CP/M MACRO ASSEM 2.0 #001 Calendar Software

;7 DATE ROUTINES FOR MOUNTAIN HARDWARE
33 100,000 DAY CLOCK/CALENDAR ROARD (£-100) .
i FOWH - GHEPARD - \- 3167

TITLE 'Calendar Software’

4200 =-- - .~ ROMBEG -—EQU— - 042600 -—BES DR IHNG—SF—ROM STORAGE—
4300 = RAMBEG EQU 044008 ‘BE”IJNING OF PAM STORAGE
42900 ORG ROMBES

;; MAIN ROUTINE 'READ' HERE
READ:

—4200 -ES - - ~-READL: - -PYSH - ~H - -~ - ; SAVE-REGLS
4201 D5 PUSH D
4202 C5 PUSH 8 .

-~4203 216A07- -—— -~ -~-BEXT- -~ -H;1678 - ;SET INIDIAL-¥EAR— -
4206 220444 SHLD YEAR ; STORE IN 'YEAR'

—rmsee e e e geee e - REAR- DTGIES FROM CLOCK ROARD ~IRTS—<HE>— ~——-

;s AS A BINARY NWUMBER FROM 0 TO 32767.

—4269 2100068~ --——- - LGXE- - -H;0 . ----yCLEAR RESHLT WMBER——
420C 3A0044 LDA CLKPRT ;FIND OUT WHERE CLOCK LIVES
420F CGOE ADI OEM s ADD OFFSET TO LOOX AT DAYS

—4211 4P — - HEV- - —C,A - - KEEP IN-C-FORINP ROUTINE —
4212 0605 MVI R,5 ; FIVE DIGITS HATE CLOCK

—~4214 CDBR142--~—REXD2: "CALL = ~~INDO " READ CLOCK PORT "~ —
4217 E60F ANI OFH i MASK ALL EVIL
4219 54 MOV D,H& SET DE HL

—42}2-5p - - - MOV B, LT T T B
421B 29 DAD 4 ; SET HL=HL*10
421C 29 DAD H

423D 19 - - v — e DD D T T e —
421F 29 DAD H
421F 85 ADD L -PLUo DIGIT FROM CLOCK

4220 6F o MOV T LY T
4221 D22542 JNC READ3 : TAKE CARE OF CARRY
4224 24 INR H

~4225°0D - - —READ3YDPCR- 7 C v iPREPARE TO GRAB NEXT DIGIT
4226 05 DCR R ;MORE NUMBER3 TO MUNCH?
4227 c21442 INZ READ?2 -YFP
4228 22054k SHLD DAYS ; DONE REACING CLOCK. SAVE.

- - oI COMPUTE WUMBER OF YEARS,  ADD DN TO YEAR —
e SEE HOW MANY OAYS INTO THIS YEAR
222D 010200 """ T LXI " TR,GU002U ;LPFLGYS0, LPCNT:=2
4230 116D01 ABBAl: LXI D,365 :<DE>:=365
4233 78 MOV 2,B s CHECX LPFLG

CHRL BT - n e ey gE e gy e et
4235 Cp3942 Jz ARBA2 ;<DE> OK IF NOT LEAP YEAR
4238 13 INX D :ELSE MAKE <DE> = 366
4239 BE5- - ~ - —ABSE2Y—PUSH—-H-—— - 1 SAVE ¥ DAYSLEFT———————
4237 7C MoV a,tl s COMPARE HL-DE
4238 92 suR D

=10-
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CP/M MACRO ASSEM 2.0 #002 Celendar Software

423C C24142 JNZ 217
423F 7D MOV A,L
——1210" 93 R TRl e e
4241 F5 2ITl:  PUSH PSY ; SAVE FLAGS
4242 7D MOV A,L s CHLY : =<HL>-<DE>
T4243 33 T UTT'gs 0 BT T T T
4244 BF MOV L,A
4245 7C MOV 2,8 o
4246 9A [ - 1 B o
4247 67 MOV H,A
4248 Fl __pOP PSW ~ ;RESTORE FLAGS FROM_COMPARE
4249 DAa6542 e ABBA3  ;CARRY SAYS: DEDHL
424C CAR6642 Jz ABEA3  ;ZERO SAYS: DE=HL
424F 0600 MVI ~ B,0 _  ;CLEAR LPFLG
4251 Fl ' POP "PSW ;CLEAR STACK FROM OLD <HL>
4252 ES PUSH 4 ;SAVE TEIS <HL>
4253 2A044% . _LHLD = YEAR_  ;<YEARD:=<YEAR>+]
4256 23 INX H
4257 220444 SHLD YEAP
4253 L1 . pop H_ . JRESTORE_THIS_ <KL> _
4258 0C INR C. " ¢ ;<LPCNT>:=<LPCNT>+1 _
425C 79 MOV A,C ; IF (KLPCNT> AND 3)=0, THEN
425D £603 . BNT 034 ;  <LPFLG>:=1 _
425F C23042 JNZ ARBAlL
4262 04 INR B
4263 C33042 o JMP  ARBAL
4266 D1 ABBA3: POP D ;GET LAST <HL> VALUE INTO <DE>
3 (YEAR> NOW HAS CORRECT YEAR. __ .
i NOW CALCULATE MONTH, DAY-OF-MONTH.
4267 UEOD) MVI . C,1 ; CMONTH> :=1 INITIALLY .
4269 21FC42 LX1I B,MTBL ;<HL> POINTS TO TABLE OF DAYS
426C D5 ABBA4: PUSH 0 ;SAVE <DE> (DAYS)
426D 7E MOV A,M JKDE> :=<DEX-<M(KMONTH>) >~
426L E5 PUSY H ; (IF <MONTH>=2, THEW
425F 6F MOV L,A ; LPFLG, ELSE 0)
4270 79 MOV A,C . R
4271 FEO02 CPI 2
4273 7D MOV a,L
4274 C27942 INZ ABBAS _
4277 80 ADD B
4278 6F MOV L,A
4279 7A ABRAS: MOV a,D iDO D2-0L COMPARE_____ .
4278 R7 ORA A
427B C28042 INZ ZIT2
A27E 7B pev A,E - N
427F 45 sun L
428U F5 ZIT2:  PUSY PSY ; SBVE FLAGS!!!
4281 78 B MOV N E ) : N
4262 95 SUR L
4283 5F MOV E,2
4284 7A MOV A,D -
4285 DEOO SBI 0
4287 57 MOV D,A
42382 Fl POP PS¥ ; RESTORE FLAGS

-11-
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GCR/AM MACRO. ASSEM_2 0 4003 Calendar Software

4289 E1 POP H
—428A -DBASSE42 — JE— —--—ABRAZ— -4+ CARRY -SAYE--<HE>—POO—SUALL—
428D CA9642 J2 ARBA7Y ; ZERO SAYS <DE> JUST RIGHT
4290 0OC INR C s <MONTHY : =<MONTH>+1
4251 23 —— e e I —H— - — 2 POINP - FO—NENP PARLE—ENRRY —
4292 F1 POP PSW ;CLEAR STACK OF OLD <DAYS>
. 4293 C36C42 JMp AQBA4 . ;PROCESS MORE
—4296-Bl»--~w-~~ABBA?¢w~PQP~-w"—&~wm~mn1€8$—EAS?~4BA¥S% -
4297 7D MOV A,L ; LOOK ONLY AT LO-CRDER RYTE
4298 320344 STA DATE {WHICY IS DAY-OF-MONTH
—4298-39 - —MOY - Ay —— 2 LOCK—AR-<MONTH> — — —
429C 320244 STA MONTY : STORS IN APPROPRIATE PLACE
429F 2706414 LELD DAYS ;GET DAYS IN CLOCK
—~427A2 EB- - e e - KEBG o cm e s BUR TN DE-
42A3 210700 LXI 8,7 :DIVIDE BY SEVEN
42A6 CDC642 CALL DIVIDE ;DO DIVIDE
4275 IB- - MOV — A I — — 2 GET LO--REMAINDER— —— ——
42AR8 320144 STA DAY ; STORE DAY-OF-WEEK
_ e e e PROCESSING - FINESHED - -RESPORE- -
i3 -~ USER'S REGISTERS AND RETURN
—422D-€1-- v~ v ~m———- ~ POP -~ B - - - -=RESPORE-REGLS—
42AFE D1 POP D
42aF El PQD B
4280 C9 - -—im—— -REP - - -~ - - REPURNTOCALLER
INDO: ;GET INPUT FROM PORT C
4281-g5 - - - —PUSH-—-~H - -~ 3--GAVE-HSER'S—HE> - _—
4282 CDB742 CALL INDO2 ; GET BYTE, FROM PORT
4285 El POP ol s RESTORE <HL> .
—42B6 CF - e — - REP -~ o --3 -RETURN-PO-ERAEERR———
4287 2100C9 INDO2: LXI y, RET*236
42BA ES PUSH ) : PUSH 'NOP, RET' ON STACK
—428B Fl e —OY e E € e e -
42BC 2EDB MVT L,IN
42B8E ES PUSH H - s pugn "IN <PORT>' OV STACK
—42BF 210009 - ——— -~EXEF cH,0 o ——— - ——
42C2 39 DAD SP s <HLD> :=<SP>
42C3 Fl POP PSY ; <SPY>:=<{SP>+2
—42C4-Pl - - PP = PSF - — 3 ~EBP) 1 =¢§PI AP ————————-
42C5 E9 PCHL ; JOMP TO STACK AND RUN (T!
[ 4
et s s e —eyeme = e BYT DIVIDE, DIVIDE <DE>RY<BLYS
3 RETURN <DE>=RESULT, <HL>=REMAINDER.
s CLOBSERS B, D, B H, L, F/F s
42C6 C5 DIVIDE: PUSYH 3
42C7 2208644 SHLD DVTMP1
“H2CA 2Y0RAH - o o BRI T R, DYTMP2 o oo
42CD 3611 MVI M,11H
42CF 010000 LXI B,0
—4202-C5— — -~ - ———————PH3H~ ———B~~--——-~---'
42D3 7B DIVID2: MOV 2,E
42D4 17 RAL
42D5 5F MOY 12E,A

933 1B\ 334"



TP/M MACRO ASSEW 2.0 ¥004 Calendar Software

4296 73 MOV A,D
=~ 4207 17 T R T RAL T T T T
42038 57 MOV D,3
42DY 35 DCR M
“42DA E1L A - 10 ) < - S
42D0B C2E042 Jz DIVID3
42DE Cl POP B
" 32DF C9° ST CTTURET T T T
4280 3E00 DIVID3: MVI a,0
42E2 CEOO ACI 0
4284 29 T T UTPAD T TTUH oI
42ES 44 MOV B,H
42E5 85 ADD L .
4287 2a084Y4 C 7 LHLD O UUDVTMPYL T T
42EA 95 sSUs L
42EB 4F MOV C,A
42EC 78 ) 7 TTMpY T ', T T )
42ED 5C S8B3 B
42ER 47 . MOV 3,2
42EF C5 [ -1 1= - E - R -
42F0 D2F542 JINC DIVID4
4273 09 DAD B
" 42F4 T3 I /1% § P T
A2F5 21024)4 DIVID4: LXI a,DVTMP2
4278 3F CMC
4283 C3D342 UTUTUoTgwmpT  pIvioz T T T
P TASLE OF DAYS IN EACH MONTH
s STARTING $ITH JANUARY.
42FC 1FI1C1F MTRBL: DB 31,23,31
42FF 1ELF1E ' DB 30,31,30 B
4302 1FLFlE DB 31,31,30
4305 1F1lELF DB ~31,30,31 B
i3 ALL OF THE AROVE MAY RESIDE IN ROM.
i3 TBE FOLLCWING MUST RESIDE IN RAM.
4308 = KO¥END EQU $ s LAST ROM ADDRESS
4400 o ORG ~ RAMBEG ;RAM STARTS BERE
AyO0 20 CLXPRT: DB 209 SET TC CLOCKX ADDRESS
4401 DAY: DS 1 ;DAY-“F WEEK (0=SAT,1=SUN..)
4402 MONTH: DS 1 ; MONTH-OF-YEAR (1=JAN,2=FEB..)
4403 DATE: DS 1 : DAY-OF-MONTH (1 TO 31)
4404 YEAR: . DS __. _..2 . . _.. :YEAR (1978..,.,)
4805 DAYS: DS 2 ;s TEMP STORAGE FOR DAYS SINCE
4408 DVTHPl: DS 2 s TENP FOR 'DIVIDR' 12/3/77
440A OVTHP2: DS~ 1 +TEMP FOR 'DIVIDE'
4403 END
B> T T T e
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INTERRUPT CONTROL SOFTWARE

The Mountailn Hardware Time Interrupt Monitor/EXECUTIVE
(TIME) is a software package designed to enable you to
set up your computer to perform tasks while you use it
for other things. You can program something to happen,
say, every 15 seconds, or once after first waiting 13

days, 21 hours, 2 minutes and 12 seconds, or up to 255

days in l-second increments. The use of the software
1s easy.

4

Here's the way 1t works. JLvery second the clock will
generate an interrupt. This will be In the form of a
RESTART instruction pushed on the bus. The 8080 will
then go to the restart location and find a jump to the
Interrupt control software. The software then looks
at a table you helped generate earller that specifies
a time when you wanted a certain task to be performed
{you gave the task starting address). The time 1s 1in
the form of an interval from now. For example, go do
the task in 3 days, 2 hours, 10 minutes and 3 seconds.
The task may be done once only or repeated after each
time interval. If the proper time 1s not reached for
task one, task two is looked at. Up to 20 tasks may
be defined. If the time hasn't come for any of the
tasks, a return from interrupt is performed. If time
has come for a given task, that task is performed.

The following steps must be taken to use the interrupt
software:

1. DISABLE INTERRUPTS.

2. PUT @PH into each byte of the task table. (From
Address UQF1 to 41FF would be adequate.)

3. PLACE A JUMP TO UQ@PF at the restart location for
which you have the clock board set up. (For a Re-
start 1, place C3 00 40 at Location 0008.) This
causes a jump to U000 whenever an interrupt occurs
(every second using the MHI Interrupt Control Soft-
ware).

4, DETERMINE WHAT YOUR TASX ADDRESS IS; 1.e. where you
want to do your task. Place the task software there;
1.e. what it should do when the proper time comes. Do
this for each task you may have up to 20 different
tasks at 20 different times. Fach task software may
be at a dlfferent address.

5. LOAD in the Interrupt Control Software. (It may be

re-assembled for any address if 4000 is not convenient.)

Steps 2-5 may be done in any order.

=14-
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8.

Now for each time a task 1s desired, do the
following steps.

a,. REG B = Hours
Reg C = Days
PIISH B
b. REG B = Seconds
REG C = Minutes
PUSH B
¢c. REG B = Task Address (H1i Byte)
REG € = Task Address (Lo Byte)
PUSIE B
d, REG B = (0 = Static, 1 = Perlodic)

Static means interrupt occurs once
after the time has elapsed.
Periodic means the task 1s performed
repeatedly after each time interval,
REG A = (Task #, 0.- 19)

Each task is given 1%ts own number in
increasing order.

e. CALI SETTSK (4963). This sets up Task Table,

Once all the tasks are set up, the procedure can
he started by these steps:

a. REC A = lumber of tasks; 0 = None)
STA 4071 (TSKTRIL)
b. REG A =1
CALYL, SETALL (47B#) Enahles all tasks.
c. CALL OBJOR (H4ORC) Master Start.
d. RIEG A = 14 A
OUTPUT REG A to the clock's highest port number.
Tis starts one-second interrupts from the clock.
e. ENABLE INTERRUPTS,

Then RETURN, or go off and do something els=z. Every
second an interrupt will occur which will cause a
Jump to the Interrupt Control Software. It will
look at the times you listed and 1if that much time
has gone by, the task software will be performed.

Your task software should contain 2 Return at its end.

It need not save any registers.

Be sure that any software you are running has interrupts

enabled 1f you want the clock to interrupt.

If you are using vectored interrupts, the instructions

concerning Restart Locations should be changed a_pro-
prlately for your vectored interrupt system.

~15-
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The following routines will be helpful when using the
Interrupt Control Software.

KILTS
LIVTSK
SETALL

RUNSTP

OHJ0B
ORPJOB
SETTSK

e
OO
e oY

(ugal) Stops a task whose task number is
in REG A.

(4gAA) Starts a task whose Task number is
in REG A.

(Ugng) Stops all task if REG A = g.
Starts all tasks if REG A = 1,

(LPES) Sets the Master Switch ON if REG A = 1.
The Master Switch is handy 1if you have
some of the tasks on, and some off, and
then you want to temporarily turn off
all interrupts. Using RUNSTP (or ONJOB/
OF7J0B) you can turn off the Master and
then turn 1t back on, and only those tasks
that were on wlll be active.

(4gDC) Turns the Master Switch on.

(4gE2) Turns the Master Switch off.

(h43c3) Routine to set up tasks in task table,

Mountain Hardware S-100 Clock Software - TIME

i e =1 P vu o gy

The MHI Timed Interrupt Momitor/Executive enables

the user of MHI's Clock/Calendar board to perform
background task schedulin% based upon defined time )
intervals. Entry points fo the software permit allocation
of new tasks as well as run/stop control for a particular
task or set thereof. o _

The executive maintains a table describing all on-line
tasks. The format of this table is:

=—> Number of entries, 0 means none .

=-> Master task-schedule-enable, 0 means disable
++[ Task running (2) or stopgeé
++| Task periodic 1), or static (0

++| Scratch (days)

++[ Scratch (hours)

++[ Scratch mlnutesg

++| Scratch_(seconds

++t Interval - Days

++ Interval - Hours

++| Interval - Mimutes

++ Interval - Seconds

++| User task driver - Lo-order address
++| User task driver - Hi-order address

The above “++[ ~ sequence repeats for each task.,

16~
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55 T.I.M.E. == M,H.I. CLOCK INTERRUPT SOFTWARE

...............................................

R R S RN R RN NN

4000 ORG 4000H
388? Eg INTRPT: gggg P ;i SAVE ALL REGISTERS
4002 DA PUSH D
4003 E5 PUSH H
4008 27F 140 LXI H,TSKTBL ;3 POINT TO # OF ENTRIES
dogs B ofh A" PR ENIRIRS 237 e
4009 CABEYD JZ ENDJOB '% QUIT IF NONE FOUND
4OOC 32840 STA NUMBER ;3 STORE THIS NUMBER
38?8 %é 586 E . 5 EOINT TO RUN/STOP FLAG
4011 BX _ ORA i SET LAGS
4012 CASEu0 Jz BNDJOB '} IF STOPPED, QUIT
4015 23 IIX A ~ ;; BUMP PAST 1139 NONSENSE
4016 22EF40 SHLD  TSKPTR i} SAVE SECRET POINTER
4019 2AEF40  DOTASK: LHLD  TSKPTIR :; GET TASK BLOCK LOLVIER
4015 B opn & L ONTNG o
HQI1E CAgguo J2 NXTTSK $} JF NOT, TO NEXT TASK
4021 110500 LXT D,5 s 1 BUMP TO
4024 19 DAD D *1 ""SECONDS POSITION
4025 1E02 MVI E,2 s # OF '59° COUNTS
495 gfg‘ We i W L N0 LoOk AT TrCR
4029 FE3C CPI %o ! ANY OVERFLOW
4023 DALOUQ JC COMP i} NOPE, DO COMPARE
402k 3600 MVI M,0 i OYEP CLEAR THIS NUMBER
403 95 Xr B i NEd INLINE
4038 S0 I A ;DO TILL Do
4038 %g MoV A M i} WHAT DID WE D07
4037 FE18 CP1I 24 i} OVERFLOW?
4039 DALOLO JC CoMP i1 IF NOT, DO COMPARE
38 ¢ ggoo M7 M,0 ;1 CLEAR HOURS
403F gu TR H :5 DAYS:=DAYS+1
ﬁggg 2AEFHO CoMP:  LALD ISKPTR i} FIND TASK BLOCK ADDRESS
4043 2§ TilA i
uds o1 MOV D,H
383 b o EL ;3 DE => TEMP. TIME
douk 5 INX fi
uoug 2 INY H
4OUR 2 INZ H i3 HL => SET TIIE
4OUB 0BOY HVT 0,4 i} FOUR TO CHECK
4OUD 1A CHPNXT: LDAX D 1 LOOK AT ONE VALUE
YOUE BE CHP t i} COMPARE WITH FINAL
Lodr 13 IhX D ;3 BUMP POINTERS

-17-
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RETPNT:

RETPT2:
RETPT3:

NXTTSK:

ENDJOB :

Z TEZTEEIToEEDS oormms
%ﬂ'o,'::'oﬂx%
E X 3 3
o W N 2

A
ENDJOB
NUMBER
TSKPTR
D,12

D
TSKPTR
DOTASK

d
D
B
PSW

i3 OF THE EXECUTIVE

GETADR: PUSH

i de]

, TSKTBL42

[velvvlvsivviesjasia sis o] guiu sl vy
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’ e
38
]

.
39

MATCH FAILED - NEXT TASK

; DEC. # TO COMPARE
; DO TI

T RETURN

GE POINT
7y STICK IT N THE STAXK
y OFF TO BOGUS LAND

; LOOK AT THIS TASK

y STOP STATIC TASK

; CLEAR TEMP TIME SLOT

; SEE HOW MANY YET TO DO
; QUIT IF DONE

3 sFINISH

;; THE FOLLOWING ROUTINES PROVIDE FOR CONTROL



40A2 C1 POP B
40A3 C9 RET

\ STOP TASK IN A REG.
4OAL CDYULHO FPLTSK CALL =~ GETADR
4OAT 3600 MVT M)

M,
4049 C9 RET
+ START TASK IN A REG.

40AA cDous0  LiVISK: CALL ~ GETADR
4OAD 8601 MVT M,1
YOAF C9 RET

SET ALL TASKS TO A éRUN/STOP)
4OBO 21F140  SETALL
4083 E607 ANI 1
405 46 MOV B,M
1086 04 INR g’
nogg 2 TNX H
40B3 2 INX H
5089 170C00 XTI D,12
40BC 7 SETAL2: 140V M’A
40BD 1 DAD D
4OBE 0 ICR B
YORF C2BCU0 JNZ SETAL2
40C2 C9 RET

E’I‘ A TASK TO A gRUN/STOP)
: CALL

40C3 CDOYNO  SETTS
4uc %600 MVI M,O
10C TNX H
HOCY 7 o) M,B
MOCA olvoo LXI B 10
09 DAD B’ .
uocs D1 POP D
40CF 3103 HVI 4,3
40D1 T1 SETTS2: POP B3
4OL2 %o MOV M,B3
4033 DCX 5
MOV M,C

ug DCX H
4006 3D DCR A
40D L;éD‘l‘lO JNZ. SETTS2
4oph £ XCHG
10D3 1—:9 PCHL

ENABLE SOFIWARE CONTROL
YODC 2 éb“zuo ORIOD: H,TSKTBL+1
YOLF 3 M’
YOET © R
:: DISABLE SOFTWARE CONTROL
YOE2 2 grzqo OFFJOB: LXI B, TSKTBL+1
4OES 8 NVT M0
Lopy RET
SET MASTER ENABLE/DISABL.E TO A

4OE8 E601 RUNSTP:
YOEA 32F240 STA TSE’TBI_.+1
4OED C9 RET
NOER NUMBER: DS 1
4OEF TSKPTR: DS 2
4OF 1 TSKTBL: 256
4IF1 = LASTLOC BQU $

-19-—
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THEORY OF OPERATION

The S-100 Clock communicates to the central processor through a block of
16 I/0 ports. The address of this block s determined by the setting of S1
switches 2 through 5. These select the high order 4 bits of the eight-bit
1/0 address for each of the 16 ports.
The block address of each port, 0 through 15, corresponds to the address
of a location in the 16X4 RAM at U29. Locations O through 14 of this RAM
each hold one of the 4-bit BCD digits of the current time. The contents
are as follows:
Loc 0 0-9 Hundreds of microseconds.
1 0-9 Milliseconds.
2 0-9 Tens of milliseconds.
3 0-9 Hundreds of milliseconds.
4 0-9 | Seconds.
5 0-5 “: 4Tens of seconds.
6 0-9 Minutes.
7 0-5 Tens of minutes.
8 0-9 if Loc 9=0 or Loc 9=1
0-3 if Loc 9=2, Hours.
9 0-2 Tens of hours.
10 0-9 Days.
11 0-9 Tens of days. ~—
12 0-9 Hundreds of days.
13 0-9 Thousands of days.
14 0-9 Ten-thousands of days.
15 Used for interrupts.
Thus, an input operation to block address 4 will return the.current number
of seconds in the lower four bits of A. The information in U29 is
updated by the clock every 100 microseconds. A full clock read requires
15 input operations. Since it is possible for a clock tick.(update) to
occur between two of the input operations, a flag is included with the
data to resolve any ambiguity. If the most significant bit of A
comes back set after a clock input, then the clock has not ticked
since the previous input.
The clock is set by output operations to the addresses of the time digits
in the block of ports. S1 (Switch 1) must be closed to write enable the
clock. Outputs to block addresses 0-14 cause the lower 4 bits of the AC to
be written to the corresponding digit address in U29 and STOP THE CLOCK.
The clock remains stopped until the processor reads any of the time digits.
The clock will then tick 100 microseconds later and continue to update
every 100 microseconds. ’

-20=
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IMPLEMENTATION

The S-100 Clock operates on the principlie of character processing.

Every 100 microseconds the characters that represent the time are fetched
from memory, processed, and returned. When the processing has ended,

the time has been advanced by 100 microseconds. As in computer programming,
the processing is no more than following a series of rules and making some
simple decisions. The rules are as follows:

Start with Loc 0. (Hundreds of microseconds).

Fetch the digit and add 1 to it.

If the add carries, replace the digit with 0 and go to Step 2,
else replace the digit with the sum and stop.

Carry is defined to be the number 10 or the number 6 if the
address is either 5 or 7, (tens of seconds or tens of minutes)
or the number 4 if the address is 8 (hours) and Loc 9 contains
the number 2 (20 hours), or the number 3 if the address is 9
(tens of hours).

> wnN —
LJ . . .

The time digits are processed in the 4-bit wide digital 1oop that begins

at the output of U29, proceeds through the inverters in U28, is incremented
at U18, latched or cleared at U21 and finally returned to U29. The inverting
step is needed because the 74¢89 at U29 gives an inverted output.

The address used in the processing is generated by the 4-bit counter Ul15.
This address starts at 0 (hundreds of microseconds) and is incremented

after each digit is fetched from U29. The address is transferred from

U15 to U14 at the start of each digit cycle where it is latched and presented
to the address lines of UZ29.

The carry Togic is implemented with U139, U13, some gates in U1, U2, UT1,
U28 and a flip-flop in U20. U9 decodes the result of the increment at

U18 and outputs a high Tevel on Pin 5 if the result is a 3, Pin 2 if the
result is 4, Pin 15 if the result is 6 and Pin 6 if the result is 10.

U13 is used to determine which time digit is being incremented by decoding
the address used at U29. The flip-flop at Pin 1 of U20 is set whenever a 2
is loaded into tens of hours.

Thus, if tens of seconds or tens of mintues is incremented from 5 to 6,

Pin 3 of U12 will be high and Pin 15 of U19 will be high causing a low on
Pin 4 of U2 and therefore a high on Pin 10 of Ul which is the carry line.

If hours is incremented from 3 to 4 and tens of hours has a 2 in it, then
Pin 1 of U20 will be high, Pin 4 of U19 will be high, and Pin 10 of U12

will be high. This causes Pin 9 of Ul to go low and again setting carry.

If tens of hours is incremented from 2 to 3, Pin 11 of U3 will be Tow and
Pin 12 of U28 will be low , causing a high on Pin 10 of U1l and therefore a
low on Pin 11 of U11 and thereby a high on Pin 10 of Ul, carry. If any.digit
is incremented from 9 to 10, pin 6 of U19 goes high and causes Pin 11 of U1l
low, and again Pin 10 of Ul high, thus carry.

=21
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The clock timing is proyided by the crystal oscillator with output at

Pin 10 of U6. This is a 1 MHz signal which is always present during

clock operation. The 1 MHz is diyided by 100 in U3 and the outputs of

U3 are added to generate a 1 microsecond pulse every 100 microseconds.
This pulse initiates the incrementing of the time and is generated as long
as Pins 7 and 15 of U3 remain low. These pins are pulled high by the SR
flip-flop at Pin 3 of U2 if the processor does an output to a time digit
and the clock is write enabled by S1-1. 1In going high, Pin 3 of U2 stops
the clock from incrementing and clears U3 so that the next 100 microsecond

period will start when Pin 3 goes Tow at the next intput to the processor
of a time digit.

The 5-volt supply for the CMOS portion of the clock is regulated by the
circuit at U32, This configuration uses the very low power Zener Effect
of Q2, together with the micro-power op amp LM4250, to control the current
through Q1. When the bus is powered, the clock uses the +16 volts as the
input to the regulator. When the bus is powered down the regulator is
switched to the on-board 9-volt battery.. The S-100 Clock draws less than
2 Ma from its battery when the computer #is powered down. If a rechargeable .
battery is used, R6 can provide charging current when the computer is on.
If the clock is to be operated for very long times without bus power, an
external 12-volt battery pack is recommended.

TROUBLE SHOOTING

The clock is one of the only boards that can be almost completely tested
without the rest of the computer.: The most useful tool in checkout is
an oscilloscope. A frequency counter js also useful, but on essential.

The first step is to connect the 9-volt battery. The clock need not be
connected to the S-100 bus. Measurements should be made to see that the
supply voltage to the CMOS IC's is approximately 5 volts. Over-voltage
cannot be worse than 9-volts won't hurt anything. If the voltage is too
high, check into the voltage regulator circuit at U32. If the voltage is
shorted to ground however, remove all the CMOS parts and check again. If
there is still no +5, trace the regulator circuit.

_Once the 5 volts is OK to the CMOS parts, check the 1 MHz signal at Pin 10
‘of UB. If no signal, then remove all the CMOS logic except U6. If still
no signal, then either U6 is bad or the crystal is bad.

After verifying the 1 MHz, check the state of Pin 3 of U2. If it is low,
the clock should be running. If it is high, the clock has come up stopped.
If it is high, poke it with a grounded wire and it should go low and start
the clock. Once the clock is started, 1 microsecond pulses will be
generated at Pin 3 of U9 every 100 microseconds.

-22=
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The big picture is at Pin 12 of U15. This line is Phase 2 used in the
digit increment process. The scope should show a 2 microsecond pulse
every 100 microseconds. This is the primary signal but after 2 micro-
seconds another pulse should be visible, but fainter. This is also true
for the third and fourth pulse positions across the face of the scope.
At the fifth position a pulse will flash every second and next to it

one every 10 seconds, and so on.

If this picture is correct, then the incrementing and most all of the
functions of the clock are functioning and it is time to put the board in
the computer and run the testing software. .

If a good frequency counter is available, the 1 MHz oscillator can be
tuned to give good long-term accuracy. It is also possible to tune the
oscillator by attaching a wire to Pin 10 of U6 and placing the wire close
to a short-wave radio tuned to WWV at 5 MHz. The fifth harmonic of the

clock will beat against WWV and allow very precise setting by tuning for
the lowest beat note.

-23-
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PARTS LIST

R1 240 K nl 4023
R2 330 K vz, N2 4011
R3, R7 TM us 4518
R4, R18 1K u4 7415136
R5 51 K us 74(85
R6, R11-16 10 K ue, U28 4069
R20-R22 U7, U8, H20 4013
R8, R17, R23 100 K us, U11 4001
R10 6.2 K u10 74LS174
R19 4,7 M u13 74C42
RY 6.8% , U14, u21, U22 4076
/ u1s 4520

u1é 741L574
BT 9V Battery U7 74L810
CR1,CR3 IN4148 U18 4008
CR2 IN34A u19 4028
Q1 2N2S07A u23 741.504
Q2 RCA 2N3866 u24. 7417
S1 8 Pos. Dip Switch u25 741.500
VRI 7805 U26 74367
Y1 1.0000 MHz Crystal u27, U30 4503
J1 Adapter Jack 29 74C89

u3i 741520
€6-C10, Cli-c21 .1 yF/28V U32 LM4250
c2, C3 10 uF/25V u33 741500
¢4, C5, Cl1 15 yF/15v U34, U35 7415367
€11 18 pF
C12 3.5-20 pF
13 36 pF
(1) Set #6 hardware
(1) P.C. Card

1) Manual
1) 8-Pin Socket
(16) 16-Pin Sockets
(18) 14-Pin Sockets
-25-
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WARRANTY

Your factory-built 100,000 Day Clock board is warranted against defects in
materials and workmanship for a period of six (6) months from date of
delivery. We will repair or replace products that prove to be defective
during the warranty period, provided they are returned to Mountain
Hardware. No other warranty is expressed or implied. We are not

liable for consequential damages. We reserve the right to refuse to
repair any product that in our opinion has been subjected to abnormal
electrical or mechanical abuse. Products out-of-warranty are subject to

a minimal service fee