Chapter 4
Time-of-Day Counting



Timo-of-Day Counting with the Am9513

Tene-of-day (TOD) counting in the Am8513 is controfied by
Master Mode register bits MMO and MM1. When these bits are
setio 01, 10.or 11, logic on Counters 1 and 2 s enabled to cause
the counters 10 roll over at the counts required for Time-of
Day accumutation.

Figure 4-1 shows the format of the 24 hour clock. The two
high order decades of Courtter 2 contain the hours digits and can
hold a maximum count of 23. The two low order Counder 2 dec-
ades indicate minutes and will hoid values up to 52. The three
most significant Counter 1 decades count up to 59.8 and are
used to accumidate soconds and tenths of seconds. The low
order Courtar 1 decade is used to prescale the input fre-
quency to generate tenth-of-second periods to the next higher
counter decade.

Figure 4-2 shows the Coumear 1 input frequencies supported.
Niote that the setiing of Master Mode register bits MMO and MM)
selects the optional prastaing tactor used m Cournter 1's least
significant decade. The S0Hz (MMO = 0, MM1 = 1) option and
60Mz (MMO = 1, MMT = Oy option permit AC powerline

sources o be used. When the 100Hz (MMO = 1, MM1 = 1) option
it used, the least significant decade of Counter 1 accumulates
tirme In hundredths of a second (lens of milliseconds). Many
convenient fraquancy sources, including the on-chip escillator,
may be used to drive the TOD clock.

Generating Tine-of-Day Referenes Frequencies

Bits CMT1-CM3 in Counter Mode register 1 salact the source
nput used to dhive the Counter 1 Time-of-Day ciruitry. The
varety of inputs offered provides a number of easily implemented
fraquency sources.

¥ a 1MHz erystal is connected to the X1 and X2 oscillator inpuis,
and the BCD prascafing mode ks selected (MMIS = 1), 2 100Mz
signal will be generated on imternal signzl F5. This FS source can
bo selected a5 the count source for Counter 1 by setting Counter
1 Mode register bits CM11-CMS to 1111,

As showt in Figure 4-3, crystals betweon 1 and 10MHgz, in TMHz
increments, may also be used. The frequency prescaler is used
with BCD scaling mode (MMIS = 1) to divide the crystal's fre-
quency down 1o a muliple of 100Hz on F5. This F5 signal is then
soloctod by Master Mode bite MM7-MM4 to clrive: the FOUT pin.

The FOUT scaler, programmed by bits MMiT-MMZ, is set to
genetate a 100Hz FOUT signal. The FOUT pin ig extemnally
strapped to one of SRCI-SRCS or GATE-GATES. Counter 1
Mode register bite CM11-CMB are then used 1o select the driven
input pimy,

K a spare courter is available, it can be used 1o prescale aimost
any crystal input frequency to produce an output rate appropriate
for Cournter 1's Time-of-Day input. Counter b is the sasiest to use
for this prescahng since its oulput appears as the TON—1 input o
Counter 1. This means no extemsal strapping is required for the
prescaled signal; all that is required is to set the Counter 1 Mode
register bits GMI1-GMB to 0000 1o select the TON—1 input.

One readily available, low=cost crystal useful in this configuration
is the 3.579545MHz TV color burst crystzl. When divided by
59659, a 60Hz oupur is genorated. Figure 4-4 shows a sample
configuration using this crystal, Counter &'s Mode register should
be set 1o use F1 as the sourca, to count down rapatitively, 10
refoad from the Load register and in disable special gatng. The
Gating Control Field should be setto “No Gating.” Since intemal
concatenation is used, the Counter 5 Output Control Fiedd setting
is not retevant.

Noto that in BCD mode the madmum counter valua is 10000
decimal. i Counter 5 is to divide by 59659 decimal, the counter
mustcperate in binary mode to get a range of 65535, Ascordngly,
binary counting should ba selectad in Counter &'s Mode register,
and the Load register should be loaded with the binary represen-
tabon of 59659 docimal (ESOB hex). Figure 4-4 shows the re-
quired Counter 5 Load and Mode regrster configurations.
Initislizing to Current Time-of-Day

The Time-of-Day circuitry requires a special inifialization
sequence. The following steps MUST be petformed in the
order given.

The first step is to st the Master Made register and then the
Cotmnter Mode registers to the desired values. Tha Master Mode
bits controlling Time-cf-Diay are: MMO and MM1; these have been

discussed earlier. The user may also set Master Mode bits MM2
and MM3 at this time if the atarm {eahure 510 be used.

The Counter T Mode register should be set to select the desired
source inpat. For most real-time applications, the Gating Control
field will be set for “No Gating,” although edge and lovel gating
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Figure 4-1. Time-of-Day Configutation
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MMT MMO Configuration
¢ 0 TOD disabled
0 1 TOD, 50Hz input
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1 1 TOD, 100842 irpt

Figure 4-2. Time-of-Day Controf Options

can be used in. hime-of-Day mode. For genetal purpose fime-
kpaping, the Count Comtrol field should be set to disable special
gate; reload from Load; coumt up; BCD counting: and count
repetitively. To generate special functions, the user may solect
uthar sotftings for these bits with the exceplion of the BCD bit,
Time-of-Day counting requires that the courtter be set for BCD
operztion. The Cuiput Control fisld setting does not affect the
Time-of-Day opetation since the Courter 1 output will be inter-
nally concatanated to the Coutrler 2 input.

Counter 2's Mode register should be sat 1o the same as Counter
1'% with the exccaplion that the Count Sourte Selection fiekd for
Courter 2 showld be set to active-high counting from TGN=-1, 1o
enabla internal concatenation.

The secord step s 1 nitialze Counters 1 20d 2 1o 4 value of alt
Zeros, Thes s done by sattng Load regesters 1 and 20 0 and
transfarving their contants into Courters 1 and 2 Loading the
counter with zeros conditions the Time-of-Day count circuityy and
must follow the sedting of the Masier Mode register and Counter
Modea registers. If auto-sequencing is being used, aach counter's
Load registor can be set 1o 2et0 after the Counter’s Mode register
i5 lbaded. | is important, however, that the Master Mods registar
be loaded first, and that the Counter Mode registers be loaded
before zeros are transfened kit the counter. Note that the Master

Mode ragister contents may be changed after this step, providing
MM and MMT are not alterad; if these are ehanged, the Time-
of-Day circuitry must be recondifionad.

Step 3 of the initializabon process involves setting Load régistars
1 and2terthue curment time and transferring this into the countors.
The format used for the time is that given in Figure 4-1_ The user
must enstre that the time loaded does not set any of the decadas
o an Bogical value, In parbeular, no decades should be set 1o A
(hex) through F (hex); the high order decade of Counter 1 and the
nexd-to-ipast-significant decade in Counter 2 should be © through
5; the two high order decades of Counter 2 should be 00 through
23 (BCD); and the low order decade of Courder 1 should be 0.
Noter absg thatthe Am9ST3 uses 2 24 hour clock, so PMimes on 3
12 howr clock must have 3 12 hour bias added.

The fourth stapof the initialization process is 1o set Load registers
1 and 2 to all 0s. Counter 1 generates a TC and reloads itself from
the Load register on the count sourse edge aftar reaching 59.99
soacands (100Hz input assumad). Similarly Counter 2 genaratas a
TC on the court source edge after 23:59. By setting the Load
registers to 0, the user ensures that the countsr will “roll over™ to
the correct ime at TC. For example, a ime of 23:59:59,99 will rofi
ovar to 00:00:00.00 i midnight.

The final infiialization step is to start the countens by writing the
“Arm Counters 1 and 2" command (FF23 hex) 1 the Amg513's
Command register. In most Time-of-Day applications, no sig-
nificant erroe will be introducad by the delay from the eniry of the
currert time into the counters to the Armning of the counters. This
is partly due to the maximum resolution of 10 milliseconds in the
Tirme-0f-Day circuitry. I high procision applicatons, which may
use a frequency prescaler for added precision, the wser may wish
1o load a time somewhat later than the current ime and delay
armiing the-courtar until the cutrent fime matches the loaded tima.
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Figure 4-3. Time-of-Day Gounting with a 7MHz Crystal
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Figure 4-4, Tirne-if-Day Cowunting with a Color Burst Crystal

Reading the Curnsint Time

Tha user may read the current time from the AmB513 by issuing
the “Save Counters 1 and 2" comrmardd (FFA3 hex) 1o the
AmMS513. This causes the contents of Counters 1 and 2 to be
transferred into Hold regicters 1 and 2. i the user ware to now
read the Hold register coments, ah incoract time may be read
This is bacauss atthough Courtters 1 and 2 are both synchronous
counters, the TG output from Counter 1 ripples through to incre-

stored in Hold ragister 2 would be in eror, (This consideration
should not be confused with the somewhat different points dis-
cussed in Appendix A). The user can exsily protoct agamst thisby
oxamining the contents of Hold register 1. ifthey are 0, a TC may
have just cooured and Hold register 2 may have an erroneous
value. Accordingly, if Hold register 1 contzins 0, the “Save
Counter 2" command (FFA2 hex) should be executed to resave
Counter 2. By the time this test for 0 is performed, and Counter 2

is resaved, any rippling carry wili have propagated through
Courttar 2.

Setting the Alarm Time

Master Mode register bits MM2 and MMS control the Com-
parators associated with Counters 1 and 2. When a Comparator
i anaied, its output is substituted for the normal counter output
on the associated OUTT and OUTZ pins. The polarity definifion
for the Comparator output will depend on the active-high ot
active-low definition as programmed in the appropriate Courter
Mode redgister. Once the Comparator ouput is Tue, it will re-
man 5o untl the count changes and the comparison therefore
goes false.

The two Comparators can ziways be used individually in any
operaﬁngnmde.Onespecialcaseoomnswimﬂ:eﬁnm-af-day
option ks involved and both Comparators are enabled. The apera-
tion of Comparator 2 will then be conditioned by Comparator 1 so
that z full 32-bit comparison must be true in order (o genevate a
true sigrad on OUT2. OUTY wil continue, as usual, 1o reflect the
state of the 16-bit comparison between Alarm rogister T and
Counter 1.

In some systems, the Alarm output on pin OUTZ might be used to
ganhotate an inmermupt regquest 10 the kost CPU. When changing
e Alarm: ragistor values on & system such as this, the Alarm
intermupt should be ignored by the CPLU while the Alam registors
are being reloaded, Since SPURDUS COMPATSONS May De gonir-
ated during the reloading progess.

Other Time-ol-Day Varistions

So far this discussion has assumed that Counters 1 and 2 are
operated togather. Theuser may, howevar, elect fo drive Counter
£ from a source other than the Counter 1 output, to permit inde-
pendent accurmutation of seconds (Courder 1) and hours/minutes
(Countter 2). Note that aithough Countars 1 and 2 may be indéa-
pendently operated, the Time-of-Day enable bits (MMO and
MM1) are such that efther both or neither of the two counters are
in Time-of-Day mode; the user cannot set anly one counter for
Time-of-Day counting.

Separating the two counters would permit Counter 2 to keap track
of hours and minutes inreal-time, and Counter 1 totime ovents up
to §0 seconds long. The TG output from Counter T might perhaps
be used to intermupt the CPU. Noto that in nomal, concate-
nated Time-of-Day operation, the Counter 1 TG may be used to
generare interrupts every mirkte, a feature usefut in real-tme



schaduling applications. Cther adjustments can be made to en-
hance the usefulness of Counter 1. For example, with 2 100Hz
input rate specified for Counter 1, a 1kHz input would provide
imerrupts at six-second intervals. Sirilarty, & 6kHz input would
provide interupls every second, elc,

Counting Down: in Time-of-Day Mode

The Am2513 allows the user to count down in Time-of-Day
made by setting bit CM3 in the Counter 1 and 2 Mode registers.
A few other changes are necessary from counting-up to ensure
correct oparation.

When initializing the cownters for count up operation, they were
first loaded with zeros to condition the fime-of-day circuitry. To
condition the Time-of-Day cireultry for count down: applications,
instead of zeros, Counter 1 should be loaded with 53.94, 59.95 or
5994 for 50Hz, 60Hr, or 100Hz input fraquencies respettively,
amd Counter 2 should be loaded with 23.59. The current ime
should then be loaded into the courters and the Load registers
should be =at 1o 2t 2er0s to ensure proper roll aver.

In counting up, the leading edge of the low order counter's TC is
used as a camy o increment the high order counter. When
counting down a borow, rather than a canmy signal is desired.
Hencs, the traiing edge of TG should be used 1o decroment
Counter 2. When intemal concatenation is used (Countar 2 Mode
register bits CM11-CMS = 0000} Counter? stukd be St 1o count
on the falling source adge (Countar 2 Mode register bit CM12 =
1). Figure 4-5 shows cany/borrow propagation for up and down
time-of-day counting.
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COUNTEH 1 5558 a0 2000 [y
SOURCE
COUNTER 1 TC
TIME OF DAY UP COUNTING
INCHEMENT
ON THIS EDGE
GOUNTER 2 Imﬂ' [zs:r.r 1y om1g
COUNTER 1 oo o000 59.90
SOURGE
COUNTER 1TC
THAE-OF- DAY DOWN COUNTING
DECREMENT
on TS
MOS-E23

Figure 4-5. Timing Waveforms for Time-of-Day Counting

As with counting up, &t incormect value can be read from the
courtsrs if 2 Save operation is performed while a camy/bormow iz
ripping between Courters 1 and 2. In count up mode, eroneous
reacings are provented by resaving Counter 2 when the vaiue
raad from Counter 1 was 0. In count down, Counter 2 should
be resaved I the value read from Counter 1 indicates & barmow
was just genorated. This value depends on the nput scaler
used. For 50Hz, it is 59.594: for 60Hz it is 59.85; for 100Hz it is
59.959. For general-purposs software routines the user can mask
out the last decade and ressve Counter 2 whenever the upper 2

decades read from Counter 1 are 58.9. As with counting p, the
purpose of the resave operation is 10 ensure that the rippling
carry/borrow signal has propagated through Counter 2 and
Counter 2's contents have setfled.

Accelerated Time

In some applications, such as accelerated fife cycle analysis or
non-rea-ime simulations, it s useful to have Tine-of-Day ac-
cumulations occur at accalerated or decelerated rates. The
Time-of-Ciay circuitry on the AmS513 i capable of operating at
the full clock rate permissibie. For example, with 2 EMHz input
rate 10 Counter 1 and with the B0HZ, Time-of-Day prescaler
selected (Mastsr Mode register bits MMT-MMO = 10}, Time-of-
Day accumulation would procaed 10° times faster thar teal tine.

AmB0BDA/B0B5A TIME-OF-DAY SOFTWARE

Figure 4-& provides sample AMSORB0A/B0BSA software listings of
genera-purposs Time-of-Day routines useful in setting and
reading the curmrent time and setting the Alamm time. Each of the
baskc operations 15 coded as a subroutine. The user should saver
those AmMBOBSA registers containing vatuable data prior to calling
Subrouting SETTIME inflifizes the Master Mode register and
Counter Mode registers 1 and 2 and then sets the counters to the:

-cutrant time. The Master Mode register is sot o DOOF (hex),

resulting in: BCD preccaling; Data Poiter autoincrameant dis-
abled; 8-bit bus imerface; FOUT off; Comparators 1 and 2 en-
abslent; and Time-of-Day enabled for 3 100Hz input. This Master
Maode register configuration is representative of 2 system using a
tMHz crystal on X1 and X2; since BCD prascaling is used, F5 can
drive counter 1 with the required 100Hz input signal.

Each Counter Mode register is set for BCD repetitive up counting,
with no gating and the special gate disabled. Reloads are set to
oceur from the Load ragister ondy. Counter 1 usas F5 as & count
sourca and Counter 2 uses intemal (TCN—1) concatenation.
Counter 1's culput is set to the high-mpedance state. i the
comparators had been disabled, a TC output could have been
selacted for Counter 1 1o generate interrupts avery mincte. (Fe-
calt that when the comparaters are enabled, the normal TC or
toggte oulput is disabled.) Accordngly. in this sample configura-
tion OUTH, & enatiad, would reflect the output of Comparator 1.
Countar 2's output is set to active-high T, but since both Come
parators 1 and 2 are enabled in Tene-of-Day made, the outpat will
indicate when a 32-bit mateh ocours.

Foliowing Counter Mode register iniiakration, Courters £ and 2
aret loaded with rero to condition the: Tune-of-Day count crcuitry.
The current tirme, stored in vanable TIME s ther loaded into the
counters. Note the data format used for TIME is hours, minutes,
seconds and tenths-of-seconds, Firally, the Load reqgisters are
reset to Zero and the counter is armed.

The second subrouting, ALARMSET, sats the Counter 1 and 2
Alarm ragisters to the Alarm fime stored in variable ALARM. The
counter outputs may generate spurious compares while the
Alarm registers are being loaded; the subrouting assumes the
desirad Alarm time has been stored in variable ALARM with tho
same format used for varable TIME, The subroutine also as-
sumes that Master Mode registor bits MM2 and MM2 have been
praviously sat to ' to enable the compamtor circuitry.
Subroutine READTIME reads the time from Counters 1 and 2 and
stores it in variable TIME. As discussed previously, special pre-
cautions are required when teading the time to avoid saving
erronecus values generated by the ripple catry. The subroutine
provides the required safegquards.
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21lv6
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2164

216C
GleRE
8118
PLLZ
@114
8115

¢118
@l1h
gL1g
GLl1E
eL12g
GLEZ

2124
2126
g128
2121
G120

B12E
8158
2132
@134
2136

g13a
FL3A

SBEL7
D31z
SESF
D31
SEDG
D314

SEAL

D312

3ESC
D312
SEBT
D31¢

3E22
D31z
SE3S
D31g
SESD
DIiE

ZEYS
b3l
SELO0
D31e
D31i@

3EZL
D31z
SEGY
b3le
D3le

SRES
D312

(0BG 160H

¥
;EQU S FOR AMOEL3 TIME~OF-DAY

¥
CMDPET EQU 12H
DATAPRT EQU 128

Sl WP o

s COMMAND PORT
{DATL PORT

; SUBRCUTINE SETTIME SETS CURRENT
;TIME USING DATA STORED IN VARIABLE TIME

SETTIME:

;SET MASTER MODE REGISTER

3

MYI A,B17H
QUT CMDPRT
MYI A,8FFH
OQUT DATAPRT
MVI A,FDOH
OUT DATAPRT

$SET DATA POINTER TO
sMASTER MODE REGISTER
;LOWEE BYTE

;UPFER BITE

»
;SET COGNTER 1 MODE KEG.

r

MVl A,01H
00T CMDPRT
M¥I A,93CHE
OUT DATAPRT
MYI A,0FE
OUT DATAPRT

;SET DATA POQINTEE IO
$COTUNTER 1 MODE REG
$LOWER BITE

sUFFER EITE

¥
35ET COUNTER 2 MODE REG.

’

MVI A,82H
oUT CMDPRT
MV1 4,839H
OUT DATAPRT
MVI &,8H
OUT DATAPRT

¥
;CLEAR COUNTERS

¥

MVI A,89E
OUT CMDFRT
MVl A,0H
OUT DATAFPRT
OUT DATAPRT

¥

MVI A,0AE
QUT CMDPRT
MVl A,BE
OUT DATAPRT
OUT DATAPRT

?
MVI A,543H
OUT CMDPET

¢
33ET COUKTEES 1

+SRT DATA PCGINTER TO
; COUNTER 2 MODE REG
sLOWER BITE

sUPPER BYTE

1 AKD 2

;SET DATA POINTER TO
;LOAD REG 1

;LOWER BITE
;TPPER BYTE

sSET DATR POINIER TO
;LOAD REG 2

sLOWER BYTE
sUFPPER BYTE

s TRANSFEE CCONTENETS OF LOAD
;RESS 1 AND 2 INTQO COUNTERS

AND 2 T0 GCUREENT TIME

Figure 4-6. Sample 8080/8085 Time-of-Day Subroutines
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#13C
$13E
2142
gles
2145
g148

glel
3140
B14FE
9151
gl5s
8156

#1568
G154

§13C
Z15F
Glee
gie2
g164

glEo
dieg
g164
g1ec
¢15E

gL7oe
2172

174

g17%5s

#1709

F17D
@1vF
8181
glE4
g186
gleay

J18E

SEEG
DIi2
SA?E21
L3le
SATROL
D&le

3EGA
a1z
SAT?EEH1
D31@
SATOHL
DE1g

SE4S
D31z

<EBG9
D31z
SLE9
D318
D316

SEQA
b3iz2

SEQE
balg
D3ig

SE23
D31z

co

Veoeaegs TIME:

PP5E0PE0 ALARM:

ALARMSET

SE37
D31z
ZATCEL
Liig
SAV3ES1
Lale

SEDF

AvI
out
LDA
oot
LDhA
QUT
r

MV I
ouT
LDAa
ouT
LbA
OUT
¥

MV
ouT

A,E9H
CMDPRT
TIME+3
DATAPRT
TIME+2
DATAPRT

A,BAB
CMDPRT
TIME+1
DATAFRT
TIME
DATAPRET

A,P43H
CMDPRT

sSET DATA POINTER TC
sCOUNTER 1 LCAD REG.
s TENTES-OF=-SECONDS

$SECONDE
sSET DATA POINTER 20
JCOUNTER 2 LOAD REG
sMIKUTES

ECUES

sTRANSFER CONTENTS OF LOAD
JREGS 1 AND 2 INTC CCUNTERS

SSET LOAD REG 1 AND 2 TO &

;ARH COUNTEERS 1

1 4
MVI
QUT
¥
RET
i

7
DB

DB
H
¥

¥

MVI
QUT
LDA
QUT
LDA
ouT

¥
MY1

A,BoH
CMDERT
A,88
DATAPRT
DATAPRT

A,0AH

" CMDPRT

A,GHE
DATAPRT
DATAPRT

L,0238
CMDPRT

é,8,08,8 ;CURRENT TIME, IN FORMAT

$§SET DATA POINTER TO
jLOAD REG 1

iLOWER BYTE
JUFPER RITE

sSET DATA POINTER TO
;LOAD REG 2

sLOWER BITE
sUPPER BITE

AND 2 TO START COUNE
;&BM 1 AKD 2 COMMAND

HOURS, MINUTES, SECONDS,

;TENTES-QF-SECONDS . NOTE LOWER
sDECADE OF TENTHS-OF-SECONDS DIGIT

sMUST BE &.

¢,3,8,8 ;ALARM TIME, SAME FORMAT

A TIME.

FSETS ALARM TC VALUE

ySTORED

A,87E
CMDPRT

ALARM+3
DATAPRT
ALARM+2
DATAPET

4i,0FE

IN VARIARLE ALARM
$5ET DATA POINTEE TO
FALARM REEG 1

3 TENTHS~OF~SECONDS

5 SECOKDS

;SET DATA POINTER TO

Figure 4-6. Sample 8080/8085 Time.of-Day Subroutines (Cont)
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115 18D D312 QUT CMDFRT yALARM REG 2

119: 215F BATAG1 LDA ALARM+1 sMINUTES

128: gic2 D318 QUT DATAPRT

izli: £194 3ATYOEL LDA ALLAREM FHOURS

12Z: 2197 D31 OUT DATAPRT

123: #1es ¢85 RET

124z H

1252 H

126: ;

127: READTIME: $REATE CURRENT TIME AND

12g: sSTORES IT IN VARIARLE TIME
129: H

138 g1gh 3EAZ MYI p,BA3E $SAVE COUNTEERS 1 AND 2
1351 ¥1aC D312 oUuT CMDPRT

132: H

133: Fi9F 3E11 MYI 4,811H $SET DATA FPCINTER TO
1541 Q148 D312 QUT CHMDPRT tCOUNTER 1 EQLD REG.
135: g1aZ2 DRIE IN DATAPRT s TENTHS ~OF~SECONDS
1363  Blh4 &7 MOV. B,A ;SAVE IN B REG FOR TATER
1372 G1lAD 327801 STA TIME+S

138z 21A8 DEBI2 IN DATAPRY 1 SECONDS

135: QilRK 327701 STA TIME+2

142z SLAT A7 ANA £ sTEST FOR @

14l: G1AE CZEAU1 JNZ CTRZIN

1452¢ #8181 78 MOY ALEB ;GET TENTES-QF-SECONDS
14352 g1E2 AV ANA & 7TEST FOR @

144; J1E83 G2Bad] JNZ CTR2IN

145¢: H

148z sCOUNTER 1 EHEAD &, SAVE CTE z AGAIN
lavs: H

145t G1B6 FEAL MYPI A,GA1F $SAVE CTR 2 COMMAND
1%%: g1BE8 D312 CUT CMDPRT

1580z H

151: €1FA 3ZEl12 CTR2IN: MYVI &,12E $S5ET DATA POINTER TO
15Z2: g1B8C D312 QUT CMDPRY ;COUNTER 2 EQOLD REG
153: #1EE DBl2 IN DATAPET sMIKUTES

1543 g1Ce 327601 STA TIME+1

155: g1Cd DE19 IN DATAPRT s HOURS

156: giC5 327501 STA TIME

157: ¥

138z ¢giG8 {9 RET

158¢: H

168z g1Cco END

Figure 4-6. Sampie 8080/8085 Time-of-Day Subroutines (Cont)

A COOKBOOK APPROACH TO TIME-OF-DAY COUNTING

The following steps are given as a simple, easy-to-use guide 1o
the operation of the Time-of-Day Software. At the and of each
stepis a reference to the Iine number appearing along the left side
of the program listing in Figure 4-6. Note that these programs
have been goded to maximize clarty. Use of automatic Data
Pointer sequencing 2nd special prograrmming tricks wold likely
regult in mere compact code. The program assumes that the
AmS513's Command port is located at address 12 (hex) and that
the Data port B at address 10 {hex)-

a7

SETTING THE CURRENT TIME

Subroutine SETTIME in the software isting sets the curent ime
and configures the Master Mode register and Counter Mode
register 1 and 2,

1. Set the Master Mode register as follows:

a) Setthe Data Pointer register to point 16 the Master Mode
register by writing 17 (hex} to the Am8513 Command port
(Lines 15-16).
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b) Wiite XOOCK AAT1 (binary) to the Am@513 Data port to set
the jow order byte of the Master Mode register (Lines
1718).

X = dont't care bit
A = set to 1 for Alarm function; set to ‘0" i Alarm will
not be used.

&) Write 110X 20004 (binary) to the Am@513 Data port to set
the high order byte of the Master Mode register (Lineg
19-20).

Set Courtter T's Mede register as follows:

a) Set the Data Pointet o the Counter 1 Mode register by
writing 01 {hex) 1o the Command port (Lines 24-25).
b) Write 3G (hex) to the Data port. This Is the lower byte of

the Counter 1 Mode register (Lines 26-27).
c) Write OF (hex) to the Data port. This is the: upper byte of
the Courner 1 Mode register (Lines 28-29).

. Set Counter 2's Mode register as Tollows:

a) Ser the Data Pointer to Cournter 2's Mode register by
writing 02 (hex) to the Command port {Lines 33-34).

b) Setthelow byleof Countar 2s Mode register by writing 39
{hex) to the AMI513 Data port (Lines 35-36).

©) Write () (hex) 1o the Dats portto set the upper byte (Lines
37-38).

. Counters 1 and 2 miust now be loaded with O to condition the

Time-of-Day circuitry. Set Load register 1 to 0 as follows:

a) Setthe Data Fointer register to point to Load register 1 by
writthg 09 (hex) to the Am9513 Command port (Lines
42-43).

B) Write 00 (hex) to the Data port toset tha lowsr byte of the
Load register (Lines 44-45).

c) Write 60 (hex) to the Data port to set the upper byte (Line
46).

Set Load register 2 1o 0 as follows:

a) Setthe Data Pointer register to point 1o Load register 2 by
wrifing DA (hex) to the Am3513 Command port {Linas
48-49). '

b} Write 00 (hex) to the Data port o set the lower byte of the
Load regicter {Lines 50-51).

=) Whrite 00 (hexx) to the Data port to set the upper byte (Line
52).

. Transferthe contents of Load registers 1 and 2 into Counters

1 and 2 by writing the “Load Counters 1 and 27 command (43
hex) o ihe AM9ST3 Command port (Lines 54-55).

_ Set the cument time's seconds and tenths-of-saconds into

Load rogister 1 as follows: ]

2) Setthe Data Pointer register to point to Courter 1's Load
register by writing 09 (hex) to the Am9513's Commarxd
port (Lines 59-60).

b) Write the curment time's tonths-of-saconds o the Data
pott in the format TO (hex), where T is a BCD number
between 0 o 9 representing tenths of seconds. Thé low
decade, used by the Time-oi-Day prascaler, will usually
be setto 0. (f a 100Hz input frequency is selected the low
decade may be set to the cument ime's tens-of-
miliseconds value,) (Lines 61-62)

€) Write the current time's seconds to the Data port. This
should be 2 number between 0 and 59 (decimal) in BCD
format (Lines 63-64).

. Set the current time’s hours and minutes, using a 24 hour

clock, into Load register 2 as foligws:

a) Setthe Data Pointer register to point 1o Counter 2's Load
register by writing OA (hex) to the AmES513's Command
port (Lines 66-67).

10.
11
12.

b} Wiite the cument time’s minutes to the Dats port. This
number must be between 00 and 59 (decimal) in BOD
format (Lines 58-59).

&) Wiite the current time's hours fo the Datz port This
number must be between 006 and 23 (decimal) in BCD
format (Lines 70-71).

. Load Counters 1 and 2 with the current firne by writing the

“Load Counters 1 and 2" command (43 hex}iothe Am8513's
Command port (Lines 73-74).

Set Load register 1 to O by repeating Step 4 (Lines 78-82).
Set Load register 2 to O by repeating Step 5 (Hines 284-88)

Start the counters by writing the "Am Cournters 1 and 2
command (23 hex) to the AmME513's Command port (Lines
92-93).

SETTING THE ALARM TIME

1.

Set Alarm register 1 1o the seconds and tenths-of-seconds
Alarm time as follows:

2} fetthe Daiz Fointer register to point to Alarm register 1 by
writing 07 (hex) to the Am@513's Command port (Lines
116-111).

B) Write the tenths-of-seconds Afarm time to the Am2513's
Data port in the format TO (hex) where T is a number
between 0 and 9 in BCD format representing tenths-of-
seconds. The lower decade wilt usually be set to 0. (When
2 100Hz input frequency is setected, the lower decade may
be sat to the Alarm times tens-of-millseconds) (Lines
112-113)

¢} Writer the: seconds component of the Alarrn time to the Data
port. This should be a BCD rumnber of G through 59 (deci-
mal) {Lines 114-115).

Sat Alatm register 2 10 the hours and minutes Alanm time as

follows:

a) Satthe Data Pointer register to point to Alarm register 2 by
writing OF (hex) to the Am9513's command port (Lifes
17-118).

b) Write the minute component of the Alarm time to the Data
port. This should be 2 BCD encoded number of value ¢
trowgh 59 (deeimal} (Lnes 119-120).

¢) Write the hours component of the Alarm time 1o the Data
port. “This should be a BCD encoded number of value 0
through 23 (decimal) (Lines 121122},

If Master Mode register bits MM2 and MM3 are not already

both 1, set them 1o 1 now as follows: (These steps are not

shown in the software listing.)

a) Set the Data Pointer register 1o point to the Master Mode
register by writing 17 (hex} to the Am9513's Command
port.

b} Read the lower Master Mode register byte.

&) Perform a logical OF between this byte and 0C (hex). This
setshis 2 and 310 1. ‘

d) Repeat step a) to reset the Data Pointer register.

e) Write the resultant byte from step ¢} to the Master Mode
register. This updates the lower byte of the: register.

READING THE CURRENT TIME

1.

Save the contents of Cowrters 1 and 2 in Hold registers 1 and
2 by writing the "Save Counters 1 and 2° command (A3 hox)
1o the AMP513's Command port {Lines 130-131).



2. Read the vaiue saved in Hold register 1 as follows:

a) Set the Data Poimer rogister to point to Gourter 1's Hold
register by writing 11 (hex) 10 the AmSS12's Command port
(Lines 133-134).

b} Read from the Data port to retrieve the low order Hold
register byte. The upper decade contuing the tenths-of-
seconds componant of the current time. The lower decade
i5 usad by the Time-of-Day prescaler. For 100H2 prescal-
ing, it iv tens-of-mithseconds (Unes 135-137).

¢} Read from the Data port again to retrieve the high order
byte. This is the seconds component of the current time
(Lines 138-139).

. 1 the value read from Hold register 1 is 0000, Save Counter 2
again. Otherwize, go 1o Step 4. Counter 2 may be resaved
by writing AZ (hex) to the Command port (Lines 140-149).

. Read the contents of Hold regster 2 as follows:

a) Setthe Data Pointer register 1o point to Load registar 2 by
writing 12 (hex) to-the Am513's Commang port (Lines
151-152).

by Read the minutes component of the current time by read-
ing a byte from the Data port (1 ines 153154}

c) Read the hours component of the cument time by reading
another byte from the Data port (Lines 155-156).

SETTIME SOFTWARE USING MACROS

The programming examples given above can be further
simpified by using macros. The listing in Figure 4-7 = 2 macro-

780 &5 a trademark of Zog, .
CPM s 2 tradlemark of Digital Resaarch, T,
AMDOS i3 & registered frademark of Advancod Micro Devices, Inc.

coded version of the subrouting SET TIME for the 8080, 8085 and
Zso.” ThﬁaﬂmmMpMMMBagammmmmmmnmﬂmsmﬁhw
of usage of the AmS9513 macros. The full output code

of the macroassembler is shown i Rgure 4.8 1o llustrate the
converience of using macros. This code expansion is stightly
diffarent than the code in Figure 4-6 due o different counter
starting poirts and some software efficencies.

CONSOLE DRIVEN CLOCK RUNS UNDER CP/M

A further example written in ¢ is presented; it provides a simple
console-driven closk running under the CP/M* (ver 2.2)
compatible AMDOS® operating system. The resolution of the
clock i Emited t ong-second intervals singe the Whitesmiths' C
compier unforiunately generates an /O ovethead of such a sze
that the: laading time of the program makes furfer accuraty
pointiess.

The C example shown in Figure 4-9 iflustrates the two ways of
setting the vafious modes of operation and register values de-
sired. The Master Mode register (master-rag in the listing) is
stafically initialired since the various field values are known at
compile ime. This declaration genaratas just two bytes of code
corresponding to the 16 bits of the Master Mode register.

The two Counter Mode reqgisters are dynamically inftialized field
by field {refar to the set modes procedure in the isting). Actually,
siatic initialization could be used, since the dosired field values
are known at compile ime {g.q., base = BCD). For the purposes
of dustration, howaver, dynamic intiakzation & emploved.

The program protects against reading the time while & carry is iy
progress from counter 1 TC to the counter 2 input. Should the
value read from counter 1 be rere then the contents of counter 2
are resaved to avoid possibie misreading of the tme.

INCLUDE B:EQUS.MAC
INCLUDE B:8080.MAC

SETTIME:
MASTER
MODE_REG
MODE_REG
LOAD_ REG
LOAD_REG
LOAD
1OAD_REG
LOAD_REG
LOAD
LOAD_REG
LOAD_REC
ARM
RET

1,6

ME+=2,1
ME,I

D b B A D
w w o W4 AW
-

ME SN RANnE

TIME: LB §.2,2,0

3 Coded for AmS@RG/AMRERS — also runs on LE@

T0D_1PSET ,ENABLE ,ENABLE,F1,.8,0F,B05_8,0F,BCD
1,0FF_0¢_TC,0P,BCD,MODE_DEF, F5 RISE, NO _GATE
2,ACT_HI_TC,UF, BCDL.MCDE_LEF, TC NM1 RISE,NO GATE

$ Current time brs, min, secs, tenths

t+ Listed in Appendix 7
5 Listed in Appendixz 3

; Enable TOD counting

Set the currert time

L1

Eecall repeat reload values needed
Time starts now

-

Figure 4-7. SETTIME Macro Listing for 8080, 8085 and Z80
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— Macro expansiop of SETTIME.MAC example —

168"~ SETTIME:
MASTER 1TQD_1G@HZ,ENABLE,ENABLE,F!,8,CF,B0S_8,0F,BCh

BLe3 + DLAR SET TCD_188HZ

B2e7 + DLAER SET LLAE GE (ENAELE SEL =)

PERT + DLAR SET DLAR Ok (ENABLE SFL 3)

BOBF + DLAB SET DLAR QR (F1 SET 4}

PERF + DLAER " SET LLAE CE @ SHL &)

14RF + DLEB SET DLAR OE (OF SHL 12}

10RF + DLAR SET DLAB CR {¢ SHL 13)

SQRF + TDLAR SET - DLAB OR (CF SEL 14)

D@ERF + TDLAF SET DLAR CR (BCD SEL 15

glee” 3IE 17 0+ MVl A,CTRL_GR OR (MASTER_ $HL 3)
pieg2” 21z o+ 0ot A_CTEL i
@1#4” 3E BF + MYI £, LO¥ TLAR

186" D3 18 + ouT A_DATA

glgs” IE DE + "y A, HIGE DLAE

218A° DI 1¢ QUT A_DaTA

MODE_EFEG 1,0FF_OC_TC,UP,BCD,MODE_DFF,F5,RISE.NO_GATE

2004 + DLAB SET CEFF_QC_TC

#oec + DIAB SET TLAR QF {(UP SHL I)

goic + DLAB SET DLAE OR (3CD SHI 4)

293¢ + DLAB SEY TLAR QR (MODE_DEF SEL 5!
BF3C + DLAR SET DLAR CE (F5 SEI 8)

BF3C + DIAR  BET DLAB CR (BRISE SEL 12)
@F2C + DLAB SET DLAE OR (KO_GATE SEL 13
giet” 3E @1 MTI 4,1 OR {MCDE_ SEL 3}
@18E° D3 12 0uT A_CTRL

g116° 3E 3C MV &, LOVW DLAB

112" DI 1¢ OUT L DATA

114" 3E @F MVI A, EIGE DLLB

@g11€° D3 106 OUT & _DATA

MODE_REG 2,ACT_ZI_TC,UP,BCD,MCDE_DEF,TC_NM1,RISE,NC _GATE

gegl + DLAER SET ACT_EI_TC

2209 + DIAB SET DLABE Ok (UP SHL Z)

ge19 + DILAB SET DLAB CR (BCD SHL 4)

2039 + DLAE SET DLAB OR (MODE_DEF SHEL 5;
2939 + DILAB SET DLAB Ok (TC_NM1 SHL 8)
@ez9 + DLAB SET DLAB OB (RISE SEL 12)
2839 + DLAE SET DLAR OF (KC_GATE 3EL 13;
@118° 3E @2 MYTI A.2 OR (MODE_ SHL 3}
2114° D3 12 CUT A_CTRL
@11C7  3E 19 MV 4, LOW DLAE

@11E D3 12 QUT A_DATA

128" 3B ¢e MY A, BEIGE DIAB

gizz” D3 1g oUT & TATA

Figuore 4-8. Macro Assembler Output
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g1z4”
giee”
@128~
G124 °
g12¢

#3128

p138”°
p132”
134"
g138"
2138”7
g138”°

oa4e
/a4
@g43
g13c”
@13%"

G140
#142°
pras”
g147”
81467
g14C"

Gi4E”
@156
g152"
2155"
@157
ei15a "

BE4G
o042
oo4T
g15¢”
g15%”

SE
D3
B
D3
3E
D3

3B
3
3E
D3
b3

=
=~

SE
D3

3
DS

I3
SA
D3

3k

34
1 5
3A
o3

3E
i

LOAD_REG 1,9
BS MYI 4,1 O {LOAD_ SEL 3)
1z ouT &_CTRL
2¢ MVI £, LOW @
16 oot A_DATA
1] MYI £, EIGE &
18 0TT & _DATA
LOAD_REG 2,0
g MYI A,2 OR (LCAD_ SEL 3)
12 CUT A_GTEL
Ge MVI &, LO¥ @
10 oUT A_DATA
8o MY A, HIGE ¢
18 OUT &L_DATA
LOAD 1,2 ; Epatle 70D counting
+ DIAE SET 48°
+ DLAB SET DLAB CH (1 SHL {2-1)})
+ DLAB SET DLAB OF (1 SEL (1-1})}
43 M¥I 4,DLA43
12 ouT A_CTRL
LOAD_EEG 1,TIME+2,I
29 MVl L,1 OR {LCAD_ SEL 3)
iz OUT & CTRL
e17¥” LDA TIME+2
18 CUT A_DKTA
186 Lha TIME+2+1
ie OUT A_DATA
LOAD_EEG 2,TIME,I
A MVI 4,2 OR {LCAD_ SEHL 3)
i2 cut 4 _CTEL
g17D” 1DA TIME
16 QUT &_DATA
GiTE" LDA TIME+1
19 QUT A_DATA
LCAD 1,2 : Set the current time
+ DIAB SET 48E
+ DIAB SET DLAB OE (1 SEL {2~1})}
+ DLAB SET DLAE OR (1 SEL {1-1)) .
43 MYI A,DLAER
12 ouT & CTEL

Figure 4-8. Macro Assemblar Qutput (Cont)
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LOAD_REG 1,0
@1686° 3E 89 MVI &,1 OF {LOAD_ SEL Z:
g162° D3 1z OUT L CTRL
p164- 2E 2¢ MYI &, LC¥W &
g166° b3 1¢ ouT £ DATA
gi68” 3L e MYI &, HIGE 2
g168" D3 1@ oUT & _DATA

LOAD REG 2,8 7y Recall repeat reload

values needed
giec; 3E ok Myl A,2 OB {LOAD_ SEL 3}
6E D3 12 oUT A_CTRL

2172 3E 06 MYI i, LCW &
g172" D3 10 ouUT & _DATA
$174° 3% @8 MV &, HIGE B
@176 D3 18 CUT L_DATH

ARM 1,2 7 Time starts now
gg2@ + DLAB SET 208 :
gee2 + DLAB SET DEEER QR (1 SEL (2-1))
gg23 + DLER SET DLAE Ok {1 SHL {1-1))
give’ 3E 23 MYV I A,DLAB
B17L D3 12 oyt A_CTRL
gi7c”  Co RET

3 Current time hrs, min,

gi7D°  ¢0 9¢ 26 o TIME:  LE $,6,%,2 sécs, tenths

END SETTIME
Macros:
ABM CLEAR DISAEM DPS DEMSAY FOUT EOLD_RE LD_ARM
LOAD LOAD_E MASTER MCDE_R N_TYPE PCINT RESET  SAVE
SET_ STEP S_MASK S_TYPE
Symbolis:
ACT_HI @691 ACT_LC ©085 ALARM1 Q080 ALABMZ g2l
i CTRL @012 A_DATA g@1e BCD 2eo1 BINARY @060
BUS_16 @601 BUS 8 006 CTRL G 0Qeov DISABL ¢206
ILAE 2e23 DOWN ¢ee0 ENARLE 0031 F1 POSE
¥2 2@eC ®3 eaeT F4 GEeE F5 gagr
FALL 06e1 GATE 1 @886 GATE_2 Q@87 GATE_3 @po@s
GATE_4 DBES GATE S @08A EE_GAT ¢@26 EL_GAT ©B0OZ4
EL NNM1 8883 HL_NP1 @882 EL_TC_ 2@o1 ROLD_  @gez
TOLD_C €083 I il fl ) LE_GAT o@g7 L1l _GAT 0g65
IOAD_ @061 MASTER @&82 MCDE_  o@08 MCTE_A 08068
MODE_D ©891 MOPE_G 0882 MODE J ©883 MODE_M 0824
MODE_ P 6005 MODE_S €606 MODE ¥ G887 NO_GAT GEO0
OF £891 CFF_LO 0008 OFF_CC 0034 CN GEoo
RISE GB00 SETTIM ¢196° SRBC_1i 2861 SRC_2  @eer
SRC_3  00e3 SRC_4 00064 SEC_5 0205 STATUS @Ges3
TC_NM1 9008 Te_TOG @ver TIME gi7D"”  TOD_1¢ 0883
TOL_58 0601 T0D_66 @@z TOD_OF @20¢ uP ?3e1

No Patal error(s)

1>

Figure 4-8. Macro Assembler Qutput {Cont)
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/* This file provides ah example usage of tke 9513 System Timing
eontroller device as & consolé clock. Whitesmithks™ C example.
*

#incivde | B:9513DEFS.E. /% Listed in Appendir 6 ¥/
#inclode B:9S1ZRFCELE /¥ Listed in Appendiz 1 */
/* Eecord structure defiritions - Whitesmiths”™ C demands initialisers.

Notlce that the master_reg definitlorn generates only 2 bytes of code,

/as wonld the counter definitions if they wese statically imitizlised.
%

master_type mastel Teg /% Thic ts a static inttiszlisatior =/

= {10T_16@HZ,DISABLE,DI5S4ELE,¥1,7,0FF,R05_8,0FF,BLD} 5

channel_type count {6] /* array of the 5 commnters or the 3513 %/
= {p,2,0,6,8,0,8,8,8E, /% dummy eftry — index for countl is i */
E'E'g'gi ‘Imtﬂiﬁiet
¢,6,8,8,0,0,8,¢.8,
8,0,8,8.0,8,8,8,06.
B,0,0,8,9,8,0,0,8,
ﬂ’ﬁfﬁ!aiﬂfeiebaie
I
/* Command constants ®/
load = BT43 5 /% LOAD counpters 1 and 2 =/
arm = eXZ3 3 /% AR® pcounters 1 apd 2 %/
save = EXES 5 /% SAVE counters 1 and 2 #/f
_main ()
BREGIN
int ars_, min_ ¥
ipt temp , ac ;i
ae = getfmi ("¥PhiL:%¢hiT ,&bhrs_,&min_) 3
1f (ac < 2)
THEN
read_time () 5 /¥ If IL:IX then set time, else read it %/
else
EEGIN
set_modes () 3 /% Mode registers */
set_toads {krs_, min_., @) ; /¥ Load registers */
cutput (CONTROQL, &load) ; /¥ LCAD command */
eutput (CONTROL, &arm} /% AEM command %/
set_loads (#.8,8) ; /% Load registers = @ for next reload #/
read_time () 7 © /% Bhpw if running =/
END :
END

Figure 4-8. A Console Driven Clock Written in "C
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set_modes ()

BEGIN

END

/¥ set master mode reg - recall static init */

point_to (CTRL GROUP, MASTER)
output (DATA, &master_treg) 3

/* set counter 1 moede — recall dynamic init */

count{1].mede.outpat = QFF_LC_T0 ;
countil].mode direction = BP 3
countEl +mode . bace = BCD ;

count 1}.mode.control = MODE_DEF ;
countill.mode.source =75 3
conntEl}.mode.edge = RISE ;
connt|l].mode.gate = NG_GATE ;

point_to (1, MODE } 3
output (DATA,&count[1].mode) ;
% 5ot coupter 2 mode %/

count[2}.mode .output = ACT ¥I_TC ;
conet{Z] .mode.direction = UP ;

counti2] .mode . base = BCD ;
counti{2] .mode.contrel = MCDE, DEF ;
cnunt[zl.mode.seurce = TQ_NMI ;
count{2].mode .edge = RISE ;
countf2f.mode.gate = NC_GATE ;

point_to {2, MCTDE )
output (DATA, &count[E]-mode} H

set_loads (hrs, min, secs)

EEGIN

END

int hrs, min, secs

count2].l0ad = (hrs*256) + min ;
countfi}.load = secs ¥ 256 ;

/%* point and send counter 1 load
polnt_te (1, IOAD_)

output (DATA,&count[i].load) 3
/* point amd send counter 2 load
point_to {2, LOAD_) ;

cutpot (DATA,.&count[2].lcadl ;3

read_time ()

EEGIN

END

unsigoed hrs, min, secs, tenths I

ontput (CONTROL &§ave) H /* Issue the SAVE command

point_to (2,
tenths = &in (DATAT

secs = in (DATA) /* Read the Hold 1 register

if {{secs == @) && {tenths == @))

THENX /¥ Wups — m;ssed 2 carry it

output (CONTROL, &save) §
point_te (2, EOLD_)} ;
min = in (DATA) 3
bhrs = io (DATA) 3

putfmt (TAt the bell it wasiBhi:Z2hi:Z@hil\n”,hrs.mizn,secs)

/* Now read correct Hold 2 reg |

x/

*/

®/

®/
®/

Figure 4-9. A Console Driven Clock Written in ‘C’ {Cont.)
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point_to (chanpel, reg)

BEGIN
data_type data_ptr i
data_ptr.element = reg }
data_pir.greup = ckaunel ;
data_pir.cmud _code = € 3
outpnt (CONTROL,5date_pir) ;
END

output {port, word)
unsigned port, *word ;5

BEGIN
unsigeed sent ¥ /% This outpul routine has & Trace dump */

out {port, {*word % 256}} 3
if {port == DATA)

THEN

BEGIN
out (port, (*vwerd / 256))
sent = *word §

ERD

else

sent = *word ¥ 256 ;

/* Delete the next statement to suppress dump
— 1% shows what you sead t¢ the AmS51E */

/* trace off

putfmt (“Cutput %2hiZGEhi\n ,port. semt) 3
=/
END

b3

Figure 4-3. A Conscle Driven Clock Written in “C’ (Cont)
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