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HELPFUL HINTS

1} All unused inputs should be tied to a TTL High.
2) Use separate Load and Arm Commands for asynchronous aperations.
2) Set (or clear) command should be issued after the load counter commuand.

4} The counter output shouid not be connected 1o edge-sensitive intetrupts as the load counter command may
cause a glitch on the: counter outpet interrupts should be disabled during the [oad command i this absolutely
has {0 be done. i

5) When using fast processors, watch out for recovery fime!

&) The AmIS1IAMESTSA has a pecuiarity when using a counter in any mode that alternates the reload source
between the icad and hold registers (&.9., Mmode Jvariable duty cyde rate generator with no hardware
gating). If the counter is disarmed when fis value is 0001 (for down counting) and then armed again, the
reload source after the first TG will be the load register instead of the hold register. Asoltware “workaround” is
o issue 3 "dummy” load counter command to the counter immedistely after the disam command.

7) The Am9513A TC oulput will never go active if programmed to be in the TG toggle mode and the step
command is used 1o increment or decremert the counter, (The Am9513 does not have this problem.}

The output will go into TC ¥ programmed 1o be in the active High or active Low terminal count modes.
However, the only two ways out of TC are: )

d) Arming the counter and having an active source connected fo i, or,

b} lssuing another step comemand ‘

(The non-A Am9513 counts the next clock pulse, even when not armed, o get ot of TC.)
8) For counting rates greater than 7MHz, refer to:

“High Frequency Operations with the 9513 Controlier” by Temence J. Andrews. Electronics/February
28, 1980, .

“Pulse Swallowing™ by John Nichols and Charles Shinn. EDN/October 1, 1970,



APPENDIX A — DEALING WITH METASTAELE PROBLEMS
The AMEST3A has improved synchrontzing circuitry which bmits
the atror 1o =1 count if the spacified setup and hold tmes are
not met. This section may be skipped if 2 =1 count it accept-
abie. Pioase read this section if using the Ama513.

Any circuit employing memory starage devices (f.e., fip-tiops) is
susceptible to metastable problems. These problems will surface

when the storage device is clocked in close temporal proximity 10 '

changes on the data inputs. For example, with a D-type flip-fiop,
changing the D input near an active-going clock edge may cause
the flip-flop to go into 2 metastable stale. When a device goesinio
ametstable state, the O and & owtputs may bath be at the same
level, may be at intermediate levels or may ostillzte between
tevels. The circuit can remain in the metastable state for 2 time
duration many times ienger than the normal propagation delay of
the device. The time that the metasizibhe state will persistis based
on the exponentially decreasing probability curve (see Figure
A—1),whhmersxeofdecreasedependernmme gain-bandwidth
product of the device.

Cireuit davices such as fiip-fiops have setup and hold time re-
quirerments on the control inputs specied relative to applied
clock edges. These setup and hold parameters specify the win-
dow during which changes on the control lines may cause a
metastable, As long as these paramsters are met, metasiables
will ot arise.

Computer systern designers efiminate mostmetastable problems
by designing synchronous systems which guarariee the required
setup and hold fime between clock edges and slorage device
control inputs. inputs which are inherently asynchronous, such as
htenupts,arewﬂpledarﬂheidfcraarﬁicienﬁybngﬁmeto
allow most metaszbles to die cut. Since the probability of a
metastable persisting decreases exponentially, itwill never reach
Zero, Dﬁignersofsysﬁemsmasyrmominputsuseme
rodrmum acceptable faflure rate as a guide to determining the
time aliowed for metastables to decay after sampling the asyn-
chironous input signal.

The data sheet pararmeters pertaining 1o synchronization for the
AmMOS13 are TGVEH, TEHGV, TEHWH, TWHEH, TGVWH and
TWHGEV and for the AMES253 are tge and oy As long as these
parameters are met, there will be no metastable problems. To
determine if & Groult meets these parametess, use the following
guidelines.

Parameters TEVEH and TEHGV for the Ama513 and i55 and
tGHforﬂ'»emspecﬁymaivmenasweeedgeisappﬁedto
an ammed counter, the gate must be stable TGVEH {Ama5I3)

mgg{ﬂﬁ}bﬁmeﬁesoumedgeanﬂﬁegﬂemustbe
heid statie for TEHGY (AmS&513) or ey (8253) after the source
edge for level gating; and for edge gating meaningful transi-
tions on ihe gate mput must not occur closer than TGYEH
{AMB513) or igs (B253) before the: source edge or sooner than
TEHGV (Am9513) or.igy (3253) after the source edge. A
meaningful transition in edge gating is defined as 2 gate edge
applied to an ammead counter that starts the counter courting in
Modes G, F. |, L © or R, {Am3513) or any active-going gate:
edgeappﬁedhoanamedmumerinMod&OorR. In the
8253, parameters igg and iGH must be met relative to the fall-
ing source edge; in the Am3513, parameters TGVEH and
TEHGY should be met relative to the rising source edge if
Gounter Mode register hit CMI2 = © and fo the falling source
edge if GMIZ = 1. These two parameters need only be met
while the counter is amed.

Pammeters TEHWH and TWHEH {Am2513) speciy that when a
write cormand is issued to a given counter, that counter must
not have an active-going count source edge any closer than
TEHWH before the rising Wh edge and the next active-going
ﬂltsoumeedgemustmtow:runﬁlmﬁﬁaﬂermeﬁsing
WRedga.meseparammersnwstbemetforaﬂmmmands
issued to an armed counter and for ARM, LOAD-and-ARM and
STEP commands issued to a disarmed courter. As an aside, i
these parameters ¢an not be met, it is strongly suggested that
the progmmmer use separate LOAD and ARM commands
rathor than the combined LOAD-and-ARM commeand in order to
Emit the number of events that need to be simultansously per-
fomed.&eaaﬁsmaﬁnﬁlarrasﬁcﬁm,nmne{ymatwng
a rising W edge 1o a counter ¢lose 1o our active-going source
edge may cause counter problems. However, the 8253's data
shest, uniike the AM&513's, does not call out what constistes a
safe application of a write to cournter.

Paramers TEVWH and TWHGY (Am3513) specily that when
a write commemd i issued 1o a given counter, the gate input to
that counter must be stable TGVWH before the rising WR edge
and the gate must remain stable TWHGV after the rising WR
edgeiorleveigaﬁng:andiaredgegaﬁngmearﬁngmtransiﬁms
(deﬁne_gibwe}mmegaw must not occur TGVWH before the
fising WE edge or sooner than TWHEH after the sising WR
edge. These parameters must be met for all commands isgued
to an armed counter and for ARM, LOAD-and-ARM and STEF
commands issued to a disarmed counter. As above, use the
separate LOAD and ARM commands if these parameters can
not be met. The 8253 counters are susceptible w0 eronecus
opemﬁmﬁaﬂsirgWRedgeisappliedmamunmrdnsem

HIGH GARN=-AANDWIDTH

/— LOW GAMN-RAKDWADTH

TIME SINCE START OF METASTARLE

MOS-EZE

Figure A-1. Metastable Decay Probabilities



APPENDIX A (Cont)

& retiggering gate edge. Unlike the AmBhi%'s data sheet,
the 8253's does not spectiy when it is safe to apply a write
command. :
In the AmM9513, some commands such ag ARM, DISARM aned
SAVE can be applied to more than one countar at a time. For
such commands, each counter being acted on must meet
parameters TEHWH, TWHEH, TGVWH and TWHGV.

Faflure 0 meet ane of more Of the Am9513 parameters
TEHWH, TNHEH, TGVWH or TWHGV or falure io mest the
unspecified B253 restrictions or when write commands car be
issped may result in incorrect execution of the enterod com-
mand. For example, with 2 Am3513 SAVE comwmand or an
8253 counter latching operation, an comect value might be
stored. It is alse possible, although lkely less probable, that a
cormand entered in violation of these parameters may have a
more drastic effect, perhaps alteding the counter’s coments or
perhaps locking the counter up. It is because of the unpredict-
able nature of metastablos that it is not possible 1o pinpoint the
command faiiure mode that may be expefienced. Many users
provide reasonableness checking routines in their software to
help detect if an emor arises, perhaps performing two (Am9513)
SAVE or two (8253) counter latching operations, for example,
and comparing the resutts, The AM9S13A may have a3 coumt
amrorof =1,

With the AmSS13, it is somelimes necessary to calculate the
relationship between one of the intemmat F sighals (F1 thoough F5)
and some externally applied signal, pethaps 2 gate or WR edge. i
FOUT iz driven from an intermal F signal, say 75, any intemal F
signat, say F3, can be referred to the FOUT transition using dats
sheet parameters TFN and TEHFV. In the above exampla, the
maxinum delay between a transition on F3 and a transition on
FOUT is giveni by TEN (F3 to F4 delay) + TFN (F4 to FS delay) =
TEHFV (FOLIT source to FOUT output delay) = 2 TFN + TEHFV.
#t tems out that the iterna! F1 signal can be assumed 1o be
equivalentto (i.e., has 0 ns skew relative 1o) the X2 mput. This can
be used to reference X2 to ohe of the imemal F signals, for
esample, to F3. The X2 i F3 maximum delay is simply: (0 ns (X2
to F1 delay) + TFN(F1 to F2 delay) + TFN (F2 to F3 delay)) = 2
TEN. Using the abovetechniques, any F signal can be referenced
to FOUT (if FOUT has one of the F signals as a souwrce) of 10 X2,
chronize signals, pertiaps an asynchronous gate or WH edge,
relative to the intemal F signal. Note, however, to avold biasing
Since the refationship between X2 or FOUT to the intermnal F
signal i kmown, the X2 or FOUT signal may be used o syn-
problems with the Am3513s internal osciltator, f X2 conhects toa

crystal or to an LC or RC network, the X2 node should not be used
o drive any gates other than the Am8513's X2 input. The X2
signal should only be used to drive other gates if it is being driven,
as shown in Figura 2-3 (¢), by an extemal signal not generated by
the AmMSE13's ternal osciliator.

In many systems it may be difficult or impossibie to meet some
or all of thege parameters. In recognition of this, the AmM9513
has on-board circuitry designed to synchronize signals violating
the above parameters. Because of the low gamrbandwidth
product available in MOS technology vis-a-vis bipolar technol-
ogy, there is a small but significart probability of failure in the
AM9S13's synchronizing crcuitry. Again at the risk of being
repetifious, problems because of synchronization failure can
only owcur if the user does not mest data cheet parameters
TGVEH, TEHGY, TEHWH, TWHEH, TGVWH and TWHGV
{AmSH13) or tgg and igy (8253).

Calculations can be made to compute the expected failure rate for
truly asynchronous signal entry. To calculate the expected
metastable errar rate, 1t st be assumed that te two input
sigreds being analyzed are truly asynchronous., Signals which are
generated from a cofamon source but which may be skewed
relative to sach other because of indeterminate propagation de-
lays in their separate paths are not truly asynchronous. The word
synchronous, as used in this document, refers to afl of these
non-agynchrenous signais, i.e., 1o any signals with a precictable
The reason the signal must be truly asynchronous is related to the
setup/hold window specified by the parameters in the data sheet.
Any given chip will have a setup/hold window much smaller than
that given in the data sheet. The typical setup/hold window re-
quitements for a particular counter may actually be many orders
of magnitude smaller than the one given in the data sheet See
Figure A-2_This very narrow window for differant parts will appear
at different points within the data sheet's required setup/hold
window. Also, for a given part, this very narmow window will move
with changes in operating conditions (voltage, iemperafure, etc.).
The data sheet pararmeters speciy the outer limits of these varia-
tions for worst-case conditions.

If signat transitions oocur within the narrow setup/hold window of
a given part, there is a high probabiity of a metastable ocourring.
If the applied signals violating the setup/hold time are ruly asyn-
chronous, the probabiity of their vickting the setup/hold window
israndom. If, on the other hand, the two signals are derivedfrom a
cOmmon sigral or crystal, they in fact will have some predictable

NARROW METASTABLE WINDOW
FOR & FARTICULAR PART AT &
FARPCULAR TEMP_VCE, ETCL

———

~__/ /4 /

PGEVEH

r,

/

HARROW WINDOW WILL LiE SOMEWHERE
WITHIN THIS ARER FOR OPERATION OF ANY
DEVICE OVER MR RANGE OF TEMPERATURE,
VGG, BTG,

MOS-537

Figure A-2. AmS513 Setup-Hoid Requirements



APPENDIX A {Cont}
relationship and, at a givenset of operating conditions, may f2llin
the setupihold window time after time., causing high fzilure rates.

For this reason, if the Ama513's or 8253's synchronization
parameters can not be met, the vielating signal pairs must be
truly asynchronous to each other in order 1o set the probability
odds on the side of the user. More specifically, if parameters
TGVEH or TEHGV (AmS513) or igg of igy (8253) can not be
met, the gate and source should be asynchronons. If TEHWH
or TWHEH (Am9513) can not be met, the WR and source sig-
nals shoukd be asynchronous (.., do not clock the Ama513 off
the processo’s clock, or vice versa). f TEGVWH or TWHGV can
not be met, the WR and gate sighals should be asynchronous.
Since the 8253 data sheet does not specify when it is safe to
issue write commanck: the user cannot be certain metastables
Wil Dot ooour.

Assume there is a cirouit which violates at teast one of the
AMS513's or 8253 synchronization parameters and an ap-
proximation is desired of the faflure rate that may oocur, To 8
first order approximation, one may use the formula

P(meta) = ry 3 tw

where

P{meta) = probability of a metastable over a given period of time
ty, Iz = fransition rates of two input Signals

tw = setup/hold window size of a particular part

Note that the equations presented in thisz 2ppendix are useful
for analyzing the probabiiity of metastables, not only for the
AMIS13 and 8253 but aiso for any other sequential iogic circLit
having asyhchronous inputs.

Varizbles 1y and rz are the rate of relevant transttions on the
two input signals. For Am9513 sources, only the active-going
source edge most be synchronized o the gate or cormmand
input. The inactive-going scurce edge has no effect on the
counter. For the 8253, the faling source edge must be syn-
chronized 1o the___g‘are. For AmS513 command entry, only the
fising (trafling) WR edge must be synchronmized; the falling
(leading) Wi edge can be asynchronous. in Am@513 level
gating modes and &253 modes 0, 2, 3 and 4, both active and
inactive gate edges must be synchronized to the source,
whereas in Am9513 edyge gating applications or 8253 modes 1
and 5, only the meaningiul gate edges have sgnificance. (See
the: definition of meaninghl gate edges earier in this appendiz.)
‘Thus for ak inputs except AmS513 level gate signals or 8253
gate signals in modes 0, 2, 3 and 4, paramelers ry or rz are
equat 10 the frequencies of the inputs. For level gating, since
hoth edges have significance, the transition rate vy or rp is
twice the gate signal frequency.

Variable ty, is the narrow setup/hold window for 2 given part under
2 cartain set of operating conditions (see Figure A-2). The actual
value of this variable will be highly dependent on the application,
and for this reason it is best determined empirically for the par-
ticular appiication being studied.

One approach useful in determining P{meta) is fo nin the appiica-
tion at a much higher rate than is normaily mended. This should
generate an easily measurable error rate. The value of by, can
then be calculated and used to calculate Pmeta) for the nommal
rate of operation.

For example, suppose a user plans 1o asynchronously level-gate
at a rate of 10Hz while using a 1000Hz source. The user wishes
o calcutate P({meta) for this application. Parameter ty, might be
calculated while minning a 2MHz signal inte the source while
level-gating at 200kHz. He might observe the courter outst to

verify correct operation. By observing the &rror rate over & petiod
of tme, the above formula could be used to calculate by, as
follows:

P(meta)’

r e’
Note in cur application ry" = 2 x 10% and p* = 400 x 10°.
Parameter ry” is twice the gate frequency since both gate edoes
must be synchronized. The empirically determined ty can now be
used to fnd P(meta) for the intended application using the
formuta

F(meta) = rj r2 iy

with ry = 1000Hz and rs = 20Hz, comresponding to the source and
gate repetition rates for the desired apphcation.
In many cases, no esvors will be observable even &t accelerated
operating rates. The ratio of the accelerated rate to the final
applications rate aflows extrapoiation of the period of time likely
between emors. For example, if our user observed the aeceler-
ated apphication for ten minutes and no error was seen, he could
extrapolate the time between errors for the final application as

folows:
1 emor

_ 1000 Hz x 20 Hz x 10 minutes

g o’ 2x 105 Hz x 400 x 103 Hz
25 x 109 emors/sec = 1 enor4 x 10% minutes
This, the final application's average emor rate will likely be better
than once every 760 years,

In some applications, more than one AMS513 setup/hold
parameter may be violated. (Since the §253 data sheet only
specifies the source-gate setup requirements, the user can not
be sure whether applied write commands are in violation of the
setup and hold requirements of the 8253's gate and source)
For each setup/hold window possibly viclated (TGVEH and
TEHGV; TEHWH and TWHEH: and TGVWH and TWHGV), the
related pairs of signals {gate-source; source — WH; and gate —
WR) stould be run at accelerated rates io compute ty'.

The formula can then be used to estmate P{meta) for each of the
setup/held requirements. The resuttant error probability is then
the sum of the Pmeta) values for each setup/hold window.

For exampie, our above discussion calculated P{meta) for the
TEVEH - TEHGV source-gate setup/hold window. We might
alsn caiculate P(meta) for the TEHWH — TWHEH source — WH
window by using accelerated source and WR signais, keeping the:
gate repefiion rate at the final application rate of 10Hz to
minimize its effect. If our new source — WR P(meta) was 1 emor
every 500 vears, the combined avefage error rate would be
{(1/500 + 1/760) or 1 error every 300 years, I the gate: - WH
setup/hold parameters were also violated, the P(meta) for this
window should ziso be calculated 2s 2 component in the final
ervor rate. As mentioned eadier, these calculations can &so be
used to analyze metastable error rates for any olher sequentiat
jogic clrouit having asynshronous inputs,

F{rmata)”
B(meta) ry rz P{meta)

It

Three cautionary notes are appropriate at this point. First, the
{formula provides a fitst.order approximation only and should be
used only for rough estimates, Second, since metastable ervors
will occur &t random tmes for asynchronous signals, muttiple
meastrements and use of statistical techmigues should be used
to minimize ite effect of mandom Auchiations in the measured
data, Third, the desired application should bethoroughly tested at
the normal operating frequencies, This approximation technique
of estimating error rates shouk! be used to further substantate
the results of this through testing rather than be used in fieu of
theroughly testing the application.



APPENDIX B — KEY TO TIMING DIAGRAMS

Wavelform

Wavelorm Represuniations

Must be steady

Mgy change from
High to Low

May change from
Low to High

Dot care
Any change
permitted

May make one change
from High to Low or

Low to High

Wil he: steady

Will be changing
from High to Low

WIlt be changing
from Low to High

Changing
State unknown

Wit make one change
from High to Low or
Low to High

B-1




APPENDIX B — Am9513 SWITCHING WAVEFQRMS

Bus Transfer Switching Waveforms
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APPENDIX B — Am9513 SWITCHING WAVEFORMS

NOTES:

1.

2,

Typical values are for Ta = 25°C. nominsa] supply valtage
and nominal processing parametens.

Test conditions assume transition times of 10ns or less,
timing refarence levels of 0.8V and 2.0V and ouiput leading
of one TTL gate plus 100pF, unless otherwise noted.
Abbraviations used for the switching parameter symbols are
giver as the latier T foliowed by four or fve charadters, The
first and third charecters represent the signal names on
which the measurements start and end. Signal abbrevia-
‘Hons used are:

A (Address) = C/D
C {Clock) = X2
P {Data ) = DBO-DEIS
E (Enabied counter source input) =
GATE1-GATES, F1-F5, TON-1
F = FOUT ‘
G (Counter gate MpUt) = GATET-GATES, TCN=-1
Q (Data Qut) = DEO-DBEIS
R (Read) = RD _
S (Chip Select) = CS
W (Write} =
¥ (Ouiput) = QUT1-OUTS
The second and fourth leffers gesignate the reference

states of the signals named in the first and third letters
respectively, usng he foliowing abbreviations.

SRC1-8RCE,

H = High
L = Low
V = Vaiid

X = unknown or don't care
£ = high impedance

. Switching parameters are kstad i aiphabatical order.
. Any input transiton that occurs before this minimum setup

requirement will be reflected in the contents read from the
stanhis register.

. Any nput transition that oogurs bafore this minimesy setup

requiremeant Wil ast o the courder bafore the execution of
the operation initated by the write. Failure 1o meet this setup
time when ssuing commands o the countar may resuit in
incomrect couner oparations for the Amas13. For the AMBST3A,
the count vakue may be off by =1. The courser will contirner i
oparate commectly,

. Ay inpst transifion that occurs after thiz mininon hold fime

s guasantesd 1o not influence the contents read from the
SIS reqEstar Ot the curent read operation.

-3

19,

11

Any inpt transition that coours after this minimum hold time =
guararteed 10 be seen by the coumer as occtnring after the
action initated by the write operation. Failure 1o meet this hold
tirne wher issuing commands {0 the counter may rasult in incor-
rect countar oparation for the Am3513. For the AmSSIZA, the
count vajue may be off by =1. The courter will continue 1o
operate comactly.

. This parameter applies 1o cases where the write operation

causes a ehange in the output bit,

The enabled count source is one of F1-F5, TCN=-1,
SRC1-SRCS of GATE1-GATES, as selected in the apphca-
ble Counter Mode register. The timing diagram agssumes
the counter counts on rising source adges. The iming spec-
ications are the same for faling-etge counting.

This parameter applies 10 edge gating (CM15-CMIT3 = 110
or 111) and gating when both CM7 = 1 and CM15-CMI3 #
000, This parameter repregsents the minimum GATE pulse
witth needed to ensure that the puise initiates counting or
counter reloading.

12 This parameter applies 1o both edga and level gativgy (G5

13.

14.

15.

16

17.

CM13 = D01 through 111) and gating wher both GM7 = 1 and
CM1S-0MIS = 000. This parametsar represants the e
sotup or hold Simes to ensure that the Gate input iz Soan ot he
intacxded level on the active Sourcs adge. Fatlure to meet the
required setup and hold times may result in incommeet coumar
oporaton for the Amg513. For the Amasi3A, the courd value
may be off by =1, The counter wifl continue to operaie
cormacty.

This parnteter assumas that the GATENA input & unuszed
{16-bit bus mode) or is tied high. In cases where the
GATENA input is used, this iming specification must be met
by both the GATE and GATENA inpats.

Signals F1-F5 cannot be drectly smonitored by the usar. The
phase difference botween these signals will manifest tself
by causing courters using two different F Signals to count at
different times on nominally simuttaneous transitions in e
F signals.

This timing_specification assumes that TS is active
whmeverRDorWRa:eawve CSmaybeheldacnve
indefinitely.
msparametefassumesxztsdmmkomanem"ﬁlgﬂm
with-a square wave.

Ties parameter assumes that the write operation 1S to the
command register.




Appendix C — Am9513 C Data Model Summary

The following Am9513 data model summary collects together all C structures
appearing in the text of this note for reference purposes.

/%
*/

Record definitions — register fields for Em8513 data model

typedef RECCRD {unsigned

typede!

typedef

typedef

/=

typedet

typedef

RECORD

REGORD

RECCRD

— chip

RECORD

RECORD

unsigned
unsigped
unsigned
unslgned
unsigned
unsigned
unsigned
unsigned

/¥ Master

day_mode
compar_1
compar_z

FOUT_source
FOUT _divisor

FOUT_gate
data_tdus
data_ptr
scaler

} master_type ;

mode Tegister ¥/

ek

Ak KR » F EP
T Y
ETR-T R TR IER-T I TR LA L)

/% Cournter Mode Register */

{unsigned output : 33
unsigned direction R
unsigned base ;1%
unsigned conirel : 3
unsigned source : & 3
unsigned edge : 13
unsigned gate 1 33
} court_type ;

/% Status Register %/

{unsigned bdyte _ptr : 1
unsigned outputl 1 1%
unsigned cutputz 13
unsigred ocutputd 13
unsigpned outputsd : 13
ansigned outputd : 13
unsigned pot_used 23

} status_tyre ;3

data ptr register ccmmand %/

} AMOS13_type ;

/¥ Load
{unsigned group : 33
unsigned element t 2%
unsigned cmnd_code : 33
} data_type ;
level structures ¥/
/¥ Single counter set %/
{count_type mode 3
unsigned int load 5
unsligned int hold 3
} chamnel_type ;
/% AmG513 chip set ®/
{master_type master ;
channel_type counter (5] 3
status_1iype status ¥
unsigned ins alarm_1 7
unsigned int alarm_2 ;




Appendix D - Am9513 Macro Command Summary

This appendix defines the macro command available with detailed syntax of
use. The macros are available for the following assemblers:

1. AnS080/AmB085 MACROB assembler { AMD}
z. Z80 RIO assembler (Zilog)
3. 78000 MACZ assembler (AMD)

The avelladle macros are summarised herce with detalils of wsage- Notice
that in the followitz text angle bragkets (<> ! are used to descride param—
eters to te entered apd as such are rot actually to be entered. Square brackets
{("[17) descride optional jtewms.

The "OF" symbol ( i ) signifies tkat only one cf the parameters given
sbould be entered.

The comma is & legal parameter separater for all three macro files.

{1 ZESET
FCUT CN:IOF
TFs ONiOF
POINT <groupr.{element>
ARM <ocomtination’
1GED <eombination’
LD_ARM <combination>
SAVE {eombinationl
DRMSAY {cembination’
SET_ {counter>
CLERE {countery
STEP {counnter>
10AD_REG - {eountery,{constant>[,{indirection>]
ECLD_REG {eounterd,{corstant>[,{indirection>]
+ODE_EEG <cuunter}.(nutput),{direction>,{ba5e},{:ontrol).<5ource>
yedzer {gate>
MASTER <day_mode>,<cnmpar_1}.<compar_2>,{FOET_source>.<FOUT_divisorb

,<FOTT_gate>,<{data_dus>,<data_ptr>,<scaler>
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{combirnation®

Loounters
{indirection

<groupr
<elementy>

<eutputl
<directiond>
<base>
{controld
<Sourcer
<edger

{gate>

<day_mode>

{compar_2
<compar_1>
<FOUT_source’

LFOUT_divisor>

<FOUT_gated
‘<ﬁata_bus}
“data_ptr>
<scaler>
<hex_digit>
{constant)
aigit>

<allowed_modes>

L1
L 1]

L1 + (1] ik (1] (1]
L1 (1]

"

[

" L] L 1)
-

LLd

(1]
L1

[

"

i

-
.

It

It

It

H

1l

;

{couzter>i<{counier>,<combinaticn}>
112i314i5

I

<counter>!CTRI_GR

MODE_{LOAD
IATAEML

iECLD_CY

{ROLD .
THMASTEE _|STATUS_

PATARMZ
OF_LO_TC{aCT_EI_TCiTC_TCGGLEIOF OC_TC;iACT_LO_TC
TP DCWN

<scaler’>

<alloved _modes)>

<FOUT_sourcel!TC_NML

RISE;FALL

NG _GATEHI_TC_NM1}EL NP1 _GATE!FL_NM1_GATE'EL_GATE N
fLI_GATE_NTZE GAT_ NTLE CATE &

TOD_CFF!TCD_S58EZ i TOD_6CHZ | TOD_1807Z

<compar_1i>»

ENABLE!DISABLE

SRC_1iSBC 2)3SRC_3|SRC_4ISRC 5
'GATE 1,GETE E;GA“E ZTGATE_ZiGATE S
IFLIF2IFEI7aTES

<hex_digit>

CNiCE

EUS_BIBUS_16

ON{OF¥

BINARY!RCD
<4igit>i{gAH ¢BE | 6CH ! QDH |0ER | ¢FE
<digitri<digitr<constanty
pitizi3ielsisivisie

MODE_ABC|MCDE_DET !MCDE_GHI !MCDE_ JEL iMCDE_mNO
'MODE_DQR}MODE_ Stu.HODE Vuzx
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The following macro code definitions implement the macro commands as
Jisted in the Macro Command Summary (Appendix C). Notice that all macros
use only the A and F registers, all other working registers are unaffected.
these macros are targeted for the AMD MACROZ assembler.

¥

S_MASE

DIAR

5_TTPE

DLAB

K_TYPE

AEM
1OAD

LD_AEM

AmS513 Macro definitions for AMSGEC Macrof Assembler

MACERC PlL,PZ,F5,F4,F5

7 BEecursive macro to get correct s—field

IFNE <PE>»

5_MASE PZ,FZ,P4,PS

ENDIF )

17t {2 LT P1} ANP (P1 LT &)
5T P1AZ CF (1 SEI (Pi-1)}
ELSE

T¥? P1 7 1liegazl Courter
ENDIF :

ENDM

MACRO  X,P1,F2,P3,P4,P5

i3 Optimised sequence for multiple register s—field commeads

ég; § EQ 28H CF X EG 408 CR X L 688 CH I EC 2C2B CE
3_MASY P1l,PZ2,P3,P4,PS

MYI A,DLAE

oot A_CTEI

ELSE

77T X y Illegal s-mask command code

ENDIF :

ENDM

MACRO  P1,P2

X BQ ZLZE
CE I EQ &6t

;3 Optimised sequence for sicgle reglister n—fileld commands

IFPT {8 LT P1) AND (Pl LT &)

M¥I A, P CR P2

ouT A4 CTRL

ELSE

2?2 PL 7 Tllezal Countier

ENDIF

ENIM

MAGED P1,F2 ,P3,P4,P5 13 Arm counters, apy from 1.5
S_TYFE Z¢E,P1l,P2,F3,P4,.F5

ENDM

MACRO P1.P2 . P3,P4,B5 i+ Logd counters, any from 1.%
5_TYPE 40H,Fl,P2,F3,F4,F5

ENDM

MACRC P1,P2,P3.P4.P5 i Lozé “n Lrm zounters, any from 1,5

S_TYPE 6&QE,P1,P2,PZ,P4,PS
ENDM :
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TISATM

SAVE

TEMSAV

CLEZAR

STEP

FCOUT

RESET

POINT

MACE( P1,P2,P3.P4,P5 ++ Disarm counters, &ny from 1,F
S_TYPE @C@E,PF1,PZ,P3,74,P5

ENTM

MACRO  P1,P2,.P3,P4,F5 ;+ Save counters, any from 1,5
S_TYPE GAPE,PL,P2,P3,F4,PS

ENDM

MACEO  P1,P2,P3,P4.P5 73 Disarm “n Save counters. any frem 1,5
s_TIPE &€H,P1,P2,P3,P4,F5

ENDM

MACRO FI 33 5et single ceunier gutput
N_TYPE FPl,EESE

ENDM

MACRC Pl 77 Glear single counter outputg
N_TYPE P1,0LEH

ENbm .

MACRO Pl 1+ Step single counter tutput
N_TYPE Fl,0FGE

ENDM

MECRG PL 33 Gete FOUT on or off

IPT ‘&P1” EQ "OF”

MV1 A ,FEER

oot A_CTEL

ELSE

IFT ‘&P1° EGQ “ON”

MVI 4 ,0E6E

0uT A&_CTRL

ELSE

22?7 P1 ; Illegal request

ENDIE

ENDIF

ENDHM

MACRO i3 Reset, loed 211 counters
MVI A BFFH :

coT A_CIRL

LOATL 1,2,3,4,5

ENDM

MACRO P1,B2 77 Set date poirter register grovv,. element
IFT ({(¢ LT P1 ANT P1 1T 6) OP P1 EG 7) AND 7 LE P2 END P2 LT 4
MYI 4,P1 CE (P2 SEL 3)

cor &_CTRL

ELSE

TZY F1,P2 7 Illegal request

ENDIF

ENDNM

E-2
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IFS MECRC Pl {3 Set data pointer seguercting can/of
IFT ‘&P1” EQ ONT
M¥I 4,088
oUT L_CTRL
ELS E L rd - .
IPT &P1°7 EQ TCF
MYl A,BEBE
0uT A_CTRL
EL3E
227 P15 Illegal request
ENDIT
ENDLIF
ENDM

MAESTER MACROC Pi,Pe.k3,P4,P5,P6,P7,P8,T
Set Master register

14
HE
ILAE SET F1 13 .day_mode
DLAR SET DLAB OR (P2 SEL 2) 53 .compar_1
DLAE SET DL O (P3 SEL 3) }3  .compar_%
DLAE SET DLLE OR (P4 SEL 4) 11 JFOUT_source
DIAE SET DLLE 0P (PS5 SHL 8) }3 .FCUT_divisor
TLLE SET DLA® LR (F6 SHL 1R) iy SFOUT _pgate
DLAE SET DLAE Qk (@ SEL 13) 77 .data bus - 8 bit orly
DLAB SET DLAR OR (P& SHL 14) 33 .data ptr
DLAE SET DLAE GE (F3 SHL 15) 33 -scaler
POQINT CTEL_GR,MASTEER_ 7+ Poinot to Master Register
Myl 4, LO¥ DLAEB
ouT A _DATA ;i Send Low 3yte first
MYI A, ETIGH DLAE
0BT A_DATA 73 Then Bigh byte
ENDH

MODE_REG MACEG ?%,Fl,P2,F73,F4.P5,F6,27
37 3ei counter PP Mode register

IFr Pl EQ & O © LT P%
777 P1 7 Illegal Output Ceoxtrol
ELSE .
LLRD SET Pl $i  .omtput
TLAR SET DLAB 02 (P2 SEL 3) 77 .directioen
TLAR SET DLAR OR (P3 SHL 4) $3 .base
DLAE SET DLAE CE (P4 SEL o} i3 .control
TLAE 5ET DLAE Ok (P5 SEL 8) $F  -Source
DLAB SET DLAB OF (PE SEHL 12) 77 .edae
TLAT 5ET DLAE GR (PF¥ SHL 1) i .gate
iFT g 1T P& AND P LT 6
PCIKT PEL,MODE_ 53 Point to covnter F1I Mode
MVI L, LO¥ DLAR
ouT L _TATA ;3 Send Low byte
MVI A, HIGE DLAE
QUT A _DATA ;i Then High byte
FLSE
77t P& ;7 Illegal counter #
ENDIT
ENDIF
ENDM

E-3
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LOAT EEG MACKHC
IFNEB
POINT
1D:
CuT
LIA
Ul
ELSE
POINT
M7I
QuT
MYI
QTUT
EKDIF
ENDM

HOLD_REG MACRC
IFNE
POINT
L&
QUT
1A
GUT
ELSE
POINT
MYVl
0BT
MYl
ouT
ENEI¥
ENDM

a>

P3,P1,P2
<{P2>
PA,LOAD_
P1
L_DRTR
PI+1
A_DATA

PZ,LOAT_
&, LOW F1
L DATA
&, BIGH P1
L _DATL

?@,P1,P2
<Py
PG,ICLD_
Pl
A_DATA
Pi+l
A_DATA

P& ,EOLD_
&, LOV Pi
A_DATA
A, EIGE Pt
A_DATA

- oy

-

-

ETR TRt -

-

-

e CLIE TR

e

-

-l

TR BT

-k

-y

-y

Set Load reg of counter PE 1o P1

Test for indirectien

Nestec macre must lie withip the test
Low byte

High tytie

Low byie
Higk tyte

Set Bold Reg of zounter PE te P1

Test for indirection

Mested macro must lie within tke test
Lowv brte

Eigh byte

Low byte
Bizk byte

E-4
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The following macro code definitions implement the macre command as listed
in the Macro Comuand Sumbary {Appendix B). Notice that all macros use only
the A and F registers, all other working registers are unaffected. These
macros are targeted for the Zilog RIO assembler.

S MASE MACRC  #1 #2 #3 #4 #5
; Hecursive macro to get correct s—field

COND fue”
S MASE 42 #3 #4 #5
ERDC
LOND {G<#L)G{#1<B)

TLAE DEFL DLAB.CR.(1.SEL.(#1-1))
ENDD
COND NOT, ({P{#1)}E{#1<E})
2T #1 7 Illegel counier ¥#
ENDC
ENIM

S_TYPE MACRO  #C #1 #2 #3 #4 #5

; Optimised sequecce for mMultiple register s—field zommands

COND (#0=20T )" (#8=46H )" (#G=€DE) " (#£=0028) " {#2=2428) " (#0=E0E)
TTAE IEPL  #3
S MASY #1 #2 #3 #4 #5

1T A,LLAE
ouT (£_CTRL),A -
ENDC

CONE NCT . { (#0=280) " (#0=40F ) " (#5=60E ;" (#8=0302H )" (#0=0A6F ) (2@=8GH )’

T?? #6 7 Illegel command
ErDD
ENDM
X_TYEE MACERO #1 #2
1 Optimised sequence for single register n—type commands

CCND (@<H1 )6 (#146)

LD £,#1.CE.¥2
OnT (A_CTEL),A
ENDC

COKD LNOT. ((B<#L)&{#1C8))
22T #1 ;7 lllegel counter

ENIC
ENEM

AEM MECEC #1 #7 BZ ¥4 #5 5 Arm counters, a2cy from 1,32
5_TYPE Z@F #1 #2 #3 #4 #3
ENDM

LOAT MACRO #1 &2 %X #4 #5 3§ Lo#d counters, any from 1.5
S_TTIFPE 4Pr #1 #2 #3 #¢ #5
INDH

ID_ATM MACEG #1 #2 #% #4 #E8 ;7 Lead "r Arm ccuriers, any from 1,5
S TYPFE GBE #£1 #2 #Z #& #5

ExDM
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DISAEM

SAVE

LEMILY

SET_

CLEAR

STEP

TOUT

PESET

POINT

MACEC #1 #2 p3 #4 #5 § Disarm ceunrters, sny from 1,%
£ TYPE @COE #1 #& #3 #4 #5

ENDM™

MACRC #1 #2 #ZT #4 25 7 Save counters, ary from 1,5
S_TYPE QACT #1 #2 #3 #4 #%

ENIM

MACRO  #1 #2 #3 #4 #5 1§ Iiserm "n Save counters, any frem 1,
S_TIPE EBH #1 #2 #I #4 #0 '

ENDM

MACEC #1 7 Set single corvnter cutput #1
N_TYPE #1,EEEE

ENTHM

MACRO #1 § Llear single zcounter ocutput #1
N_TIFE #1,CEeE

ERIM

MACRC #1 7 Step single counter outpunt #1
N_TIPE #1,9F2E

ENDM

MACRC #1 3 Gate FCUT on or off

COND @1 T="0F"

LD &, FEEE

cuT {4_CTRL).2

EKLC

COND THLT=TONT

LD 4 ,0EEE

oUT (4 CTRL},L

ENDC

COND SHOTL(( 81 ="CEF ).CR.("®#1"="04"]

22?? #3  ; Illegal optist

ENDC

ENIDM

MECRQ : Reset, load all counters

LD bL,2FFE

CUT (A_CTEL),&

LOAD 1,2,3,4.,5

ENDM

MACEC #1 B2 ; Set dats pointer register zroup, clement
COND ((B<#1)&(#1<6) ) OR.((#1=7 &((G.IX.82)8 [ #2<4)))
in 4 #1.C2.(#2.SEL.3)

GOT (L_CTRL .4

ENDC .
COND SNOT L (((aCe )a(ida) ) 0B ((#1= 8 (2. LE.£22)5(#2 ¢} )} )
e #1 #2

EKIEC

ENIM

5
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I3

MASTER

TIAR
DLAE
LLAB
DLAE
ILAB
TLAR
LLAZ
DLAE
DLAE

MODE

LLAR
TLAX
LLA®
LLAE
ILAE
LLAE
ILAB

MACRO
CGND
LE
CUT
ENLC
COND
D
cuT
ENDC
COND
2T £1
ENLC
ENDM

MACKHC

DEFL
DEFL
DETL
DEFL
LEFL
LEFL
DEFL
TETL
IEFL
POINT
LD
ogr
1D

ouT
ENTM

MECRC

CORD
77 #1
EKLC
CORD
DETL
LEFL
LETL
DEFL
DEFL
DEFL
DEFL
COKT:
PCGINT
1D
cgT
1b
ouT
ENLC
CONTD
T #Y
ENET
ENDM

#1 ;
“#17='CK
A,0EPE

(&_CTEL) .4

‘#1°="0F"
i, CESE :
(L_CTEL),4

Lh

5et data polnter

sequencing on/cf

SMNOTL({THL =0T }LORLUTRIT=TONT )

+ Illegal option

#1 #2 KIS #4 H#D HE T RE

#1
DLAE.CR.{(#2.5EL.2)
DPLAB.OR. (#3.5EL.3)
BLAB.OR.(#4.5FL.4)
LLAR.CR.(#5.5EL.8)
DLiE.GS.(#6.8FL.12;
DLAB.(E.(.SEL.13)
DLAE.CR-(#28.5BEL.14)
ILAE.OR.(#5.5EL.15)
CTRL_GR,MASTER_
2,DLAE.MCE.256

{A DATA)},L
A,TLAB/Z5€
(4_DATL; &

#@ #1 #2 #3 #4 #D HE HT

(#1=3).0E.{5<#1)
] Iliegal Output Control

LEOT. ((#1=3) .0H. (5<#1))
£l
DLAE.GR.{#2.8EL.3)
DLAB.OR.{#3.5EL.4}
DLAE.GR.{#4.58L.5)
DILAE.OR.{#5.5EL.5)
DLAB.OR.(#6,.5HL.12)
DLAR.CR.{#7.5EL.13)
{(B<8B )8 (20<6)

#3 MODE_
L£,0LAR . MCD.256
(&4_DATA),2

& ,DLAB/256
(L_DATA) .2

NOTL((EC8@)E (586 })
i Illegel zourter #

WA ML E e W W S e

i

N

e

TR TR TR T

e

¥

w

Set Master register
.day mode
.compar_1
LCOmpar_2
LFOUT_soursce
LEFCUT_divisor
LFQUT_gete
.8ate_bus - 5 bit only
-date_ptr
soeler

Polnt to Masier Reglster

Seréd Low tyte first

Then Figh byte

et counter P2 mode register

-output
LAirection
.tase
«cortrol
-sguTCe
.edge
-gate

Feizot 1o counnier #1 Mcede
Send Leowx Byte

Then Figh byte
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LOAD BEG MACRO
POINT

COND
LD
0BT
LT
CUT
EnDC
CCND
L
ot
LT
0T
ENDC
ENDM

HOLD_REG MACRO
POINT

COND
LD
CoT
LT
QuT
ENDC
COND
LD
cutT
LD
out
ENDC
ENDM

A>

#0 #1 #2
#0 ,LOAD
'#2‘

£, (#1)
(4_DATA),A
&, T#1+1}
(A_DATA},A

SNCT.("#27)
A, #1_MOD.256
(A_DATL) A
L,#1/25€
(A_TATR).A

#2 #1 #2
#3 ,H0ID
‘gz’

A, (#1)

(5 PATA),A
L, {#1+1)
(A_DATA),A

LNOT.(“827)
AL #1.M0D.256
(A_DATA),A
AL H#1/256
(A_DATA},A

Set Load rez cof countsr #& to #1

N

Test for lndirectiorn

-

L 1)

Lovw byte
Bigh Dyte

£l

Lov byte

et ]

Bigh byte

-

L1

Set Hold Regz of covnter #2 to #1

Test for indirection

-y

Low bhyte

-

High Bbyle

wr

Lov byte

-k

Eigh byte

-’

F-4
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The following macre code definitions implement the macro commands as
listed in the Macro Command Summary (Appendix D). Notice that all macros
use only registers R@. The flag and control word register is altered but
all other working registers are unaffected. These wacros are targeted for
the AMD MACZ assembler.

VAE

MACEKO

FACRO

MACRO

DLAB: CBJECT; % pefipe & dummy varlsble
DLAE 1:= @7
S_MASE AR, % Build up & dummy 5 _fleld
EEGIN
I¥ @ LT AL AND B2 1T £
TEEN
DLAR ::= DL&E OF (1 SEL {(4&4-1})
ELSE
CALR CFFFIH: % invalid counter #
ENE;
5_TIPE BEE,BBl1.BEE,EL3,EE4,BESS

% Oprimised sequence for multiple register s-—field commards

BEGIN
DLAS

IF NOT NULL B3S

TEEN

:++= BE CR @TFQGH:

b

Test for the parameters

5_MASE EBS;

IF NCT NULL EB4

TEEN

5_MASK BB4}

IF NCT NULL RB3

THEN

§_MASK BRZ;

I¥ NCT NUIL Bk2

THEN

5_MASE BBZ}

1F NGT NGIL REL

THEEN

LD
0Ut
EXD;

S_MASE BEl:
R¢,DLAR;
A_CTRL.EQ % Send the command

¥_TYPE CC1I,CC23

% Optimised sequence forl Single register n—field commands

BEGIN

IF (¢ LT CC1} AND (CC1 LT &)

THEN
BEIGIN

END
ELSE

END;

LT ®@,C001 CE CC2 OR 2FFE88E;
oUT L _CTEL,RE
CALR @FFFYH> % Illegzl Counter
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MACRC

taCRO

MACRC

HMACRG

MACRO

MACRO

MACRC

MECEQ

MACEC

MACE(

ARM
EEGIN

END3

LOAD
BEGIN

EXLs

LD_ARM
BECIN

ENDj

DISARM
BEGIN

END}

SAVE
REGIN

END:

DEMSAY
BEGIN

END;

SET_
BECTN

END3

CLEAR
ZEGIN

ENDs

STEP
REGIN

END;

FOUT
EEGIN

o¢l1,002,1LT,Th4,IDE; % Arm zcunters. any frem 1.5
g _TYFE &€H,DI1,.IDZ,703,D004,ILE

EE1,EE2,EE2,E24,EE5;3 % Lpad counters, ary frem 1,5

S_TIPE 4%E,EFl,EER2,EE2,LE4,EES

¥¥i L FF2 ,7F3,TFEL,FF5; ¥ Load ‘n Arm counters, any from 1,E
S _TYPE 68E,FY¥Li, FF2,¥FF3,¥F4,FFD

GG1,062,663,664,6G5; % Lisatrm counters, any from 1,5
S_TYPE @QCOH,GGL,.GGR,663,664,G62

FE1,HRZ,HEZ,50¢,HES; % Save counters, any from 1,5

3_TYPE F£AZE,EH1,EEZ,HHES,EH4,885

I71,112,I113,1%14,I1I5; % Disarm “u Save comnters, any from 1.2

S_TTPE B8E,I1,II2,1I3,I1I4,I1IG

JIiy %Z 5et single counter output JJ1
N_TYPE JJ1,ZESE

sI23 % Clear =ingle couznter output JJZ

N_TYPE JJ2,0ERE

J3ZT5 % Step =ivgle -omrter output JJI3
N_TYPE JJ3,8FEE

JJ4y Gete TOUT pm or off

8

IF JJ¢ EQ CF

TEEN
BEGIN

END
EL3E

ExDy

LT k& ,dFTEEES
cuT & _CTEL,EQ

IT JJ4& EG ON

TEEN
EEGIN
LD ®9,BFFE6E;
CHT 4_CTRL,EZ
ENT
ELSE

CALE ZXFEFER} % Illegel regunest
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MACRC

MACED

MACRO

MACRO

RESET H % Feset, load all gounters
BEGCIN .

D Rp ,0FFFFER;

ouT A_CTRL,.EG; % Cfficial reset

LoaAD 1,2,3,4,53 % Clear any set TC s

LD EP,13

QuT A _CTRL,.E®; % Dommy set data polinter

L »d,0FFETES

oUT A_CTRL,RE % Set 16 bit data bus

END;

POINT EX1 .KEK2 3 % Set gata polnter register group, 2lemerct

EEGT

IF ((ﬁ IT EE1 AND KEI LT &} OR EE1 EQ ¥) AND @ LE XE= AND EE2 LT ¢
TEEN

BEGIN
LD kP ,EEi1 OF (KEZ2 SEL 3} Ok EZTFQUE;
CuT A _CERL,EZ
END
ELSE
CALE BFFFFH; % Illegal request
END;
DPS Pl; % Set data pointer sequercing oun/of
BEGIN
IF P1 EQ ON
THEN
REGIN
LD R ,9FFEQHS
cuT 4_CTEL,RE
END
ELSE
I¥ P1 EQ OF
THEN
BEGIN
LD R2,QFFERE;
OBT A_CTEL,R6
END
EL3E
CALF @FFFFR; % Illegal request
END;
HMASTER G&L1,IL2,L13,114,LL5,LLE,LLY. LLE .LL9}
BEGIN
DPIAB :i= LLi % .day_mode
DLAR ::= DLAB OF (LL=2 SEL 2)3 ¥ .compar_1
DLAE :z:= DLAB OR (LEZ SEL 3)% Z .compar_2
DIAR ::= DIAR OF (1L4 SEL 4} % .FOOT source
DLAER ::= DLAB CR (LLS SHL 8);: 2 FOUT_diviser
DLAE ::= DLAR Qp (IL6 SEL 12); % .FOUT_gate
DLAB ::= DLAB Ok (1 SEL 13); % .data_bus - 16 bit only
DLAR ::= DLA® OR (LLg SHL 14); &% .data_ptr
DLAE ::= DLAR OR (LL9 SHL 15)7; X .scaler
POINT T2} ¢ Point to Master Register
LD ES,BLAR;
our A_DATA,RQ % Then Eigh tyte
END:
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MACRC

MACRU

MACRO

A>

MODE_REG MM@, MM1 ,MMZ,MM3,MMN4  MME  MNS MM}

BEGIN
IF MM1 EQ 3 QB § LT MM1
THEN
CALE BFFYFE 2 Iilegal
ELSE
BEGIN
DLAER ::= MM1: 4
BLAS :z:= LDLAEB OF (MM2 SEIL 3)7 z
DLA® :z:= DLAB OR (MM3 SHL 4); %
DLAE ::= DL&3 CR (MM4 SHL 5); %
DLAE ::= DLAR (F (MMD SHL B2} 3
DLAR ::= GLAB OR (MM6 SEL 12); %
DLAE ::= DLAE OF (MM7 SEL 13} z
END;
IF & LT MM@ AND MM@ LT 6
THEN
BEGIK
POINT  MMO,E; %
1D BZ,DLAN;
oUT A_LATA RO %
END
ELSE
GALR OFFFFR; % Illegel counter
END} .
LOAD BEEC NN@,NN1j %
BEGIN
POINT  NN@,1} x
Lb R@,NN13 ¥
ouT L DATA.R@ 2
END;
BEOLD _REG PPS,FPl: z
BEGIE
POINT PPE,2}
Le RO FPL;
oUT A_DATA RE %
END;

Cutpet Contrel

~OLTDUT
direction
+tase
~control
«Source
Ledge
«gate

Point te coecnter MM1 Mode

Serd 16 bit werd

S5et Load rez of NN& to NNI

kotice that ar explicit ipdirection
*lag (I} is not needed by ZECEO
Send 1€ bit werd

Set Hold Reg of FF2 te FP1

Send 16 bit word

G-4




Appondix H — AM8513 C Definitions

The following definitions are provided for greater clarity in the C
These definitions are also utilized by the Am9513 evaluation

axamples.
program.

#define
#iefine
#define
#detine

#ietfine
#define

/*

#letine

#define
#define
#define
#define
#efine

#define
#iefine
#detfine
#define
#deftine

#define
#define
#define
#igdefine
#define

#define
#define

/*

#define
f#idefine
#define
#define

#define
#define

#define
#define

#define
#iefine

THEN
BEGIN
END
RECOED

CONTROL
Data

{

struct

¢XD4
gxD8

Vi

/*¥

master and counter flelas

TC_NM1

SRC_1
SRC™Z
SEC_3
SRCT 4
SRCS

GATE_1
GATE 2
GATE 3
CATE 4
GATE S

Fx !
¥2
3
P4
5

ECD
BINAERY

master fields

TOD_CF¥
TOD_58EZ
TOD_EOHZ
TOD_18QHZ

DISARLE
ENABLE

ON
OFF

PUS_E
BUS_16

ignere =/

9513 port addéresses

*/

/¥ JEQUT_source .seurce values

D=1 i IR W

B W
o Al
[L- I

8XC
#XDh
€1E
2.8 3

Hm o =m S

/=
/=

/=

l!*

®/
/%

/=

Vi

/#

-Sgurce gnly

Bardware soyrse pins

Hardvare gate pins

Frequency scaler taps

«5Caler modes

«day_mode values

-comparl,? values

.FOUT_gate .data_ptr valunes

-bus_wildth values

®/

x/
*/
®/

*/

=/

®/

=/

=/

*/

*/




Appendix H — Am9513 € Definibons (Cont.)

/#

#define
#define

#lefine
#define

#define

#define
#lpfine

/1:

#define
#iefine
#iefine
#define
#define
#define
#iefine
#define

#define
#lefine

#iefine
#define
#iefine
gdefine
#define
#define
#ieflne
#deflne

/T

#lefine
#define
#define
#lefine

#define
#iefline
#define
#define

#iefine

#define
#lefine
#define
#define
#defipe
#iefine
#define
#define
#define
#ieflioe

counter fields

OFF_LO_TC
ACT_EI_TC
TC_TCGGLE
6¥F_ot_TC
ACTTIOTTC

173
DO¥WK

*/
3 /%
1
2
4
5
1 /=
o

coupter mode coztrol modes

MODE_AEBC
MCDE_DEF
MODE_GHI
MODE_JEL
MODE_mNO
MODE_pQR
MODE_Stu
MODE_Vwx

RISE
FALL

NO_GATE
HL_TC_KM1
BELNPI_GATE
EL_NM} CATE
BL_GATE_X
TL_GATE_N
HE_CATE N
IE_GATE N

load date pointer

MODE_
LOAD_
HOLD_
EOLD CYCLE

ALAEMY
ALARMZ
MESTER
STATUS

CTRL_GROTF

LOCAL
ASCICR
ASCILF
UPPEE_CASE
D

¥R
SEGUENCE

NOT_SEGUENCE

LEVEL
ELGE

g /*
1 /e
£ Vit
5 /=
4 /%
5 /%
6 /%
7 /%
& /#
1
5 e
1
2
2
&
5
&
7

fields
0 /%
1
2
x
o /%
? .
2
5
» /=
register
LT
oXL
eXDF ki
2 /%
1
5 %
G
7 S#
&

0utput values

directisn values

. ¥ %

f b0

M is illegal

by b e b

7

.edze values

«gate values

*y

+element values

.element values {CTRL_GECUP)

.group values i{ing. couaters

nas for upper case
read or write
types of agcoess

types of gating

*®/

®/

*‘_.’

i-5) o

*/
*/

=/




Appendix | — Ama513 Assembler Definitions:

The following defipitions are provided for greater clarity in the
assembler examples.

l? im8513 equates file for macros — AmS@EG/AmS8@S5/Z8% format I

s Master zrd counter Mode register fracstiions

HE-Id MikANED

SAE

@BE
a8CE
2DB
gEH
8T8

1
@

an e

~Nr

;} Master reglster

TC_KM1 EQU
SEC_1 EQU
SRC_2 EQU
SRC_3D EQT
SEC 4 EQY
SEC_5 EQU
GATE_1 EQU
GATE_Z EQU
GATE_Z £Q0
GATE 4 EQY
GATE S £QU
F1 EQU
T2 EQU
¥3 QT
Fa EQU
) EQU
BCD EQU
BINARY QU
T6D_OFF EQT
TCD_5@HZ  EQU
TOD_6ZEZ  EQU
TCD_1¢GHZ  EQU
TISABLE EGE
ENABLE QU
oN QU
OF EQU
305_8 EQU
BUS_16 EQT

[ -] [l ] |l | M

-
¥

L1

e

-

! FQUT sourpe and coull scurce definltions
T, k-1 iIs couut scurce obLly
Fardware sgurse pins

Bardware gate pins

Trequency scaler tap voints

Countipg modes

funeticos

Time of day counting modes

Comparators 1 and 2 modes
FOUT gate and data pointer values

& or 16 bit bus




Appendix | — Am9513 Assembler Definitions (Cont)

L4

OFF_10_TC
ACT EI_TC
TC_TCOGELE
CFF_0C_"C
ACTTLOTC

10
LCWN

MCLE_ARC
MCDE_DET
MCDE_GEI
MCIE_JEL
MODE_mNO
MCDE_pQRE
MCDE_Stu
MCDE_Vwx

FISE
FALL

NC_GATE
EL_TC_NM1

¥L_NP1_GATE EQU

EL NM1 G&ATE EGU

E1_GATE_X
EE_GATE_N
LE_GATE_ N

MCDE_
LOAT_
ECLL_
ECLT_CY

ALLEMI_
BLARMZT
VASTER_
STATUS_

CTEL_GR

Counter Mode register functions

¥ TC output modes

EQU & 7 Cutput inasctive, low
EU 1 y Agtive ni termirnal ccount tulse
EQU 2 7 IC toggled
EGT 4 + Iractive, high impedarce
QU 5 5 Active l¢ terminal count pulse
EQU 1 i Count directions
EQU &
EQU & t Counter mode contrel codes = A,E,C
QU 1 ; Modes DLE,F
EQU 2 y Medes G,H,I
EQU & ; Moées J,E,L
EQU 4 ;i Modes N,L ~ motice Mode ™M 15 illegel
ECU 5 3 Mcdes Q.%
BQGU & ;} Fode S
EQuU 7 } Mode T
EQU 2 3 Attive count edge values
EQU 1
EQU 2 i Counter gaticg medes
EQU 1 7 Active Hi Level TG N-1
2 } Active Hi Lewel Gete N+1
b 5 Active Bi Level Gete N-1
EQU 4 7 Active HiI Level Gate N
EQC & ?y Actlve Lo Level Gate N
T & ;} Ective Ei Edge Gate N
BRU 7 3 Active Lo REdge Gate K
QU @ y Dat: peointer element valuss
EQU 1
®QT7 2
EQU &
EQU @ ; Data peinter element values (JTRL_GR}
BQGU 1
U 2
EGL 3
EQU 7 3 Data pointer group values {(irc. coevnters 1-E)




Appendix | — Am9513 Assembler Definitions (Cont.)

¢ AM951Z equates file for macros — Z8842 format

" CORST
v Master end counter Mode register functiors
% FOUT soufce and counl seurcse defipiticns

IC_NMi = @, ¥ PC N—1 is counl scurce Guly
SEC_1 = 1, % Hardwate securce pims
SrC_2 = =z,
§RC_3 = 3,
SRC_4 = 4,
S3C_5 = 5,
GATE_1 = &, 2 Hardware gate pins

. GATE_2 = 7,
GATE 3 = &,
GATE 4 = 8,
GATE_S = QAE,
Fl = GRE, ¥ Frequency Scaler tap peoints
2 = @CH,
T3 = ¢LE,
RI:2 = ¢EE,
j3=] = @Fe.,
ECE = 1, % Counting modes
BINARY = LJ%

¥ Master register functions

1oL _OFF = B, % Time of day couRling modes
TOD_SEEI = 1,
1GT_E0HZ = &,
TOD_1G6GEZ = 3.
LISARLE = &, % Comparators 1 &nd 2 medes
ENARBLE = i,
CN = &, ¥ FOUT gate and &ata pointer values
CF = 1, .
BJ5_8 = g, % 8 or 1€ Bit bus
RpS_1€ = 1,




Appendix | — Am9513 Assembier Defintions (Cont.)

% Counter Mode register funections

%2 TC ovtput medes

CF¥_LC_TC = €, % Qutput ipactive, low

LCT HI_TC = i, 2 Active hi terminal count pulse
TIC_TCGGLE = 2 % IC toggled

CFr_oi_Tl = 4, % Inactive, high impedance

ACT_1G_TC = 5, Z Active 1o terminal ceouznt pulse

ore = 1, % Court directions

DC¥N = 2,

MODE_ABL = 8, % Counter mode control codes - A,3,0
MODE_DEF = 1, % Modes D,E,F

M‘ODE_GEI = 2, % Modecs G,E,I

MODE_JEL = Z, % Modes J.EK,L

MCDE_mNC = 4, % Modes N,L -~ notice Mode M is illegzl
MODE_pQE = 5, 2 Modes 9,k

MODE_Stu = &, 2 Mode 8§

MCLE_Vwx = 7 Z Mode V

RISE = B, ¥ Active count edge values

FALL = 1,

NQ_GATE = B, Z Counter gatipg modes

HL_TC NM1 = 1, % Letive HI Level TC k-1

HL _NPl GATE = 2, % Active Ei Level Gate N+1

EL_NMiI GATE = 3, % Lctive Ei Level Gate K-l

BL_GATE N = 4, £ Active Bl Level Gate K-

IL_GATEN = 5, Z Active Lo Level Gate N

HE_GATE N = 6, % Active Hi BEdge Gate N

1F_GATE N = 7, % Active Lo Edge Gate KN

FCDE_ = &, % Date peinter element vaines

10AD_ = 1, ‘

ECLD_ = 2,

EOLD_CY = 3,

ALARML = @, ¥ Datz pointer element values [CTRL_GR)
ALARME = 1,

MASTER = 2,

STATUS = 3,

CTRL_GR = %3 % Data pointer group values (inc. sounters 1I-3)

1-4




