Chapter 7
One-Shot Applications



ONE-SHOT OPERATING MODES

Tha Am3513 is capabile of providing a variety of retriggerable and
norrretriggerable one-shot functions, usually with no external
logic. Ona-shat timing functions may be triggered in one of three
manrers: by a soltware ARM command, by an aclive-gong gate
acige, or by an ARM command followed by a gate edge.

Triggering by a software ARM command, shown in Figute 7-1a, s

provided by Mode A. This tiggering rmode 15 partcularly useful
when tha one-shot's firing 5 10 be controfled by the mICIoProces-
sor, independent of any external signals.
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provided by Mode F for non-ratriggerabla one-shot operation,
and by Mode R, for retriggerable one-shot operation. This trigger
type is useful when the one-shot is to be repetitively fired by an
axternal signal, mdependent of the hast microprocassor. YWhen
using this triggering option, the next count cycle ¢can be triggered
after the counter reaches TC. Infact, Fthe TC eutputis fod back to
the counter's gate, as shiown in Figura 7-2, the counter will gssen-
tially froe-run after being started by an external gate pulse. The
counter can trigger off either edge of the TC pulse m this config-
uration. Figure 7-2 shows the TC output being fed back through
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Figure 7-1. One-Shot Trigger Options
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Figure 7-2. TC Feadback Connection

an axiemal OF gate. Applications wsing an 8-bit data bus canuse
the AND function provided by the aindiiary Gate inputs as a
negative logic OR, efiminating the need for an extemnal gate.
The third trigger type, shown in Figure 7-1c, will fire the one-shot
when 2 software ARM cormmaned and a hardware gate edge are
applied in that order. This tiiggering operation is useful m ap-
plications which need the microprocessor to gualify when trig-
gering ¢an occur but which actually frigger the one-shot from
an external signal.

In addition to the three triggering modes, there are three differont
types of one-shot output waveiomms that may be generated by
the Am9513, as shown n Figure 7-3. The type of output wave-
form obtained is selected by the particular counting mode used
and the programming of the Crriput Control field in the counter's
Maoder register.

Thesirobad or TC one-shot output generaies an active pulse fora
ong clogk cytie duration whon the counter reaches TG, This
wavetorm is usaful for triggenng other counters ar can be used to
sat, clear or toggle fiip-flops to generate more complex signals.
‘The second one-shot output, called the traditional output, is use-
ful anly when gate edge riggering is used. The traditional output
goas active following application of the gate edge and remains
active until the counter reaches TC. This waveform is the type
fourkd on traditional inear one-shots, hence its name.

Although the Am3513 requires an extemnal flip-flop 10 generate
the traditional one-chot output, it is capable of directly generating
a more general-purpose signal which has a quasi-traditional out-
Pt 28 A special case. This more general signel © the third
wavetonm type and provides a delayed-pulse one-shot. After the:
counter i tiggered, the counter output remaines inactive for some
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programmable delay. The output then goes active for a pro-
grargmable period. Note that both the delay to the start of the
puise and the pulse width are separately programmable, With the
rnimum delay 10 start-of-pulse of 1 clock cycle programmed, the
defayed-puise one-shot signal becomes siriiar to the traditional
one-shotoutput. The only difference between these modes isthat
in the traditional one-shot, the output goes active on the gate
edge and in the delayed-pulse one-shet, the output goes active
on the second source edge aiter the gate edge,

In sorae applications itis desirable to restart the timing seguence
from the initial value after the courter starls Sounting but before it
reaches TC. This operation, calied retriggering in this document,
sifactivaly increases the time 1o TC. The strobexd one-shot mode
may be operated in 2 retriggerable mode in the Am9513 withoun
external hardware. With the addition of a few extornal devices,
retiiggerable tradittonal and delayed-pulse one-shot waveforms
can be generated.

A mariz cars e constructed ilustrating the combiration of trigger
types, output waveforms and retriggering options avaiiable with
the Am9513. Such a diagram is presented in Figure 7-4. Sinca the
cpmbination of thggering on an ARM conmmand and retriggering
by an external gate is not & reasonable operating configuration, it
5 not incloded in the chart.

One-Shot Count Sequences

Because the Am9513 courters aiways reload on the rising TC
edge and always count o the trailin®y TS edge, one-shot court
sequences may be different from what users might inthctively
expect. Figure 7-5 shows a typical non-retriggerable one-shot
count sequence. Initially the counter contents are 5. When a gate
edgeis applied, the counter begins counting. On the count source



PROGRAMMARL E PROGRAMMATLE
LOALY —-— HOLD B ——
REGISTER DELAY REGISTER DELAY
2 / \_
MOS-G632
Figure 7-3. One-Shot Ouiput Options
Reirigger Option Non-Retriggerable Retriggerable
Trigger Option ARM Gate ARM and Gate Gate ARM and Gate
Cnaiput Options
- Strobed Output Mode A Mede F Mode C Mode R Mode O
" Traditional Oulput Mode A* Mode F* Made C= Mode T Mode O°
Detayed-Pulse Output Mode G Mode L Maode |
by em—— -

Figure 7-4. Matrix of Am9513 One-5Shot Modes

adge that occurs when the counter contents are 1, the counter
goes into TC and reloads iself from the Load register, which
containg the value €. On the trafing TC edge the counter decre-
ments the & 1o 5 and then awaits a subsequent gate edge. Note
that because the coumier courts on the trailing TC edge, although
the: Load register contents were 6, in fact only S counts occur
betwean the gate edge arfd the end of TC. Another more subtie
point is that on initializatson the user should load the Load register,
execute the LOAD command and then issue a STEP command
before arming the counter. The STEP command will nerement/
docrement the counter contents by 1 ¥ mamic the reioad-and-
COUNE-ONce oparation which ocours on TG, This ensures that 5,
not &, wilt be in the counter when it is friggered by the gate edge
and ensures that the time from the first gate edge o the first TC
will be the same as the time from subsequent gate edges o
subsequent TCs.

Count Sequences may also differ from what 2 user would expect
when a counter is operated in a retrigger mode (Modes N, O, Q@
and B}, in thege modes, each aclive-going gate edge apphed o
the counter will transfer the counter contents inte the Hold regis-
ter. On the first source edge following the gate edge, the Load
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register cordents will be transfermed o the counter, Counting will
occur on the second source edge after the gate edge. Note that
the first gate edge applied fo the counter will both start the counter
and trigger a save/lreload sequence. Accordingly, there willbe a
two count difference in retriggerable one-shat count seguences
vis-a-vis non-refriggerable one-shot sequences. Figure 7-6
shows a retriggerable one-shot count sequence and can be com-
pared to the non-retriggerable sequence shown in Figure 7-5.
Since the retriggerable counter uses the first source edge atter
the gate edge to refoad the counter, it reaches TC two clock
cycles later than a non-retriggerabie courter with the same Load
register contents.

Non-Retnggerable One-Shots

The non-retriggerable strobed one-shot i the mast basic one-
shot timing mode. In this mode the output goes active for one
clock cycle when the counier regches TC. This mode i gener-
ated by selecting & TC output in the counter's output controt field.
For hardware gate triggering of the one-shot process, coutititng
Maode C or F should be used. In Mode C, 2 new ARM command
followed by a gate edge must be ssued 10 the counter 1o start
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Figure 7-&. Timing Waveforms for Typical Refriggerable One-Shots

each one-shot cycle. in Miode F, the countat will perform one-shot
cycles each time a gate edgs s applied without requiring & rew
ARM command for each count cycle. In both Modes C and F, fa
gateedgeis appiied during the count cycie before TC goes active,
the edge s disregarded. Mode A provides the third variation of
sthobed ote-shot timing. In this mode, the software ARM com-
mand is used to trigger the one-shot oparation and the hardware
gate input is disregarded. Strobed one-shot functions ane useful
in marking & particular pomnt in Sme. The output will often be used
to set, clear or toggle fip-flops_

with a mitiimal amount of external logic, an AmE513 counter can
emulate 2 non-refriggerable, linear ona-shot generating the tradi-
tional output, as shown in Figure 7-7. The advantages of digital
one-shots over their knear counterparts are digital one-shot's
high resolution, stable operation and their ability to easily inter-
face with mictocompiitars. in the circuit shown in Figure 7-7, the
courtter is programmed for down counting in Mode F. An active-
low TC output mode is selected. When 2 gate edge is applied to
the counter, the Mip-fop clears and the counter starts courtting.
When TC is reached, the output goes low for one source pefiod,
setting the flipflop. The tme that the flip-flop’s Q output is bigh is
controled by the Load register contents. For a Load register value
of K, the output high time is given by (K—2). Note that for this
circuit the output goes active after application of the gate edge
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and is driven inactive by a sowree edge. The uncerkinty in the
relzfionship between the gate and the source gives a maximum
count eror of 1 count in the output actve duration. {This uncer-
tainty arises because the gate edge muay octur anytine between
shodtly after a source edge and shortly before the next source
edge.) Use of large count values can reduce the percentage of
uncertainty 1o minimal levels. The delayed-pulse output mode
can be programmed to drive the oulput acive on the secomd
sowrce: edge after the riggering gate edge. in addition o remov-
ing the uncertzinty regarding the output active duration, this
aternative method has the added advantage of not needing
external logic. ‘

Delayed-pulse one-shots can be tiggeved by software ARM
commeand (Mode (3), by hardware gate edge (Mode L) orby any
ABRM command followed by a gate edge (Mode I). For all these
modes, the counter's output control fieid should be programmed
for a2 “TC Toagied” output (CM2-CMO = 010). If 2 TC output is
prograrmmed (CMV2-CMD = 001 or 101) a dualpulse one-shot
function may be generted. Here, rather than toggle the utput on
each TG, a one clock pericd wide pulse is output. The defay from
the trigger to the first TC is controlled by the initial counter con-
tents, which are usually set by a reload from the Load reqgister at
the: end of 2 previous timing cycle. The delzy between the two TC
pulses is controlled] by the Hold register contants.



Retriggerable One-Shots

Retriggering of one-shots provides & mearns 1o extend the tme 10
T after the one-shot has started timing and is accomplished by
applying arefrigger signal 10 the counter. The retriggerng my be
done by hardware means, using the gate input, or by software
means, using the LOAD command.

Retriggerable one-shots can be initially triggered by a gate edge
(in Mode K) or by an ARM command followed by a gate edge (in
" Mode Q). Note that the triggering gale edge also retriggers the
counter: sce the "One-Shot Count Sequences™ section of this
chapter for additional detaits. In both of the above macies, appl-
cation of a gate edge ohee the sounter is counting will extend the
time 1o TC by refoading the cournter from the Load register. (The
counter contents are also saved in the Hold register before the
refoad operation, but this is not relevant to the retriggering opera-
tion.} in either mode the counter can be used ina TC output mode

{CM2-CMQ = Q01 or 101) tx generate a strobed outpe, or may be
used with a fiip-fiop as shown in Figure 7-7 1o generate a tradi-
tional output,

One-shot functions may also be generated by software without
hardware retriggering. A counter operated in Mode A will parform
one count cycle each time it is armed. If the ARM command is
viewad as a software frigger, this mode oparatas Iike a soltware
triggerad one-shot. LOAD commiands can be issuad 1 & ¢ounter
operating in Mode A to extend the tme to TC. Here the LOAD
command behaves ke a software retrigger. In fact, the LOAD
command can be usad with any of the one-shoet modes discussed
eariier, extiuding the taiayod-pulse one-shot mode, o actas a
softwane retrigger, extending the tme io TC. The delayed-pulse
one-shot mode cannot be retriggered with a LOAD command,
because it will reload from the location to be used on the upcom:-
ing TC rather than the last TC, which is not a retrigger function.
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Figura 7-7. Generating a Traditional One-Shot Qutput
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