Chapter 3
Concatenating Counters



CONCATENATING COUNTERS

The AmSS513 counters may be concatersted in a number of
different ways. These may be conceptually broken down mto
count up and count down concatenation. Countup concateration
will typically be usad to count everts with & precision greater than
16 bits. Count down concatenation is typically used {o generate
cutput frequencies of high restlution. ‘

To simplity concatenation, the AmIS513 provides an intemal TC
signal from the low order counter which can be selected as a
count source in the high order counter's Counter Mode ragister.
Thus, although any two counters ¢an be concatenated with ex-
ternal strapping, usually adjacent counters will bo used o allow
use of this Intemal TC signal.

In count up concatenation, both the high and low order counter's
Load register should be cleared to 0. The low order counter will
start counting up from O and increment through 9999, (BCD
counting is assumed throughout this discussion, although birary
counting may, of course, be rsed). On the next source edge the
low order counter will go to TC and reicad 0 from the Load
regaster. The active-going TC edge will also increment the high
ordercounter, The counters continue counting in Hhis manner with
the high order counter incrementing each fime the bw Order
counter reaches TC. In the examples which follow, Courers 1

and 2 will be used as the low order and high omder counters
respectively.

In.the first up concatenation configuration, shown in Figure -1,
the counters do not use external gating and therefore will free run.
The high order counter should use the TC output of the low order
coutiiat a5 & source. The high order counter should count on
rising source edges and should be programmed for “no gating.”
The above requirements can be met by specifying 00 (hex) nthe
upper byte of the high order courters Mode register. The low
order counter should be programmed to count repetitively. The:

required Mode register settings for Counters 1 and 2 are shown in
the figure; “don't care”™ hits are marked “X.” Note that i the
internal TC signal fs used to concatenate to the upper courter, NG
restricions are placed on the programming of the low order
counter's Output Control field. Conversaly, if external strapping is
used to concatenate the cowrter, the low order counter shotild
hiave an *Active High TS output moda seiscted. Up count con-
catenation may also be used with either level or edge gating. For
level gating, the count source may either be externally gated with
external logic, or the low order counter may be programmed for
level gating, a5 shown in Figure 3-2. in either ¢age, the high ordar
courter should be programmed for “no gating.” Recall that while
mthe TG state, the counters will count all source pulses isstiad to
them, irrespective of their gating or arming status. This can infro-
duce counting efrors when level gating is used in up count con-
catenation. i the gate goes inactive white the low order counter is
in TG, the low order countes will count the next source edge,
which drives it out of TC. The counter will then stop ¢counting until
the gate goes active again. This effectively introducas a1 count
error into the accumuiated count. The maximum arror that can be
ntroduced is one extra count ezch ime the gate is applied. This
worst case ermor will ocour onty if the gate is always apphed when
the low order counter i in the TC gtate. For many applications
which use the gate infrequently, this small poiential error is 0f ne
sighificance. Applications sensitive 10 small counit erroes or apph-
cations with many gate-on, gate-off cycles should use extermal
gating logic to inhibit source pulses.

Edge gating functions can atso be used in up count concatena-
tior. An edge gating circuit with concatenated counters shouid
function in a logically identical manner to a singie edge-gated
counter. i other words, after an edge is appiied to the concate-
nated counters, they should count until both reach TC. A new
edge should be required to repeat the cycle. Direct concate-
mation of two counters as was done for level gating up count
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Figure 3-1. Count Up Concatenation with No Gating
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Fgure 3-2. Count Up Concatenation with Level Gating



concatenation will not work. In such an arrangement, the low
order courder, once triggered, will count to TC once and then
Siop, awaiting a new gate edge. This is unsatisfactory since we
wart the low order counter to confifiue counting until the high
order counter reaches TC.

Figure 3-3 shows one method of concatenating counters for
adge-triggerad up counting. This method operates the counters
in & similar arangement to that used for level gating, with the
requirement that each counter's output be programmed for an
active-high TC pulse,

The extemal flip-flop is set by an extemal, synchronous gate
sigral. When both counters reach TC, the flip-flop is cleared. One
potential problem edsts with this scheme. Once the flip-fiop
clears, it will intribit the low order counter’s gate input. The fow
order coumizr will nevertheless count the next scurce edge,
driving uself out of TC. However, the high order counter will
tathain in TC. When the pext tiggering gate edge is applied, the
flip-fop wil set, allowing courtting to begin. When the low counter
reaches its first TC, the rising TC edge will cause the high counter
o leava TC. For a short perod of ime {the propagation delay of
the high order counter from source o output), both TCs will again
be active. This could potantially clear the fip-flop prematiurely. To
inkbit this, the source signal is addod as an additional input to the:
NAND gate. i a relatively slow source is used with a high time
greater than the total propagation delay from the source nput of
low order counter to the ocutput of the high order counter, the
SoUTGE: inpurt on the NAND gate will inhibit clearing of the flip-flop
during this trancient.

The concatenation examples so far have assured that the count-
ers are 1o “count repaeiitively,” in the sanse of counter mode
redister bit CMS. If “count onca™ operation is desired, in which the:
counters require an Am commEnd after cach count cycle, dif-
ferent circuits are required.

When “no gating,” “count once™ operation is desired, the circuit in
Figure: 34 can be used. In this application, Counter 1 should be
programmed for active-high level gating and Counter 2 shouid be
programmed for a TC Toggled output. During counter inttiafiza-
tion, the following set of commands should be used:

Imitialize Courters” 1 and 2 Mode and Load registers
LOAD Counters 1 and 2

Clear Counter 2 output

ARM Counters 1 and 2.

The counters are now ready tocount, but since Courtter 2°% eutput
is low, Counter 1's gate will inhibit counting. To start counter
operation, use the “Set Couner s oupi” command. The
counters will then count applied sowrce pulses untit Counter 2
reaches TC and toggles its output, inhibiting Countar T's gate. [t
can be seen that in this application, the “Set Counter 2's cutput”
behaves as an ARM command. It is important that the counting
rate be low enough 1o ensure that Counter 1's gate will not go
inactive in clase proximity 10 a source edge. High spoed appli-
cations using a Cournter 1 source period less than the propagation
delay from Counter 1's source to Counter 2's output should use a
fip-fiop to synchronize Courter 2's cotput & Counter 1's source in
order 1o meet §ming parameters TGVEH and TEHGV in the
AmIS13 data sheet. Hi applications will end the count
cycle with a vaiue slightly [arger than 1 in Courtber 1.

To add tevel gating to this “count once™ feature simply invoives
the additon of an AND function before Counter 1's gate input.
Now Courter 1 will be inhibited whenever Courter 2 toggles its
output or whenever the: external gate is driver: low. Note that this
circuit assumes the extemally applied gate is synchronous to the
count source; asynchronous gating signais should be syn-
chronized with 2 flip-fiop.
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Figure 3-4. Count Up Concatenation with Count Once Feature

The final case of concatenated up counting comprises edge
grting with the “count once™ feature. This ks achieved through a
sirple: variation of the level gating configuration. An extemnal gate
signat sets the flip-flop and enables counting providing Counter
Z's cuiput i set. When Counter 2 reaches TS, o oulpart will
toggle (ie., dear) and the fip-flop will clear, inhibiting further
cowing. To restart the courter in this configuration, the “Set
Counter 2 output” command should be issued and a new gate
edge should be applied in the ordar. As in the pravious Cases,
the apphied gate edge should be synchronous to the Countar
1 source.

in order to analyze down corcatenation, it is useful to separataly
anatyze the sequences followed for the high order and low order
courters. Figure 3-5 shows & typical count down concatenation

saquence, with the high order and low order count Sequences
tabedled. The high order counter simply decrements from some
initial valpe L until TC is reached. (In the following discussion and
figuras, L and H are ussd to represent the § oad and Hold register
contents respectively; K and N are used to represent arbitrary
court values.) It is then reloaded with L and repeats the se-
quence. Note that the high order counter, iy general, will nevar
count o 0, since TC is generated by the source adge 0CNTING
while the courter contzins 1 and TG reloads the indial value L. The
count sequence s thus L, (L—1),. ... 2. 1L A ~1), {L-2).. ... 2
1, L. The Jow order counter stans from some initial value H and
counts down 1o TC. This TG output will be used to decrement the
high order counter by 1. The: low order counter is new reloaded
with 0 and counts down through (assuming BCD counting) 9899
1o 1. This sequence of reloading 0 and counting down to the next
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TG will be: repeated by the low order couttter until the high order
courter has decremented to 1. Onthe next low order TC, the high
order counter is driven {o TC and refoads L. The low order counter
should reload H, rather than 0, and repeat the complete count
cycte. It ¢an be seen that am mportant charsctenistic of the low
order counter is that it reloads H once for each high order TG, and
reloads O otherwize. This need for the low onder counter 1o selec-
tively reload 0 or H differs from up concatenation where the iow
order counter is always redoaded with the same value (0).

Figure 36 fies the above considerations together in 2 count
ropettively, no gating, count down concatenation example. The
low order counter is operated in Mode V, in which the gate is used
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Figure 3-6. Count Down Concatenation

1o select either the Load or Hoid register as a reload source. The
fugh order courter is operated in Mode D, with an active-high TC
output selected in order 1o properly drive the low order counter’'s
gate. inaddition, the high order counter should be programmed to
couttt on falling edges of the low order coumbar's indemal TC
autput. Figure 3-7 shows timing waveforms generated by this
concatenation configuration. Note that the count sequence gen-
erated never has 0 in the upper counter (disregarding the speciat
case where L = 0), This means that the vaiue stored it the high
ardér countar should be biased by adding 1 in ordeér to generate
the comact divider ratin. For exampla, o divide by 39264178
(BCD), the kigh order counter's Load register should be set to
3926 + 1 = 3827 and the low order counter’s Hold register should
be set to 4178. The low order counter’s Load register shiould be
set to 0 to ensure proper count value roliover. Alse nole the
unusual count sequence on the TC bafore the low order counter
rekozads from the Load register. Forthe above axample of dividing
by 35264178 the counters will count DO0TO002, GOO1000T,
00010000, 36279989, 30276964, ... , 39270002, 39270001,
BA2TA4ITE, 38264177, 39264176, 38264175, . .. rather than
2001G002, 00010001, 0OQNO000, 39274178, 39274177, ... ,
39270002, 39270001, 39270000, 39269999, 9269998,
39269997, ....

In some applications it may be desirable to level or edge gate with
down concatenation. Because the low order counter uses the
gate to select the reload source, the gate input cannot be usad to
start and stop counting in the bw order counter. Accordingly,
aexternal gating logic must be used. Fgute 3-8 shows the connec-
tions required for count down concatenations with level gating.
Level galing is achieved by inhibiting source puises when tha
gate goes nactive.

Edge gating, shown in Figure 3-9, uses an external gate signal o
set an enabling flip-flop. The enabling fip-flop is cleared when
bath courtters reach TC. The delay fiip-flop ensures that one
addiionad count ocours after both counters reach TC i order to
drive the low order counter out of TC, thereby deactivating the
erabling fMip-flop’s clear input. Note that the counters stop at an
unusual point in the count sequence, ((L—1), (H—1)in Figure 3-7
of 3926 4177 for the earier example) but this is not important
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Figure 3-7. Timing Waveforms for AmS513 Count Down Concatenation
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Eigure 39. Couwtt Down Concatenation with Edge Gating

sinca the timeout duration remains constant (at (¢ —1), H for
Figure3-7 and 3926 4178 for the aarifer exampie). To ensure that
the counters’ first iming cycie has the same moout duration as
subsaquent fiming cyclas, it is important that the high and low
order counters be mitiaiized to (IL— 1) argt (H—1) respectively prior
1o the first iming cycle. Note that if the Counter 1 source perodis
less than the propagation delay from Counter 1's scurce through
Counter 2's output, through the twe flip-flops to the OR gate, then
whe low order counter's contents at the end of 2 count cycle may
be offset by a few courts. In such cases, the value used to
inftiakza the countors should be simitarly offsat

The previous count down concatenation examples have as-
sumed the counters are to count repetiively. To add count once
capability to a count down configuration, the high order counter
should be programmed to generate 2 TC Toggled output
waveform. This oulput shoukd be used to gate source pulses
twough an AND gats into the low order counter, as shown i
Figure 3-10. The count cycle will now appear as show in Figure
311, Note that when the counters stop, the high order counter's
output will be low and the low order counter's contents will be
9939, To reset the counters for another fiming cycie, a LOAD
command should bo syed to the low order counter, which will
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Figure 3-11. Timing Waveforms for Count Down Coneatenation with Count Once Feature

feload from the Hold register. The output of the-high order counter
<an now be sat 10 enable counting. Lavel gating can be added &
count-ones, count down concatenation by using a 3Hnput AND
Gate and driving the third input with an extenal lovel gate signa.
Count-once, count down concatenation with edge gating can be
achiavad with the circuit shown in Figure 3-12. The flip-fiop is set
by an extermnal sytehronous gate edge; itis cleared at the ond of
the count cycle when Counter 2°s TC Toggled output goes low.

The concatenation examples prasentad so far have used two
courtters o create a 32-bit effective count length. These config-
wraions can be extrapolated to concatenate 3 o mome counters

1o any desired length. Other concatanation variations adventure-
SOMe users may wish to investigate are those that use the Alarm
registers on Counter 1 and 2 10 generate unususl count se-
quences. Jince thess Alarm regisier configurations usually add
much complexity for only 3 Emited increase in funcionality they
are not discussed in this manual,

Saving Concatenated Cournt Values

The contents of concatenated counters may be read by issuing a
SAVE command to the appropriate counters, which will fransfer
the aurent counter contents into the courtter’s Hold registars.
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Fgure 3-12. Count Down Concatenhation with Edge Gating and Count Once Foature

(Since in count down concatenation the Hold register is used to
generate the count sequence, in many such applications it may
not be feasible to save the low-order counter.} Because the count
ripples batween concatenztad countars, the possibiltty exists that
a SAVE command will be issued after the low order counter
increments/decrements but before the camy/bomow ripples
through to the high order courter, resulting in an incomrect value
betng saved in the high order counter's Holid register. The user
can protect against this by examining the conlents of the low
order counter’s Hold register immediately after resuing the SAVE

3-7

commarnd. I the Hold register is equal ‘o the value that would
have been expected immediately following generation of a
carry/borrow signal, this indicates that the high order value saved
is suspect. A new SAVE command should therefore be issued to
the high: order counter to save a correct count. By thetime the low
order Hold register contonts are read and tested, and a new
SAVE command is issued, the high order counter's contents will
he stable. The “Time-of-Day" chapter discusses these consider-
ations with respect to Time-of-Day accumulation, ard includes a
reprosantafive software listing.



