
2176353 D/A CONVERTER This invention relates to D/A converters and more 5
particularly to D/A converters of the type in which the digital signal is
used to provide a pulse width modulated (p.w.m.) signal which is
subsequently filtered to produce the analogue waveform. It is an object of
the present invention to produce the p.w.m. signal in a simple manner using
existing parts of conventional 10   microprocessors. Accordingly, the
invention provides a D/A converter for use in a microprocessor comprising
first and second timers, first and second modulus latches associated
respectively with said first and second timers for holding respective
digital values, the timers being 15   arranged to produce first and second
respective overflow signals at predetermined counts, wherein said second
overflow signal causes said first and second timers to be reset to the
digital values held in said respective latches, and bistable means for
receiving said overflow signals and producing an output at a first level in
response to said 20 first overflow signal and at a second level in response
to said second overflow signal, whereby the pulses so produced form a pulse
width modulated signal whose duty cycle is representative of the ratio of
said respective digital values held in said respective latches. The
converter typically forms part of a microprocessor and 25 usually further
includes a filter, such as a capacitor, for filtering the p.w.m. signal to
produce an analogue waveform. The digital values held in the modulus
latches are conveniently set by a microprocessing unit. Preferably, the
timers are also arranged to count down from 30 the respective digital
values and to produce their respective overflow signals when their count
reaches zero. 



In a preferred embodiment, said bistable means comprises a flip-flop which
is toggled by said overflow signals. The bistable means may also comprise
logic gate means for enabling the overflow 35   signals to be passed to the
flip-flop.  The logic gate means preferably comprises two AND-gates, each
gate having one input    -2- connected to receive an Enable signal and the
other input connected to receive a respective one of said timer overflow
signals, the outputs of the AND-gates being connected so as to toggle the
flip-flop. One embodiment of a D/A converter according to the 5   invention
will now be more fully described by way of example with reference to the
drawings of which; Figure 1 is a block diagram of part of the D/A converter
in a microprocessor; and Figure 2 is a block diagram of a second embodiment
of a 10   logic circuit forming part of the D/A converter. Thus, as shown
in Figure 1 of the drawing, a microprocessor 9 includes microprocessing
unit 1 which is used to provide digital values to each of two modulus
latches 2A and 2B.  Each latch 2A and 2B is connected to a respective timer
3A and 3B. The latches 2A and 2B 15   are used to reset the timers 3A and
3B to the digital values provided by the microprocessing unit 1. Each timer
counts down from the reset value and provides an overflow signal,
designated 4A and 4B respectively, when its count reaches zero.  The
overflow signal 4B from the timer 3B is used to 20   cause both the latches
2A and 2B to reset their respective timers 3A and 3B to the digital values
stored in the respective latches at that 



time. Each of the overflow signals 4A and 4B is passed to an input of a
respective AND-gate 5A and 5B. The other inputs of the 25   AND-gates are
connected in common to the microprocessing unit 1 which provides an Enable
signal E to the gates. The outputs from the gates 5A and 5B are then passed
to the inputs R and S of a flip-flop 6 and are used to toggle the flip-flop
to produce a pulse width modulated output at Q.  This is then filtered 30
by a low-pass filter in the form of a capacitor 7 to provide an analogue
waveform at the output 8. The operation of the D/A converter will now be
more fully explained. The digital value passed to the latch 2B by the 35
microprocessing unit 1 is representative of the period of the desired
-3- waveform so that when the timer 3B counts down to zero and produces the
overflow signal 4B, this defines the beginning of each period since the
overflow signal also causes resetting of both timers to the values held in
their respective modulus latches. The digital value in 5   latch 2A
represents the width of the pulse and consequently is smaller than the
value in latch 2B. The timer 3A therefore produces an overflow signal 4A
which defines the end of the pulse which started at the beginning of the
period. In order to produce the pulse width modulated signal, 10
therefore, one of the overflow signals is used to toggle the flip-flop 6
into a high output and the other overflow signal toggles the flip-flop 6
into a low output. The output so produced is thus a train 



of pulses which is then filtered by the capacitor 7. The invention thus
utilises existing components of a 15   microprocessor 9 to produce the
p.w.m. signal. It will be apparent that although in this embodiment a
flip-flop has been used to provide the pulses, various other bistable
devices could be used equally well. For example, as shown in Figure 2, two
D-type flip-flops 20   may be used as will be further described below.  In
this case the overflow signals 4A and 4B are again passed to respective
AND-gates 5A and 5B, but in this embodiment the Enable signal E is passed
to a first D-type flip-flop 10 which is clocked by the overflow signal 4B
from the time 3B. The enable signal is also passed to the second 25   input
of AND-gate 5B, but AND-gate 5A has the output from the flip-flop 10 as its
second input. The outputs from the two AND/gates 5A and 5B are passed to an
OR-gate 11 whose output provides the clock for a second D-type flip-flop
12. This flip-flop 12 provides the pulse width modulated 30   signal at its
output Q, which is then filtered by a low-pass filter in the form of a
capacitor 7 to provide an analogue waveform at the output 8.  In this
embodiment, the inverse output Q of the second flip-flop 12 is connected to
the D input of the flip-flop 12 so that each time the flip-flop 12 is
clocked by the output of the OR-gate 11,    -4- the output Q is reversed.
The R and S inputs of the flip-flop 12 are used to set and reset the values
in the flip-flop so that the signal has the desired polarity. It will be
apparent that by passing the Enable signal to 



5   the first D-type flip-flop 10, and to the AND-gate 5B, and by using the
overflow signal 4B to clock the D-type flip-flop 10, the circuit is
arranged so that the first signal to be passed to the OR-gate 11 from the
AND-gate after the Enable signal is switched on, is the overflow signal 4B
and the last signal to be passed to the OR-gate 10   after the Enable
signal is switched off, is the overflow signal 4A. It will, of course, be
appreciated that the pulse width modulated signal from the outputs of
either of the flip-flops 6 or 12 can be passed directly to, for example, a
DC motor without the need for additional filtering.    -5- CLAIMS 1.
A D/A converter for use in a microprocessor, comprising 5   first and
second timers, first and second modulus latches associated respectively
with said first and second timers for holding respective digital values,
the timers being arranged to produce first and second respective overflow
signals at predetermined counts, wherein said second overflow signal causes
both said timers to be reset to the 10   digital values held in said
respective latches, and bistable means for receiving said overflow signals
and for producing an output at a first level in response to said first
overflow signal and at a second level in response to said second overflow
signal, whereby the pulses so produced form a pulse width modulated signal
whose duty cycle is 15   representative of the ratio of said respective
digital values held in said respective latches. 2.         A D/A converter
according to claim 1 further including a microprocessing unit for setting
said respective digital values in 



20   said first and second modulus latches. 3.         A D/A converter
according to either claim 1 or claim 2 wherein said timers are arranged to
count down from the respective digital values and to produce their
respective overflow signals when 25   their count reaches zero. 4.
A D/A converter according to any preceding claim wherein said bistable
means comprises a flip-flop whose output is toggled in response to said
overflow signals. 30 5.         A D/A converter according to claim 4
wherein said bistable means further comprises logic gate means for enabling
the overflow signals to be passed to the flip-flop.    -6- 6.         A D/A
converter according to claim 5 wherein said logic gate means comprises two
AND-gates-connected so that their outputs directly toggle an R/S flip-flop
whose output is the p.w.m. signal, each AND-gate having one input connected
to an Enable signal. 5 7.         A D/A converter according to any one of
claims 1 to 5 wherein said flip-flop is a first D-type flip-flop which is
clocked by said overflow signals, the inverse output of the flip-flop being
connected back to its input so that its output is reversed each time 10
it is clocked to form the p.w.m. signal. 8.         A D/A converter
according to claim 7 wherein said- -logic gate means comprises two
AND-gates whose outputs are passed to an -- OR-gate which provides the
clock input to said first D-type 15   flip-flop.                     -- 



9.         A D/A converter according to claim 8 further comprising a second
D-type flip-flop whose input is an Enable signal and which is clocked by
said second overflow signal, the output of the second 20   D-type flip-flop
being passed to input of the same AND-gate as the first overflow signal,
and the Enable signal also -being passed to the input of the same AND-gate
as the second overflow signal.- 10.        A D/A converter according to any
preceding claim further 25   including means for filtering said p.w.m.
signal so as to produce an analogue waveform. 11.        A D/A converter
according to claim 10 wherein said filtering means comprises a capacitor.
-- 30 12.        A microprocessor incorporating a D/A converter according
to any one of claims 1 to 10. 13.        A D/A converter substantially as
hereinbefore described 35   with reference to either Figure 1 or Figure 2
of the--drawings.    -7- 14.       A microprocessor substantially as
hereinbefore described with reference to either Figure 1 or Figure 2 of the
drawings.    


