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This application note describes an audible clock which uses a PSoC®, a 16-bit counter, an external 32 kHz crystal, and an 8-

bit pulse width modulator. An encoding scheme is also included.

Introduction

When recording audio, it is useful to know the time of
recording by listening to an unassuming audible signal in
the background. The PSoC keeps standard 12-hour
am/pm time through a counter interrupt. A pulse-width
modulator (PWM) is connected to a speaker (or an
amplifier) to produce an audible representation of the
current time of day. An external 32 kHz crystal is used to
keep the PSoC's timing accurate enough for use as a
clock.

A rhythmic encoding scheme enables the listener to
determine the time of day within a few seconds. To our
knowledge, there is no audible time encoding scheme.
The encoding scheme described in this application note
uses rhythm and simple tones. See section Encoding
Scheme on page 2 and the illustration in the Appendix on
page 4.

An audible clock is also useful as background noise.
Instead of searching for a clock, just listen to the signal for
a few seconds to determine the time of day.

Hardware Implementation

The PSoC implementation of the audible clock consists of
a 16-bit counter to generate the one-second interrupt,
clocked by an external 32 kHz crystal, and an 8-bit PWM
connected to the speaker to generate the tones.

A schematic for the example project is shown in Figure 1.
The 32 kHz crystal connected to P1[0] and P1[1] can be
sensitive to the PWM and incurs timing errors. Moving the
PWM signals to P2[2] solves this problem. C; blocks the
DC for coupling to an audio amplifier. R; limits the output
current for direct speaker drive. C, is a decoupling
capacitor for Vpp.

January 14, 2009

Figure 1 Example Project Schematic
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Software and PSoC Implementation

All other operations are carried out in the software.
Everything happens on the 16-bit counter’s interrupt. One
second elapses between interrupts. The software updates
the current time, and then continues wherever it is on the
time output. Up to three tones are produced each second
to indicate the current hour, tens of minutes, and minutes.
For example, 6:59 is represented by two sets of three
tones for the 6, a pause, then one set of three and one set
of two for the 5, a pause, then three sets of three for the 9,
and finally a long pause before the next reading is
produced. The time of day is measured in standard 12-
hour am/pm format. Morning (am) is signaled by
ascending tones, while afternoon and evening (pm) are
signaled by descending tones.

Additionally, uncomment the sleep timer in the included
project to put the processor to sleep at all times except
when servicing the one-second interrupt for low power
operation — making a battery-powered Audible Clock
possible.
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PSoC code is shown in Example Code 1 and
demonstrates how all this is achieved in practice. Figure 2
shows a flowchart of the code. Figure 3 on page 3 shows
the User Module configuration and Figure 4 on page 3
shows screen shots of the User Module parameter
settings. Figure 5 shows screen shots of the global
resource settings.

Encoding Scheme

The encoding scheme used in this application note is
illustrated in the Appendix on page 4. Each second is split
into triple notes. Up to three tones can be played
rhythmically on each count corresponding to hours,
minutes’ ten digits, and minutes’ one digit. Because triple
notes are played with a different tone for each of these
three variables, the listener can first count the hour of the
day, say the number out loud, count the minutes’ ten digit
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and say it out loud, then count the minutes’ one digit and
say it out loud. The listener knows that it is morning (am) if
the tones are ascending, and afternoon (pm) if the tones
are descending.

The longest number to count out is 12:59, which takes 11
seconds to represent with this encoding scheme. After the
clock has signaled 12:59, it chirps out the next eight
seconds to indicate the passing of time and for a definite
separation between readings. Therefore, the entire time of
day is known by the tones generated in any 19-second
block of recorded information. Much less time is required
for smaller number readings. Decrease the number of
second chirps between readings by eliminating some of
the repeated “case” statements in the code and adjusting
the last case to be in sequence with the case directly
before it.

Figure 2 Program Flowchart
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Figure 3 PSoC Digital Block Routing in Chip View

Figure 4 User Module Parameter Settings
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Figure 5 PSoC Global Resource Settings
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Global Resources - an2187 R I
CPU_Clock 93.75_KHz (SysClk/256) e EE?’!
32K_Select Exdemal & Fo
PLL_Mode Disable & P
Sleep_Timer 1 Hz ® FoiE
VC1= SysClk/N 16 B POs]
VC2= VN 2 &l POfEl
VC3 Source SysClk/1 E 2*%
WC3 Divider 1 E P[]
SysClk Source Intermal 24_MHz f F1A
SysClk2 Disable No & P
Analog Power Al Off & P
Ref Mux (Vdd/2}+/-BandGap & P
AGndBypass Dizable g E:‘Ig
Op-Amp Bias Low & P2
A_Buff_Power Low I
SwitchModePump ON |/ P
Trip Voltage [LVD (SMP 4.81V {5.00V) B P
LVDThrottleBack Disable & Pap)
Supply Voltage 5.0V E Eg[[::
Watchdog Enable Disable & F2m

Appendix

Figure 6. Audible Time Encoding Scheme
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{ Pa_0_0, SCPU, Pull Down,
Part_0_1. S1aCPU, Pul Deown,
Par_0_2, StaCPL, Pul Down,
Part_0_3. S1aCPU, Pul Down,
Pert_0_4, StaCPU, Pul Down,
Port_0_5. S1aCPU, Pul Down,
Part_0_£. StaCPLY, Pul Down,
Paort_0_7. StaCPU, Pul Down,

[Cisableirt

Pom_1_0, StdCPY, High £, Disableint
Pat_1_1. S18CPL, High Z, Deeablelnit

Part_1_2, StaCPL, Pul Down,
Part_1_3. StaCPU, Pul Down,
Pam_1_4, St8CPL, Pull Dewn,
Port_1_5. StaCPU, Pul Down,
Port_1_6. St8CPU, Pul Down,
Part_1_7. StaCPU, Pul Down,
Port_2_0, StaCPU, Pul Down,
Part_2_1. S1aCPU, Pul Deown,
| Tenes, GlobaiQulEven_2, Strong, Disableint

Pait_2_3. S18CPU, Pull Down,
Pam_2_4, StaCPL, Pull Dewn
Pat_2_%. S0P, Pull Dawn,
Part_2_8. StaCPL, Pul Down
Pat_2_7. SI8CPU, Pull Down,

®  AM denoted by ascending notes
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®  PM denoted by descending notes

®  Constant second ticks
®  One quadrant identifier note
®  Two (4 second) measures

®  Three (2 second) buffers

Drizablelnt
[Crzablelnl
Drzablelnt
Cisableirit
Drzablelnt
[Crzablelnt
Disableirt
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. Disablaint
, Dizablein
. Disableint
, Drzableint
. Dizablaint

®  15-second (quadrant) gives time of day

®  Sparse notes have ascending or descending trails
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