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Waking up sleeping tigers

Gunther Zielosko

1. Basics

1.1. Real Time Clock

BASIC- or TINY-Tiger with built-in Real Time Clock (RTC) have a few advantages over
those without RTC. This CMOS clock with its very small power requirements can be buffered
with a battery over along period of time and keeps running the current time and date with
guartz precision even when the Tiger's voltage supply (VCC) is switched off, provided it was
set accurately at some point. However there is another advantage, modules with RTC have an
“alarm output” at pin 38 (BASIC-Tiger) or pin 34 (TINY-Tiger). If a TINY-Tiger adapter
from Wilke is used, the alarm output again is on its pin 38, enabling to work with the
Plug & Play-Lab as usual. The alarm output can switch a process when reaching a
programmable alarm time, even if the Tiger's voltage supply VCC has been switched off. It
gets even more interesting if the alarm is used to switch the Tiger itself on and off, allowing
i.e. an application to complete specific measuring tasks (measuring temperature), then switch
itself off and back on after an hour, measure again etc. Such a way of working makes sense
for battery operated applications, because the BASIC-Tiger alone requires a current of 45 —
100 mA depending on its equipment. Even the strongest battery would not last for long. If,
however, power is only needed for a few seconds, battery operation is possible for many
applications. We will deal with this problem more closely in the application note at hand.

1.2. Thealarm pin’s“secrets’ in the Plug & Play-Lab

Everything seems to be pretty clear in the device-driver manual under Real-Time-Clock
(Version 5, p.359), you take a BASIC-Tiger with RTC, build a circuit with FET as described
and already the BASIC-Tiger switchesitself on and off with the rest of the circuit. Trying this
with the Plug & Play-Lab results in an immediate failure, as there are some more things
connected to this alarm output (Manua “Instalation & Hardware’, Version 5, p.102). But
what is it and why? We are talking about a driver SN74HC245 for the signal LED of the
alarm output, which is supposed to show the logical level, just like with the other BASIC-
Tiger connections of the Plug & Play-Lab. This works as long as the voltage supply is
switched on. But if you connect a buffer battery to pin 45 of the BASIC-Tiger, which keeps
the clock running during operation breaks, this driver 1C becomes a problem, if you connect a
pull-up resistor to the alarm pin against battery plus. The resistor is needed, because the RTC
has an open drain output at the alarm output, thus producing no high level itself. Such an
output is either high-drain or connected to ground. With battery buffering and switched off
VCC the SN74HC245 of course has no operation voltage either. But the pull-up resistor
nevertheless puts a voltage to IC input 6, a way of operating not permitted. Namely this
voltage is “misused” as operation voltage for this IC viainput protection circuits and with that
for the entire Plug & Play-Lab and collapses somewhere (typically 0.9V). If the aarm pin
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should be used as a real switching output for battery operation, changes will be necessary. A
battery must be connected and the wiring for the alarm pin must be changed. Bending the
alarm pin upwards, as described in the manual, is probably more for the rich considering the
relatively high cost for a Tiger with RTC. The author recommends another way, the following
figures show the original circuit and the changes (dotted lines) at the Plug & Play-Lab, aline
on the underside is to be cut and aresistor must be soldered in:
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Fig.1 Wiring of the alarm output in the Plug & Play-Lab with modifications (dotted lines)
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Fig. 2 1C U35 on the Plug-and-Play-Lab below the BAS C-Tiger (Version 1.1)
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Fig. 3 The same spot viewed from below, line to be cut and resistor to be soldered in

Although the alarm LED is constantly on with this small intervention, the alarm pin can
nevertheless be used as a real switching output, even with battery buffering. Think about the
necessary pull-up resistor at the alarm pin against battery-plus!

The battery itself can be soldered directly next to the mode switch (PC-Mode) on two solder
pads, ground immediately next to the switch, plus further inwards.

1.3. Programming of theRTC

Much about this is explained sufficiently in the manuals. The Real Time Clock is actually
only a seconds counter, when switching the operation voltage on it starts at 0. Suitable
software (e.g. the program TIMECVT.TIG) produces date and time from that, the count of O
is interpreted as the 1% of January 1980, 00:00:00 o'clock. A RESET has no effect on the
clock, but switching off the operation voltage for the BASIC-Tiger has. If, however, the clock
is buffered, it will continue to count even after the operation voltage has been switched off.

Setting the current time is somewhat problematic, but there is a number of practical
recommendations for this, some of which have been dealt with in previous application notes.
In our example program we will set afictitious time, the 1% of January 2001, 00:00:00 o'clock
or aternatively take over the time from the PC, probably the simplest method, in order to get
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the current time (see aso application note 21). Y ou can decide which option to use by simply
changing the subroutine call.

The commands used to set and read the time (secondary address #0) are PUT and GET. What
about the alarm time? Just like the clock, the alarm time is aso set with PUT (secondary
address #1), but can’'t be read out anymore, i.e. aonce set alarm time only has an effect on the
hardware — the alarm pin. The program must “remember” the set alarm time if necessary. Our
god is to switch the operation voltage of the BASIC-Tiger on and off by software. So the
program must set the alarm time (somewhere in the “future”, alarm pin goes high) following
its execution of tasks (i.e. measuring something) and with it give the command for auto shut-
down. The command for switching on again then occurs when the alarm timing has been
reached (alarm pin goes low), the operation voltage of the BASIC-Tiger is switched on and a
power-on reset occurs. Next the initialisation of the RTC must follow and then the measuring
task can be worked through again. As long as there is no alarm time set in the program, the
alarm pin stayslow. Thissaid it follows that with this simple variation of switching on and off
the setting of the alarm time must be the last command to be executed, so to speak the last
officia action of the program, causing the alarm to go high and the BASIC-Tiger to no longer
receive aVCC with immediate effect. This signal should now switch the voltage supply of the
Plug & Play-Lab or a battery operated regulating circuit in a suitable way.

2. Hardware

2.1. Plug & Play-Lab

The Plug & Play-Lab is a true “power hog”. A switched operation is therefore probably best
realised with arelay. The simplest option isto switch the power supply linein the low-voltage
area, because there are hardly any hazards here. With respective care and expertise it is also
possible to switch the 220 V line with a relay. Doing this you have to comply with the
relevant regulations for dealing with high voltages (touch protection, fuse etc.). The relay
connection itself is simple, the only thing worth noting is that we are dealing with a model for
3...5V excitation voltage (it must already switch below 3 V, but cope continuously with
4.5V). The switching contacts must be designed for the planned purpose (voltage, current).
The collector resistors at both transistors must be fitted in such a way, that the relay surely
switches, but should be of as high impedance as possible, because they have an influence on
the current needed while “sleeping” (choose transistors with highest possible amplification!).
Those who wish can save alot of power using CMOS circuits here.

If the Plug & Play-Lab should be switched by the BASIC-Tiger's real time clock, a battery
buffering is required (see chapter 1.2). A well-proved circuit is shown in figure 4. Its function:

* Following the changes to the Plug & Play-Lab the battery is connected as described
above.

* The arm with diode and resistor at the accumulator serves for recharging the accumulator
from the Plug & Play-Lab supply voltage; the resistance has to fit the type of accumulator.
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» The relay gets its supply voltage via two diodes, either from the battery, if the
Plug & Play-Lab is switched off or directly from the VCC of the Plug & Play-Lab, when
it is switched on. The ground connection of the relay is switched by the alarm output of
the BASIC-Tiger through two NPN-transistors (alarm pin low -> VCC on). The key
button at the input is used to start the circuit for the first time, as there is no low level at
the alarm pin of the BASIC-Tiger when VCC is switched off. Following this initialisation
the software takes over switching the VCC on and off. The dliding switch in the battery
version has asimilar function (figure 5). On every switching on the switch inevitably goes
over the position in which the VCC is switched on.

VCC Plug-and-Play-Lab

R

battery pin
J; BASIC TIGER
relay 3V
d Ak T+
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I
VCC Plug-and-Play-Lab
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Fig.4 Switching the Plug & Play-Lab with the RTC alarm pin

2.2. Battery operation

If aBASIC-Tiger application is running with rechargeabl e batteries, a control circuit becomes
necessary. Clearly a standard regulator can be inserted (e.g. 7805), the disadvantage being,
that batteries with a nominal voltage above 7.5V are needed. A better option is a step-up
regulator, as described in the application note “Power supply concepts’. In the following
example a MAX751 with its special components (choke and Schottky diode) is used, which
generates a regulated voltage of 5V (up to 150 mA) from an unregulated 3.6 V. This
regulator has an input (Pin 1), with which it can be set into sleep mode. Figure 5 shows the
complete circuit, whose individual components are described as follows:

* The 3-step diding switch with two levels has the positions

1 completely switched off, BASIC-Tiger neither receives VCC nor battery buffering, the
rechargeable batteries can be charged separated from all components with common
quick chargers, e.g. pulse charging.

2 VCC is permanently on (no switching possibility e.g. with alarm output); battery
buffering is on; rechargeable batteries can only be recharged with (small) direct-
current (conservation charge).
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3 VCCisonly on when at least one of the three free inputs of the CD4012 is low, so e.g.
the alarm output of the BASIC-Tiger or one of the two “remote control inputs’, the
BASIC-Tiger application can be switched on and off here e.g. via radio or with
movement sensors. The BASIC-Tiger’s battery buffering is active.

* ThelC CD4012 isa2-way CMOS NAND gate with 4 inputs each. The first gate switches
the regulator MAX751 active when one of the inputsis low, high on al inputs sets it into
“deep mode”, during which it only requires a few YA. This gate enables the regulator to
switch on and off by 4 different signals:

Pin2 V CC permanently on, due to switch

Pin3 V CC is switched with the alarm output

Pin4and5 VCC is switched by outside components (remote control, radio, motion
detector etc.)

» The switching regulator itself and its standard components were aready described in the
above-mentioned application note, so that we will not mention details here again. Thereis
something new in our circuit, a the output there is another PNP transistor in the VCC-
line. As can be seen, with a normal circuit for the MAX751 the battery voltage can till
get to the consumer (here the BASIC-Tiger) viainductivity and the Schottky diode. So the
battery is loaded even when the regulator is “switched off” and the BASIC-Tiger is
operated with an inadmissible ca. 3V! Now when all inputs of the first gate of the CD4012
are high, the PNP transistor at the output completely switches off not only the switching
regulator itself, but also the “residual voltage” coming from the battery via inductivity and
Schottky diode. For this reason the sensor input pin 7 of the MAX751 was no longer
connected with pin 8, as in the standard circuit, but with the collector of the transistor
switch, so its collector emitter voltage gets compensated and we get load independent the
correct 5V for VCC at the output. The PNP transistor should be a highly amplified type
with low collector emitter voltage, which can put through the full current of ca. 100 mA
without alarge voltage drop.
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Fig.5 A battery regulation circuit with comfortable control possibilities
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The author has built up and tested such a universal battery “power supply unit” (Figure 6) for
genera usage with the BASIC-Tiger as part of the module project (Tiger cookbook p. 265).
The circuit is rather robust and guarantees with e.g. NiMH cells a very long battery operation
of the BASIC-Tiger.

daddbanaruavedqadne &

Fig. 6 Battery module with sleep and wake
circuit

3. Softwar e

The program WECKENOL.TIG demonstrates the possibilities of time controlled switching
on/off a measuring installation. For comfortable control of the switching times a “real” clock
operation with date and time is provided. For simpler tasks without a direct time reference
(e.g. measuring once per hour) the internal seconds counter of the RTC is obviously
sufficient. Operation with real time requires its one-time installation, meaning the time is set
to 01-01-2001 00:00:00 am. or to the actual time using the PC program TICO.EXE (see
application note “PC time in BASIC-Tiger”). For both one subroutine call is needed: CALL
Time_Set (Set time to 01-01-2001 00:00:00 a.m. standard setting) or CALL PC_Time (take
over actual PC-time).

The program WECKENOL.TIG starts by initialising the RTC. If a BASIC-Tiger with RTC is
identified, it is verified whether the BASIC-Tiger has been connected to VCC or rather
battery buffering for the first time. For the sake of simplicity this is done here by testing
whether the date still contains the year 1980. We remember that a restarting the RTC setsit to
0. For the time conversion software this means that it is 1 January 1980 00:00:00 a.m. In this
case the program sets the time to 01-01-2001 00:00:00 a.m. or requests a transmission of the
actual time from the PC. The latter means a serial connection of SER1 to the PC must be
established, where the program TICO.EXE is started and the time is transmitted to the
BASIC-Tiger by pressing the button “SENDEN”. If necessary the serial parameters of both
partners have to be matched for correct function (see above mentioned application note).
Once the time as been taken over, it will appear on the LC display a short while later.

Now follows a jump to the subroutine “Messen” which does not contain much as yet, smply a
measurement of the backup battery voltage. For this the pin analog GND (44) is connected to
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GND and the pin A/D reference voltage in (43) to VCC. We are using the analog input O of
the BASIC-Tiger for measurement, which is connected to the battery’s terminal plus via a
resistor of as high impedance as possible (several 100 kQ to 1 MQ). Why not direct? Because
just as described for the LED driver in the Plug & Play-Lab above, switching off VCC would
result in an unwanted voltage supply of the entire BASIC-Tiger from the battery via the
analog measuring input and its protective circuits, making it impossible to switch it off! This,
by the way, is a principle, which must always be observed for “sleep mode” of the BASIC-
Tiger. Naturaly this series resistor influences the result of the measurement, as the analog
inputs have an input resistance of ca. 1 MQ. One way of compensating this would be a
calculative correction. First put the rather exact VCC to the analog input and observe the
shown result. You can “trim” the display to 5000 mV by changing the calculation formula. A
correct solution would be alow resistive connection of the battery voltage to the analog input
via the contact of a DIL relay, which would be switched on directly via VCC. If the BASIC-
Tiger is switched off, the battery is not connected to the measuring input.

The measured result is displayed together with the time on the LC display and al this is
transmitted serially, too. Likewise displayed are time and alarm time in Tiger format. The rest
of the subroutine is determined by you.

When everything is done a new alarm time is calculated, here each time the seconds reach
“00”. The RTC counter is read and the alarm time is newly set to this RTC time plus 50
seconds. With this the BASIC-Tiger is always switched on shortly before the full minute and
a measurement is done every minute. You can of course go your own way and provide
different intervals or rather different criteria for the alarm time. By handing over the alarm
time to the RTC the alarm output inevitably switches to high and therefore switches
everything off. This must therefore always be the last command during the course of
your program. All that happens next is probably not executed, unless the charge of the VCC
buffer capacitors lasts another few milliseconds. Once the alarm time has been reached the
alarm pin switches back to low, everything is switched on again and the cycle starts over.

A little joke, but with a serious background: Take care when calculating and setting the alarm
time that you're still aliveto seeit switch on!

The hard- and software presented allows for experiments beyond the pure time control, even
with BASIC-Tigers without built in RTC. With the already hinted option to switch on the
battery supply unit “remote controlled” viaan input of the CD4012, the circuit can be used for
entirely different purposes as well. You can, for example, allow a motion detector to switch
on the power supply with a relatively short low pulse. The BASIC-Tiger is activated and a
program starts running. This program first puts another pin of the CD4012 to low with a
BASIC-Tiger output, which maintains the operation voltage, so that the original start signal is
no longer required and may return to high. Once the program has run through the signal for
“holding” the operation voltage is switched off and the BASIC-Tiger is without current. A
new remote signal restarts the sequence of events. Seen in this light the presented technology
can also be favourably used for BASIC-Tigers without RTC.

Have fun with the new possibilities!
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