Foetal Heart Simulator V1.0 Hardware Design Detail.
Power supply.
Battery type.
“AA” style batteries were chosen for their large capacity and worldwide availability.

Battery life.
Assumptions:

1

The simulator should continuously run the fastest simulation for as long a time as possible.

2

The battery will be monitored once per simulation cycle.

Calculation:

ST72F262GM6


CPU (Estimated): 

Run mode @ 4.0 MHz











1 mAh

(1)


Resonator oscillator












250 µAh
(2)


LVD/AVD (Not used)












0 mAh


RC Oscillator (Not used)











0 mAh

PLL (Not used)












0 mAh

RTC counter













200 μAh
(3)

SPI (Not used)













0 mAh

ADC














500 µAh
(4)



Flash Memory (Read)












2.6 mAh
(5)



Ports (Leakage)


1 μA x 20(Pins)







20 µAh
(6)

AD7801 Supply
(Normal mode)










1.55 mAh
(7)

MAX4410













11.5 mAh        (8)

LTC1877 Regulator 












15 μAh 
(9)

TC1072 Regulator












80 µAh          (10)


Estimated load current:









Total (1 – 10)

17.72 mAh

“AA” Battery capacity by manufacturer:

Varta 4106


2600 mAh

Duracell MN1500


2700 mAh

Energizer Ultra Alkaline

2850 mAh

Battery capacity:


2700 x 4









10800 mAh

Battery life:


10800 / 17.72
= 609 hours / 24 =>






25 days

Switching regulator.
Battery voltage (max):
4 x “AA” = 4 x 1.6V = 6.4V

Battery voltage (min):
4 x 0.8V = 3.2V

VIN(min):


2.65V

VBAT754:


380mV @ 15mA

For regulation:

VBatt (min) = 2.65V+380mV = 3.03V

VTRIP (switch off):

3.2V - 380mV => 2.82V => 3.0V

VTRIP (warning):

3.25V

VSwitcher out:

3.30V

The power supply was designed with the Linear Technology Switcher CAD III design package.  An LTC1877 high efficiency step-down converter was used.  Various component value options were tried until the current optimised design was achieved.

One addition to the design was the inclusion of diode D1.  This diode provides reverse battery connection protection, as the LTC1877 controller chip does not have this facility.  A BAT754 Schottky diode was chosen for its very low forward voltage drop – enhanced by the low current through it – about 15mA.  Despite this, the diode decreases circuit efficiency by about 10%.

C1 (22uF) and C4 (47uF) are high capacity ceramic capacitors – this type has better performance characteristics than tantalum or other electrolytic capacitors.

Linear regulator.
A TC1072 was selected for its low dropout voltage together with its low output noise.

Processor and peripheral circuitry.
Processor.
An ST72F262G processor was chosen.  This is a twenty-eight pin device in an SM DIL format.  Its features are:

Flash program memory – ICP capability for development and upgradability

Low operating voltage

Required number of port pins

On-board timers

On-board A/D for battery monitoring

Designed with ESD in mind

Low cost

Power supply input.

C8 is 0.1uF for ESD protection and power supply noise decoupling.

C4 (47uF), in the power supply, provides ESD protection and bulk capacitance.

Battery monitoring.
The circuit comprises R5, R15, C9 and D4.  R5 and R15 form a potential divider of the input voltage after the reverse battery protection diode, D1.  Capacitor C9 provides noise filtering.  Diode D3 protects the AIN3 processor input pin against over voltage if R15 goes open circuit.  It does this by clamping the input to one (Schottky) diode voltage drop above VDD.

AD7801 Digital to analogue converter.
This converter was chosen for its conversion speed and the fact that it had a parallel input.

MAX4410 Audio amplifier.

This stereo headphone amplifier was chosen because it has an on-board power converter that generates –3V.  When used in bridge mode, this provides a 12V peak-to-peak signal across the piezo speaker.
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