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INTRODUCTION

This note covers the set-up, optimisation and use of the AOS PC1 Peltier controller. The PC1 is
based on the Max1968 high efficiency PWM power driver chip combined with a state-of-the-art
zero-drift chopper stabilised PID controller circuit. The unit provides up to ± 3A Peltier drive
current with very little heat dissipation from the circuit, which can normally be used without an
external heatsink. The module is capable, with adequate thermal management and set-up, of
temperature control to better than ± 0.005ºC. Temperature set-point control is provided by a
combination of two fixed value resistors and a high stability 13 turn potentiometer. The
module provides operator control, by simple potentiometer adjustment, of both the heating
and cooling current limits and the maximum voltage which can be applied across the TEC. The
output of the unit can be switched in and out by use of a 5V logic level shutdown facility and
the TEC current is monitored using an analogue output.
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1.1 PCB LAYOUT
The PC1 layout is as shown below (shown sitting on top of the optional USB adapter
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BASIC PC1 SPECIFICATION

Parameter
Set Point Temperature Range
Maximum Supply Voltage
Maximum TEC current
Max TEC Voltage

Symbol
Tset
VDD
ITECmax
Vmax

Rating
-10 to +50
5.5
±3
± 4.3

Unit
ºC
V
A
V
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CAUTION This unit is static sensitive – Observe static handling procedures
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BASIC CONNECTIONS

3.1 Power
DC power is supplied to the PC1 via the pair of screw terminals P6 (labelled “PWR”) Take care
to note the polarity as provided on the silk screen. It is advised that a careful power supply
selection is required in order to obtain the best stability performance.

3.2 Thermistor
The thermistor should be connected between pins 1 and 4 of the 4 way screw terminal
connector, J2. Referring to the photograph, these are the lower and upper terminals of the
terminal block on the right hand side of the PCB. The thermistor should be a standard NTC
type, with a nominal resistance of 10kohms at 25ºC. To operate the PC1 with a NTC thermistor
having a different resistance at 25ºC please refer to the Advanced Setup section.

3.3 Peltier Element (TEC)
The TEC should be connected to the PC1 via connector P5. The TEC element should have a
maximum voltage of not more than 4.3V and a maximum current drain (+ve or –ve) of 3A

3.4 Standalone Operation
The basic setup of the PC1 is achieved with 4 analogue voltages. These control the
temperature setpoint and also the maximum TEC drive capability – to protect lower power TEC
devices. When the PC1 is operated with its USB interface, these voltages are generated by the
external interface board and transmitted to the PC1 board via connector J3, pins 1,3,5 and 7.
For standalone operation, these four voltage are generated by four miniature, multi-turn
potentiometers mounted on the PC1 PCB. These voltage are routed to connector J3, pins 2,4,6
and 8. Thus for standalone operation, the four pairs of pins in connector J3 MUST BE
CONNECTED TOGETHER. Jumpers are provided for this purpose. With reference to the
photograph or schematic, the corresponding pins are located vertically one above the other, ie
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3.5 SHUTDOWN
The controller can be put into shutdown mode (no TEC drive) using the Shutdown input. This is
an active LOW input which is normally tied HIGH (inactive) with a 4k7 resistor. To shutdown
the PC1, the shutdown input must be taken LOW, (i.e. below VDD / 4 i.e. <1.25V for a 5V
supply) either by direct connection to 0V, or via an active device eg transistor or logic gate
[source / sink current 5µA]
The Shutdown input is available in connector J2, pin2 (second from the bottom in the
photograph) and 0V is available in connector J2, pin4
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BASIC SETUP

In order to carry out the basic setup of the PC1, the unit must be supplied with DC power. It is
not necessary to have a TEC or thermistor connected to the unit, but it is essential that the
unit be operated in shutdown mode.
All potentiometers on board (P1-3 and PR1) should be turned fully anti-clockwise before
commencing the setup procedure
Ensure that the unit is not resting on a metal surface and apply 5V DC power to the unit

4.1 Setup Vmax
The PC1 can be set up to ensure that the maximum TEC voltage (see manufacturer’s
datasheet) is not exceeded. Connect a voltmeter between 0V and Test Point 1 (TP1). The test
point, which is shown with reference to the silk screen Fig 2. is the leg of the connector J3,
pin2. Adjust the potentiometer P1 (labelled “V” in the silkcreen and uppermost in the
photograph) to give the required reading (VMAXV) according to the formula

VMAXV = Vmax / 4

4.2 Setup Imax+
The PC1 can be set up to ensure that the maximum positive TEC current Imax+ (see
manufacturer’s datasheet) is not exceeded. Connect a voltmeter between 0V and test point
TP2. Adjust the potentiometer P2 (labelled “IP” in the silk screen) to give the required reading
(VMAXIP) according to the formula

VMAXIP = 0.47 x Imax+

4.3 Setup ImaxThe PC1 can be set up to ensure that the maximum negative TEC current Imax- (see
manufacturer’s datasheet) is not exceeded. Connect a voltmeter between 0V and test point
TP3. Adjust the potentiometer P3 (labelled “IN” in the silkcreen) to give the required reading
(VMAXIN) according to the formula

VMAXIN = 0.47 x Imax-
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BASIC OPERATION

5.1 Pre-setting Vsetpoint
The PC1 is now ready for use. With the potentiometer PR1 turned fully anti-clockwise however,
when the unit is powered up, a maximum cooling drive will be applied to the TEC element.
Provided the setup procedure as described above has been correctly followed, this will not
cause damage to either the PC1 unit or the TEC element.
If the desired set point temperature is known, then it is possible to pre-set the controller to
operate within 2 or 3 degrees of the desired value from initial power up, fine tuning then only
being needed to achieve the precise value required.
To pre-set the controller you need first to determine the resistance of the thermistor at the set
point temperature (RthT). This can be done by calculation (approximate, but easy) or by
measurement (accurate, but difficult). The calculation of RthT can be performed using a variety
of methods and equations. Alternatively there is an Excel spreadsheet on the CDROM supplied
which can be used to estimate the value of RthT
Now place the PC1 in shutdown mode as described in the basic setup procedures above and
apply 5V DC power.
Connect a voltmeter between 0V and and test point TP4. Adjust the potentiometer PR1
(labelled “SP” in the silkscreen) to give the required reading (Vsetpoint) according to the
formula

Vsetpoint = 1.65(RthT/(RthT + 10000) – 0.15

Alternatively you can use the Excel spreadsheet on the CDROM supplied to calculate the
required voltage.

5.2 Standalone Operation
Ensure that the pairs of terminals in connector J3 are jumpered, i.e. to connect
1-2
3-4
5-6
7-8
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Use the jumpers provided for this purpose

5.3 Pre-start Checklist
The use of the following pre-start checklist is recommended

Thermistor connected ?
TEC connected ?
Vmax set ?
Imax+ set ?
Imax- set ?
Vsetpoint pre-set (if desired)
J3 jumpers in place?
Supply voltage = 5V max, sufficient current ?
Shutdown setup if required?
Imon setup if required?
PC1 mounted on non-conducting surface ?

Complete all the checklist items before switching on the unit for the first time.

The PC1 is now ready for use and may be powered up by connecting the DC power input
terminals to a suitable power supply.
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TROUBLESHOOTING

In normal use, assuming that the TEC is properly set up and the temperature set point is fairly
close to ambient, one would expect to see the TEC current rise rapidly (to even limit) at initial
switch on and then as the actual temperature approaches the set point temperature, the
current will fall, reverse sign and overshoot and then settle to a steady value. If the current is
always 0, always limited or never settles on a fairly steady non-zero value, there is probably a
fault condition; Check all connections (particularly thermistor, TEC and power supply) and then
try the troubleshooting guide below. If the problem persists, please contact AOS Technology
Ltd for further advice.

6.1 Troubleshooting Guide
Symptom

Actions

Notes

ITEC = 0

Check power supply
Check Imon connections
Check TEC is not open
circuited (O/C)

Make sure any current limiters on the

ITEC = Imax+

Check TEC is not short
circuited (S/C)
Check thermistor is not O/C
Check PC1 is mounted on an
insulating surface

power supply are set high enough

An OPEN circuit looks to the circuit
like a very COLD thermistor and the
PC1 will try to HEAT the target by
applying maximum positive current to
the TEC

ITEC = Imax-

Check TEC is not S/C
Check thermistor is not S/C
Check PC1 is mounted on an
insulating surface

A SHORT circuit looks to the circuit
like a very HOT thermistor and the
PC1 will try to COOL the target by
applying maximum negative current
to the TEC

ITEC never settles

Check power supply
Check thermistor connections
Check control loop
connections / components
Reduce control loop gain

Try reducing R13 or increasing R15
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ADVANCED OPERATION

7.1 Imon
PC1 is provided with a current monitor, Imon , which generates a voltage VITEC proportional to
the TEC current. The Imon output is accessible using in connector J2, pin3
The voltage VITEC is related to ITEC by the formula

VITEC = 1.5 + 0.376 x ITEC

The Imon output can drive loads with a capacitance up to 100pF.

7.2 Non-standard thermistors
In its standard form, the PC1 is designed to operate with an NTC thermistor having a nominal
resistance of 10kohms at 25ºC. Changes to the PCB itself may be required and this involves
the ability to remove and replace surface mount devices. If you need to operate the PC1 with a
non-standard thermistor, please contact AOS

7.3 Control Loop Modifications
In its standard configuration, the PC1 is supplied as a basic PI controller, (P = 5, I = 10s) This
configuration will be a good starting point and may prove suitable for many applications. The
tuning of the controller can be achieved experimentally, although this can require the removal
and replacement of very small, surface mount (SMT) components. If you need to modify the
factory default control loop, please refer to AOS for assistance.

7.4 Custom Build
AOS provides a service to design and supply custom variants of the PC1 with setup, control
(and other) components specific to your particular requirements. Please call AOS to discuss
this.
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CONNECTOR DESIGNATIONS

P6 PWR connector
Pin
1
2

Description
+Vcc
0 volts

P5 TEC connector
Pin
1
2

Description
TEC +
TEC -

P4 Interface connector (PC1-USB use only)
Pin
1
2
3
4

Description
Vcc
0 volts
Bufref
Shutdn

J3 interface Jumper Connection
Pin
1
2
3
4
5
6
7
8
NB

Description
Vmax set point voltage from potentiometer
Vmax set point voltage input to controller
Imax(+) set point voltage from potentiometer
Imax(+) set point voltage input to controller
Imax(-) set point voltage from potentiometer
Imax(-) set point voltage input to controller
Vsetpoint set point voltage from potentiometer
Vsetpoint set point voltage input to controller

for PC1 standalone use, pins 1-2, 3-4, 5-6, 7-8 are bridged
For PC1-USB, the pins in this connector MUST NOT BE BRIDGED. The set point voltage
inputs to the controller are provided by the USB board
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J4 External control loop connector (refer to AOS)
Pin
1
2
3

Description
U3 pin1
U3 pin3
U4B pin1

J2 Control input connector
Pin
1
2
3
4

Description
Therm
Shutdn
Imon
0 volts
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