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INTRODUCTION 

The Microstaq thermal superheat controller (TSHC) is a printed circuit board designed to control the superheat in HVAC systems by 
controlling the Microstaq Silicon Expansion Valve (SEV). 

INSTALLING THE TSHC 

The Microstaq TSHC can be installed in the controls section of an HVAC unit. The temperature sensors T1, T2 and T3, voltage input and 
output should be connected as shown in the picture below.  
T1 – Compressor Suction Temperature 
T2 – Valve Out Temperature 
T3 – Valve In Temperature 
 
T3 is optional and needn’t be installed in cooling only systems.  In this case, place T1 at the downstream end of the evaporator and T2 at 
the upstream end.  T2 and T3 should always be placed downstream of any refrigerant distributor which may be installed. 
 
Power to TSHC must be turned on upon compressor startup and turned off upon compressor shutoff.   
 
TSHC power must be isolated from PC power when the RS232 interface cable is connected. 
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TSHC Hardware Configurations 
The TSHC is available in two hardware configurations, development and production configurations: 

¶ The development configuration has RS232 communication capability.  This version is intended for determining the user editable 

parameters for a particular system as detailed later in this document. 

¶ After the development configuration is used for parameter determination, TSHC firmware may be recompiled with the user 

editable parameters hard coded.  This recompiled firmware may be loaded into TSHCs without RS232 capability for customer 

production 

SOFTWARE INTERFACE 

HyperTerminal 
In Microsoft Windows XP or older operating systems, Launch HyperTerminal (Start >> All Programs >> Accessories >> Communications >> 
HyperTerminal).  If a newer version of windows is being used, Hyper Terminal may be downloaded from 
http://digitizor.com/2009/08/29/how-to-install-the-winxp-hyperterminal-client-on-windows-vista-or-windows-7-free/.  Follow the 
instructions on the website to install, then create a new connection and configure as shown below. 

 
 

Enter a name such as TSHC and click OK.  Use an available serial port, COM5 was used in the example below, rather than the default 
modem connection.  Configure Port Settings as shown and then you are ready to connect through the cable from your PC’s serial port to 
TSHC’s serial port. 
 
 

                            
 
 

http://digitizor.com/2009/08/29/how-to-install-the-winxp-hyperterminal-client-on-windows-vista-or-windows-7-free/
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Then click File >> Properties >> Settings >> ASCII Setup and check Echo typed characters locally.  Once connected (confirmed by the 
“Connected xx:xx:xx” alert in the lower left corner of the HyperTerminal window), it should start displaying the parameters:  Temperatures 
T1, T2 and T3, Duty Cycle percentage x 100, State, Step Size, Cooling Mode, DeltaT, and Manual or Automatic mode in columns as shown in 
the below window.  To display the main menu type “?”.  The eleven items on the Main Menu are described individually below. 
 

 

1. Menu (?) 

To display the menu items type “?”.  This will display the menu items as shown in the above window. After selection of any menu 
item you may type “q” for quit, to resume display of the items above.  Anytime “q” is typed, the column headers will re-display. 

2. Auto (a or A) ς Automatic Mode 

Returns the TSHC to automatic mode.  This is done to exit manual mode. This makes the TSHC resume automatically adjusting the 
duty cycle to maintain Delta T equal to Tbias. 

3. ClnIntrvl (c or C) ς Cleaning Interval 

Cleaning Interval is the interval between cleaning cycles in minutes.  Type “c”, and TSHC will return the present cleaning cycle 
interval and a prompt to enter a new integer value for the interval. Valid entries are 1 to 255. If an attempt to set a value outside 
these limits is made, “Invalid Val” will print and “c” must be retyped to allow entering a new cleaning interval.  After entering the 
new value, press the “Enter” key to complete the entry and TSHC will confirm the change by returning “Set” as shown below.  In 
the example below, the cleaning interval is changed from 2 minutes to 3 minutes.  Press “q” to return to parameter display.  If no 
change is desired, but a query of the present cleaning interval is to be made, pressing “Enter” after the present cleaning interval is 
displayed and “No Change” will display.  Any edits made are saved to EEPROM. 
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4. TbH (h or H) ς Tbias Heating 

Tbias heating is the target temperature of ‘DeltaT’ when the system is in heating mode.  This is the target temperature difference 
between Suction (T1) and Valve Output (T3). Type “h” and TSHC will return the present value of Tbias for heating mode and 
prompt for entry of a new integer value for Tbias heating in ADC counts.  There are approximately 10 ADC counts per degree 
Celsius.  Valid entries are integers from 0 to 1000 which correspond to approximately 0 to 100 degrees C.  The entry procedure is 
similar to the cleaning interval entry procedure in item 3 above.  Any edits made are saved to EEPROM. 

5. StrtTm (i or I) ς Start Time 

The system requires initial delay at a fixed duty cycle to stabilize before performing duty cycle modulation.  The duration of that 

time is Start Time.  During this state, the controller uses the last known normal state duty cycle which is saved in EEPROM.  

Integer values from 15 to 255 seconds are valid.  The procedure for entering a new Start Time is the same as for entering a new 

cleaning interval in item 3 above.  Any edits made are saved to EEPROM. 

6. Manual (m or M) ς Manual Mode 

Manual mode allows manually entering the duty cycle while shutting off automatic duty cycle modulation.  If no new duty cycle is 

entered after typing “m”, TSHC will remain at the duty cycle in effect when “m” was typed.  If a new duty cycle percentage x 100 

is entered.  TSHC will hold this duty cycle until either a new duty cycle is entered or “a” is typed to return to automatic mode.  For 

example, to enter a new duty cycle of 38.25% enter 3825 after typing “m”.  Manual mode may be entered for a short time, only 

to change duty cycle, followed by a return to Automatic mode if desired. 

7. MinDtyCyc (n or N) ς Minimum Duty Cycle 

The PWM duty cycle will not be allowed to go below this value, regardless of whether the new duty cycle is input manually or it is 
calculated by the TSHC.  The valid range is from 0-10000 (0% - 100%).  Data entry procedure is similar to “ClnInterval (c or C)” 
above.  Any edits made are saved to EEPROM. 

8. StpIntrvl (p or P) ς Step Interval 

Step Interval is the time interval (period) in seconds between making changes to duty cycle.  When “p” is typed TSHC responds 
with the present value of Step Interval and prompts for a new value.  TSHC determines the signed difference between Tbias and 
DeltaT, multiplies or divides it by a constant described by StpMultorDiv as explained below, and adds the signed result to duty 
cycle once every step interval.  Valid values for Step Interval are 1 second to 255 seconds.  Data entry procedure is similar to 
“ClnInterval (c or C)” above.  Any edits made are saved to EEPROM. 
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9. Quit (q or Q)                Enter “q” to exit 

from the Main Menu.  TSHC immediately displays Column headers followed by resuming periodic display of the the parameters:  

Temperatures T1, T2 and T3, Duty Cycle percentage x 100, State, Step Size, Cooling Mode, DeltaT, and Manual or Automatic 

mode in columns. 

10. TbC (r or R) ς Tbias Cooling 

Tbias cooling is the target temperature of ‘DeltaT’ when the system is in cooling mode.  This is the temperature difference 
between Suction (T1) and Valve Output (T2). Type “c” and TSHC will return the present value of Tbias for cooling mode and 
prompt for entry of a new integer value for Tbias cooling in ADC counts. There are approximately 10 ADC counts per degree 
Celsius.  Valid entries are integers from 0 to 1000 which correspond to approximately 0 to 100 degrees.  Data entry procedure is 
similar to “ClnInterval (c or C)” above.  Any edits made are saved to EEPROM. 

11. StpMultorDiv (x or X) ς Step Multiplier or Divide 

As mentioned in Step Interval (item 8) above, Step Mult or Div determines what the signed difference between Tbias and DeltaT 
is multiplied or divided by to create the increment to a new duty cycle.  A signed number is input here.  If StpMultorDiv is positive, 
the signed difference between DeltaT and Tbias is multiplied by the value of StpMultorDiv to create the duty cycle increment.  If 
StpMultorDiv is negative, the signed difference between DeltaT and Tbias is divided by the absolute value of StpMultorDiv to 
create the duty cycle increment.  Valid values are -127 to 127.  Entering 0 results in multiplication by zero and therefore no duty 
cycle changes.  Data entry procedure is similar to “ClnInterval (c or C)” above.  Any edits made are saved to EEPROM. 

 

Display Parameters 

 

All temperatures are displayed as ADC counts.  There are approximately 10 ADC counts per degree Celsius.  50C = 826 ADC counts and 0C = 
316 ADC counts.  

The first column, T1, represents compressor suction temperature.  Valve out temperature is the lower of either T2 or T3.  If during the Start 
Up State, T2 is less than T3, the system is determined to be in cooling mode.  If T3 is lower than T2, it is determined to be in heating mode. 

A disconnected sensor is displayed as 0 for T1 and as 9999 for T2 and T3.  Both these are outside the range which is assumed correct for the 
sensors.  If T1 or T2 and T3 are determined to be outside the correct range of ADC, the sensor is determined to be bad and the system will 
enter safe mode and maintain a fixed duty cycle at 45% until the problem is resolved. 
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TSHC may be operated in cooling mode only by not connecting the T3 sensor.  In this case, T3 will be displayed as 9999 but no error will be 
reported.  This is a typical air conditioning only installation. 

¶ The fourth column displays duty cycle in percent x 100.  Duty cycle is displayed as determined by manual mode or by automatic 

mode. 

¶ The fifth column displays a number corresponding to the State the TSHC firmware is in.  The States are discussed later. 

¶ The sixth column displays Step Size.  It is a signed value and is non-zero periodically as Step Interval expires and the duty cycle is 
updated. 

¶ The seventh column displays either 0 or 1.  0 means TSHC is in heating mode and 1 means cooling mode. 

¶ The eighth column is DeltaT in ADC counts. 

¶ The ninth column displays 0 when the system is in automatic mode and 1 when in manual mode. 

 
TSHC States: 

0. Power-up State:- This state is the initial state and is active for two seconds when system power  turned ON.  During this state, 

TSHC initiates diagnostics.  It is indicated by State ‘0’. 

1. Start-up State:- Diagnostics are started in this state. During this state, the valve is driven with the PWM duty cycle stored in the 
EEPROM during the last time TSHC controlled the valve in normal operation state.  In this state, the temperature sensors are 
checked and if any of them are not working the controller enters Safe Mode State.  If the sensors are okay, TSHC determines 
whether cooling or heating mode is in use according to the difference between T2 and T3 as discussed above.  This state is exited 
when the startup timer (StrtTm) expires. 

2. Safe Mode State:- This indicates that the system is in error state.  The system will enter this state due to bad or out of range 
temperature sensor(s) as previously discussed.  TSHC will remain in this state until the sensor error(s) is resolved.  While in this 
state, safe mode duty cycle of 45% will be applied to the valve.  If the sensor error is fixed, the TSHC will re-start with the power 
up state. 

3. Normal Operation State:- If in automatic mode, valve duty cycle is controlled by the difference between Tbias and DeltaT as 
modified by StpMultorDiv with duty cycle changes occurring every Step Interval as discussed above  If DeltaT is greater than 
Tbias, superheat is too high and the calculated step is added to the dutycycle at the next Step Interval.  If DeltaT is less than Tbias, 
superheat is too low and the calculated step is subtracted from the dutycycle at the next Step Interval.  If the operator places 
TSHC in manual mode, dutycycle remains fixed unless the operator changes it.  Automatic operation resumes when the operator 
returns TSHC to automatic mode. 

4. Auto Clean State:- This state is periodically entered from the normal operation state whenever the Cleaning Interval expires 
(ClnIntrvl).  Upon completion of the AutoClean procedure, Normal Operation State is re-entered.  This state has a duration of two 
seconds and consists of two PWM cycles with a PWM frequency of 1 Hz.  This drives both the PDA and valve spool to the limits of 
travel if duty cycle is not very near the extremes of 0% or 100%. 

5. EEPROM Update State:- This state is periodically entered from the normal operation state when the two minute EEPROM update 
interval expires.  The default or last saved duty cycle in the EEPROM is overwritten with the present duty cycle and the two 
minute EEPROM update timer is restarted. 

 
Defrost Mode: 
This mode is detected when TSHC is in normal operating state, in heating mode as determined during startup state, and T2 is lower than T3.  
This would normally be cooling mode but because TSHC detected heating mode at startup, defrost mode is entered.  In defrost mode, the 
dutycycle is fixed at 50% and writing the dutycycle to EEPROM is suspended until defrost mode ends.  The end of defrost mode is detected 
when T3 is again lower than T2. 

  

 


