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1 CORRECTION ALGORITHM OVERVIEW 
The TMx00 supports three correction algorithms to compensate for temperature and voltage non-idealities: 

1. Lookup Table – Temperature correction algorithm 
2. Temperature Polynomial Curve Fit – Temperature correction algorithm 
3. Supply Voltage Curve Fit – Voltage correction algorithm 

The TMx00 correction algorithms use integer numbers (digital codes) that represent temperatures and voltages to make 
compensation adjustments. The ADC converts analog signals into the digital domain for the MCU to calculate the 
appropriate Correction DAC input code and produce an analog correction voltage. 

The first two algorithms use a Temp Code input to generate a CorrDAC Code from the Correction DAC output to correct 
frequency variations over temperature. Only one of the temperature correction algorithms may be used during operation. 

The Temp Code value is an integer with the range of 0 to 4095 and corresponds to the temperature being measured and 
digitized through the ADC. A -40C to 90C temperature range will utilize a Temp Code range of approximately 2000 to 3200. 
The Temp Code is produced from either the IC internal temperature sensor or an external thermistor (via the THRM pin). 

The CorrDAC Code value is an integer with the range of 0 to 4095 and corresponds to the DAC input code needed to vary 
the capacitance across an external varactor or the internal TMx00 Varicap to correct the frequency variation for a given 
temperature.  

The CorrDAC Voltage is resulting Correction DAC output voltage for a given CorrDAC Code. It is calculated by multiplying 
the Correction DAC’s reference voltage by the ratio of the CorrDAC Code to the Correction DAC’s full-scale code (4095). 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉

4095
∗ 𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶𝐵𝐵𝐵𝐵 𝐵𝐵𝑃𝑃𝑃𝑃 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

As a brief relationship example, a measured temperature of 25C may produce a Temp Code of 2541 and results in a 
CorrDAC Code of 1983 and a CorrDAC Voltage of 1.4043V for the correct center frequency of a unique TCXO assembly.  
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Figure 1 Temp Code and CorrDAC Code Relationship 
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Adjustable Timing Parameters 
The TMx00 correction mechanism is a hybrid analog/digital implementation and has several adjustable timing parameters 
that allow customers to tune timing modules to the time constants of the intended applications. The adjustments also 
implement low pass filters to reduce crystal adjustment transients. 

Supported adjustable timing parameters include: 

Temperature Sample Interval – This sets the time interval (in ms) for measuring the temperature sensor and VDDA value. 
The interval is between 20ms and 2550ms. Both the temperature and VDDA readings are averaged over 8 sample intervals, 
updated at each sample interval (rolling average). 

Frequency Correction Interval - This sets the time interval (in ms) for updating the Correction DAC value applied to the 
Varicap or external varactor. The interval is between 20ms and 2550ms. 

Averaging Intervals - This sets the number of Frequency Correction Intervals used to calculate an average DAC correction 
value, updated each correction interval (rolling average). The averaging is between 1 and 16.  

Lookup Table Curve Fit 
The Lookup Table correction technique uses the measured reading from the IC temperature sensor or external thermistor 
(Temp Code) and generates a CorrDAC Code via a lookup table.   

The lookup table is arranged from the lowest Temp Code to the highest Temp Code with up to 80 defined points. The 
spacing between the points is user defined to account for changing crystal temperature coefficient slopes. The appropriate 
DAC correction code (CorrDac Code) between the defined Temp Code points is calculated by linear interpolation. 

Temp Temp 
Code 

CorrDAC 
Code 
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-30 2085 2318 

-20 2167 2028 

-10 2250 1856 

0 2333 1794 
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50 2754 2164 

60 2841 2142 
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80 3009 1723 

90 3096 1032 

 
Figure 2 Linear Lookup Table Concept 
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Temperature Correction Polynomial Curve Fit 
The temperature polynomial curve fit correction technique uses the measured temperature reading from the IC sensor or 
external thermistor (Temp Code) and calculates a CorrDAC Voltage via polynomial curve fit using the correction order 
coefficients, 𝑉𝑉0 - 𝑉𝑉9. 

The correction process computes the Correction DAC voltage needed for best correction. The CorrDAC Voltage range is 
from 0V up the voltage of the BYPASS pin (typically, 2.9V or 3.3V depending on configuration). The correction value is 
converted into a 12-bit DAC input digital code (CorrDAC Code), 0 for 0V, and 4095 for the max BYPASS Voltage. The internal 
tuning Varicap operates over a range of 0V to 2.9V, so the CorrDAC Voltage needs to be limited when BYPASS is operated 
from a supply greater than 2.9V. 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑥𝑥) = 𝑉𝑉0 + 𝑉𝑉1𝑥𝑥 + 𝑉𝑉2𝑥𝑥2 + 𝑉𝑉3𝑥𝑥3 + 𝑉𝑉4𝑥𝑥4 + 𝑉𝑉5𝑥𝑥5 + 𝑉𝑉6𝑥𝑥6 + 𝑉𝑉7𝑥𝑥7 + 𝑉𝑉8𝑥𝑥8 + 𝑉𝑉9𝑥𝑥9 

𝑥𝑥 = 𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑉𝑉𝑉𝑉𝑃𝑃𝑇𝑇𝑉𝑉𝐶𝐶: 𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 𝑃𝑃𝐶𝐶𝐶𝐶𝑇𝑇𝑉𝑉𝑉𝑉𝑃𝑃𝑇𝑇𝑉𝑉𝐶𝐶 𝑓𝑓𝐶𝐶𝐶𝐶 𝑀𝑀𝑉𝑉𝑉𝑉𝑃𝑃 𝑉𝑉𝑃𝑃𝐶𝐶 𝐵𝐵𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶 𝐶𝐶𝑉𝑉𝐷𝐷𝑃𝑃𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑃𝑃 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑥𝑥) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝐶𝐶𝑉𝑉𝑃𝑃𝐶𝐶𝑃𝑃 𝐶𝐶𝐶𝐶𝐶𝐶 𝐷𝐷𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

To use the polynomial curve fit algorithm, the following data needs to be selected or entered: 

1. Desired correction order: For some applications 3rd or 5th order corrections may produce better results over 
temperature than a 7th or 9th order correction. This item can be set as needed for each oscillator application. 
 

2. Temp Code Mean and Temp Code Std Dev: Measure the module over temperature and capture the Temp Code for 
each measured temperature point. Compute the mean and standard deviation of the Temp Code values. Then 
scale the Temp Code values by the mean and standard deviation generating x (Temp Code Normalized) for the 
above equation. 
 

3. CorrDAC Codes over Temperature: As part of the module measurements over temperature, determine the 
CorrDAC Code that produces the least error. Convert the CorrDAC Code to CorrDAC Voltage by scaling it, 0 to 4095 
for the voltage range 0 to the BYPASS pin Voltage. CorrDAC Voltage is Corrtemp(x) in the equation above. 
 

4. Use polynomial curve fit software to find the values of a0 to an based on x and Corrtemp(x).  
 

5. Enter the coefficients, 𝑉𝑉0 - 𝑉𝑉9, the Temp Code mean, and the Temp Code Std Dev for the respective correction 
order. The coefficients are single precision floating point numbers stored in the microcontroller. Single precision 
floating point numbers have 7-8 decimal digits of precision and ensure that all significant digits are entered into 
the microcontroller.  
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Supply Voltage Curve Fit 
The CorrDAC Voltage values are not overly sensitive to supply voltage (VDDA) variation when the internal BYPASS regulator 
is enabled. The Temp Code Normalized values have some dependency on supply voltage. This means that supply voltage 
variations will shift the Temp Code values. The supply voltage polynomial curve fit correction techniques are optional 
enhanced correction methods that generate adjustment terms to account for this shift. 

A Corrvoltage term corrects for frequency shifts over supply voltage variation and uses the coefficients, 𝑏𝑏1 - 𝑏𝑏3.  

A Corrvoltage_temp term corrects for frequency shifts from cross correlated supply voltage and temperature variation and 
uses the coefficients, 𝐶𝐶1 - 𝐶𝐶3. 

The user selects whether these correction terms are applied to either the Temp Code or CorrDAC Code depending on the 
architecture and sensitivity of supply voltage movement of the TCXO module. Each choice has further options regarding 
the order of correction desired. 

Temp Code Adjustment Option 
Because the supply voltage range of the TMx00 is ±5%, the standard deviation of the VDDA Code range is set internally 
with respect to the nominal VDDA Code. 

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆 = 𝐵𝐵𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶 𝐶𝐶𝑉𝑉𝐷𝐷𝑃𝑃𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑃𝑃 𝐶𝐶𝑓𝑓 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶 

The Standard Deviation is defined so a 5% high supply voltage gives a VDDASD (or σ) of +3.0, and a 5% low supply gives a 
VDDASD of -3.0. 

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆 = 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑁𝑁𝑁𝑁 �
0.05

3
� 

VDDACodeNOM is the ADC code value measured by the IC when the VDDA supply voltage is 3.3V. A typical ADC code value 
is 2330. Note that the VDDA ADC input is divided by 2, so the 2330 code represents an input value of 1.65V. 

∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶 =  
𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑡𝑡𝑀𝑀𝑀𝑀 − 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑁𝑁𝑡𝑡

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆
 

Applying the correction by adjusting the TempCode: 

𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐴𝐴𝑆𝑆𝐴𝐴 =  𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑉𝑉𝑉𝑉𝑃𝑃𝑇𝑇𝑉𝑉𝐶𝐶 + ∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) 
Where: 
𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐴𝐴𝑆𝑆𝐴𝐴 is the new TempCodeNormalized value input into the main 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑥𝑥) function for frequency correction 

∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 is the Temp Code adjustment based on voltage and temperature measurements 
Temp Code Corrvoltage 1st Order Correction Option 
∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) 

Temp Code Corrvoltage 3rd Order Correction Option 
∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝑏𝑏2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2 + 𝑏𝑏3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)3 

Temp Code Corrvoltage & Corrvoltage_temp 3rd Order Correction Option 
∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)

= 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝑏𝑏2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2 + 𝑏𝑏3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)3 + 𝐶𝐶1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉)
+ 𝐶𝐶2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉) + 𝐶𝐶3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉)2 
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CorrDAC Code Adjustment Option 
Applying the correction by adjusting the CorrDAC Code: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝑆𝑆𝐴𝐴 =  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 + ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) - when using the Lookup Table Correction 

Or 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝑆𝑆𝐴𝐴 =  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 + ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) - when using the Polynomial Correction 

Where: 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝑆𝑆𝐴𝐴 is the new CorrDAC Code value output for frequency correction (Lookup Table Correction) 

∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 is the new CorrDAC Voltage output for frequency correction (Polynomial Correction)  

∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 is the CorrDAC Code/Voltage adjustment based on voltage and temperature measurements. 

CorrDAC Code Corrvoltage 1st Order Correction Option 
∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) 

CorrDAC Code Corrvoltage 3rd Order Correction Option 
∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝑏𝑏2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2 + 𝑏𝑏3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)3 

CorrDAC Code Corrvoltage & Corrvoltage_temp 3rd Order Correction Option 
∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝑏𝑏2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2 +
𝑏𝑏3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)3 + 𝐶𝐶1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉) + 𝐶𝐶2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉) + 𝐶𝐶3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉)2  
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2 CORRECTION ALGORITHM DEVELOPMENT FLOW 
Developing the correction algorithms on the TMx00 is described in four sections: 

1. Main Flow – High level overview flow of entire development process 
2. Temperature Data Collection Flow – Details into the data collection performed at each temperature step 
3. Voltage Data Collection Flow – Details into the data collection performed at each supply voltage step 
4. Correction Implementation Flows – Details into processing the data required for each correction technique and 

calculating the needed parameters. 

Start Disable TMx00 Correction 
Routines

Set Environmental Chamber 
to Initial Temp & Soak

Collect Single Point 
Temperature & Voltage Data

Temp Code
CorrDAC Code

VDDA Code

Move Environmental Chamber 
Temperature & Soak

Collecting Temperature Data Temp Code
CorrDAC Code

Temp Steps 
Completed?

Process Data & Correction 
Parameters Computation

Program TMx00 & Validate 
Performance

Yes

No

StopPerformance 
Validated?

Yes

No

Collecting Voltage Data
VDDA Code
Temp Code

CorrDAC Code

 
Figure 3 Main Flow for Correction Algorithm Development 
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Disable TMx00 Correction 
Select the ‘Disabled’ Correction Technique and send the configuration to the IC by pressing the ‘Send Current Setup Tab 
Items to IC.’ If the Correction Technique is not disabled, the IC correction algorithm will be active and interfere with data 
collection.  

 

I2C Command Option  
Instead of using the TMx00 Control Software, the TMx00 correction routines are disabled by writing into the corr_order 
RAM setup location with following I2C commands (See the TMx00 Programming Reference Manual for more information): 

Send: 0x19, 0x20, 0x00, 0x01, 0x00, 0xC6 
Recv: 0x19, 0x00, 0xE7 

Set the corr_b0 term to 0.0 ensuring no voltage trim adjustments. Since this is a floating-point value, write four bytes. 

Send: 0x19, 0xE0, 0x00, 0x04, 0x00, 0x00, 0x00, 0x00, 0x03 
Recv: 0x19, 0x00, 0xE7 
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Set Environmental Chamber to Initial Temperature 
Set the environmental chamber to the desired initial temperature and soak as appropriate.  

Collecting Single Point Temperature Data 
The temperature measurement can be sourced from the internal temperature sensor of the IC (which is a measurement 
of the IC temperature) or from an external thermistor through the THRM pin of the IC. Select which source to collect the 
Temp Code data from. The internal temperature sensor is the default configuration since it requires no additional external 
components or setup. Send the configuration to the IC by pressing the ‘Send Current Setup Tab Items to IC.’ 

The Correction DAC input window allows the user to manually enter a CorrDAC Code (0 to 4095) and send the value to the 
IC by pressing the ‘Send Current Setup Tab Items to IC’ to set the desired frequency. The user can also retrieve the Temp 
Code and VDDA Code along with other measured/converted data by pressing the ‘Measure Temp, Volts & Correction’ 
button. 

 
Collecting Temperature Data over a wide temperature range is a process detailed in the next flow diagram. This involves 
obtaining the detailed Temp Code, the CorrDAC Code, and if desired, the VDDA Code data needed for full correction 
implementation over the desired temperature range.  
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Step Environmental Chamber Through Temperature Range 
Move the environmental chamber through the desired temperature range and step size with the appropriate soak time. 
At each temperature point, collect the temperature data detailed in the Temperature Data Collection Flow section. 

Process Data Determine Correction Parameters 
Processing the temperature data is a procedure detailed separately in the Correction Implementation Flow sections. This 
involves evaluating the collected temperature data points and generating the information needed by the TMx00 for 
implementing the desired correction techniques. 

Program the TMx00 & Validation 
Once the correction parameters have been determined from processing the temperature data, the TMx00 is programmed 
with the parameters for the correction technique that is to be used and validated with the resulting parameters. The 
correction technique and parameters can first be validated with the RAM based storage without having to send the data 
into the OTP storage. Select the desired correction technique, enter the correction values, and send the setup to the IC. 
The oscillator can be cycled over temperature and voltage as needed for testing. Correction values can be updated as 
many times as needed until the final values have been determined. 

Storing Values in the OTP Setup Block 
After the corrections are validated, the desired setup should be programmed into the TMx00 OTP as part of the oscillator 
setup. The values in the OTP will be used at each power-up once they are programmed. The TMx00 supports multiple OTP 
writes by providing 6 incremental storage blocks. If the contents of the OTP need to be changed, the new parameters are 
stored in the next storage block and the TMx00 increments a pointer to read from the new storage block upon startup. 
The process of writing an OTP storage block is defined in TMx00 Programming Reference Manual or can be accomplished 
through the TMx00 Control Software. 
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3 TEMPERATURE DATA COLLECTION FLOW 

Start

Set Environmental Chamber 
to Temp Point & Soak

Temperature Steps 
Completed?

Yes

Stop

Temp CodeMeasure Temp & Read Temp 
Code from TMx00

Step CorrDAC Code for Center 
Frequency Match

CorrDAC 
Code

No

 
Figure 4 Temperature Data Collection Flow 

Set Environmental Chamber to Starting Temperature Point 
Set the environmental chamber to the desired starting point for the temperature sweep and soak as appropriate. The 
number of data points and step size in the temperature sweep will be dependent on the crystal characteristics and desired 
accuracy. 
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Measure Temperature & Read Temp Code 
The TMx00 Control Software can be used for Temp Code and CorrDAC Code data collection by manually measuring the 
Temp Code and entering the CorrDAC Code to determine the center frequency at each desired temperature point. An 
automated data collection process using I2C commands is a more efficient methodology. 

 
I2C Command Option  

Measure the temperature code, Temp Code, after the chamber is stabilized by issuing the following command. This 
example assumes a delay of 100. 

Send: 0x14, 0x05, 0x64, 0x83 
Recv: 0x14, 0x00, 0xEC 

Read the data. 

Send: 0x15, 0xEB 
Recv: 0x15, data_low, data_high, 0x05, Checksum 
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Determine the CorrDAC Code for Center Frequency 
At each temperature point, the specific CorrDAC Code for the correct center frequency needs to be obtained. This is 
accomplished by stepping through the Correction DAC codes and measuring the resulting frequency until the appropriate 
CorrDAC Code is determined. 

Step the Correction DAC code to set the oscillator to the desired center frequency through the TMx00 Control Software 
or by issuing the following I2C command: 

Send: 0x03, 0x06, data_low, data_high, checksum 
Recv: 0x03, 0x00, 0xFD 

Coarse Step the Correction DAC 
Stepping through all the individual Correction DAC codes measuring the frequency is a slow process. A faster approach is 
to first perform a coarse step sweep of the Correction DAC codes, possibly 256 codes for each step. This will provide a 
coarse estimate of the correct CorrDAC Code to match the center frequency by linear interpolating the results. 

Fine Step the Correction DAC 
Once an estimate of the CorrDAC Code is achieved, step the Correction DAC code by one count at a time around the 
estimated CorrDAC Code to determine the precise CorrDAC Code. A suggested range is ±64 or 128 codes around the 
estimate. 

 

Table 1 Example Temp Code & CorrDAC Code Raw Data Set 

Temperature (C) Temp Code CorrDAC Code 
-40 2005 2720 
-30 2085 2318 
-20 2167 2028 
-10 2250 1856 
0 2333 1794 

10 2416 1822 
20 2500 1906 
25 2542 1961 
30 2584 2014 
40 2669 2124 
50 2754 2164 
60 2841 2142 
70 2923 2015 
80 3009 1723 
90 3096 1032 
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4 VOLTAGE DATA COLLECTION FLOW 

Start

Set Supply Voltage

Voltage Steps 
Completed?

Yes

Stop

VDDA CodeMeasure VDDA & Read VDDA 
Code from TMx00

Measure Temp Code and/or 
CorrDAC Code from TMx00

Temp Code
CorrDAC Code

No

 

Figure 5 Voltage Data Collection Flow 

Set Supply Voltage 
Set the supply voltage to the desired value. 

Measure Supply Voltage and Read VDDA Code 
The TMx00 Control Software can be used for repeated for VDDA Code and Temp Code data collection by manually 
measuring the VDDA Code and Temp Code at each voltage step. An automated data collection process using I2C commands 
may be a more efficient methodology. 
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I2C Command Option 
Measure the voltage code, VDDA Code, after the supply voltage is set to the desired value by issuing the following 
command. This example assumes a delay of 100. 

Send: 0x14, 0x08, 0x64, 0x80 
Recv: 0x14, 0x00, 0xEC 

Read the data. 

Send: 0x15, 0xEB 
Recv: 0x15, data_low, data_high, 0x05, Checksum 
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Measure Temperature & Read Temp Code 
At each supply voltage point, read the Temp Code to measure the shift. 

I2C Command Option  
Measure the temperature code, Temp Code, after the chamber is stabilized by issuing the following command. This 
example assumes a delay of 100. 

Send: 0x14, 0x05, 0x64, 0x83 
Recv: 0x14, 0x00, 0xEC 

Read the data. 

Send: 0x15, 0xEB 
Recv: 0x15, data_low, data_high, 0x05, Checksum 

Table 2 Example VDDA Code & Temp Code Raw Data Set 

Supply (V) VDDA Code Temp Code 
2.95 2083 2316 
3.00 2118 2318 
3.05 2153 2320 
3.10 2189 2322 
3.15 2224 2324 
3.20 2259 2326 
3.25 2295 2328 
3.30 2330 2330 
3.35 2365 2332 
3.40 2401 2334 
3.45 2436 2336 
3.50 2471 2338 
3.55 2506 2340 
3.60 2542 2342 
3.65 2577 2344 
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5 LOOKUP TABLE IMPLEMENTATION FLOW 
Start

Fill TMx00 Lookup Table with 
Temp Code – CorrDAC Code 

Data

Stop

Temp Codes
CorrDAC Codes

Perform Supply Voltage 
Curve Fit for Coefficient 

Generation

Polynomial 
Coefficients

b1 – b3 , c1 – c3

Supply Voltage 
Correction?

Yes

No

Select RAM Lookup Table 
Option

VDDA Codes
Temp Codes

 
Figure 6 Lookup Table Implementation Flow 

 

The Linear Lookup Table correction technique uses the measured reading from the IC temperature sensor or external 
thermistor (Temp Code) and generates it into a CorrDAC Code via a lookup table.   

The lookup table is arranged from the lowest Temp Code to the highest Temp Code with up to 80 defined points. The 
spacing between the points is user defined to account for changing crystal temperature coefficient slopes. The appropriate 
DAC correction code (CorrDAC Code) between the defined Temp Code points is calculated with a linear interpolation 
technique 
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Select Lookup Table  
The Lookup Table correction algorithm in the TMx00 uses up to 80 data points of Temp Code – CorrDAC Codes pairings. 
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Fill TMx100 Lookup Table 
Fill in the Lookup Table via the TMx00 Control Software by taking the Temp Code and CorrDAC Code value gathered during 
the temperature data collection (Table 1) and entering it into the entry table. The lookup table data needs to be arranged 
from the lowest Temp Code to the highest Temp Code. The end of the table occurs when either 1) both the Temp Code 
and the CorrDAC Code values for an entry are zero, or 2) all table entries are filled.  

If the measured Temp Code value is below the minimum value in the table, the CorrDAC Code value is set to the value that 
corresponds to the lowest Temp Code in the table. If the Temp Code is above the maximum value in the table, the CorrDAC 
Code value is set to the value that corresponds to the highest Temp Code in the table.  

If the measured temperature is the exact value of a Temp Code, the corresponding CorrDAC Code value is used for the 
correction. For measured temperatures between the Lookup Table’s Temp Codes, the CorrDAC Code values are linearly 
interpolated. Since the temperature coefficient curve of a crystal is non-linear, the amount and spacing of the Temp Code 
- CorrDAC Code entries should be optimized to minimize the correction error (Figure 7) depending on the rate of change 
of the temperature coefficient curve within a certain temperature range. It should be noted that the Temp Code values in 
the Lookup Table do not need to be equally spaced. 
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Figure 7 Linear Interpolation Temp Code Spacing Considerations 

I2C Command Option 
The lookup table variable contains up to 80 pairs of temperature code readings for the table lookup and tuning DAC code 
values, 3 bytes per pair.  

The first 1.5 bytes in each entry contain the Temp Code, and the last 1.5 bytes contain the CorrDAC Code value. The most 
significant bit of the Temp Code is in the most significant bit of the first byte. The most significant bit of the CorrDAC Code 
starts at the most significant bit of the bottom nibble in the middle byte. The Temp Code readings must be monotonic 
from low to high. The CorrDAC Code values do not have that restriction. 

Please reference the TMx00 Programming Reference Manual for more information. 

 

Perform Supply Voltage Correction (Optional) 
Using the Lookup Table for temperature correction instead of the polynomial correction does not limit the user from the  
Supply Voltage Correction. The Supply Voltage Correction flow is described in section 7. 
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6 TEMPERATURE POLYNOMIAL IMPLEMENTATION FLOW 
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Figure 8 Temperature Polynomial Implementation Flow 
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Compute the CorrDAC Voltages for all Temperature Points 
Using the Temp Code and CorrDAC Code raw data, calculate the CorrDAC Voltage for each temperature point. The 
polynomial curve fit calculation requires the CorrDAC Voltage and not the CorrDAC Code (Lookup Table technique). 

The CorrDAC Voltage is the resulting Correction DAC output voltage for a given CorrDAC Code. It is calculated by multiplying 
the Correction DAC’s reference voltage by the ratio of the CorrDAC Code to the Correction DAC’s full-scale code (4095). 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉

4095
∗ 𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶𝐵𝐵𝐵𝐵 𝑇𝑇𝑃𝑃𝑃𝑃 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

Example: 
Table 3 CorrDAC Voltage Calculation Example 

Temperature (C) Temp Code CorrDAC Code CorrDAC Voltage 
-40 2005 2720 1.92625153 
-30 2085 2318 1.64156288 
-20 2167 2028 1.43619048 
-10 2250 1856 1.31438339 
0 2333 1794 1.27047619 

10 2416 1822 1.29030525 
20 2500 1906 1.34979243 
25 2542 1961 1.38874237 
30 2584 2014 1.42627595 
40 2669 2124 1.50417582 
50 2754 2164 1.53250305 
60 2841 2142 1.51692308 
70 2923 2015 1.42698413 
80 3009 1723 1.22019536 
90 3096 1032 0.73084249 

 
Figure 9  Temp Code & CorrDAC Voltage Over Temperature Sweep 
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Compute the Mean, Std Dev, and Normalization of Temp Codes 
Processing the Temp Code data for mean and standard deviation may enhance the accuracy of the correction equations. 
The result is the Normalized Temp Code. 

Using the Table 3 Temp Code values, the mean is: 
𝑠𝑠𝑉𝑉𝑇𝑇𝑇𝑇𝑉𝑉𝑉𝑉𝑖𝑖 = 𝑉𝑉𝑉𝑉𝐶𝐶ℎ 𝑠𝑠𝑉𝑉𝑇𝑇𝑇𝑇𝑉𝑉𝑉𝑉 

𝑇𝑇 = 𝑃𝑃𝑛𝑛𝑇𝑇𝑏𝑏𝑉𝑉𝐶𝐶 𝐶𝐶𝑓𝑓 𝑠𝑠𝑉𝑉𝑇𝑇𝑇𝑇𝑉𝑉𝑉𝑉𝑠𝑠 

𝑀𝑀𝑉𝑉𝑉𝑉𝑃𝑃 =
Σ(𝑠𝑠𝑉𝑉𝑇𝑇𝑇𝑇𝑉𝑉𝑉𝑉𝑖𝑖)

𝑇𝑇
= 2544.9333 

Using the Table 3 Temp Code values, the standard deviation is 

𝜎𝜎 = �Σ(𝑠𝑠𝑉𝑉𝑇𝑇𝑇𝑇𝑉𝑉𝑉𝑉𝑖𝑖 − 𝑇𝑇𝑉𝑉𝑉𝑉𝑃𝑃)2

𝑇𝑇
 

𝜎𝜎 = 327.2820 

Normalized Temp Code values are computed by: 

𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑉𝑉𝑉𝑉𝑃𝑃𝑇𝑇𝑉𝑉𝐶𝐶 𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 =
𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑛𝑛𝐶𝐶𝑉𝑉 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 −𝑀𝑀𝑉𝑉𝑉𝑉𝑃𝑃

𝜎𝜎
 

Table 4 Example with Normalized Temperature Code 

Temperature (C) Temp Code Normalized Temp Code CorrDAC Code CorrDAC Voltage 
-40 2005 -1.649749389 2720 1.92625153 
-30 2085 -1.405311895 2318 1.64156288 
-20 2167 -1.154763463 2028 1.43619048 
-10 2250 -0.901159562 1856 1.31438339 
0 2333 -0.647555662 1794 1.27047619 

10 2416 -0.393951762 1822 1.29030525 
20 2500 -0.137292393 1906 1.34979243 
25 2542 -0.008962708 1961 1.38874237 
30 2584 0.119366976 2014 1.42627595 
40 2669 0.379081814 2124 1.50417582 
50 2754 0.638796652 2164 1.53250305 
60 2841 0.904622427 2142 1.51692308 
70 2923 1.155170859 2015 1.42698413 
80 3009 1.417941165 1723 1.22019536 
90 3096 1.68376694 1032 0.73084249 

Mean 2544.9333    
Std Dev 327.2820    
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Perform Temperature Correction Polynomial Curve Fit for Coefficient Generation 
The general form of the polynomial correction equation is: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑥𝑥) = 𝑉𝑉0 + 𝑉𝑉1𝑥𝑥 + 𝑉𝑉2𝑥𝑥2 + 𝑉𝑉3𝑥𝑥3 + 𝑉𝑉4𝑥𝑥4 + 𝑉𝑉5𝑥𝑥5 + 𝑉𝑉6𝑥𝑥6 + 𝑉𝑉7𝑥𝑥7 + 𝑉𝑉8𝑥𝑥8 + 𝑉𝑉9𝑥𝑥9 

𝑥𝑥 = 𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑉𝑉𝑉𝑉𝑃𝑃𝑇𝑇𝑉𝑉 𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉: 𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 𝑃𝑃𝐶𝐶𝐶𝐶𝑇𝑇𝑉𝑉𝑉𝑉𝑃𝑃𝑇𝑇𝑉𝑉𝐶𝐶 𝑓𝑓𝐶𝐶𝐶𝐶 𝑀𝑀𝑉𝑉𝑉𝑉𝑃𝑃 𝑉𝑉𝑃𝑃𝐶𝐶 𝐵𝐵𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶 𝐶𝐶𝑉𝑉𝐷𝐷𝑃𝑃𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑃𝑃 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑥𝑥) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝐶𝐶𝑉𝑉𝑃𝑃𝐶𝐶𝑃𝑃 𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝑛𝑛𝑉𝑉𝑇𝑇𝑛𝑛𝑉𝑉 𝐷𝐷𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

Assuming 7th order correction, the equation is: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑥𝑥) = 𝑉𝑉0 + 𝑉𝑉1𝑥𝑥 + 𝑉𝑉2𝑥𝑥2 + 𝑉𝑉3𝑥𝑥3 + 𝑉𝑉4𝑥𝑥4 + 𝑉𝑉5𝑥𝑥5 + 𝑉𝑉6𝑥𝑥6 + 𝑉𝑉7𝑥𝑥7 

The term x is the Normalized Temp Code, and Corrtemp(x) is the Correction DAC voltage output.  

Table 5 Data Values Entered Into Polynomial Curve Fit Calculation 

x Corrtemp(x) 
-1.649749389 1.92625153 
-1.405311895 1.64156288 
-1.154763463 1.43619048 
-0.901159562 1.31438339 
-0.647555662 1.27047619 
-0.393951762 1.29030525 
-0.137292393 1.34979243 
-0.008962708 1.38874237 
0.119366976 1.42627595 
0.379081814 1.50417582 
0.638796652 1.53250305 
0.904622427 1.51692308 
1.155170859 1.42698413 
1.417941165 1.22019536 
1.68376694 0.73084249 

If the Normalized Temp Code and CorrDAC Voltage values are inputted into a polynomial curve fit calculator (MATLAB, 
Stats.blue, etc), the following coefficients are generated: 

Table 6 Temperature Correction Polynomial Coefficients 

Coefficient Estimate Standard Error 

𝑉𝑉0 1.3932454 0.00185 
𝑉𝑉1 0.3157902 0.00672 
𝑉𝑉2 0.0033945 0.00818 
𝑉𝑉3 -0.2853885 0.0168 
𝑉𝑉4 0.0445517 0.00771 
𝑉𝑉5 0.0517127 0.01191 
𝑉𝑉6 -0.0178741 0.00186 
𝑉𝑉7 -0.0128117 0.00245 
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The polynomial correction equation then becomes: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑥𝑥) = 1.3933 + 0.3158𝑥𝑥 + 0.0034𝑥𝑥2 − 0.2854𝑥𝑥3 + 0.0446𝑥𝑥4 + 0.0517𝑥𝑥5 − 0.0179𝑥𝑥6 − 0.0128𝑥𝑥7 

The numeric values shown in this example are illustrated with limited digits of precision. All significant digits should be 
maintained through the curve fitting process. 

The TMx00 firmware automatically converts the DAC voltage computed by the equation into the needed DAC code for 
setting the desired frequency. 

Enter Coefficients, Mean, & Standard Deviation Values 
Select the Polynomial Correction technique and set the Correction Order. Enter the coefficient values 𝑉𝑉0−𝑉𝑉9, mean, and 
standard deviation calculated into the TMx00 Control Software Polynomial Correction Table. 

 
I2C Command Option 
The resultant terms are stored in the setup block, each as a single precision floating point value. a0 is stored in corr_a0, a1 
is stored in corr_a1, up through the correction order specified. The mean (2544.9333) is stored in corr_mean, and the 
standard deviation (327.2820) is stored in corr_std. 



hexiussemi.com TMx00 Correction Algorithm Development RFA-04-042 Rev 1.2 

 30  

7 SUPPLY VOLTAGE  IMPLEMENTATION FLOW 
Start

Stop

Select Voltage Correction 
Method

Enter B Mean Value of 
Nominal Supply Voltage Code

Enter Coefficients & Mean 
Values into V Corr Polynomial 

Correction Table

VDDA Codes

Perform Curve Fit for 
Coefficient Generation

Polynomial 
Coefficients

b1 – b3 , c1 – c3

Temp Codes
CorrDAC Codes

 

Figure 10 Supply Voltage Polynomial Implementation Flow 

The CorrDAC Voltage values are not overly sensitive to supply voltage (VDDA) variation, but the Temp Code Normalized 
values have a small dependency on supply voltage. This means that supply voltage variations will shift the Temp Code 
values. The supply voltage polynomial curve fit correction techniques are optional enhanced correction methods that 
generate adjustment terms to account for this shift. 

A Corrvoltage term corrects for frequency shifts over supply voltage variation and uses the coefficients, 𝑏𝑏1 - 𝑏𝑏3. (Most 
common since the supply voltage variations will shift the Temp Code values with a linear relationship.) 

A Corrvoltage_temp term corrects for frequency shifts from cross correlated supply voltage and temperature variation and 
uses the coefficients, 𝐶𝐶1 - 𝐶𝐶3. (Applicable to very high stability requirements) 

The user selects whether these correction terms are applied to either the Temp Code or CorrDAC Code depending on the 
architecture and sensitivity of supply voltage movement of the module. Temp Code or CorrDAC adjustments each have 
further options regarding the order of correction desired. 
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Temp Code Adjustment Option 
Applying the correction by adjusting the Temp Code is defined as 

𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐴𝐴𝑆𝑆𝐴𝐴 =  𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇𝑉𝑉𝑉𝑉𝑃𝑃𝑇𝑇𝑉𝑉𝐶𝐶 + ∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) 
Where: 
𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐴𝐴𝑆𝑆𝐴𝐴 is the new value input into the main 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑥𝑥) function for frequency correction  

∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 is the TempCode adjustment based on voltage and temperature measurements 

∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶 is the VDDA Code normalized to the Mean and Standard Deviation 

Temp Code Corrvoltage 1st Order Correction Option – MOST COMMON 
∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) 

Temp Code Corrvoltage 3rd Order Correction Option  
∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝑏𝑏2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2 + 𝑏𝑏3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)3 

Temp Code Corrvoltage & Corrvoltage_temp 3rd Order Correction Option 
∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)

= 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝑏𝑏2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2 + 𝑏𝑏3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)3 + 𝐶𝐶1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉)
+ 𝐶𝐶2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉) + 𝐶𝐶3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉)2 

 
CorrDAC Code Adjustment Option 
Applying the correction by adjusting the CorrDAC Code is defined as 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝑆𝑆𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 =  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 + ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) (when using the Lookup Table Correction) 
Or 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝑆𝑆𝐴𝐴 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 + ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) (when using the Polynomial Correction) 

Where: 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝑆𝑆𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 is the new CorrDAC Code value output for frequency correction (Lookup Table Correction) 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝑆𝑆𝐴𝐴 𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 is the new CorrDAC Voltage output for frequency correction (Polynomial Correction)  

∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 is the CorrDAC Code/Voltage adjustment based on voltage and temperature measurements. 

∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶 is the VDDA Code normalized to the Mean and Standard Deviation. 

CorrDAC Code Corrvoltage 1st Order Correction Option - MOST COMMON 
∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) 

CorrDAC Code Corrvoltage 3rd Order Correction Option 
∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝑏𝑏2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2 + 𝑏𝑏3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)3 

CorrDAC Code Corrvoltage & Corrvoltage_temp 3rd Order Correction Option 
∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)

= 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) + 𝑏𝑏2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2 + 𝑏𝑏3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)3 + 𝐶𝐶1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉)
+ 𝐶𝐶2(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)2(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉) + 𝐶𝐶3(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶)(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉)2 
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The measured VDDA voltage is one-half of the VDDA value, or a nominal code of 2330 (0x091A) for a 3.3V VDDA value. 
The VDDA voltage is varied across the supply range, and the resulting temperature code is measured at a single 
temperature value. 

Temp Code Adjustment Example - Linear Correction 
The data below is from a supply voltage sweep that collects the VDDA Code and Temp Code information needed for a 
correction implementation. This example assumes the ∆frequency over ∆VDDA is only caused by Temp Code shifts. 

Table 7 Voltage Correction Temp Code Data Set Example 

Supply (V) VDDA Code Temp Code 
3.135 2213 2542 

3.2175 2272 2544 
3.3 2330 2546 

3.3825 2388 2548 
3.465 2446 2550 

 

 
Figure 11  VDDA Code & Temp Voltage Over Supply Voltage Sweep 

The relationship between VDDA Code and Temp Code is linear. Therefore, select V Corr Method 1 which is:  
Temp Code Corrvoltage 1st Order Correction Option 

∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 (∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) 

For this correction technique, the B Mean and B1 terms need to be entered. 
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The B Mean term is the nominal VDDA Code value when 3.3V is applied to VDDA: 

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑁𝑁𝑡𝑡 = 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 𝑇𝑇𝑉𝑉𝑉𝑉𝑠𝑠𝑛𝑛𝐶𝐶𝑉𝑉𝐶𝐶 𝑏𝑏𝑏𝑏 𝐼𝐼𝐶𝐶 𝑤𝑤ℎ𝑉𝑉𝑃𝑃 3.3 𝑉𝑉 𝑃𝑃𝑠𝑠 𝑉𝑉𝑇𝑇𝑇𝑇𝑉𝑉𝑃𝑃𝑉𝑉𝐶𝐶 𝑉𝑉𝐶𝐶 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶 

In this example, that value is 2330. 

Because the supply voltage range of the TMx00 is specified at ±5%, the standard deviation of the VDDA Code range is set 
internally with respect to the nominal VDDA Code. 

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆 = 𝐵𝐵𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶 𝐶𝐶𝑉𝑉𝐷𝐷𝑃𝑃𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑃𝑃 𝐶𝐶𝑓𝑓 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶 

The Standard Deviation is defined so a 5% high supply voltage gives a VDDASD (or σ) of +3.0, and a 5% low supply gives a 
VDDASD of -3.0. 

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆 = 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑁𝑁𝑁𝑁 �
0.05

3
� 
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VDDACodeNOM is the ADC code value measured by the IC when the VDDA supply voltage is 3.3V. A typical ADC code value 
is 2330. Note that the VDDA ADC input is divided by 2, so the 2330 code represents an input value of 1.65V. 

∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶 =  
𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑡𝑡𝑀𝑀𝑀𝑀 − 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑁𝑁𝑡𝑡

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆
 

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆 = 𝐵𝐵𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶 𝐶𝐶𝑉𝑉𝐷𝐷𝑃𝑃𝑉𝑉𝑉𝑉𝑃𝑃𝐶𝐶𝑃𝑃 𝐶𝐶𝑓𝑓 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶 𝑠𝑠𝑉𝑉𝑉𝑉 𝑠𝑠𝐶𝐶 𝑉𝑉ℎ𝑉𝑉𝑉𝑉 ± 0.05 𝑤𝑤𝐶𝐶𝑉𝑉 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉3.3𝑉𝑉 𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑛𝑛𝐶𝐶𝑉𝑉𝑠𝑠 𝑉𝑉 𝜎𝜎 𝐶𝐶𝑓𝑓 ± 3  

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆 = 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑁𝑁𝑁𝑁 �
0.05

3
� 

∆𝑉𝑉𝑆𝑆𝑆𝑆𝐴𝐴=  
𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑡𝑡𝑀𝑀𝑀𝑀 − 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑁𝑁𝑁𝑁𝑡𝑡

𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆𝑆𝑆
 

If the frequency variation is mostly caused by the variation in temperature sensor reading, the B1 term input should be 
set to the inverse of the Temp Code slope: 

𝐵𝐵1 = −
1
𝑇𝑇

 

𝑇𝑇 =
(𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉2 − 𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉1)
(𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉2 − 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉1)

 

For this example: 

𝑇𝑇 =
(2550− 2542)
(2446− 2213)

= 0.034335 

𝐵𝐵1 = −
1
𝑇𝑇

= −
1

0.034335
= −29.125 

If the frequency variation consists of terms dependent on the temperature sensor and the VDDA supply voltage, then 
the B1 should be chosen so that the frequency slope is minimized over the supply voltage range. For example, this 
method of adjustment would be needed for applications in which BYPASS and VDDA are connected. The DAC output 
voltage changes with the BYPASS value so the needed tuning command voltage would also change. 
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The TMx00 will calculate all the necessary normalization values to generate and apply the Temp Code adjustment term 

∆𝑇𝑇𝑉𝑉𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉 (∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) 
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CorrDAC Code Adjustment Example - Linear Correction 
The CorrDAC Code adjustment is identical to the Temp Code adjustment but uses CorrDAC Codes instead of Temp Codes. 
If the frequency output shift of the module is not solely dependent on Temp Code shifts, the collected data be changed to 
the VDDA Code and CorrDAC Code for a correction implementation. This implementation may be a good technique if the 
BYPASS voltage is tied to VDDA which will cause a shift in the internal Varicap (if used). The data below is from a supply 
voltage sweep that collects the VDDA Code and CorrDAC Code information needed for a correction implementation. 

Table 8 Voltage Correction CorrDAC Code Data Set Example 

Supply (V) VDDA Code CorrDAC Code 
3.135 2213 1816 

3.2175 2272 1818 
3.30 2330 1820 

3.3825 2388 1822 
3.465 2446 1824 
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The relationship between VDDA Code and CorrDAC Code is linear. Therefore, select V Corr Method 5 which is:  
CorrDAC Code Corrvoltage 1st Order Correction Option 

∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑣𝑣𝑁𝑁𝑣𝑣𝑡𝑡𝑀𝑀𝑣𝑣𝑡𝑡(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) = 𝑏𝑏1(∆𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶) 
B Mean is 2330 

The B1 term input needs to be inverse of the CorrDAC Code slope: 

𝐵𝐵1 = −
1
𝑇𝑇

 

𝑇𝑇 =
(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉2 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉1)

(𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉2 − 𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉1)
 

For this example: 

𝑇𝑇 =
(1840− 1800)
(2446− 2213)

= 0.171674 

𝐵𝐵1 = −
1
𝑇𝑇

= −
1

0.0171674
= −5.825 

  



hexiussemi.com TMx00 Correction Algorithm Development RFA-04-042 Rev 1.2 

 38  

8 REFERENCES 
TM100 Datasheet 

TM200 Datasheet 

TMx00 Control Software & EVB Kit Guide 

TMx00 Programming Reference Manual 

 

 


	Contents
	Figures
	Tables
	Revision History
	1 Correction Algorithm Overview
	Adjustable Timing Parameters
	Lookup Table Curve Fit
	Temperature Correction Polynomial Curve Fit
	Supply Voltage Curve Fit

	2 Correction Algorithm Development Flow
	Disable TMx00 Correction
	Set Environmental Chamber to Initial Temperature
	Collecting Single Point Temperature Data
	Step Environmental Chamber Through Temperature Range
	Process Data Determine Correction Parameters
	Program the TMx00 & Validation
	Storing Values in the OTP Setup Block


	3 Temperature Data Collection Flow
	Set Environmental Chamber to Starting Temperature Point
	Measure Temperature & Read Temp Code
	Determine the CorrDAC Code for Center Frequency
	Coarse Step the Correction DAC
	Fine Step the Correction DAC


	4 Voltage Data Collection Flow
	Set Supply Voltage
	Measure Supply Voltage and Read VDDA Code
	Measure Temperature & Read Temp Code

	5 Lookup Table Implementation Flow
	Select Lookup Table
	Fill TMx100 Lookup Table
	Perform Supply Voltage Correction (Optional)

	6 Temperature Polynomial Implementation Flow
	Compute the CorrDAC Voltages for all Temperature Points
	Compute the Mean, Std Dev, and Normalization of Temp Codes
	Perform Temperature Correction Polynomial Curve Fit for Coefficient Generation
	Enter Coefficients, Mean, & Standard Deviation Values

	7 Supply Voltage  Implementation Flow
	Temp Code Adjustment Example - Linear Correction
	CorrDAC Code Adjustment Example - Linear Correction

	8 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


