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APPLICATION NOTE 4324

Variable Resistor and Temperature-Indexed Lookup
Table (LUT) Compensate for Regulator Output
By: Jason Andrews
Jul 16, 2010

Abstract: This application note shows how a variable resistor controlled by an integrated, programmable,
temperature-indexed lookup table (LUT) is used to offset the temperature drift of regulators. In this application
the variable resistor changes value every 2°C based on the LUT. The variable resistor thus effectively nulls
any temperature changes (-40°C to +85°C) in a voltage regulator's output, and improves critical system
parameters. The DS1859 dual variable resistor serves as the example device. 

A similar version of this article appeared in the July 9, 2009 issue of EDN magazine.

Introduction
A regulator provides a continuous, stable voltage to components downstream. Some applications tolerate
relatively large supply-voltage swings. Other applications are much more unforgiving of voltage fluctuations;
these precision circuits require the voltage regulation to be constant.

This article contrasts the results produced by a voltage regulator in a standard configuration with the results
from the same voltage regulator paired with the DS1859 dual, temperature-controlled resistors. The DS1859
compensates for temperature with one of its variable resistors and temperature-controlled lookup tables
(LUTs). The DS1859 thus clearly illustrates how a temperature-indexed LUT can improve critical system
parameters. Simpler devices, such as the DS1847 dual temperature-controller NV variable resistor, also
feature temperature-indexed LUTs and would work just as well. Furthermore, the DS1859 and DS1847 provide
closed-loop control without the need for a microcontroller.

Uncompensated Voltage Regulation
A typical regulator circuit consists of the regulating element, a feedback resistor-divider, and capacitors to
provide some filtering and load regulation for transient or switching load conditions. The feedback resistor
network sets the regulator's output voltage, based on the ratio of the two resistors. In this article, the regulator
chosen was the MAX604, which can regulate at a preset 3.3V or any user-adjustable output within its
operating range. The MAX604 uses the voltage at the divider to determine its output voltage by feeding the
divided voltage into its SET input. As with most regulator circuits, there is a slight variation in output voltage
due to temperature. On the MAX604 this variation ranges from 97.6% to 101.5% of the nominal output voltage.
Data taken from the circuit shown in Figure 1 verifies this. At -45°C, the output is at 98% of the nominal
voltage reading; the output is 101% of nominal at +85°C. These are quite respectable numbers, but let's
investigate what can be done to improve these values even more.
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Figure 1. MAX604 shown in adjustable output configuration.

Compensation Using Temperature-Indexed LUTs
Figure 2 shows the DS1859 incorporated into the voltage regulator circuit by placing the digital resistor in
parallel with R2 in Figure 1. The DS1859's digital resistor is controlled by a temperature-indexed LUT in
internal nonvolatile memory. A different resistance value can be programmed for each 2°C window. The 50kΩ
version of the DS1859 was chosen for this example.

Figure 2. Temperature-compensation circuit for MAX604.

These LUTs can be programmed to achieve any R vs. T profile that the user wants. In this example, our goal
is to flatten the normal curve of a given regulator over temperature. Consequently, the DS1859's LUTs were
programmed so that the digital resistor would have a positive resistance slope with respect to temperature.
The resistor has 256 programmable resistance settings (0 to 255 decimal). Each of these steps accounts for ≈
192Ω. The initial value for the digital resistor was 152 decimal. The value at -40°C was set to 143 decimal,
and 158 decimal at +85°C. The values for the digital resistor change every 2°C and were programmed to
increment one step for every 4 or 6 degree increase in ambient temperature.

The result of this regulated performance over temperature is a drastic increase in precision. As the data
illustrates in Figure 3, a variation of only ±2mV over the temperature range -45°C to +85°C was achieved.
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Figure 3. Data plot comparing uncompensated results vs. compensated results.

Conclusion
Temperature-indexed LUTs can easily be used to improve system performance over temperature. Because
the digital resistors are controlled by individual, independent LUTs stored in nonvolatile memory, each resistor
can be tailored to the user's application. Besides the flexibility of the two resistors, the DS1859 also features
three ADC inputs for monitoring external voltages. 

Related Parts

DS1847 Dual Temperature-Controlled NV Variable Resistor Free Samples  

DS1859 Dual, Temperature-Controlled Resistors with Internally
Calibrated Monitors

Free Samples  

MAX604 5V/3.3V or Adjustable, Low-Dropout, Low-IQ, 500mA Linear
Regulators

Free Samples  
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