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When working with microcontrollers and analog-to-digital conversion, configuring the ADCON
registers correctly is essential for achieving accurate and reliable measurements. In this context,
understanding how to set the ADCON register to select an external positive voltage reference can
significantly influence the performance of your ADC operations. The specific configuration, with
ADCONO=0x11 and ADCON1=0x10, provides a practical example of how to set up your
microcontroller for external voltage referencing.

This article aims to explore the detailed process behind this configuration, explaining the
significance of each register setting, how to interpret the configuration bits, and the implications for
ADC performance. Whether you're designing a sensor interface, data acquisition system, or any
project involving analog signals, mastering ADCON register configuration is fundamental.

Understanding the ADCON Register and Its Role in
ADC Configuration

What is the ADCON Register?

The ADCON register (or ADC Control register) is a critical component in microcontroller ADC
modules. It controls various aspects of the ADC operation, including:

- Voltage reference selection

- Conversion clock source

- Result format

- Power modes

By configuring ADCON appropriately, developers can tailor the ADC's behavior to their specific
application needs, ensuring optimal measurement accuracy and response time.

Why Voltage Reference Matters

The voltage reference (Vref) sets the maximum voltage that the ADC can measure. Selecting an
external positive voltage reference allows for:

- Improved accuracy compared to internal references

- Flexibility in measurement ranges

- Better calibration options

In cases where precise measurements are required, external references are often preferred over



internal ones.

Detailed Breakdown of the Configuration:
ADCONO=0x11 and ADCON1=0x10

Deciphering the Settings
The values ADCONO=0x11 and ADCON1=0x10 are hexadecimal representations of specific register
configurations.

- ADCONO=0x11: This typically indicates the configuration of the ADC operational mode, including
voltage reference selection, acquisition time, and other control bits.

- ADCON1=0x10: This register usually controls input channel selection, voltage reference options,
and result formatting.

Let's analyze these in detail.

Hexadecimal to Binary Conversion

Converting the hex values to binary helps understand the individual bits:

- 0x11 = 0001 0001
- 0x10 = 0001 0000

These binary representations correspond to specific bits in the respective registers that determine
their configuration.

Configuring ADCON for External Positive Voltage
Reference

Step 1: Selecting the Voltage Reference

Most microcontrollers provide multiple options for the ADC voltage reference, such as:
- Internal fixed voltage references
- External voltage references (via dedicated pins)

In the case of our configuration, setting the ADCON register to select an external positive voltage
reference involves:

- Setting specific bits in ADCON to select external Vref+
- Ensuring the external reference voltage source is stable and within acceptable voltage ranges
specified by the microcontroller datasheet



Step 2: Configuring ADCON1

The ADCONT1 register often contains bits that:

- Select the input channel
- Choose the voltage reference source
- Define the result format (left or right justified)

For our specific setting with ADCON1=0x10:
- The bits are configured to select an external voltage reference
- The input channel is set according to the application's sensor or signal source

Practical Implementation and Coding

Example: Setting the Registers in Code

Suppose you're using a PIC microcontroller; the code to configure ADCON registers might look like:

c
/] Assign the ADCONO register to select external Vref+ and enable ADC
ADCONO = 0x11; // Example value based on datasheet
/I Configure ADCONT1 for external voltage reference and input channel
ADCONI1 = 0x10; // Corresponds to external Vref+ selection

Ensure you consult the specific microcontroller datasheet to verify the bits' meaning and adjust
accordingly.

Step 3: Configuring External Voltage Reference Hardware

- Connect a stable external voltage source to the Vref+ pin
- Confirm the voltage level is within the microcontroller's acceptable range
- Use proper decoupling and filtering to minimize noise

Implications of Using External Voltage Reference

Advantages

- Higher measurement accuracy
- Better calibration capabilities
- Consistency across different units



Disadvantages

- Extra hardware complexity
- Need for stable external reference source
- Possible increased cost

Testing and Validation

Verifying Proper Configuration

- Use an oscilloscope to check the external Vref+ voltage
- Perform test measurements with known input signals
- Compare ADC readings against expected values

Calibration Procedures

- Record ADC readings with known voltage sources
- Adjust software calculations accordingly
- Repeat calibration periodically for precision

Common Pitfalls and Troubleshooting

- Incorrect register bits: Double-check the bit settings

against the datasheet

- Unstable external reference: Use a precision voltage

source and proper filtering

- Incorrect input channel selection: Verify channel bits

in ADCON1

- Voltage range violations: Ensure external Vref+ does

not exceed maximum ratings

Summary and Best Practices



Configuring the ADCON register to select an external
positive voltage reference involves understanding the
specific register bits, setting them correctly, and
ensuring the external hardware setup is sound. The
configuration with ADCONO=0x11 and ADCON1=0x10
exemplifies a scenario where external Vref+ is used for
precise ADC measurements. Always consult your
microcontroller's datasheet to interpret register bits
accurately and follow recommended hardware
guidelines for external voltage references.

Best practices include:

- Using stable, well-calibrated external voltage
references

- Verifying register configurations through debugging
tools

- Regularly calibrating the ADC system to maintain
measurement accuracy

- Documenting your configuration for future reference
and troubleshooting

By mastering these configuration techniques, you can
optimize your ADC setup for high-precision
measurements, reliable data acquisition, and overall
system performance.

Frequently Asked Questions



What does setting ADCON1 to 0x10 signify in the ADCON
register configuration?

Setting ADCON1 to 0x10 configures the ADC to use an
external positive voltage reference, as indicated by the
register bits responsible for voltage reference
selection.

How does configuring ADCON1 with 0x10 affect ADC
operation?

Configuring ADCON1 with 0x10 selects an external
positive voltage reference for the ADC, which can
improve measurement accuracy when an external
stable voltage is provided.

What is the significance of ADCONO being set to 0x11 in this
configuration?

Setting ADCONO to 0x11 enables the ADC module and
selects specific input channels, while combined with
ADCON1=0x10, it configures the reference voltage
source to external positive voltage.

Why would one choose an external positive voltage reference
for ADC measurements?



An external positive voltage reference provides a stable
and precise voltage against which analog inputs are
measured, leading to more accurate and consistent
ADC readings.

How do the bits in ADCON1 determine the voltage reference
source?

The specific bits in ADCON1 (such as REFS bits)
control whether the ADC uses internal or external
voltage references; setting them to 0x10 configures the
ADC to use an external positive voltage reference.

Can changing ADCON1 from 0x00 to 0x10 impact the ADC
accuracy?

Yes, switching to an external voltage reference via
ADCON1=0x10 can enhance accuracy by providing a
more stable and precise reference compared to internal
references.

What external hardware is needed to utilize the external
positive voltage reference with this ADC configuration?

An external voltage source with a stable and known
voltage level must be connected to the ADC reference
input pin, typically labeled as Vref+, to serve as the
external positive reference.



How does this ADC configuration affect calibration
procedures?

Using an external positive voltage reference simplifies
calibration, as the known external reference voltage
can be used to calibrate the ADC for more accurate
measurements.

Are there specific microcontrollers or ADC modules that
support this configuration with ADCON1=0x10?

Yes, many microcontrollers with configurable ADC
modules support external voltage references, and
setting ADCONI1 to 0x10 is a common way to enable
this feature in compatible devices.

Additional Resources

ADCON Register Configuration Below Selects External
+ve Voltage Reference: An In-Depth Analysis of
ADCON1 = 0x10 (ADCONO=0x11)

Introduction to ADCON Register Configuration



The Analog-to-Digital Converter (ADC) is a vital
peripheral in microcontrollers and embedded systems,
allowing conversion of analog signals into digital
representations that the processor can interpret.
Proper configuration of ADC registers is essential to
achieve accurate, reliable, and efficient conversions.

In this review, we focus on a specific configuration:
setting ADCONI1 to 0x10 while ADCONO is set to 0x11,
which, according to the context, results in the ADC
selecting an external positive voltage reference, and
configuring the ADC for specific operational modes.
Understanding this configuration requires an
exploration of the register map, bit functions, and the
implications for system design and measurement
accuracy.

Understanding the Registers: ADCONO and ADCON1

ADCONO Register

- Purpose: Primarily controls the ADC operation mode,
including enabling/disabling ADC, starting conversions,
selecting input channels, and setting acquisition times.



- Typical bits:

- ADON (bit 0): ADC enable bit.

- GO/DONE (bit 2): Initiates conversion; indicates
conversion in progress.

- CHS (bits 3-5): Channel select bits.

- Other bits: May include configuration related to
conversion clock selection.

Set to 0x11 (0001 0001), ADCONO likely enables the
ADC and selects a specific channel, possibly channel 1,
depending on the microcontroller's datasheet.

ADCONI1 Register

- Purpose: Configures voltage references, analog/digital
pin configuration, and sometimes result format.

- Typical bits:

- VCFGO and VCFG1: Voltage Reference Configuration
bits.

- PCFG (bits 2-4): Port configuration bits, to select
which pins are analog/digital.

- Other bits: May control result formatting or other
features.

Set to 0x10 (0001 0000), indicating a specific
configuration of the voltage reference and port



settings.

Decoding the Configuration: ADCON1=0x10 in Detail

Voltage Reference Selection (VCFG bits)

- In many PIC microcontrollers, ADCON1's bits VCFGO
and VCFG1 define the voltage references:

- 00: VREF+ = external +ve voltage; VREF- = external -
ve voltage.

- 01: VREF+ = external +ve voltage; VREF- = VSS
(ground).

- 10: VREF+ = internal fixed voltage; VREF- = external -
ve or VSS,

- 11: VREF+ = internal fixed voltage; VREF- = internal
fixed voltage or VSS.

In our case, with ADCON1=0x10 (0001 0000):

- Bits 4-3 (VCFG1:VCFGO): These are bits 4 and 3,
which are 0 and 0 respectively.

- Implication: VREF+ = external voltage, VREF- =
external voltage (or VSS), depending on the specific



microcontroller's datasheet.

However, the key aspect here is the configuration
"Below Selects External +ve Voltage Reference", which
suggests that VREF+ is sourced externally.

- Since the bits are zero, this aligns with VCFG1=0 and
VCFGO0=0, setting VREF+ to an external voltage source.

Note: Always consult the specific microcontroller
datasheet to confirm the mapping of ADCON1 bits, as
register functions can vary.

Port Configuration (PCFG bits)

- ADCONT1 often controls the configuration of port pins
(analog/digital).

- With ADCON1=0x10, bits 2-4 (PCFG2:PCFGO0) are
relevant:

- Bits 4-2: 001 (binary for 1)

- These bits determine which pins are configured as
analog inputs, digital I/0O, or special functions.



- For example, PCFG=001 might configure certain pins
as analog inputs, with others as digital, depending on
the device.

Implication:
- Proper port configuration ensures that the analog
input pin used for measurement is correctly set as an

analog input, and that the voltage references are
connected appropriately.

Implications of this Configuration

Choosing External +V Voltage Reference

- Accuracy: External voltage references are often more
stable and precise than internal references, leading to
more accurate ADC measurements.

- Application Suitability: When measuring signals that
require high resolution or precision, an external

voltage reference is preferred.

- Hardware considerations:



- The external voltage source must be stable, well-
filtered, and within the acceptable voltage range
specified by the microcontroller.

- Proper buffering and decoupling are necessary to
avoid noise introduction.

Impact on ADC Operation

- Channel Selection: ADCONO=0x11 indicates a specific
input channel selection, likely channel 1.

- Conversion Timing: The setup allows for precise
timing, as the external reference provides a stable
baseline.

- Power Consumption: External references may
consume additional power but are justified in high-
accuracy applications.

- Result Format: The configuration typically influences

how the ADC result is formatted, whether right-
justified or left-justified, which affects data processing.

Practical Considerations and Best Practices



Hardware Setup

- Ensure the external voltage reference source is:

- Within the recommended voltage range.
- Stable over temperature and load conditions.
- Properly buffered to prevent noise coupling.

- Connect the external voltage reference to the VREF+
pin as specified in the microcontroller datasheet.

- Configure the analog input pin (channel selected in
ADCONO) as an analog input and connect the signal
source properly.

Software Configuration

- Set ADCON1=0x10 to select the external positive
voltage reference.

- Configure ADCONO to select the correct input channel
and enable the ADC:

- Set ADON bit to 1.

- Select the channel via CHS bits.

- Set the conversion clock source compatible with the
system clock.



- Initiate conversions with GO/DONE bit, and wait for
process completion before reading results.

Calibration and Validation

- Calibrate the ADC with the external reference to
ensure measurement accuracy.

- Validate the setup using known voltage sources to
verify the correctness of conversions.

- Periodically check the stability of the external voltage
reference source.

Advantages of Using External +V Reference with this
Configuration

- Enhanced Precision: External references often have
tighter tolerance and lower temperature coefficients
than internal references.

- Custom Voltage Levels: Allows measurement against
voltages not supported by internal references, offering
flexibility.



- Improved Linearity: External references can improve
linearity in ADC readings, especially vital for sensor
applications requiring high fidelity.

- Consistency Across Devices: External references

ensure consistent measurement baselines across
multiple units.

Limitations and Challenges

- Additional Hardware: Requires external components,
increasing complexity and cost.

- Power Management: External references may
consume more power and require dedicated buffering.

- Complex Calibration: External references require
careful calibration and validation.

- Potential Noise Sources: External connections can
introduce noise, necessitating filtering and shielding.

Conclusion and Final Thoughts



Configuring the ADC with ADCON1=0x10 and
ADCONO0=0x11 to select an external positive voltage
reference is a strategic choice for applications
demanding high accuracy and stability. This
configuration leverages the microcontroller's flexible
register settings to tailor the ADC's operation to
specific measurement needs.

By understanding the detailed functions of each
register bit, hardware setup, and software
configuration, engineers can maximize the benefits of
external voltage references. Proper implementation
ensures precise, reliable ADC measurements, which are
crucial in sensor interfacing, instrumentation, and
control systems.

In future applications, consider the trade-offs between
hardware complexity and measurement precision.
Ensure the external reference source is of high quality,
and calibrate regularly to maintain measurement
integrity. This configuration exemplifies a thoughtful
approach to leveraging microcontroller peripherals for
demanding analog measurement tasks.

In summary:

- ADCON1=0x10 configures the voltage reference to an



external positive voltage source.

- Proper port configuration and external reference
hardware are critical.

- This setup enhances measurement accuracy but
requires careful hardware and software management.

- The configuration is ideal for precision measurement
applications where internal references are insufficient.

By mastering these settings, embedded system
designers can significantly improve the fidelity of
analog measurements, leading to more reliable and
accurate system performance.
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