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Abstract

This white paper provides detailed information about the required capabilities for the Microsoft® Windows Vista™ Display Driver Model (WDDM) driver and the Advanced Configuration and Power Interface (ACPI) BIOS in order to support brightness control on mobile systems running the Microsoft Windows Vista operating system.

The current version of this paper is maintained on the Web at: 

http://www.microsoft.com/whdc/device/display/aero/brightness.mspx

References and resources discussed here are listed at the end of this paper.
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Introduction to Brightness Controls on Integrated Display Panels

In the Microsoft® Windows Vista™ operating system, brightness controls are implemented in the operating system-supplied monitor driver, Monitor.sys. The monitor driver implements a Windows Management Instrumentation (WMI) interface to allow applications—such as the operating system’s brightness slider—to interact with the brightness level. 

The monitor driver registers with the operating system device power policy so that brightness levels respond to changes in power policy. The monitor driver registers for Advanced Configuration and Power Interface (ACPI) notifications to process ACPI-based brightness hot-keys. For compatibility with the Windows® XP Display Driver Model, the monitor driver implements the IOCTL-based brightness controls.

Brightness control is exposed by Windows through publicly documented application programming interfaces (APIs). Original equipment manufacturers (OEMs) can use this interface to expose the control of brightness to the end-user through user interface (UI) in their value-add software. The Brightness slider in the Windows Vista Mobility Center is an example of a client that uses these interfaces. Other means for controlling brightness include OEM hot-keys, which interact with the system BIOS. Windows Vista can also automatically change the brightness of the panel depending on the power policy settings applied by the Administrator. 

Each of these control mechanisms exercises a slightly different path of the graphics stack. However, there are four key scenarios through which the brightness can be controlled. These are discussed in the following sections.

Before examining the details of each scenario, it is useful to highlight the various components that play a role in brightness control on a mobile system. The following diagram provides an architectural overview of these components and how they fit together.
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Figure 1. WDDM Brightness Control Architecture in Windows Vista

Brightness Support Initialization

The monitor driver queries the WDDM driver for the Brightness Query Interface and device driver interface (DDI) support during initialization.

1.
If the WDDM driver supports the necessary DDI, then the monitor driver will use the driver interface for control of the panel brightness levels.

2.
If the WDDM driver does not support the Brightness DDI, the monitor driver then checks for the System BIOS ACPI Brightness support. If the required BIOS methods have been implemented, then the monitor driver uses ACPI methods for control of panel brightness.

Using the selected interface, the monitor driver queries for the supported brightness levels and caches them. If neither the WDDM driver nor the BIOS support the Brightness notifications, then the monitor driver is unable to support brightness.

If brightness levels are supported, the monitor driver registers for ACPI notifications of hot-keys for brightness control.

1. WMI Brightness Control

The Windows Vista monitor driver signals brightness changes through WMI notifications. Any user-mode application can implement these WMI interfaces and listen to brightness change notifications from the monitor driver. It also exposes interfaces for a user-mode client to set the brightness level. The Brightness slider in the Mobility Center in Windows Vista is such a client. It allows a user to adjust the brightness level on the panel through a horizontal slider.

When a user changes the brightness through a user-mode WMI-based application, the steps involved are as follows:

1.
User changes brightness level through a brightness slider.

2.
The brightness slider passes the brightness level information to the monitor driver through the WMI call WmiSetBrightness.
3.
The monitor driver uses the Brightness interface it has determined during initialization to set the brightness level.

4.
The monitor driver notifies WMI that the panel brightness has changed.

5.
WMI signals the brightness change to the clients of the brightness event notification.

2. OEM Brightness Hot-keys

Brightness control can be implemented by the OEM through function hot-keys such as Fn-F6 or Fn-F7. If OEMs choose to implement function hot-keys, they must implement the ACPI 3.0 hot-keys described in “Implementation Requirements and Guidelines” later in this document. 

Because the monitor driver implements support for these hot-keys, any change in the brightness levels through these OEM hot-keys will then go through the monitor driver. If hot-key support is implemented through other means such as private ACPI methods or other private interfaces, the monitor driver and its user-mode clients are not notified of the brightness changes, resulting in a poor user experience. 

The sequence of steps taken when the required BIOS support for hot-keys is present is as follows:

1.
User increases the brightness level through a function hot-key.

2.
The system BIOS triggers an ACPI notification to the operating system.

3.
The ACPI notification is sent to the monitor driver, which interprets it to determine a new brightness level.

4.
The monitor driver uses the brightness interface it has determined during initialization to set the brightness level.

5.
The monitor driver notifies WMI that the panel brightness has changed.

6.
WMI signals the brightness change to the clients of the brightness event notification.

3. Automatic Brightness Change through System Power Policy

Panel brightness can be adjusted automatically through the Power Policy settings set on the system. Depending on the power plan, the Windows device power policy might reduce or increase the panel brightness. Brightness changes made by the device power policy go through the monitor driver, which updates its clients with the new state. The new brightness value set by the device power policy will override the previous brightness level, regardless of the method used to set it. A user can later choose to override this automatically set brightness level by manually setting it through the brightness slider or other private user interface. 

The steps involved when the panel brightness is automatically adjusted by the device power policy are as follows:

1.
The device power policy reduces the panel brightness to conserve battery life.

2.
The brightness level changes are actually made by the monitor driver, which is a client of the device power policy.

3.
The monitor driver uses the brightness interface it has determined during initialization to set the brightness level.

4.
The monitor driver notifies WMI that the panel brightness has changed.

5.
WMI signals the brightness change to the clients of the brightness event notification.

4. Legacy IOCTLs
Legacy applications that use these Brightness IOCTLs exposed on Windows XP Tablet PC edition or Windows XP Service Pack 1 (SP1) can still continue to use these on Windows Vista. These will continue to work for compatibility purposes.

The following steps are involved when an applet queries for the available panel brightness levels:

1.
The OEM legacy applet queries for the brightness levels using IOCTL_VIDEO_QUERY_SUPPORTED_BRIGHTNESS.
2.
The monitor driver responds to the above IOCTL by supplying the brightness levels retrieved during initialization. 

The following steps are involved when an applet queries for the current panel brightness setting:

1.
The OEM legacy applet queries for the current brightness setting using IOCTL_VIDEO_QUERY_DISPLAY_BRIGHTNESS.
2.
The monitor driver responds to the above IOCTL by using the interface determined during initialization to query the current brightness level.

The following steps are involved when an application changes the panel brightness:

1.
The user changes the panel brightness using the OEM’s legacy Windows XP Tablet application, which is present in the OEM’s value-add software package.

2.
The IOCTL_VIDEO_SET_DISPLAY_BRIGHTNESS is passed down to the monitor driver.

3.
The monitor driver uses the brightness interface it has determined during initialization to set the brightness level.

4.
The monitor driver notifies WMI that the panel brightness has changed.

5.
WMI signals the brightness change to the clients of the brightness event notification.

Implementation Requirements and Guidelines

Brightness Levels

Brightness levels are represented as single-byte values in the range from zero to 100, where zero is off and 100 is the maximum brightness that a computer supports. Every computer should report a maximum brightness level of 100; however, a computer is not required to support a level of zero. The only requirement for values from zero to 100 is that larger values must represent higher brightness levels. The increment between levels is not required to be uniform, and a computer can support any number of distinct values up to the maximum of 101 levels that the range supports. 

The BIOS or the WDDM miniport driver—depending on where the brightness interface has been implemented—must decide how to map hardware levels to the range of brightness level values. However, a call to the display miniport driver's DxgkDdiGetPossibleBrightness function should not report more brightness level values than the hardware supports.

Disabling Automatic Brightness Changes by the BIOS

To avoid problems that might occur if the system BIOS and the monitor driver both control display panel brightness, the display miniport driver should set bit 2 of the argument to the _DOS method. With the setting of bit 2, the system BIOS is informed that it should not perform any automatic brightness changes. It is necessary for the WDDM driver to set this particular bit, because it controls the _DOS method as the other bits in the _DOS methods are used for controlling the BIOS behavior for display switch hot-keys.

For more information about the _DOS method and its arguments, see the ACPI specification. 

Implementation of Brightness Controls

Either the display miniport driver or ACPI methods that are exposed by the system BIOS can support changing the brightness of an integrated display panel. For the first video target that is marked as having output technology that connects internally in a computer (D3DKMDT_VOT_INTERNAL), the monitor driver calls the display miniport driver's DxgkDdiQueryInterface function to query for the brightness control interface that is identified by GUID_DEVINTERFACE_BRIGHTNESS and DXGK_BRIGHTNESS_INTERFACE_VERSION_1. 

If the WDDM miniport driver does not support the brightness control interface, the monitor driver uses ACPI to query for the _BCL, _BCM, and _BQC methods on the child device. For more information about these methods, see the ACPI specification.

Note: In the display driver model for Windows Vista, an ACPI identifier is not used to identify an integrated display panel. The Windows XP Display Driver Model, however, supports only display panels with an identifier of 0x0110.

If either the display miniport driver or BIOS-exposed ACPI methods support brightness controls, the monitor driver registers for ACPI notifications of brightness hot-keys. No alternative mechanism exists to signal the monitor driver about hot-key notifications. If the monitor driver cannot use either brightness-control mechanism or if the display miniport driver supplies the brightness control interface but fails a call to the DxgkDdiGetPossibleBrightness function, the monitor driver does not support brightness controls.

BIOS Requirements to Support Brightness Controls

For the WDDM miniport driver to support controlling integrated panel brightness in an optimum way, the system BIOS must provide the following items through ACPI:

· Brightness control methods 

An integrated panel device must support the ACPI brightness control methods (_BCL, _BCM, and _BQC). _BCL and _BCM are unchanged since version 1.0b of the ACPI specification.

In the ACPI 3.0 specification, these control methods are defined in sections B.6.2 and B.6.3. _BQC is optional and is defined in the ACPI 3.0 specification in section B.6.4. 

For clarification on the definitions of brightness levels, see “Brightness Levels” earlier in this document.

· Disable of automatic system BIOS brightness control 

A define must support bit 2 of the argument to the _DOS method on the graphics adapter to allow automatic system BIOS brightness changes to be disabled. This bit is an addition to the previously defined values for the bits in this method. For details about this bit, see section B.4.1 in the ACPI 3.0 specification. 

If this bit is not supported, the monitor driver and the system BIOS can both change the brightness level, which results in a flicker of the brightness and can potentially leave the brightness set to a value that is not what the user requested.

· Notifications of brightness hot-keys 

Brightness hot-key notifications must be targeted to the integrated display panel device, not the graphics adapter. 

The notifications that are supported by the monitor driver are as follows:

#define ACPI_NOTIFY_CYCLE_BRIGHTNESS_HOTKEY
0x85
#define ACPI_NOTIFY_INC_BRIGHTNESS_HOTKEY  
0x86
#define ACPI_NOTIFY_DEC_BRIGHTNESS_HOTKEY  
0x87
#define ACPI_NOTIFY_ZERO_BRIGHTNESS_HOTKEY
0x88


These hot-key notifications are new to the ACPI 3.0 specification and are described in section B.7. Typically, a computer would not support all of these hot-key notifications. 

Sample Pseudo-code for SBIOS Implementation

//From the ACPI 3.0 spec, appendix B:

(Section B.6.2)
Method (_BCL, 0) {
    // List of supported brightness levels
    Return (Package(7){
        80, // level when machine has full power
        50, // level when machine is on batteries
        // other supported levels
        20, 40, 60, 80, 100
    }
} 

(Section B.6.3)
Method (_BCM, 1) { // Set the requested level }

WMI Interface Support for Brightness Controls

WMI is the preferred user-mode interface to control the panel brightness. OEMs and IHVs should implement the WmiMonitorBrightnessMethods class if they want to expose brightness control to the user through value-add software. The following WMI interfaces are documented in the Windows Driver Kit (WDK).

· WmiSetBrightness

This method allows a particular brightness level to be selected. This level will override the current device power policy level until any change in device power policy occurs, at which time the new device power policy level will be set.

· WmiCancelBrightness

This method reverts the brightness level to the level selected by the currently active device power policy.

To receive brightness change notifications in their application, the OEM can register using the WmiNotificationRegistration, requesting the WmiMonitorBrightnessEvent_GUID and passing in the callback function.

To control the panel brightness, open the WmiMonitorBrightnessMethods block and then execute the WmiSetBrightness method in this block with the relevant device.

The following pseudo-code provides an example:

WmiOpenBlock (WmiMonitorBrightnessMethods_GUID);
WmiExecuteMethod (WmiSetBrightness);
WmiNotificationRegistration (WmiMonitorBrightnessEvent_GUID,..., CallbackFunction)

Legacy IOCTL Support for Brightness Controls

Legacy IOCTLs used in Windows XP SP1 will still work in Windows Vista. Following are the brightness control IOCTLs that are supported:

IOCTL_VIDEO_QUERY_DISPLAY_BRIGHTNESS
IOCTL_VIDEO_QUERY_SUPPORTED_BRIGHTNESS
IOCTL_VIDEO_SET_DISPLAY_BRIGHTNESS

Ambient Light Sensor Brightness Control

Ambient light sensors (ALS), which are present on the LCD panels, allow brightness levels to automatically adapt to lighting conditions. The panel brightness must be high when the ambient light is high, and can be lowered when the ambient light is low. Users can change panel brightness manually or automatically through the device power policy by using hotkeys or the Mobility Center slider. Therefore, the operating system should be aware of the brightness changes that ALS makes so that the end-user experience is not jeopardized.

WMI Interfaces for ALS Control

To support the ALS feature that original equipment manufacturers (OEMs) make, Windows Vista introduces new WMI interfaces through the Microsoft monitor driver. OEMs implement these WMI interfaces with their ALS driver so that the brightness level changes are harmonious. The new WMI methods do not override the manual user setting (hotkeys or Mobility Center). The monitor driver still honors brightness preferences that the user has set in power policy. The ALS driver can override the current power policy level. User changes override ALS.

The two new WMI methods are to:

· Enable or disable ALS brightness override.

· Set the ALS brightness level.

This requires the following:

· When ALS is enabled, the system BIOS must not turn off any brightness ACPI methods such as _BCM.

· OEMs must write an ALS driver and a utility.

Therefore, three brightness settings exist: 

· Manual (including hotkey and brightness slider)

· Power policy

· ALS

The most recently applied value takes precedence except that, after ALS has been overridden, it remains disabled until explicitly reenabled. While ALS is overridden, any call to change ALS brightness level fails.

During boot, the monitor driver uses a default brightness level. This is updated when power policy is applied during system startup and again upon logon. This leaves ALS disabled until the OEM ALS utility enables it.

If the OEM supports hotkeys for controlling ALS, the OEM utility must reflect the state through the WMI interface.

User Scenarios

Scenario A

1. During boot, ALS support is enabled through the OEM ALS driver.

2. Upon logon, the OEM ALS service informs the operating system that ALS is enabled by using the ALS WMI interface.

3. As the user enters a different room, the ambient light changes from bright halogen to dim.

4. The OEM ALS driver uses the second WMI interface level to set the ALS brightness level.

5. The Microsoft monitor driver now stores the current and correct state of the panel brightness. Other clients now get this current state through the existing WMI brightness interface.

6. The user does not like the current panel brightness setting and wants to change it. He does so in Mobility Center by moving the brightness slider.

7. The user’s setting take effect, and the panel brightness changes.

8. OEMs may choose to disable ALS by using the new WMI Disable ALS interface.

Scenario B

1.
During boot, ALS support is enabled through the OEM ALS driver.

2.
Upon logon, the OEM ALS service informs the operating system that ALS is enabled by using the ALS WMI interface.

3.
The user unplugs the power adapter from her mobile machine, thus triggering an AC/DC transition. Power policy sends an updated brightness level to the monitor driver if the current power plan has different AC and DC brightness preferences.

4.
The monitor driver applies the new brightness level, overriding the current ALS setting, and broadcasts a WMI notification to all registered clients. If the OEM ALS service tries to update the ALS brightness, the update fails, which allows the OEM service to know that ALS is disabled. 

5.
The user then moves to a different room where the ambient light is much higher. Because ALS is disabled, the brightness level does not change.

6.
The user presses the OEM hotkey to reenable ALS.

7.
The OEM ALS utility calls the WMI ALS Enable method and sets the appropriate brightness level.

8.
The ALS value now overrides the previously set power policy value.

Windows Logo Program Requirements

The following new firmware requirements in the System Fundamentals group have been introduced in the Windows Vista Logo Program.

	SYSFUND-0131
	(FUTURE: June 1 2007) Mobile system supports control of LCD backlight brightness via ACPI methods in the BIOS

	Effective Date:
	June 1, 2007
	Consumer
	Business

	Status:
	Open for Review
	Desktop
	Mobile
	Ultra Portable
	Ultra Mobile
	Desktop
	Mobile
	Ultra Portable
	Ultra Mobile

	Basic Logo
	
	R
	R
	R
	
	R
	R
	R

	Premium Logo
	
	R
	R
	R
	
	R
	R
	R


The Windows Mobility Center provides users with an LCD brightness control user interface. This requires the implementation of ACPI brightness methods in the system BIOS.

Required Methods:

 _BCL

_BCM

Bit 2 of _DOS must be disabled so that the system BIOS cannot change the brightness levels automatically.

 

Optional Methods:

Support for _BCQ is highly recommended but not required.

Design and Implementation Notes:

The _BCL and _BCM methods in the BIOS enable the operating system to query the brightness range and values, and set new values.

	SYSFUND-0132
	(FUTURE: June 1 2007) Mobility OEM function keys controlling brightness must be implemented as standard ACPI events

	Effective Date:
	June 1, 2007
	Consumer
	Business

	Status:
	Open for Review
	Desktop
	Mobile
	Ultra Portable
	Ultra Mobile
	Desktop
	Mobile
	Ultra Portable
	Ultra Mobile

	Basic Logo
	
	I
	I
	I
	
	I
	I
	I

	Premium Logo
	
	I
	I
	I
	
	I
	I
	I


If the OEM implements keys which are invisible to the OS, then they must go through ACPI. These keys must not directly control the brightness once Bit 2 of the _DOS method has been set. Please see SYSFUND-0131 for more details on the Bit 2 requirement.

Design and Implementation Notes:

The OEM must map their keys to the appropriate ACPI Notification values below:

ACPI_NOTIFY_CYCLE_BRIGHTNESS_HOTKEY 0x85 
ACPI_NOTIFY_INC_BRIGHTNESS_HOTKEY   0x86
ACPI_NOTIFY_DEC_BRIGHTNESS_HOTKEY   0x87
ACPI_NOTIFY_ZERO_BRIGHTNESS_HOTKEY  0x88

Please refer to the ACPI 3.0 specification for more details.

Summary

System manufacturers:

· Ensure that the system BIOS is ACPI compliant and implements the ACPI methods required for a WDDM driver.

· Work with Microsoft and graphics vendors to ensure compatibility with Windows Vista and the WDDM:

Enroll in the Windows Vista beta program to receive access to Windows Vista beta releases. Use only Windows Vista beta releases obtained from Microsoft through the beta program.

Get WDDM drivers directly from the graphics vendor. Ensure that the beta WDDM driver from the graphics vendor is compatible with the Windows Vista beta release obtained from Microsoft.

Note: Microsoft is unable to re-distribute beta WDDM drivers to manufacturers.

Identify system functionality that depends on legacy BIOS communications (Int10) support, and implement the necessary ACPI interfaces in the system BIOS to enable this functionality for use by a WDDM driver.

Work with graphics vendors to ensure the required ACPI interfaces are implemented in the system BIOS to support the WDDM driver.

Validate that the system BIOS functions correctly with a WDDM driver that uses ACPI interfaces, especially for mobile platforms. 

Graphics hardware vendors:

· Design your WDDM drivers to use the required ACPI methods to support Brightness control.

· Implement the WDDM DDI to support brightness control in conjunction with the System BIOS.

BIOS vendors:

Design your BIOS products to be ACPI compliant and to implement the ACPI methods required for a WDDM driver.

System builders:

Build systems with an ACPI-compliant BIOS that implements the ACPI methods required for a WDDM driver.

Resources

If you have additional questions that are not addressed by this document, please send email to directx @ microsoft.com.

ACPI/Power Management – Architecture and Driver Support
http://www.microsoft.com/whdc/system/pnppwr/powermgmt/default.mspx
ACPI Specification
http://www.acpi.info 

Windows Logo Program Requirements Suite, Version 3.0
http://www.microsoft.com/whdc/winlogo/hwrequirements.mspx 
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