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i.MX8 Display Support
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i.MX 8 Seeris Display Controller

• Most i.MX 8 Display Processors will 

have the same feature set and share 

the same programming model / code 

base

• Fetch from memory and generate pixel 

streams for “pixel link” interface

• Each pixel stream  can be directed to a 

selection of output PHYs

− LVDS / DSI / HDMI

4K (4x1080p) Display Support using dual output ports

2K (2x1080p) Display Support using dual 

output ports

2 Display Processor Instances: 

i.MX 8 QuadMax, QuadPlus, DualMax

1 Display Processor Instance: 

i.MX 8 QuadXPlus, DualXPlus, DualX
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18 Layer 

Composition

i.MX 8 Display Controller

Display 

Stream

Frame Sync

Gamma, Brightness, Contrast

Dither (Physical resolution)

Content_0

Safety_0

Content_1

Safety_1

Display Output Display Output

4 Constant  Background  Planes (RGBA)

Warp 8 Layers

Region CRC 

Checker

Display 

Stream

Powerful Real Time

Blend Engine

Fractional 8 Layers

Multi-planar Video

Dual 

Port

Safety Display stream

Safety Display stream

Multi-planar Video

or

or

i.MX 8 Display Composition Engine (32 bit)

2 Display Output Streams (independent panels)

10 bits per color component (30-bit resolution)

18 Total layers composition at 300 Mpixels / second

Real-time blend and Warp, no DDR passes req’d

Automatic Safety Stream Panic + Detection using 

CRC Matching
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i.MX 8 Display Controller inputs

• 4 independent source 

planes 

• Warp and fractional can 

combine from 8 sources

• Warp and fractional can be 

configured as dedicated

safety streams

• AXI Access permissions 

configurable per plane for 

safety



5

i.MX 8 Display Controller inputs

Video plane

Warp plane

Clip 

Window

Re-

sample

Extract & 

Expand

Color

Gamma

Multiply

Clip window
Plane composition

Flip/Rotate/Repl./Drop

Arbitrary warping

Raw to RGBA/YUV
Bitwidth expansion

YUV to RGB

Gamma removal

Alpha multiply, RGB pre-multiply

Combine

Filter Bilinear filter

Planar to packed

Fetch unit

Clip 

Window

Re-

sample

Extract & 

Expand

Color

Gamma

Multiply

Clip window

Flip/Rotate/Repl./Drop

Raw to RGBA/YUV
Bitwidth expansion

YUV to RGB

Gamma removal

Alpha multiply, RGB pre-multiply

Combine Planar to packed

Chroma

Palette

Decode Decompression

Color palette

YUV422 to 444

Fetch unit

Matrix

Scaler

Brightness, Contrast, Saturation

Upscale, Deinterlace (Bob)

Video processing block

Fractional plane

Clip 

Window

Re-

sample

Palette

Extract & 

Expand

Color

Gamma

Multiply

Clip window
Plane composition

Flip/Rotate/Repl./Drop

Color palette

Raw to RGBA/YUV
Bitwidth expansion

YUV to RGB

Gamma removal

Alpha multiply, RGB pre-multiply

Fetch unit



6

i.MX 8 Display Controller blending

• 4 constant planes = 

background color generator 

per plane.

• Plane can only be 

assigned to one output 

stream

• Configurable blend order

• Frame generator can 

toggle between Content 

stream, Safety Stream and 

Constant plane based on 

safety configuration
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i.MX 8 Display Controller output

• CRC checker with 8 

stackable regions, 

maskable, exclusive top-to-

bottom priority.

• CRC check can be inserted 

after any stage in the post-

processing pipe

• CRC failure can generate 

SW interrupt, or switch the 

Frame Gen to either Safety 

Stream or Constant Plane.
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DPR display interface cache

• Each display plane has a multi line 

cache

• This contains 8 lines of pixels for 

each plane 

− RGB, YUV etc formats supported

− Supports Video and GPU tile formats

• Contents are fetched from memory 

to fill cache ahead of time

− Horizontal and vertical fetches 

supported

• Warp fetches not supported, require 

bypass.

Display channel

Multi line

Prefetch buffer

Prefetch

Memory
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i.MX 8 Seeris 2D Composition Engine = Efficiency, 

Performance and Safety

i.MX 8 2D Blitting Engine (32 bit)

3 Source Pipes and 1 Destination Pipe

800 Mpixels / second for fill-rate

400 Mpixels / second for copy, blend, ROP, Scale

200 Mpixels / second for rotate, warp

Matrix Filtering for Linear Color Conversion

Color LookUp Table for color buffer compression

Free angle rotation(90/180/270), flip, mirror

2D Graphics Engine Support:

• Reduces burden on GPU:

Allows the 3D GPU to be a 3D 

GPU

• Plays nice with video: Overlays 

native video and graphics with 

minimal trips to system memory

• Saves power: 3D Engine can 

remain off for windowing GUI’s 

(Android HW Composer)

i.MX 8QM/QP/Q have over 2Gpixels/sec 2D Bandwidth

i.MX 8QXP/DXP/DX have over 1Gpixels/sec 2D Bandwidth*

*Assumes: 1 or 2 complete sets of display processor + blitting engine.

800 Mpixels * 2 (fill-rate) + 300 Mpixels * 2 (Composition / Blend)

Source Buffers

AXI Read Master

Dest. Buffer

AXI Write Master

Color Space Conv.

Copy, Blend, ROP, 

Scale, Rotate, Warp

Affine Transformations,

Linear Light

Intelligent 2D

Composition 

Engine
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i.MX 8 Seeris 2D Blitter

• The 2D Blitter is exposed via the NXP 

G2D API, already used by X11, 

Wayland

• Built from the DPU IP

• 3-Source blit, smooth scaling

• Linear & non-linear color conversion

• Warping

• Compressed buffer R/W support (TGA 

& proprietary)

• DDR to DDR only

• Supports reading of VPU and GPU tiled 

formats via DPR

• Output to GPU tiled format possible
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Display Resolution – Frame Rate

How to calculate the display resolution?

• FW = Frame Width

• FH = Frame Height

• FPS = Frame rate (fps)

• BI = Blanking interval 

− Provided in the display’s DS up to 35% (1.35). 

− Use min values

The pixel clock [MHz] is calculated  according to:

F = FW X FH X FPS X BI 

• Few things to consider:

− Data format (pixel per clock?)

− Display’s clock source (DI#_CLK_EXT bit)

− The load on the display controller (DC)
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Maximal Resolution & Refresh Rate

• Capabilities
− Maximal display resolution: 4096x4096 pixels
− Maximal pixel rate: 600 MP/sec (264 MP/sec i.MX6, 200MP/sec on MX53, 133MP/sec on 

MX51)

• Display refresh rate
− The maximal refresh rate is: 600M / (W * H * B)
▪ W*H is the display resolution

▪ B is a factor >1 reflecting blanking overhead, e.g. as specified by VESA, CEA-861-G, etc.

− The table provides the maximal refresh rates for some typical resolutions
− Usually, the refresh rate is required to be at least 60 Hz, to prevent blinking. 
− The blanking overhead factor assumed for the calculation is 1.3.
▪ The actual factor depends on the display and is often closer to 1, allowing higher resolutions @ 

60 Hz (e.g. HD1440).

▪ For example, for HD1080, the standard specifies B~1.2

− This is the capability of each of the two IPUs, so the total capability of the processor is 
doubled. 

− Note: restrictions apply

Name

Resolution i.MX6Q

Maximal 

Refresh 

Rate [Hz]

i.MX8

Maximal 

Refresh 

Rate [Hz]
Width Height

Total 

[MP]

VGA 640 480 0.31 666 1502

PAL 720 480 0.35 592 1335

WVGA 800 480 0.38 533 1202

NTSC 720 576 0.41 493 1113

SVGA 800 600 0.48 426 962

WSVGA 1024 600 0.61 333 751

XGA 1024 768 0.79 260 587

HD720 1280 720 0.92 222 501

WXGA 1366 768 1.05 195 440

WXGA+ 1440 900 1.30 158 356

SXGA 1280 1024 1.31 156 352

SXGA+ 1400 1050 1.47 139 314

WSXGA+ 1680 1050 1.76 116 262

UXGA 1600 1200 1.92 107 240

HD1080 1920 1080 2.07 99 223

WUXGA 1920 1200 2.30 89 200

9VGA 1920 1440 2.76 74 167

4XGA 2048 1536 3.15 65 147

HD1440 2560 1440 3.69 56 125

4WXGA 2560 1600 4.10 59 133

4K x 2K 4096 2048 8.39 29 65

800 x 480 (WVGA)

~960 Hz

1280 x 720 (HD720) ~500 Hz

1024 x 768 (XGA) ~586 Hz

1920 x 1080 (HD1080) ~222 Hz

2160 x 4096 (4K) ~60 

Hz
2048 x 1536 (4XGA) ~146 Hz
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DISPLAY 

INTERFACES
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i.MX 8QM Display Support

Display 1

CLK+/- (up to 1.5GHz)

D0+/-

D1+/-

D2+/-

D3+/-

MIPI DSI

Display 2

CLK+/- (up to 1.5GHz)

D0/D4+/-

D1/D5+/-

D2/D6+/-

D3/D7+/-

MIPI DSI

i.MX 8QM

Serializer 3

or

Display 3

CLK +/-

HDMI

DC

D2 +/-

D1 +/-

D0 +/-

DC0#0

DC1#0

CLK+/- (up to 150MHz)
D0+/-
D1+/-
D2+/-
D3+/-

LVDS

D4+/-
D5+/-
D6+/-
D7+/-

CLK+/- (up to 150MHz)
D0+/-
D1+/-
D2+/-
D3+/-

LVDS

D4+/-
D5+/-
D6+/-
D7+/-

D
is

p
la

y
 3

D
is

p
la

y
 4

DC0#1

DC1#1

DC0#0&1
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Seeris Display Output Capabilities (Dual Display Port)

Controller 1 Controller 2
Display Use Case

Example

Total # of 

Displays
Max. Resolutions

  Large Screen 1
3840 x 2160 (60 FPS)

HW combined dual pixel port

  2 Wide Screens 2 2880 x 1440 (60FPS)

 
3 Screens Wide

3 Screens Normal
3

3 @ 2880 x 960 (60FPS)

or

3 @ 1280 x 1024 (120 FPS)

 
Multiple Screens 

Cluster, HUD, IVI
3

3840 x 720 (60FPS)

1280 x 720 (60FPS)

1920 x 1080 (60FPS)

 
Multiple Screens 

Cluster, HUD, IVI, RSE
4

1920 x 720 (60FPS)

1920 x 720 (60FPS)

1920 x 1080 (60FPS)

1920 x 1080 (60FPS)

300MHz pixel rate with 25% blanking distance for each port
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LVDS

• Structure

− Two Channels

− Each channel contains 4 data pairs + 1 clock 
pair

− Data

− 18 bpp pixels – using 3 LVDS data pairs

− 24 bpp pixels – using 4 LVDS data pairs

• Control signals: HSYNC, VSYNC, DE

• Pixel clock rate

− Dual Channel:

▪ i.MX8QXP up to 170 MHz; e.g. UXGA @ 60 Hz 
or 1080p60

▪ i.MX8QM up to 300 MHz; e.g. 4K @ 30 Hz

− Single Channel: up to 150 MHz; e.g. UXGA @ 
60 Hz or 1080p60

• Supported displays

− IT6263 LVDS to HDMI bridge

− LVDS dual channel panel

• Relevant Standards

− PHY Standard: ANSI EIA-644A

− Display Protocol Standards:

▪ SPWG Standard Panel Working Group 
Specification 3.8 (May 2007)

▪ VESA PSWG – Panel Standardization Working 
Group – set of standards for panels using 
LVDS.

▪ JEIDA/JEITA DISM Standard JEIDA-59-1999

▪ OpenLDI (National) – Revision 0.95 
13/May/1999. *Only* Unbalanced operating 
mode supported (aligned with vast majority of 
LCD vendors).
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MIPI DSI

The DSI MIPI Interface is a digital core accompanied with a 

multi-lane D-PHY that implements all protocol functions 

defined in the MIPI DSI Specification, providing an interface 

between the System and MIPI DSI compliant Display

Features of the MIPI DSI complex:

Supported standard version: 

• MIPI DSI Compliant

• DSI Version 1.1 (DSI Version 1.0 i.MX6)

• DPI Version 2.0

• DBI Version 2.0 (limited support)

• DSC Version 1.02

• PPI for D-PHY

• MIPI D-PHY Version 1.0

Configuration: 

one clock lane, 

four data lanes for i.MX8

two data lanes for i.MX6/7 

Speed: 

i.MXQM Up to 1.5 Gb/s per lane.

i.MXQXP Up to 1.05 Gb/s per lane.

i.MX6DQ Up to 1.0 Gb/s per lane.

Low speed/low power signaling supported

DSI can support both command and video modes.

• Command and video mode support (type 1, 2, 3, and 4 display architecture)

• Mode switching: low power and ultra low power

• Burst mode/Non-burst mode

• Bus turnaround

• Fault error recovery scheme

Both DPI and DBI coexist in the system but only one of them could be active in a 
certain time.

DBI not supported in i.MX7/8
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HDMI / Display Port

• Description: High-Definition Multimedia Interface (HDMI) / Display Port (DP) / 

embedded Display Port (eDP) Transmitter including both HDMI TX Controller and 

PHY

• Standard Compliance: HDMI 2.0, DVI 1.0, DP 1.3, eDP 1.4, HDCP 1.4/2.2 (with 

keys in Fuses)

• TMDS Core Frequency: From 25 MHz to 600 MHz

• Consumer Electronic Control (CEC): Supported

• Monitor Detection: Hot plug/unplug detection and link status monitor support


