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OVERVIEW

This application note lists the display resolutions capabilities of the NVIDIA Turing™,
NVIDIA® Pascal™, NVIDIA Maxwell™, and NVIDIA® Kepler™ generations of NVIDIA®
Quadro® and/or NVIDIA® NVS™ Professional Graphics Solutions. The following product
naming conventions help identify which generation of graphics processing units (GPUs)
is represented for Quadro boards.

» The “RTX” represents the NVIDIA Turing generation (example: Quadro RTX™ 6000)
» The “P” represents the Pascal generation (example: Quadro P6000)

» The “M” represents the NVIDIA Maxwell generation (example: Quadro M6000)

» The “K” represents the Kepler generation (example: Quadro K6000)

The NVS boards do not have a family identifier in their name. The NVS 510 and NVS
315 boards are part of the Kepler family, and the NVS 810 board is part of the NVIDIA
Maxwell family.

Table 1 through Table 4 list the Quadro products for each of the generation of GPUs.
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Overview

Table 1. NVIDIA Turing Generation GPUs

Quadro Boards

Quadro RTX 8000
Quadro RTX 6000
Quadro RTX 5000
Quadro RTX 4000

Table 2. NVIDIA Pascal Generation GPUs
Quadro Boards Quadro Mobile or MXM Boards'
Quadro GP100 Quadro P5000
Quadro P6000 Quadro P4000
Quadro P5000 Quadro P3000
Quadro P4000 Quadro M2200
Quadro P2000 Quadro M1200
Quadro P1000 Quadro M620
Quadro P600 Quadro M520
Quadro P400
Note:

1Since the Mobile and MXM boards do not ship from NVIDIAwith display connectors
attached, you will need to verify display connector specifics with the systemvendor.

Table 3. NVIDIA Maxwell Generation GPUs
Quadro 1 Gen Quadro 2" Gen

Quadro 1t Gen | Quadro 2" Gen Mobile or MXM Mobile or MXM
Boards Boards Boards' Boards' NVS Boards
Quadro K2200 | Quadro M600024GB | Quadro M2000M | Quadro M5500 NVS 810
Quadro K1200 Quadro M6000 Quadro M1000M | Quadro M5000M
Quadro K620 Quadro M5000 Quadro M600M Quadro M4000M

Quadro M4000 Quadro M500M Quadro M3000M

Quadro M2000
Note:

TSince the Mobile and MXM boards do not ship from NVIDIAwith display connectors attached, you will
need to verify display connector specifics with the systemvendor.

Quadro and NVS Display Resolution Support
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Overview

Table 4. NVIDIA Kepler Generation GPUs
Quadro Boards Quadro Mobile or MXM Boards'! | NVS Boards
Quadro K6000 Quadro K5100M NVS 510
Quadro K5000 Quadro K4100M
Quadro K4000 Quadro K3100M
Quadro K2000 Quadro K2100M
Quadro K2000D Quadro K610M
Quadro K600 Quadro K510M
Quadro 410 Quadro K5000M
Quadro K5200 Quadro K4000M
Quadro K4200 Quadro K3000M
Quadro K2200 Quadro K2000M
Quadro K620 Quadro K1000M
Quadro K420 Quadro K500M
Note:

1Since the Mobile and MXM boards do not ship from NVIDIAwith display connectors attached,
you will need to verify display connector specifics with the system vendor.

DISPLAY CONNECTORS

The NVIDIA Turing, Pascal, NVIDIA Maxwell, and Kepler of the Quadro and NVS
boards have a combination of dual-link DVI (DL) and/or VESA® DisplayPort™ 1.2 or 1.4
(output) connectors on the board. Most have the ability to drive a single VGA display
through a DVI-VGA adaptor. Other display connections, like HDMI™, can be achieved

through the use of DisplayPort or DVI adaptor cables.

Table 5. Display Connectors
Connector DisplayPort Dual/Single-
Board Type 1.4 LEIEHE Link DVI ek Aok
1.DP v X DP->DVI DP->VGA | DP->HDMI
Quadro RTX 8000 2.DP v X DP->DVI DP->VGA | DP->HDMI
uadro
Quadro RTX 6000 | 3: PP v X DP->DVI DP->VGA | DP->HDMI
Quadro RTX5000 | 4, ysB-C USB-C -> DP v X X Ufﬁgﬁ\l’>
5. DP v X DP->DVI DP->VGA | DP->HDMI

Quadro and NVS Display Resolution Support
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Overview

1.DP v X DP->DVI DP->VGA | DP->HDMI
2.DP v X DP->DVI DP->VGA | DP->HDMI
Quadro RTX 4000 | 3, pp v X DP->DVI DP->VGA | DP->HDMI
-C >

4. USB-C USB-C -> DP v X X UiBDACM

Soard Co?r;gcetor Dlsp‘:azPort Smgét\el ILlnk DuaDleilnk VGA HDMI
5. DVI-D X v v X DVI->HDMI
Quadro GP100 4. DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro P6000 3.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro P5000 2.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
1. DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro P4000 4.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro P2000 3.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro P1000 2.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro P600 1.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
3.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro P400 2.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
1.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

Soard Co?r;gcetor Dlsp‘:a.nz(Port Smgét\el ILlnk DuaDleilnk VGA HDMI
5. DVI-I X v v DVI->VGA | DVI->HDMI
%‘ggm M6000 | 4 pp v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro M6000 3.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
QuadroM5000 | 2. DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
1. DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
4.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro M4000 3.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
Quadro M2000 | 2. DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
1. DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
4.DVI-D X v v X DVI->HDMI
Quadro K6000 73 "y v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

Quadro K5000

QuadroK5200 | 2+ 0P v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
1. DVI-| X v v DVI->VGA | DVI->HDMI

Quadro and NVS Display Resolution Support
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Overview

Quadro K4000 | 3. DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

Quadro K2000 v

Quadro K4200 2.DP DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

Quadro K2200 | 1. DVI-I v v DVI->VGA | DVI->HDMI

DisplayPort | Single-Link | Dual-Link
Board Connector Type 1.2 DVI DVI VGA HDMI

3. mDP DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

Quadro K2000D | 2. DVI-D X v v X DVI->HDMI
1. DVI-I X v v DVI->VGA | DVI->HDMI
4. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
3. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

Quadro K1200
2. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
1. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

QuadroK600 | 7 pp v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

Quadro 410

Quadro K620

Quadro K420 1. DVI-I X v v DVI->VGA | DVI->HDMI
8. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
7. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
6. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

\VS 810 5. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
4. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
3. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
2. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
1. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
4. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

NV 510 3. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
2. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
1. mDP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

NVS 315 DMS59 DMS->DP DMS->DVI X DMS->VGA X

VS 310 2.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI
1.DP v DP->DVI-SL | DP->DVI-DL | DP->VGA | DP->HDMI

Quadro and NVS Display Resolution Support
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COMMON SUPPORTED RESOLUTIONS

Table 6 and Table 7 list the most common supported resolutions for the NVIDIA Turing,
Pascal, NVIDIA Maxwell, and Kepler generation boards.

Table 6. Common Supported Resolutions

Resolution at 60 Hz | Single-Link DVI | VGA! Dual-Link DVI DisplayPort
640 x 480 v v v v
720 x 480 4 v v v
720 x 576 v v v 4
800 x 600 v v v v
1024 x 768 v v v v
1152 x 864 v v v v
1280 x 720 v v v v
1280 x 768 v v v v
1280 x 800 v v v v
1280 x 960 v v v v
1280 x 1024 v v v v
1360 x 768 v v v v
1600 x 900 v v v v
1600 x 1024 v v v v
1600 x 1200 v v v v
1680 x 1050 v v v v
1920 x 1080 v v v v
1920 x 1200 v v v v
1920 x 1440 v v v
2048 x 1152 v v v v
2048 x 1536 v v v
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Common Supported Resolutions

Resolution at 60 Hz | Single-Link DVI | VGA! Dual-Link DVI DisplayPort
2560 x 1440 v v
2560 x 1600 v v
Note:
TNative connection or through DVI-VGA adaptor.
Table 7. Common Supported Resolutions 4K and Over
Resolution at 60 Hz DisplayPort 1.2 DisplayPort 1.4 HDMI 2.0
3840 x 2160 Ultra HD v v v
4096 x 2160 Cinema 4K v v v
5120 x 2880 5K 2 connectors v
7680 x 4320 (8K) | 8K 4 connectors 2 connectors'

Note:

INVIDIATuring supports Display Stream Compression (DSC). This allows it to drive an 8K DSC panel over

a single connector.

this application note.

E Note: For more information on 4K displays refer to the “Single Connector 4K” section of

Quadro and NVS Display Resolution Support
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MAXIMUM SUPPORTED RESOLUTIONS

Thereis no single maximum resolution for a given connector type. The maximum

resolution is defined by a couple of constraints which are different for each connector

type:

» The maximum number of pixels per second that can be carried across the link: It
doesn’t matter to the graphics processing unit (GPU) if those pixels are allocated onto
a single large desktop refreshing slowly or a small desktop refreshing quickly. The
maximum desktop size allowed by the GPU is 16 k x 16 k pixels — the different
operating systems may have different limitations.

» The maximum bandwidth available on the link: This is most important to
DisplayPort connections.

Therest of this application note covers the physical connector types (DVI and
DisplayPort) and the common connections that can be reached with adaptors (VGA and
HDMI).

DISPLAY PIXEL CLOCK AND BANDWIDTH

All the display connection technologies have a maximum bandwidth. In general, any
resolution and refresh rate that fits within this bandwidth will work.

The display bandwidth is defined by the pixel clock and how many bits per pixel are
requested. The easiest way to compute the pixel clock is with the NVIDIA Control
Panel’s custom resolution calculator.

You can access the calculator at:

Display / Change Resolution / Customize / Create Custom Resolution

Quadro and NVS Display Resolution Support DA-07089-001_v08 | 8



Maximum Supported Resolutions

Enter the desired horizontal and vertical pixels and refresh rate. Then select the timing
standard. On the bottom right, you will see the pixel clock needed. As long as the
requested pixel clock is within the capabilities of the connection the timing is valid.

| | Create a resolution that is not currently available in Windows. Your display may flicker a
| few times when testing a new custom resolution.

Display mode (as reported by Windows)

-

Haorizontal pixels: 3840 = Vertical lines: 2180 -
Refresh rate {Hz): 30 = Color depth (bpp):
=
I~ Timing
Standard: ’CVT reduced blank vl
Horizontal Vertical

Active pixels: 3830 | 2160

Eront porch (pixels): 48 : 3

Sync width (pixels): 32 : 5

Total pixels: 4000 5 2191

Polarity: Positive (+) Megative (-)

Pixel dodk:
Refresh rate: 65.73 KHz 30.000 | Hz 262.9200 MHz
(29.000 to 31.000)
[ Test ] [ Cancel ]

Figure 1.  Create Custom Resolution Calculator

Display Bandwidth mainly applies to the DisplayPort connection. For the purpose of
this application note it is the pixel clock multiplied by the number of color bits per pixel.
As an example:

200 MHz pixel clock x 30 bits per pixel = 6,000 M bits per second (or 6 G bits per second
Gbps)

DISPLAY COLOR DEPTH

Along with the frame-rate and resolution displays and connectors can also vary the bit
depth of the color information for each pixel. Standards like DVI define that each pixel
must be made of a Red, Green and Blue component 8 bits each or 24 bits per pixel.

Quadro and NVS Display Resolution Support DA-07089-001_v08 | 9



Maximum Supported Resolutions

HDMI and DisplayPort offer 8, 10 or 12-bit per component as well. The display device
defines thebit depth that it wants to receive, and the GPU will honor it if it can.

On supported displays, the Change Resolution section of the control panel offers a
choice to select the Output Color Depth. On connections like DisplayPort reducing the
color depth may enable higher resolutions or frame rates.

File Edit Desktop Display Help

Qe -Q |t
Select a Task... : S

o semer |1 Change Resolution
Adjust image settings with preview == Restore Defaults
Manage 30 settings You can adust the amount of information appearing onthe screen and reduce flickerng. You can also choose the high-defintion (HD) format f you are using an HDTV and st a courtry specific signal for your standard definion (SD) TV,
Set Phys¥ Configuration

Display
‘Adjust desktop color settings 1. Select the display you would like to change.
Rotate display

wView HDCP status §

Set up digital audio (.
-Adjust desktop size and position -
Set up multiple displays e

Stereoscopic 30
Setup stereoscopic 3D
View rating for games

Video 2. Choose the resolution.

Adjust video color settings

Adiust video image settings Connector: £
Workstation [=) DisplayPort - PC display

View system topology

Set up Mosaic Resolution; Refresh rate:

Change ECC state
Manage GPU Utlization pC
L.Synchronize displays 4096 x 2160 (native)
om0
om0 = 1550
o202 1200
1920 = 1080

60Hz -

>

\1) Please refer recommended connection to connect display property

3. Apply the following settings.

Desktop color depth Output color depth:
rrer— [mboe 5 «
Output color format: Output dynamic range:
[rea - [Fu -]

System Information Description:

Figure 2.  Color Depth Setting

In this application note the following terms are used in relation to color:

» BPC: Bits Per Component. How many bits represent each componentin the pixel: 8,
10 or 12

» BPP: Bits Per Pixel: The number of bits for color in each pixel: 24, 30, 36
» RGB: The colors in a pixel are made up of a Red, Green and Blue components.

» YCbCr: The colors in a pixels are made up of a Luminance (Y) and two color/chroma
channels (Cb and Cr)

» YCbCr 4:2:0: In a YCbCr image it possible to sample the chroma or color information
at different rates from the Luminance information. 4:2:0 means all the Luminance
information is sent, but only 1/4 of the color information. This compression means
each frame of a 4:2:0 compressed stream uses half the data of an uncompressed (or
4:4:4) frame.
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Maximum Supported Resolutions

Source

RGB

YCbCr 4:4:4

YCbCr 422

YCbCr 4:2:0

Figure 3.  Color Term Examples

HIGH DYNAMIC RANGE

A new generation of High Dynamic Range (HDR) displays is allowing manufacturers to
produce brighter, greater contrast displays with the ability to reproduce more realistic
images. A Nit is the most commonly used measure of brightness and is defined as one
candela per square meter. The observable world has such a large range of luminance yet
up until the last few years, few displays produce more than 200-300 nits of brightness.
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Maximum Supported Resolutions

In August of 2015, the Consumer Technology Association (CTA) announced an industry
definition for HDR Compatible Displays which included the definition of the HDR10
Media Profile. While other HDR formats exist, HDR10 has been the most widely
adopted in the display industry. Pascal and NVIDIA Turing GPUs support HDR10 by
sending an infoframe indicating support for SMPTE ST 2084, the electro-optical transfer
function defined for luminance values up to 10,000 nits — also known as Perceptual
Quantizer (PQ) - when connected to an HDR10 capable sink device.

Reproducing more of the colors the human eye can see is also important to making high-
quality HDR displays. For the last couple of decades, the most commonly used color
space for the PC industry had been sRGB. It uses the same three-color primaries as the
Rec. 709 color space defined for HDTVs. This format was defined in the era of CRT
displays and was extremely useful for representing the most achievable range of colors.

BT. 2020 is now the target color gamut for HDR displays. HDR10 also supports a much
wider range of colors, much closer to the limits of human color vision. Several HDR
formats use it as a container for content as it is assumed to be future proof —including
HDR10 with support for 10-bit encoded BT. 2020. Pascal and NVIDIA Turing GPUs can
support the BT. 2020 colorimetry by sending a video stream configuration data packet
over DisplayPort to displays that are capable of supporting this color gamut.

Windows 10 (starting with Build 1809) provides a control panel switch to enable HDR10
output:

1. Select the Start button, then select Settings > System > Display.
2. Select Windows HD Color settings.

3. Under Display capabilities, check to make sureit says Yes next to Play HDR games
and apps.

4. Turn on Play HDR games and apps.
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Maximum Supported Resolutions

e L

& Windows HD Color settings
With Wiraiows. M Cotor, yousr dhvioe £an shoe Figh dhynames ssnge
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M & pARtonT
Choose display Gt
Srieet 4 iy 15 view r change the et for it

Mesir Winndinas bt
|| Dty 2 0eG PaaT | -
Display capabilities
Seseaen B wiber e
Play HOR gomes andapgs s
Lt YOG apm o

Pliny HCSE Ganerecei il i
/| o

St MO ke
D on

Figure 4.  Windows HD Color Settings

DVI

This sub-section lists out the resolutions for the different types of DVI connectors.

Dual-Link DVI (DVI-DL)

» Maximum Pixel Clock: 330 MHz
» Maximum Bandwidth: N/A - DVI is always 24 bits per pixel
» Common Supported Maximum Resolutions (at CVT-RB timing):
e 1920 x 1200 at 120 Hz
e 1920 x 2160 at 60 Hz
e 2560 x 1600 at 60 Hz
* 2048 x 2160 at 60 Hz
e 4096 x 2160 at 30 Hz

Note: There are two types of DisplayPort to dual-link DVI adaptors. For the full 330 MHz
of dual-link DVI make sure to select the stereo capable adaptors.
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Maximum Supported Resolutions

Single-Link DVI (DVI-SL)
» Maximum Pixel Clock: 167 MHz
» Maximum Bandwidth: N/A - DVIis always 24 bits per pixel

» Common Supported Maximum Resolutions (at CVT-RB timing):
e 1920 x 1200 at 60 Hz

e 1280 x 720 at 120 Hz

VGA

This sub-section lists out the resolutions for the different types of VGA connections.

VGA via DVI-I to VGA Adaptor

» Maximum Bandwidth: 400 MHz DAC

» Common Supported Maximum Resolutions (at CVT-RB timing):
e 2048 x 1536 at 85 Hz

VGA via DisplayPort to VGA Adaptor

» Maximum Bandwidth: Adaptor specific

» Common Supported Maximum Resolutions (at CVT-RB timing):
e 1920 x 1200 at 60 Hz
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Maximum Supported Resolutions

HDMI

This sub-section lists out the resolutions for the different types of HDMI connectors.

HDMI 1.4

» Maximum Pixel Clock: 340 MHz (for 24 bpp content)
» Maximum Bandwidth: N/A
» Common Supported Maximum Resolutions (from CEA timing specifications):
e 3840 x 2160 at 30 Hz 24 bpp
« 1920 x 1080 at 60 Hz 36 bpp
e 4096 x 2160 at 24 Hz 24 bpp
« 1920 x 1080 at 120 Hz 24 bpp — HDMI stereo

Note: Quadro boards do not have native HDMI connectors, so an adaptor must be used.

High quality DVI-to-HDMI cables or Type Il DisplayPort-to-HDMI adaptors are required for
full performance.

HDMI 2.0

HDMI 2.0 is supported on Windows 7 and newer with the R340 and newer display
driver.

Quadro boards do not have native HDMI connectors, so an adaptor must be used. High

quality DVI-to-HDMI cables or active DisplayPort-to-HDMI protocol converter are
required for full performance.

Kepler and NVIDIA Maxwell 15t Gen GPUs

» Maximum Pixel Clock: 340 MHz
» Maximum Bandwidth: N/A

» Common Supported Maximum Resolutions (from CEA timing specifications):
e 3840 x 2160 at 60 Hz in 4:2:0 YCbCr 8 bpc
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Maximum Supported Resolutions

NVIDIA Maxwell 2" Gen, Pascal, and NVIDIA Turing GPUs

» Maximum Pixel Clock: 594 MHz

» Maximum Bandwidth: N/A

» Common Supported Maximum Resolutions (from CEA timing specifications):
e 3840 x 2160 at 60 Hz in YCbCr 4:2:0 8 bpc (actually only requires HDMI 1.4 PHY)
e 3840 x 2160 at 60 Hz in RGB 8 bpc
e 3840 x 2160 at 60 Hz in YCbCr 4:2:2 and YCbCr 4:2:0 12 bpc

DISPLAYPORT

This sub-section lists out the resolutions for the different types of DisplayPort
connectors.

DisplayPort 1.2

» Maximum Pixel Clock:
e NVIDIA Turing, Pascal, and NVIDIA Maxwell GPUs
— 1080 MHz
o Kepler GPUs
— 540 MHz
» Maximum Boards Bandwidth: 17.2 Gbps usable
» Common Supported Maximum Resolutions (at CVT Reduced Blank Timings):
o NVIDIA Turing, Pascal, and NVIDIA Maxwell GPUs
— 4096 = 2160 at 60 Hz 30 bpp
— 2560 x 1600 at 120 Hz 30 bpp
o Kepler GPUs
— 2560 x 1600 at 120 Hz 30 bpp
o All displays
— 4096 = 2160 at 48 Hz 36 bpp
— 2560 = 1440 at 120 Hz 30 bpp
— 3840 = 2160 at 60 Hz 30 bpp
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Maximum Supported Resolutions

DisplayPort 1.2 Multi-Streaming
» Maximum Pixel Clock for Each Display:
o NVIDIA Turing, Pascal, and NVIDIA Maxwell GPUs
— 1080 MHz
o Kepler GPUs
- 592 MHz
o All other boards display
- 540 MHz
» Total Bandwidth for All Displays: 17.2 Gbps usable

When using DisplayPort 1.2 multi-streaming, multiple displays are combined on the
same DisplayPort link. Each display can have the full pixel clock available in the GPU,
but all heads share the bandwidth of the link. For example:
» 4 heads of 1920 x 1200, 24 bpp at 60 Hz

e 4 x 154.128 MHz Pixel Clock x 24 bpp = 14.8 Gbps — which works
» 4 heads of 1920 x 1200, 30 bpp at 60 Hz

e 4 x154.128 MHz Pixel Clock x 30 bpp = 18.5 Gbps — which does not work
» 3 heads of 1920 x 1200, 30 bpp at 60 Hz

e 3x 154.128 MHz Pixel Clock x 30 bpp =13.4 Gbps — which works

CAUTION: Since DisplayPort 1.2 MST relies upon an external device to receive and re-
broadcast the data the hub used may reduce usable bandwidth.

There are a few other restrictions with multi-streaming so if designing a system that
pushes the boundaries of the pixel clock on the heads, contact your NVIDIA field
engineering resources for assistance.
» Common Supported Maximum Resolutions (at CVT-RB timing):

e 4x 1920 x 1200 at 60 Hz 24 bpp

e 2x 2560 x 1600 at 60 Hz 24 bpp

DisplayPort 1.4

» Maximum Pixel Clock:
o NVIDIA Turing GPUs
— 2660 MHz (The maximum pixel clock is only achievable when using DSC)
o NVIDIA Pascal GPUs
- 1325 MHz
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Maximum Supported Resolutions

» Maximum Boards Bandwidth: 25.9 Gbps usable
» Common Supported Maximum Resolutions (at CVT Reduced Blank Timings):
o NVIDIA Turing GPUs
— 7680 x 4320 at 60 Hz 36 bpp
o NVIDIA Pascal GPUs
— 5120 x 2880 at 60 Hz 24 bpp
— 4096 x 2160 at 60 Hz 36 bpp
— 2560 x 1600 at 120 Hz 36 bpp

DisplayPort 1.4 Multi-Streaming

» Maximum Pixel Clock for Each Display:
e NVIDIA Turing GPUs
- 2660 MHz
o NVIDIA Pascal GPUs
- 1325 MHz
» Total Bandwidth for All Displays: 25.9 Gbps usable

When using DisplayPort 1.4 multi-streaming, multiple displays are combined on the
same DisplayPort link. Each display can have the full pixel clock available in the GPU,
but all heads share the bandwidth of the link. For example:

> 2 heads of 3840 x 2160, 30 bpp at 60 Hz
e 2 x 522.092 MHz Pixel Clock x 30 bpp = 31.3 Gbps — which does not work

CAUTION: Since DisplayPort 1.2 MST relies upon an external device to receive and re-
broadcast the data the hub used may reduce usable bandwidth.

There are a few other restrictions with multi-streaming so if designing a system that
pushes the boundaries of the pixel clock on the heads, contact your NVIDIA field
engineering resources for assistance.
» Common Supported Maximum Resolutions (at CVT-RB timing):

e 4x 1920 x 1200 at 60 Hz 24 bpp

e 3x 2560 x 1600 at 60 Hz 30 bpp
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SINGLE CONNECTOR 4K

There are two main display definitions for 4K: UltraHD (3,840 x 2,160) and what is

commonly called Cinema 4K (4096 x 2160). Depending on the frame-rate, connector, and
bit depth, different GPUs support different options as covered in Table 8.

Table 8. UltraHD (3840 x 2160) and Cinema 4K (4096 x 2160) Option Support
DisplayPort | DisplayPort | DisplayPort | DisplayPort
Bit Depth HDMI 1.4 HDMI 2.0 1.2 MST 1.2 Single 1.4 MST 1.4 Single
24 Hz 30 bpp v v v v
36 bpp v v v v v v
24 bpp v v v v v v
30 Hz 30 bpp v v v v
36bpp v v v v v
48Hz | 30bpP Y Y Y Y
36 bpp v'4:2:0 YCbCr v v v v
4:2:2 YCbCr
v v v
60Hz | S0DPP
36 bpp v'4:2:0 YCbCr v v
4:2:2 YCbCr
Notes:

Pascal generation and generations after, the GPUs have DisplayPort 1.4 support.
NVIDIAMaxwell 2" generation and generations after, the GPUs have HDMI 2.0 support.
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Notice

The information provided in this specification is believed to be accurate and reliable as of the date provided. However, NVIDIA
Corporation (“NVIDIA”) does not give any representations or warranties, expressed or implied, as to the accuracy or
completeness of such information. NVIDIA shall have no liability for the consequences or use of such information or for any
infringement of patents or other rights of third parties that may result from its use. This publication supersedes and replaces all
other specifications for the product that may have been previously supplied.

NVIDIA reserves the right to make corrections, modifications, enhancements, improvements, and other changes to this
specification, at any time and/or to discontinue any product or service without notice. Customer should obtain the latest
relevant specification before placing ordersand should verify that such information is current and complete.

NVIDIA products are sold subject to the NVIDIA standard terms and conditions of sale supplied at the time of order
acknowledgement, unless otherwise agreed in an individual sales agreement signed by authorized representatives of NVIDIA and
customer. NVIDIA hereby expressly objects to applying any customer general terms and conditions with regard to the purchase of
the NVIDIA product referenced in this specification.

NVIDIA products are not designed, authorized or warranted to be suitable for use in medical, military, aircraft, space or life
support equipment, nor in applications where failure or malfunction of the NVIDIA product can reasonably be expected to result
in personal injury, death or property or environmental damage. NVIDIA accepts no liability for inclusion and/or use of NVIDIA
products in such equipment or applications and therefore such inclusion and/or use is at customer’s own risk.

NVIDIA makes no representation or warranty that products based on these specifications will be suitable for any specified use
without further testing or modification. Testing of all parameters of each product is not necessarily performed by NVIDIA. It is
customer’s sole responsibility to ensure the product is suitable and fit for the application planned by customer and to do the
necessary testing for the application in order to avoid a default of the application or the product. Weaknesses in customer’s
product designs may affect the quality and reliability of the NVIDIA product and may result in additional or different conditions
and/or requirements beyond those contained in this specification. NVIDIA does not accept any liability related to any default,
damage, costs or problem which may be based on or attributable to: (i) the use of the NVIDIA product in any manner that is
contrary to this specification, or (ii) customer product designs.

No license, either expressed or implied, is granted under any NVIDIA patent right, copyright, or other NVIDIA intellectual
property right under this specification. Information published by NVIDIA regarding third-party products or services does not
constitute a license from NVIDIA to use such products or services or a warranty or endorsement thereof. Use of such infor mation
may require a license from a third party under the patents or other intellectual property rights of the third party, or a license
from NVIDIA under the patents or other intellectual property rights of NVIDIA. Reproduction of information in this specification is
permissible only if reproduction is approved by NVIDIA in writing, is reproduced without alteration, and is accompanied by all
associated conditions, limitations, and notices.

ALL NVIDIA DESIGN SPECIFICATIONS, REFERENCE BOARDS, FILES, DRAWINGS, DIAGNOSTICS, LISTS, AND OTHER DOCUMENTS
(TOGETHER AND SEPARATELY, “MATERIALS”) ARE BEING PROVIDED “AS IS.” NVIDIA MAKES NO WARRANTIES, EXPRESSED, IMPLIED,
STATUTORY, OR OTHERWISE WITH RESPECT TO THE MATERIALS, AND EXPRESSLY DISCLAIMS ALL IMPLIED WARRANTIES OF
NONINFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE. Notwithstanding any damages that customer
might incur for any reason whatsoever, NVIDIA’s aggregate and cumulative liability towards customer for the products described
herein shall be limited in accordance with the NVIDIA terms and conditions of sale for the product.

HDMI
HDMI, the HDMI logo, and High-Definition Multimedia Interface aretrademarks or registered trademarks of HDMI Licensing LLC.

VESA DisplayPort

DisplayPort and DisplayPort Compliance Logo, DisplayPort Compliance Logo for Dual-mode Sources, and DisplayPort Compliance
Logo for Active Cables are trademarks owned by the Video Electronics Standards Association in the United States and other
countries.

Trademarks

NVIDIA, the NVIDIA logo, Kepler, NVIDIA Maxwell, NVIDIA Turing, NVS, and Quadro are trademarks and/or registered trademarks
of NVIDIA Corporation in the U.S. and other countries. Other company and product names may be trademarks of the respective
companies with which they are associated.

Copyright
© 2013, 2014, 2016, 2017, 2019 NVIDIA Cor poration. All rights reserved.

www .nvidia.com nVIDIA.
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