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Introduction  

Smartphones, tablets, and clamshells are becoming primary devices of choice for a variety of activities 

such as reading email, taking pictures, playing games, interacting with social networks, and even 

creating new content. Automotive navigation, infotainment, and driver assist systems demand advanced 

visual computing capability and will be included in most automobiles in the near future. Responding to 

the growing performance needs of mobile use cases, newer mobile processors include advanced multi-

core CPUs built on latest architectures and powerful GPU subsystems that enable new visual 

experiences.  

Visual computing is the next frontier for mobile devices and automobiles. In addition to delivering rich 

graphical user interfaces, realistic 3D gaming, high resolution display outputs, and speedy Web page 

rendering, powerful GPUs are critical in enabling the next generation of mobile applications such as 

gesture and object recognition, motion tracking, computational photography, and augmented reality. 

These advanced visual computing applications require GPUs that not only deliver tremendous graphics 

performance and parallel computing performance, but also support the latest graphics and compute 

APIs (Application Processor Interfaces). Automotive navigation systems now include large, high-

resolution screens with 3D Google Earth rendering, while driver assist systems perform object tracking 

and composite multiple video camera inputs, and entertainment systems deliver high-quality HD video 

to multiple screens. 

The mobile gaming industry continues to grow rapidly and the visual quality of mobile games continues 

to improve with each new generation of mobile GPU subsystem. While casual games such as Angry Birds 

and Temple Run continue to be very popular, games such as Dead Trigger 2, Infinity Blade 2, Horn THD, 

and others are delivering great graphics and immersive gameplay. However, for mobile games to rival 

the visual quality and rich gaming experience of console and PC games, mobile processors require GPUs 

that are architected to deliver substantial graphics performance, support the latest API specifications 

such as OpenGL 4.4 and DirectX 11.21, and yet be highly power efficient to fit within mobile device 

power and thermal envelopes.  

b±L5L!Ωǎ latest and most advanced mobile processor Tegra® K1, creates a major discontinuity in the 

state of mobile graphics by bringing the powerful NVIDIA Keplerϰ GPU architecture to mobile, and 

delivering tremendous visual computing capabilities and breakthrough power efficiency. Tegra K1 is 

offered in two pin-to-pin compatible versions. The first version uses a 32-bit quad-core, 4-PLUS-1 ARM 

Cortex A15 CPU. The second version uses a custom, NVIDIA-designed 64-bit dual Super Core CPU. This 

CPU (codenamed άDenverέ) delivers very high single-thread and multi-thread performance. It is based 

on the ARMv8 architecture, which brings the energy-efficient heritage of ARM processor technology to 

64-bit computing. Both versions of Tegra K1 deliver stunning graphics and visual computing capabilities 

powered by the 192-core NVIDIA Kepler GPU.  
                                                           
 

1
 Kepler supports DX11.2 with Hardware Feature Level 11_0. For more details see 

http://nvidia.custhelp.com/app/answers/detail/a_id/3196/~/fermi-and-kepler-directx-api-support 

http://nvidia.custhelp.com/app/answers/detail/a_id/3196/~/fermi-and-kepler-directx-api-support
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With two decades of GPU industry leadership, the NVIDIA Tegra K1 mobile processor delivers the 

performance demanded by next-generation PC- and console-class mobile games, modern user 

interfaces, advanced visual computing applications, and high-resolution 4K displays, while delivering 

exceptional power efficiency required to bring the above capabilities to mobile devices. 

 

Figure 1 Tegra K1 available in 32-bit and 64-bit versions that are pin compatible 

 

NVIDIA Tegra K1 ɀ A New Era in Mobile Computing  

NVIDIA is at the forefront of the mobile computing revolution and has continually raised the bar on the 

performance and capabilities of mobile processors. b±L5L! ƭŀǳƴŎƘŜŘ ¢ŜƎǊŀ нΣ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ Řǳŀƭ ŎƻǊŜ 

ƳƻōƛƭŜ ǇǊƻŎŜǎǎƻǊΣ ¢ŜƎǊŀ о ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ п-PLUS-1 quad-core mobile processor, and Tegra 4 the 

ǿƻǊƭŘΩǎ ŦƛǊǎǘ 4-PLUS-1 quad-core Cortex A15 processor while continuously raising the bar on graphics 

performance of mobile processors. NVIDIA Tegra mobile processors have enabled mobile devices to 

deliver snappy responsiveness, faster Web page load times, and visually rich gaming experiences while 

delivering long battery life through innovations such as the 4-PLUS-1ϰ CPU architecture, PRISM and 

DirectTouchϰ technologies. 

The  32-bit and 64-bit versions of the NVIDIA Tegra K1 mobile processor are designed from the ground 

up to create a major discontinuity in the capabilities of mobile processors, and delivers the ƛƴŘǳǎǘǊȅΩǎ 

fastest and most power efficient implementation of mobile CPUs, PC-class graphics and visual 

computing capabilities.  

This whitepaper focuses primarily on the 32-bit version of Tegra K1. An upcoming paper will discuss in 

detail the 64-bit version of Tegra K1 
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Figure 2 NVIDIA Tegra K1 Mobile Processor (32-bit version) 

 

Some of the key features of the Tegra K1 SoC (System-on-a-Chip) architecture are: 

¶ 4-PLUS-1 Cortex A15 άǊоέ CPU architecture that delivers higher performance and is more power 

efficient than the previous generation. 

¶ Kepler GPU architecture that utilizes 192 CUDA cores to deliver advanced graphics capabilities, 

GPU computing with NVIDIA CUDA 6 support, breakthrough power efficiency and performance 

for the next generation of gaming and visual computing applications. 

¶ Dual ISP Core that delivers 1.2 Giga Pixels of raw processing power supporting camera sensors 

up to 100 Megapixels.  

¶ Advanced Display Engine that is capable of simultaneously driving both the 4K local display and 

a 4K external monitors via HDMI  

¶ Built on the TSMC 28 nm HPM process to deliver excellent performance and power efficiency. 

NVIDIA Tegra 4 was the first mobile processor to use a 4-PLUS-1 quad-core ARM Cortex A15 CPU 

architecture and variable Symmetric Multiprocessing (vSMP) technology to intelligently use the high 

performance quad-core A15 CPU complex for performance intensive tasks, and switch to the power 
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optiƳƛȊŜŘ ά.ŀǘǘŜǊȅ {ŀǾŜǊέ A15 CPU core to handle low performance tasks and thus extend battery life. 

aƻǊŜ ŘŜǘŀƛƭǎ ŀōƻǳǘ b±L5L!Ωǎ Ǿ{at ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƛǘǎ ōŜƴŜŦƛǘǎ Ŏŀƴ ōŜ ŦƻǳƴŘ here

 

Figure 3 Tegra K1 Delivers higher CPU Performance and Power Efficiency
2
 

The performance and power efficiency of the 4-PLUS-1 quad-core A15 CPU architecture in Tegra K1 is 

further optimized to use half the power for the same CPU performance as that of Tegra 4. Tegra K1 is 

more power efficient than Tegra 4, and also delivers almost 40% higher CPU performance for the same 

power consumption as Tegra 4. 

Tegra K1 is the first mobile processor to use the latest revision (r3p3) of the ARM Cortex A15 CPU 

architecture that has several performance and power optimizations. In addition, ASIC-level 

optimizations based on learnings from Tegra 4 along with the use of the 28 nm HPM process helps Tegra 

K1 deliver exceptional CPU performance and power efficiency. 

 

 

                                                           
 

2
 Power and performance measured on Tegra K1 (32-bit) and Tegra 4 development systems while running 

Specint2K benchmark 

http://www.nvidia.com/content/PDF/tegra_white_papers/Variable-SMP-A-Multi-Core-CPU-Architecture-for-Low-Power-and-High-Performance.pdf
http://www.nvidia.com/content/PDF/tegra_white_papers/Variable-SMP-A-Multi-Core-CPU-Architecture-for-Low-Power-and-High-Performance.pdf
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NVIDIA Kepler ɀ The Most Advanced GPU comes to Mobile  

One of the most complex processors ever created, the GPU is the engine behind state-of-the-art 

ŎƻƳǇǳǘŜǊ ƎǊŀǇƘƛŎǎ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ŎƻƳǇǳǘƛƴƎΦ b±L5L!Ωǎ ƭŀǘŜǎǘ Dt¦ ŀǊŎƘƛǘŜŎǘǳǊŜ, codenamed 

Kepler, ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ŀŘǾŀƴŎŜŘ Dt¦ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ǇƻǿŜǊǎ ǎƻƳŜ ƻŦ ǘƘŜ ŦŀǎǘŜǎǘ ŀƴŘ Ƴƻst power-

efficient gaming systems, workstations, supercomputers, and cloud gaming servers.  

Kepler-based GPUs such as the GeForce® GTXϰ Titan and GTX 780M are the engines behind some of the 

ǿƻǊƭŘΩǎ ƘƛƎƘŜǎǘ ǇŜǊŦƻǊƳƛƴƎ ƎŀƳƛƴƎ ŘŜǎƪǘƻǇ ŀƴŘ ƭŀǇǘƻǇ t/ǎ, respectively, delivering cutting-edge 

graphics performance for games such as Crysis 3, !ǎǎŀǎǎƛƴΩǎ /ǊŜŜŘ L±Υ .ƭŀŎƪ CƭŀƎ, Batman: Arkham 

Origins, and others. The Kepler-based NVIDIA Quadro® K6000 GPU powers many high-performance 

workstation systems that are used for 3D visualization and design, medical imaging, movie special 

effects, and numerous other scientific and engineering usages.  

Kepler-based NVIDIA Tesla® GPUs used for High Performance Computing (HPC) power some of the 

ǿƻǊƭŘΩǎ ŦŀǎǘŜǎǘ ǎǳǇŜǊŎƻƳǇǳǘŜǊǎ such as the Titan supercomputer at Oakridge National Labs, and also the 

most power-efficient supercomputers such as the Eurora System at Cineca Supercomputing Center in 

Italy. Many scientific researchers, energy engineers, and financial analysts throughout the world also use 

Kepler-based Tesla GPUs in their own personal and workgroup HPC systems.  

 

Figure 4 Mobile Kepler in Tegra K1 brings desktop class graphics architecture to Mobile 

The Kepler GPU in Tegra K1 is built on the same high performance, energy efficient Kepler GPU 

architecture that is found in these higher-end systems, and is an industry breakthrough for mobile 

graphics and computing. Kepler delivers the most advanced graphics for mobile gaming, and is the first 

modern mobile GPU capable of supporting all the GPU compute APIs.  
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The Kepler architecture boasts several key features such as the advanced Streaming Multiprocessor 

(SMX) for higher performance and power efficiency, Polymorph Engine v2.0 for improved Tessellation 

performance, bindless textures enabling up to one million simultaneous textures and higher efficiency, 

FXAAϰ and TXAAϰ anti-aliasing techniques for smoother visuals, and higher performance, PhysXϰ ŦƻǊ 

realistic collision, explosion, water, and smoke effects, and a new display engine for the next generation 

of 4K displays. A detailed explanation of these features and their benefits can be found in the Kepler 

architeŎǘǳǊŜ ǿƘƛǘŜǇŀǇŜǊǎ ǘƛǘƭŜŘ άNVIDIA GeForce GTX 680έ ŀƴŘ άb±L5L!Ωǎ bŜȄǘ DŜƴŜǊŀǘƛƻƴ /¦5! 

Compute ArchitectureέΦ 

 In addition Kepler will be the first mobile GPU that supports key API specifications such as OpenGL 4.4, 

DirectX 11.2, and /¦5!ϰ с3.  

 

Figure 5 Tegra K1's Kepler GPU supports the same features as the most powerful desktop gaming GPUs 

 The Kepler GPU delivers the graphics features, rich APIs, and compute architecture of its desktop 

counterpart, and has additional power optimizations for mobile usage.  

The Kepler GPU in Tegra K1 is a significant milestone in the history of computing and computer graphics 

and will drive a revolutionary change in mobile visual computing. 

 

                                                           
 

3
 Tegra K1 is capable of OpenCL 1.2. It will be supported based on customer needs. 

http://www.geforce.com/Active/en_US/en_US/pdf/GeForce-GTX-680-Whitepaper-FINAL.pdf
http://www.nvidia.com/content/PDF/kepler/NVIDIA-Kepler-GK110-Architecture-Whitepaper.pdf
http://www.nvidia.com/content/PDF/kepler/NVIDIA-Kepler-GK110-Architecture-Whitepaper.pdf
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Figure 6 Kepler is a major discontinuity in Mobile Graphics 

 

Figure 7 Tegra K1 brings never before seen visual realism to mobile devices 
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Kepler Graphics Architecture in Tegra K1 

The architecture of the Kepler GPU in Tegra K1 is virtually identical to the Kepler GPU architecture used 

in high-end systems, but also includes a number of optimizations for mobile system usage to conserve 

power and deliver industry-leading mobile GPU performance. While the highest-end Kepler GPUs in 

desktop, workstation, and supercomputers include up to 2880 single-precision floating point CUDA 

cores and consume a few hundred watts of power, the Kepler GPU in Tegra K1 consists of 192 CUDA 

cores and consumes less than two watts4. Note that the Tegra K1 Kepler GPU has more cores than many 

entry-level to mainstream desktop GPUs of just a few years ago. 

The Kepler architecture is organized in Graphics Processing Clusters (GPC), Streaming Multiprocessors 

(SMX), and memory controllers. For example, the Kepler based desktop GeForce GTX 680 GPU consists 

of four GPCs, eight SMX, and four memory controllers. The Kepler GPU in Tegra K1 consists of one GPC, 

one SMX unit and a memory interface. The Tegra K1 GPU includes four ROPs and has a 128KB L2 cache 

between the ROPs and the memory interface. 

 

Figure 8 Full Kepler GPU (left) and Kepler SMX Unit (right) in Tegra K1 

                                                           
 

4
 Average power measured on GPU power rail while playing a collection of popular mobile games. 
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The Kepler GPU in Tegra K1 supports the DX11.2 API with Hardware Feature Level 11_0, similar to the 

desktop Kepler GPUs, the latest OpenGL 4.4 specification, and NVIDIA CUDA 6, delivering several key 

features such as Tessellation, Bindless Textures, Global Illumination, deferred rendering, and advanced 

post-processing that will revolutionize graphics in mobile gaming. 

Tessellation 

Tessellation is one of the key features of OpenGL 4.x and DirectX 11.x that has profoundly influenced 3D 

graphics for PC gaming, and has increased the level of visual realism in PC games to being almost film-

like. Mobile Kepler GPU is the first mobile GPU to support hardware tessellation, delivering 

breakthrough geometric complexity and visual realism to mobile games and applications. More details 

on how tessellation works can be found here. Tessellation delivers more detailed terrains, character 

models, and environments.  

OpenGL4.x hardware-based tessellation allows the GPU to dynamically generate additional polygons 

ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜǊΩǎ viewpoint in a given scene. In contrast, OpenGL ES 2.0 requires pre-rendering up to 

fifty times more polygons to achieve the same visual quality and detail as that of hardware-based 

tessellation. Rendering these additional polygons in OpenGL ES2.0 is both performance intensive and 

power inefficient. YŜǇƭŜǊΩ ǎ support of OpenGL4.x based hardware tessellation allows it to deliver more 

detailed scenes at much higher frame rates and lower power consumption. 

 

Figure 9 Tesselation adds detail, depth and realism 

http://www.nvidia.com/object/tessellation.html
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Figure 10 Realistic Water and Terrain due to tessellation 

Bindless Textures 

In traditional GPU architectures, for the GPU to reference a texture, the texture had to be assigned a 

άǎƭƻǘέ ƛƴ ŀ ŦƛȄŜŘ-size binding table. The number of slots in that table ultimately limits how many unique 

textures a shader can read from at run time.  

With bindless textures in Kepler, the shader can reference textures directly in memory, making binding 

tables obsolete. This effectively eliminates any limits on the number of unique textures that can be used 

to render a scene. As a result, many more different texture materials can be used to increase the texture 

detail in a game. Another benefit of bindless textures is the reduced driver and application overhead 

and lower CPU utilization. 

 

Figure 11 Bindless textures delivers higher texture detail and lower CPU utilization in games 




























