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Introduction

In 2021, Google made a bold move by introducing its first custom system-on-chip (SoC), the Google
Tensor, powering the Pixel 6 series. Unlike previous Pixel phones that relied on off-the-shelf
Qualcomm Snapdragon processors, Tensor marked Googleâ??s shift toward in-house silicon
development. This strategic decision was aimed at enhancing AI, machine learning, computational
photography, and overall device performance.

Since then, Google has released successive generations of the Tensor chipâ??Tensor G2 (Pixel 7
series) and Tensor G3 (Pixel 8 series)â??each bringing refinements in efficiency, power, and AI
capabilities. But what exactly is the Google Tensor chip, and how does it impact Pixel performance?
This article breaks down its architecture, key features, and real-world benefits.

What Is the Google Tensor Chip?

The Google Tensor is a custom-designed system-on-chip (SoC) developed in collaboration with
Samsungâ??s Exynos team, leveraging Samsungâ??s 5nm and 4nm fabrication processes. Unlike
traditional mobile processors that prioritize raw CPU and GPU performance, Tensor is optimized for AI,
machine learning, and computational tasks, particularly in photography, voice processing, and real-
time language translation.

Key Components of the Tensor Chip

The Tensor SoC integrates multiple components, each playing a crucial role in device performance:

1. CPU (Central Processing Unit)
2. Tensor (Pixel 6/6 Pro): 2x Cortex-X1 (2.8GHz), 2x Cortex-A76 (2.25GHz), 4x Cortex-A55

(1.8GHz)
3. Tensor G2 (Pixel 7/7 Pro): 2x Cortex-X1 (2.85GHz), 2x Cortex-A78 (2.35GHz), 4x Cortex-A55

(1.8GHz)
4. Tensor G3 (Pixel 8/8 Pro): 1x Cortex-X3 (3.0GHz), 4x Cortex-A715 (2.45GHz), 4x Cortex-A510

(2.15GHz)
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5. Googleâ??s CPU design prioritizes efficiency over brute force, balancing high-performance
cores with power-saving ones.

6. GPU (Graphics Processing Unit)

7. Mali-G78 MP20 (Tensor & G2)
8. Mali-G715 MP10 (G3)

9. While not as powerful as Qualcommâ??s Adreno GPUs, Tensorâ??s GPU is optimized for AI-
enhanced graphics, improving gaming and image processing.

10. TPU (Tensor Processing Unit)

11. Googleâ??s custom AI accelerator, designed for machine learning tasks such as:

Real-time language translation
Voice recognition (Google Assistant)
Computational photography (Magic Eraser, Photo Unblur)
On-device AI processing (reducing cloud dependency)

12. ISP (Image Signal Processor)

13. The custom ISP works alongside the TPU to enhance photography and videography, enabling
features like:

Night Sight (low-light photography)
Real Tone (accurate skin tone representation)
Super Res Zoom (AI-enhanced digital zoom)
HDRnet (improved dynamic range in videos)

14. Modem & Connectivity

15. 5G support (via Samsungâ??s Exynos Modem 5123 in Tensor & G2, and Exynos Modem 5300
in G3)

16. Wi-Fi 6E & Bluetooth 5.2/5.3 for faster wireless connectivity

17. Security (Titan M2 Chip)

18. A dedicated security chip that handles:
Biometric authentication (fingerprint, face unlock)
Secure payments (Google Pay)
On-device encryption
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How Tensor Enhances Pixel Performance

Googleâ??s Tensor chip is not about beating benchmark scores but about delivering smarter, more
efficient performance in real-world usage. Hereâ??s how it improves the Pixel experience:

1. AI-Powered Photography & Videography

Tensorâ??s TPU and ISP work together to enable computational photography features that were
previously impossible or required cloud processing:

Magic Eraser â?? Removes unwanted objects from photos with AI.
Photo Unblur â?? Sharpens blurry images using machine learning.
Real Tone â?? Ensures accurate skin tones in photos.
Super Res Zoom â?? Enhances digital zoom with AI upscaling.
Night Sight â?? Improves low-light photography without a flash.
HDRnet Video â?? Delivers better dynamic range in videos.

2. On-Device AI & Machine Learning

Unlike many smartphones that rely on cloud processing for AI tasks, Tensor handles AI computations
locally, improving speed and privacy:

Live Translate â?? Real-time translation of calls, messages, and videos without an internet
connection.
Call Screen â?? AI-powered spam detection and call filtering.
Recorder App â?? On-device transcription and audio analysis.
Google Assistant â?? Faster voice recognition and contextual responses.

3. Improved Voice & Speech Processing

Tensorâ??s AI accelerators enhance voice-related features:

Clear Calling â?? Reduces background noise during calls.
Assistant Voice Typing â?? More accurate dictation with fewer errors.
Real-Time Captions â?? Instant subtitles for videos and calls.

4. Better Battery Efficiency

While Tensor isnâ??t the most power-efficient chip compared to Snapdragon or Appleâ??s A-series,
Google has optimized it for balanced performance and battery life:

Adaptive Battery â?? AI learns usage patterns to extend battery life.
Low-Power TPU â?? Handles background AI tasks efficiently.
Thermal Management â?? Prevents overheating during prolonged use.

5. Gaming & Graphics Performance
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Tensorâ??s GPU is not a gaming powerhouse, but it supports:
â?? 120Hz refresh rate (on Pixel 7 Pro & 8 Pro)
â?? AI-enhanced upscaling for smoother gameplay
â?? Googleâ??s Game Dashboard for performance monitoring

6. Future-Proofing with Software Optimizations

Google controls both hardware (Tensor) and software (Android), allowing for:
â?? Longer software support (7 years of updates for Pixel 8 series)
â?? Exclusive Pixel features (e.g., Magic Editor, Best Take)
â?? Seamless integration with Google services (Photos, Assistant, Maps)

Tensor vs. Competitors: How Does It Stack Up?

Feature
Google Tensor G3

(Pixel 8)
Apple A17 Pro (iPhone 15

Pro)
Qualcomm Snapdragon 8

Gen 3
CPU
Performance

Good (AI-focused) Best (high-performance) Best (benchmark leader)

GPU
Performance

Moderate Best (console-level) Best (Adreno 750)

AI & ML Best (on-device TPU) Excellent (Neural Engine) Excellent (Hexagon DSP)

Photography Best (computational) Excellent (hardware + AI) Good (ISP-dependent)

Battery
Efficiency

Good Best Good

5G Modem Exynos 5300 (decent) Qualcomm X70 (best) Snapdragon X75 (best)

Key Takeaways:

Tensor excels in AI and photography but lags in raw CPU/GPU performance.
Appleâ??s A-series chips dominate in speed and efficiency.
Snapdragon chips lead in benchmark scores and gaming.
Tensor is optimized for Googleâ??s ecosystem, making Pixels unique in AI and software
features.

Tensor G1 vs. G2 vs. G3: Evolution of Googleâ??s Chip

Feature Tensor (G1) Tensor G2 Tensor G3
Fabrication 5nm 5nm 4nm

CPU Cores 2x X1, 2x A76, 4x A55 2x X1, 2x A78, 4x A55 1x X3, 4x A715, 4x A510

GPU Mali-G78 MP20 Mali-G78 MP20 Mali-G715 MP10

TPU 1st Gen Improved 3rd Gen (faster AI)
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Feature Tensor (G1) Tensor G2 Tensor G3
ISP Custom Enhanced Next-gen (better video)

5G Modem Exynos 5123 Exynos 5300 Exynos 5300

Key Improvements First-gen AI Better efficiency Faster AI, 4nm process

Whatâ??s Next for Tensor?

Google is expected to continue refining Tensor with:
â?? Smaller fabrication nodes (3nm or 2nm) for better efficiency.
â?? More powerful TPU for advanced AI features.
â?? Improved GPU for better gaming performance.
â?? Enhanced modem for faster 5G speeds.

Conclusion

The Google Tensor chip represents a strategic shift in how Pixel phones are designedâ??prioritizing
AI, machine learning, and computational photography over raw benchmark performance. While it
may not match the speed of Snapdragon or Appleâ??s A-series chips, Tensor delivers unique, on-
device AI capabilities that enhance photography, voice processing, and real-time translation.

For users who value Googleâ??s software ecosystem, AI features, and long-term updates,
Tensor-powered Pixels offer a compelling experience. However, those seeking top-tier gaming or
benchmark dominance may find alternatives like the iPhone or Snapdragon-powered Android phones
more suitable.

As Google continues to refine Tensor, future iterations will likely close the performance gap while
maintaining the AI-first approach that defines the Pixel lineup. For now, Tensor remains a key
differentiator, setting Pixel phones apart in an increasingly competitive smartphone market.
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