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If youre an HP Pavilion user encountering issues with your touch screen functionality, dont fret. This article aims to provide you with comprehensive troubleshooting tips to help you identify and fix the problem. Whether its an unresponsive touch screen, erratic behavior, or any other issues, this guide will walk you through various potential causes
and their corresponding solutions, allowing you to regain the full functionality of your touch screen in no time.Common Causes Of Touch Screen Malfunction On HP PavilionThere are several common causes for touch screen malfunctions on HP Pavilion laptops. One possible reason is physical damage to the screen, such as cracks or scratches. These
damages can interfere with the touch responsiveness of the screen. Another common cause is outdated or corrupted drivers. Over time, drivers can become incompatible with the operating system or other software, causing issues with the touch screen functionality. Additionally, software glitches or conflicts can also lead to touch screen malfunctions.
Running multiple programs simultaneously or using incompatible software may cause the touch screen to freeze or become unresponsive. Lastly, incorrect touch screen sensitivity settings can affect the overall touch experience. Its important to ensure that the sensitivity settings are properly adjusted for optimal performance. By understanding these
common causes, users can effectively troubleshoot touch screen issues on their HP Pavilion laptops and find appropriate solutions.Basic Troubleshooting Steps For Touch Screen Issues:If your touch screen on your HP Pavilion is not responding or is behaving erratically, there are a few basic troubleshooting steps you can try before seeking
professional assistance. These steps can help you identify and potentially resolve the issue:1. Restart your device: Sometimes a simple restart can fix minor software glitches that may be affecting the touch screen.2. Clean the screen and your hands: Ensure that the touch screen is clean and free from any dirt, dust, or moisture. Additionally, make
sure your hands are clean and dry as oily or wet fingers may interfere with touch screen responsiveness.3. Disable and enable the touch screen: Go to the Device Manager in the Control Panel and locate the Human Interface Devices section. Expand it and find the touch screen driver. Right-click on it and select Disable. Wait for a few seconds, then
right-click on it again and choose Enable.4. Perform a touch screen diagnostic test: HP Pavilion laptops usually come with a built-in touch screen diagnostic tool. Launch it and follow the on-screen instructions to identify and troubleshoot touch screen issues.5. Perform a system restore: If the touch screen issues started recently after a software
installation or update, performing a system restore to a previous point when the touch screen was functioning correctly may resolve the problem.These basic troubleshooting steps can often resolve touch screen issues on your HP Pavilion. However, if the problem persists, it may be necessary to explore further troubleshooting options or seek
professional assistance.Checking For Software Updates And Driver ProblemsWhen your touch screen stops responding, one of the first steps you should take is checking for software updates and driver problems. Outdated software or incompatible drivers can often cause touch screen malfunctions on your HP Pavilion.To check for software updates,
go to the HP support website and navigate to the Software and Drivers section. Enter your system model and select the operating system you are using. Download and install any available updates.Next, you should also update your touch screen and display drivers. Open the Device Manager by right-clicking on the Start button and selecting it from
the menu. Expand the Human Interface Devices category and locate the touch screen driver. Right-click on it and choose Update driver. You can either search automatically for updated driver software or browse your computer for driver software.After updating the software and drivers, restart your HP Pavilion and see if the touch screen starts
working again. If not, move on to the next troubleshooting steps. Remember, regularly checking for software updates and updating drivers can help prevent future touch screen issues on your HP Pavilion.Calibrating The Touch Screen On Your HP PavilionCalibrating the touch screen on your HP Pavilion can help resolve issues such as inaccurate
touch responses or unresponsive areas. It is essential to recalibrate the touch screen regularly to ensure optimal performance. Here are the steps to calibrate the touch screen on your HP Pavilion:1. Go to the Start menu and open the Control Panel.2. Click on the Hardware and Sound option.3. Under the Tablet PC Settings section, select Calibrate
the screen for pen or touch input.4. A calibration wizard will appear on the screen. Follow the on-screen instructions to complete the calibration process.5. During calibration, make sure you use a stylus or your finger and touch the crosshairs precisely to achieve accurate calibration.6. After completing the calibration, test the touch screen to see if
the issues have been resolved.Calibrating the touch screen can often resolve touch screen problems related to accuracy and responsiveness. If the issues persist even after calibration, you may need to seek further troubleshooting steps or professional assistance for hardware-related problems.Resolving Hardware-related Touch Screen
ProblemsHardware-related touch screen problems can occur due to various reasons, such as loose connections, faulty digitizer, or damaged components. If you are experiencing touch screen issues on your HP Pavilion, it is essential to troubleshoot these hardware-related problems before seeking professional assistance.Firstly, check all the physical
connections between the touch screen and the computer. Ensure that the cables are securely attached and not damaged. If you find any loose connections, reconnect them properly.Next, clean the touch screen surface using a soft, lint-free cloth to remove any dirt, dust, or smudges that may interfere with its functionality. Additionally, avoid using
harsh chemicals or abrasive materials during the cleaning process.If the touch screen problem persists, it might indicate a faulty digitizer. In such cases, restarting your computer or performing a system restore may help. However, if these steps do not resolve the issue, it is recommended to contact HP customer support or a professional technician
who can diagnose and repair any hardware-related problems with your touch screen.Adjusting Touch Screen Sensitivity SettingsAdjusting touch screen sensitivity settings can help resolve touch screen issues on your HP Pavilion. Sometimes, the touch screen may be too sensitive or not responsive enough, causing frustration while trying to interact
with your device. Here are a few steps you can follow to adjust the touch screen sensitivity:1. Go to the Start menu and open the Control Panel on your HP Pavilion.2. Look for the Hardware and Sound section and click on the Pen and Touch option.3. In the Pen and Touch window, navigate to the Touch tab.4. Under the Touch Sensitivity section, youll
find a slider to adjust the touch sensitivity. Move the slider to the left or right to increase or decrease sensitivity, respectively.5. Test the touch screen after making the adjustments to see if the issue is resolved.6. If the problem persists, you can also try using the Reset button in the Pen and Touch window to restore the default touch screen
settings.By adjusting the touch screen sensitivity settings, you have a better chance of resolving touch screen problems and improving your overall user experience on your HP Pavilion.Seeking Professional Assistance For Touch Screen Repairs On HP PavilionIf you have exhausted all troubleshooting steps and your touch screen on HP Pavilion is still
not working, it might be time to seek professional assistance for repairs. While some touch screen issues can be resolved by following basic troubleshooting steps, there are certain problems that require specialized knowledge and tools that only professionals possess.When your touch screen becomes unresponsive or exhibits strange behavior, it could
indicate a hardware problem that needs to be diagnosed and fixed by experts. Professional technicians have the expertise to accurately identify the underlying issue, whether its a faulty digitizer, broken components, or a malfunctioning connection.Attempting to repair the touch screen yourself without the necessary knowledge could potentially cause
further damage and void any existing warranties. By reaching out to a professional, you can ensure that your HP Pavilion touch screen is in the hands of experts who can restore it to proper working condition.Remember to choose reputable repair services that specialize in HP Pavilion devices and provide warranties on their work, so you can have
peace of mind knowing that your touch screen will be fixed reliably.Frequently Asked Questionsl. Why isnt my touch screen responding at all?There could be several reasons why your touch screen is not working on your HP Pavilion. First, make sure that the touch screen feature is enabled in the device settings. If it is already enabled, try restarting
your device as a simple restart can resolve many software-related issues. If the problem persists, it could be a hardware issue, and you may need to contact technical support for further assistance.2. How can I troubleshoot intermittent touch screen responsiveness?If your touch screen is occasionally unresponsive, it is possible that debris or dirt may
have accumulated on the screen. Start by cleaning the screen using a soft, lint-free cloth. Avoid using harsh chemicals or abrasive materials as they can scratch the surface. Another potential solution is to update the devices drivers. Check the manufacturers website for the latest driver updates and install them, if available. If these steps dont resolve
the issue, consider performing a calibration of the touch screen within the device settings.3. Why does my touch screen work with a stylus but not with my finger?If your touch screen only responds to a stylus but not your finger, it is possible that the touch sensitivity settings are incorrectly configured. Check the device settings for touch sensitivity
and adjust them as needed. Additionally, make sure that your finger is clean and dry while using the touch screen, as moisture or dirt on your finger could affect its responsiveness. If the problem persists, consider contacting technical support for further assistance.4. What should I do if the touch screen is not accurate and registers incorrect touches?
If you notice that your touch screen registers incorrect touches or has difficulty accurately recognizing your inputs, you can troubleshoot the issue by calibrating the touch screen within the device settings. Follow the instructions provided by the manufacturer on how to perform the calibration process. Additionally, ensure that your touch screen is
free of any physical damage or scratches, as these can affect its accuracy. If the problem continues, contacting technical support may be necessary to further diagnose and resolve the issue.The ConclusionIn conclusion, when facing touch screen issues on an HP Pavilion, there are several troubleshooting tips that can be followed. From checking for
software updates to performing a hard reset, identifying and resolving the issue can often be achieved without the need for professional assistance. Whether its recalibrating the touch screen or disabling conflicting software, these steps can be helpful in restoring the touch screen functionality and ensuring a seamless user experience.Touch screens
are one of the most convenient features of modern HP laptops. They make navigation faster, efficient, intuitive, and often more fununtil they stop working. Suddenly, dragging, swiping, tapping, and scrolling turn into frustrating tasks.At Asurion, we're the tech experts you can trusteach year, more than 30 million people rely on us to keep their tech
running. So whether your screen is sporadically unresponsive or completely non-functional, our solutions will get your touch screen back to its smooth, responsive self. Why is my HP touch screen not working?First, identify potential causes for your HP laptop's touch screen not working. Here are some of the most common reasons it might be acting
up:Physical damage. Even small cracks or scratches can prevent your touch screen from working properly. If you spot any damage, your best bet is to bring your laptop to an HP repair expert for assessment and repair.Disabled touch screen settings.Sometimes, users can switch off touch screen settings by mistake. This issue is one of the quickest to
fix. Driver problems. Outdated or corrupted drivers are a primary cause of touch screen functionality issues. Software hitches. Old Windows versions or unsupported settings may cause problems.Calibration issues. If your touch screen is unresponsive or detects incorrect taps, it may need reconfiguration. Now that you understand the main reasons,
learn solutions to breathe life back into your touch screen.Before you beginTo make troubleshooting more efficient, do some prep work:Connect your laptop to a reliable power source: Troubleshooting often requires considerable power. Some hardware checks or updates may fail if the battery level is low.Have a strong internet connection: Many
troubleshooting steps need quick access to online resources. This includes downloading drivers or updates without interruption.Clean your screen: Use a microfiber cloth to avoid scratching the display. It will remove any debris that could hamper touch sensitivity.Disconnect external devices: Unplug any devices that could affect the touchscreen.
Examples include USB drives or extra monitors.Troubleshooting HP touch screen issuesNow youre prepared and understand some of the underlying issues, lets take a look at some steps you can try to solve the problem.Enable the touch screenSometimes, the solution is as simple as re-enabling your touchscreen.Search for Device Manager in the
Windows search bar and select it.Expand the Human Interface Devices section.Look for HID-compliant touch screen in the list.Right-click on it and select Enable device. If you dont see the option, it may already be enabled.Restart your laptop to apply the changes.Tap or swipe on your screen to see if it responds. If it doesn't react, try restarting your
computer.Restart your laptop It may sound simple, but restarting can often resolve temporary glitches.Click on the Start menu. Select Power, then choose Restart. After rebooting, tap or swipe the screen to test responsiveness.Recalibrate the touch screenlf your issue with your HP touch screen laptop not working involves faulty taps or erratic
behavior, recalibration can help improve responsiveness. Search for Control Panel in the Windows search bar and select it.Select Hardware and Sound and then click on Tablet PC Settings.Under the Display tab, click on Calibrate. If you have multiple screens, ensure the correct one is selected.Follow the on-screen instructions by tapping the
crosshairs as they appear.Select OK or Apply to save your changes.If the problem remains, it's time to update your drivers. Update touch screen driversOutdated or corrupted drivers often cause touch screen malfunctions. When you update your drivers, your HP touch screen becomes compatible with the latest operating system updates. Search for
Device Manager in the Windows search bar and select it from the results.Expand the Human Interface Devices section.Right-click on HID-compliant touch screen, select Update driver, and choose Search automatically for drivers.After the driver update completes, restart your laptop to apply the changes.This process should install any missing
updates for your touchscreen. Once it's complete, restart your laptop to see if the problem continues.If Windows cant find updates or you need a specific version, visit the HP support website to download compatible drivers.Run Windows TroubleshooterThe built-in Windows Troubleshooter helps find and fix touch screen software issues.Search for
Troubleshoot Settings in the Start menu. Click on Additional Troubleshooters (or something similar, depending on your Windows version). Under the Find and Fix Other Problems section, select Hardware and Devices. Click Run the Troubleshooter.Follow the on-screen instructions to complete the process.If you've tried these steps and still need a
little help, we're right around the corner. Schedule a repair at the nearest uBreakiFix by Asurion store and our certified experts can get your device back up and running as soon as the same day.Family of central processing unit modelsAMD Athlon IIGeneral informationLaunched2009Marketed byAMDDesigned byAMDCommon
manufacturerGlobalFoundriesPerformanceMax. CPU clock ratel.6GHz to 3.5GHzHyperTransport speeds1.8GHz to 2GHzArchitecture and classificationTechnologynode45 nm to 32 nmMicroarchitectureAMD K10Instructionsetx86-64Physical specificationsCores1 - 4SocketsAM3AM2+FM1FM2FM2+AM4Products, models, variantsCorenamesSargas
[1]RegorPropusRanallanoHistoryPredecessorAthlon X2SuccessorsA-Series (APU)AMD FXAthlon II is a family of AMD multi-core 45nm central processing units, which is aimed at the budget to mid-range market and is a complementary product lineup to the Phenom II.The Athlon II series is based on the AMD K10 architecture and derived from the
Phenom II series. However, unlike its Phenom siblings, it does not contain any L.3 Cache. There are two principal Athlon II dies: the dual-core Regor die with 1MB L2 Cache per core and the four-core Propus with 512 KB per core. Regor is a native dual-core design with lower TDP and additional L2 to offset the removal of L3 cache.[2] The Athlon II x2
200e-220 chips have less L2 cache than the rest of the Regor line. The triple-core Rana is derived from the Propus quad-core design, with one core disabled. In some cases, the Phenom II Deneb die is used with disabled L3 cache and cores in the case.[3][4]Includes: AMD Direct Connect Architecture AMD Wide Floating Point Accelerator AMD Digital
Media XPress 2.0 Technology AMD PowerNow! Technology (CoolnQuiet Technology) HyperTransport Technology (not the same as Intel Hyper-Threading Technology)Processors with an "e" following the model number (e.g., 245€) are low-power models, typically 45W for Athlons, 65W for Phenoms. Processors with a "u" following the model number
(e.g., 250u) are ultra-low voltage models.AMD Athlon II-based processor familyAMD K10Quad-coreDual-core[5]Quad-coreTriple-coreDual-coreSingle-coreCodenamelLlanoPropusRanaRegorSargasLithography32nm45nmSocketFM1AM3Date releasedAug 2011Feb-Jun 2012Sep 2009Nov 2009]Jun 2009Aug 2009For a list of Athlon II processors, see: List
of AMD Athlon II processorsTwo AMD K10 cores (Some are chip harvested Propus or Deneb with two cores disabled[6])L.1 cache: 64 kB + 64 kB (data + instructions) per coreL2 cache: 1024 kB per core, full-speed (512 kB per core in Athlon II X2 200e-220)Memory controller: dual channel DDR2-1066MHz (AM2+), dual channel DDR3-1333 (AM3)
with unganging optionMMX, Extended 3DNow!, SSE, SSE2, SSE3, SSE4a, AMDG64, Cool'n'Quiet, NX bit, AMD-VSocket AM3, HyperTransport with 2GHzDie Size: 117mm [7]Power consumption (TDP): 25-65 WattsFirst releaseJune 2009 (Stepping C2)Clock rate: 1.6 - 3.6GHzModels: Athlon II X2 250u - 280Three AMD K10 cores chip harvested from
Propus or Deneb with one core disabled[6]L1 cache: 64 kB + 64 kB (data + instructions) per corelL2 cache: 512 kB per core, full-speedMemory controller: dual channel DDR2-1066MHz (AM2+), dual channel DDR3-1333 (AM3) with unganging optionMMX, Extended 3DNow!, SSE, SSE2, SSE3, SSE4a, AMD64, Cool'n'Quiet, NX bit, AMD-VSocket AM3,
HyperTransport with 2GHzDie Size: 169mm [7]Power consumption (TDP): 45 Watts or 95 WattsFirst releaseOctober 2009 (Stepping C2)Clock rate: 2.23.4GHzModels: Athlon II X3 400e - 460Athlon II X4 640 3.00 GHzFour AMD K10 cores chip harvested from Deneb with L3 cache disabled[6]L1 cache: 64 kB + 64 kB (data + instructions) per corel2
cache: 512 kB per core, full-speedMemory controller: dual channel DDR2-1066MHz (AM2+), dual channel DDR3-1333 (AM3) with unganging optionMMX, Extended 3DNow!, SSE, SSE2, SSE3, SSE4a, AMDG64, Cool'n'Quiet, NX bit, AMD-VSocket AM3, HyperTransport with 2GHzDie Size: 169mm [7]Power consumption (TDP): 45 Watts or 95 WattsFirst
releaseSeptember 2009 (Stepping C2)Clock rate: 2.23.1GHzModels: Athlon II X4 600e - 645, Phenom II x4 840List of AMD Athlon processorsList of AMD Athlon X2 processorsList of AMD Athlon II processorsList of AMD Phenom processors”™ AMD Athlon II 170u - AD170UEAK13GM”™ AMD Introduces Next Generation AMD Athlon II Processor, Adds
Dual Core to Record-Setting AMD Phenom II”™ Athlon IT X4 620: AMD's new Quad-Core CPU reviewed”™ Athlon II X2 220 unlocks into Phenom II 920"~ Shvets, Gennadiy. "Obscure CPUs: Sempron X2 198 and Athlon IT X2 221". CPU World. Retrieved 3 March 2016.” a b ¢ "List of Unlockable AMD CPUs".”™ a b ¢ "AMD Phenom II X6: Thuban the
Dragon". Archived from the original on 2014-02-28. Retrieved 2011-02-07.AMD product websiteRetrieved from " 2Extension to the x86 instruction set by AMD3DNow!Design firmAdvanced Micro DevicesIntroduced1998Typeinstruction set architecture3DNow! is a deprecated extension to the x86 instruction set developed by Advanced Micro Devices
(AMD). It adds single instruction multiple data (SIMD) instructions to the base x86 instruction set, enabling it to perform vector processing of floating-point vector operations using vector registers. This improvement enhances the performance of many graphics-intensive applications. The first microprocessor to implement 3DNow! was the AMD K6-2,
introduced in 1998. In appropriate applications, this enhancement raised the speed by about 24 times.[1]However, the instruction set never gained much popularity, and AMD announced in August 2010 that support for 3DNow! would be dropped in future AMD processors, except for two instructions, PREFETCH and PREFETCHW.[2] These two
instructions are also available in Bay-Trail Intel processors.[3]3DNow! was developed at a time when 3D graphics were becoming mainstream in PC multimedia and games. Realtime display of 3D graphics depended heavily on the host CPU's floating-point unit (FPU) to perform floating-point calculations, a task in which AMD's K6 processor was easily
outperformed by its competitor, the Intel Pentium II.As an enhancement to the MMX instruction set, the 3DNow! instruction-set augmented the MMX SIMD registers to support common arithmetic operations (add/subtract/multiply) on single-precision (32-bit) floating-point data. Software written to use AMD's 3DNow! instead of the slower x87 FPU
could execute up to four times faster, depending on the instruction mix.The first implementation of 3DNow! technology contains 21 new instructions that support SIMD floating-point operations. The 3DNow! data format is packed, single-precision, floating-point. The 3DNow! instruction set also includes operations for SIMD integer operations, data
prefetch, and faster MMX-to-floating-point switching. Later, Intel would add similar (but incompatible) instructions to the Pentium III, known as SSE (Streaming SIMD Extensions).3DNow! floating-point instructions are the following:PI2FD Packed 32-bit integer to floating-point conversionPF2ID Packed floating-point to 32-bit integer
conversionPFCMPGE Packed floating-point comparison, greater or equalPFCMPGT Packed floating-point comparison, greaterPFCMPEQ Packed floating-point comparison, equalPFACC Packed floating-point accumulatePFADD Packed floating-point additionPFSUB Packed floating-point subtractionPFSUBR Packed floating-point reverse
subtractionPFMIN Packed floating-point minimumPFMAX Packed floating-point maximumPFMUL Packed floating-point multiplicationPFRCP Packed floating-point reciprocal approximationPFRSQRT Packed floating-point reciprocal square root approximationPFRCPIT1 Packed floating-point reciprocal, first iteration stepPFRSQIT1 Packed floating-
point reciprocal square root, first iteration stepPFRCPIT2 Packed floating-point reciprocal/reciprocal square root, second iteration step3DNow! integer instructions are the following:PAVGUSB Packed 8-bit unsigned integer averagingPMULHRW Packed 16-bit integer multiply with rounding3DNow! performance-enhancement instructions are the
following:FEMMS Faster entry/exit of the MMX or floating-point state PREFETCH/PREFETCHW Prefetch at least a 32-byte line into L1 data cache (this is the only non-deprecated instruction)There is little or no evidence that the second version of 3DNow! was ever officially given its own trade name. This has led to some confusion in documentation
that refers to this new instruction set. The most common terms are Extended 3DNow!, Enhanced 3DNow! and 3DNow!+. The phrase "Enhanced 3DNow!" can be found in a few locations on the AMD website but the capitalization of "Enhanced" appears to be either purely grammatical or used for emphasis on processors that may or may not have these
extensions (the most notable of which references a benchmark page for the K6-III-P that does not have these extensions).[4][5]This extension to the 3DNow! instruction set was introduced with the first-generation Athlon processors. The Athlon added five new 3DNow! instructions and 19 new MMX instructions. Later, the K6-2+ and K6-III+ (both
targeted at the mobile market) included the five new 3DNow! instructions, leaving out the 19 new MMX instructions. The new 3DNow! instructions were added to boost DSP. The new MMX instructions were added to boost streaming media.The 19 new MMX instructions are a subset of Intel's SSE instruction set. In AMD technical manuals, AMD
segregates these instructions apart from the 3DNow! extensions.[4] In AMD customer product literature, however, this segregation is less clear where the benefits of all 24 new instructions are credited to enhanced 3DNow! technology.[6] This has led programmers to come up with their own name for the 19 new MMX instructions. The most common
appears to be Integer SSE (ISSE).[7] SSEMMX and MMX2 are also found in video filter documentation from the public domain sector. ISSE could also refer to Internet SSE, an early name for SSE.3DNow! extension DSP instructions are the following:PF2IW Packed floating-point to integer word conversion with sign extendPI2FW Packed integer word
to floating-point conversionPFNACC Packed floating-point negative accumulatePFPNACC Packed floating-point mixed positive-negative accumulatePSWAPD Packed swap doublewordMMX extension instructions (Integer SSE) are the following:MASKMOVQ Streaming (cache bypass) store using byte maskMOVNTQ Streaming (cache bypass)
storePAVGB Packed average of unsigned bytePAVGW Packed average of unsigned wordPMAXSW Packed maximum signed wordPMAXUB Packed maximum unsigned bytePMINSW Packed minimum signed wordPMINUB Packed minimum unsigned bytePMULHUW Packed multiply high unsigned wordPSADBW Packed sum of absolute byte
differencesPSHUFW Packed shuffle wordPEXTRW Extract word into integer registerPINSRW Insert word from integer registerPMOVMSKB Move byte mask to integer registerPREFETCHNTA Prefetch using the NTA referencePREFETCHTO Prefetch using the TO referencePREFETCHT1 Prefetch using the T1 referencePREFETCHT?2 Prefetch using the
T2 referenceSFENCE Store fence3DNow! Professional is a trade name used to indicate processors that combine 3DNow! technology with a complete SSE instructions set (such as SSE, SSE2 or SSE3).[8] The Athlon XP was the first processor to carry the 3DNow! Professional trade name, and was the first product in the Athlon family to support the
complete SSE instruction set (for the total of: 21 original 3DNow! instructions; five 3DNow! extension DSP instructions; 19 MMX extension instructions; and 52 additional SSE instructions for complete SSE compatibility).[9]The Geode GX and Geode LX added two new 3DNow! instructions which is absent in all other processors.3DNow! "professional"
instructions unique to the Geode GX/LX are the following:PFRSQRTV Reciprocal square root approximation for a pair of 32-bit floatsPFRCPV Reciprocal approximation for a pair of 32-bit floatsOne advantage of 3DNow! is that it is possible to add or multiply the two numbers that are stored in the same register. With SSE, each number can only be
combined with a number in the same position in another register. This capability, known as horizontal in Intel terminology, was the major addition to the SSE3 instruction set.A disadvantage with 3DNow! is that 3DNow! instructions and MMX instructions share the same register-file, whereas SSE adds 8 new independent registers
(XMMOXMM7).Because MMX/3DNow! registers are shared by the standard x87 FPU, 3DNow! instructions and x87 instructions cannot be executed simultaneously. However, because it is aliased to the x87 FPU, the 3DNow! and MMX register states can be saved and restored by the traditional x87 F(N)SAVE and F(N)RSTOR instructions. This
arrangement allowed operating systems to support 3DNow! with no explicit modifications, whereas SSE registers required explicit operating system support to properly save and restore the new XMM registers (via the added FXSAVE and FXRSTOR instructions.)The FX* instructions from SSE provide a functional superset of the older x87 save and
restore instructions. They can save not only SSE register states but also the x87 register states (hence are applicable also for MMX and 3DNow! operations where supported).On AMD Athlon XP and K8-based cores (i.e. Athlon 64), assembly programmers have noted that it is possible to combine 3DNow! and SSE instructions to reduce register
pressure, but in practice it is difficult to improve performance due to the instructions executing on shared functional units.[10]All AMD processors after K6-2 (based on K6), Athlon, Athlon 64 and Phenom architecture families.Not supported in Bulldozer, Bobcat and Zen architecture processors and their derivates.The last AMD APU processor
supporting 3DNow! is the A8-3870K, which is based on the Llano architecture. It is also the only APU with 3DNow! instructions, as the Bobcat and up exclude support for it.National Semiconductor Geode GX2, later AMD Geode.VIA C3 (also known as Cyrix III) "Samuel", "Samuel 2", "Ezra", and "Eden ESP" cores.IDT WinChip 2, 3~ "Effectively
Utilizing 3DNow in Linux". Linux Journal. December 1, 1999. Archived from the original on 2011-06-07. Retrieved 2010-10-03.” "3DNow Instructions are Being Deprecated | AMD Developer Central". Blogs.amd.com. 2010-08-18. Archived from the original on 2010-10-24. Retrieved 2010-10-03.” "IntelE38xx - MinnowBoard Wiki". Archived from the
original on 11 February 2017. Retrieved 13 February 2017.” a b "AMD Extensions to the 3DNow and MMX Instruction Sets Manual" (PDF). Advanced Micro Devices, Inc. March 2000. Archived (PDF) from the original on 2008-05-17. Retrieved 2008-06-07.”~ "Mobile AMD-K6-III-P Processor-Based Notebook: Ziff-Davis CPUmark 99". Archived from the
original on 2008-07-24. Retrieved 2008-06-07. Incorrect title on page: Mobile AMD-K6-III1+ and Mobile AMD-K6-2+ Processors with Enchanced [sic] 3DNow! Technology”™ "AMD Athlon Processor Product Brief". Advanced Micro Devices, Inc. Archived from the original on 2008-02-25. Retrieved 2008-06-08.”~ "ISSE". AviSynth. Archived from the
original on 2017-07-02. Retrieved 2017-07-19.” "Explaining the new 3DNow! Professional Technology". Advanced Micro Devices, Inc. Archived from the original on 2009-01-21. Retrieved 2008-06-08.”™ "AMD Athlon XP Architectural Features". Advanced Micro Devices, Inc. Archived from the original on 2008-02-25. Retrieved 2008-06-08.” Larry
Lewis (9 July 2003). "3DNow+ vs SSE on Athlon XP". Newsgroup:comp.sys.ibm.pc.hardware.chips. Usenet:ad82cd69.0307090931.25391323@posting.google.com. Archived from the original on 2012-10-03. Retrieved 4 January 2023 via Google Groups.Case, Brian (1 June 1998). "3DNow Boosts Non-Intel 3D Performance". Microprocessor
Report.Oberman, S.; Favor, G.; Weber, F. (March 1999). "AMD 3DNow technology: architecture and implementations". IEEE Micro.3DNow Technology Partners, archived from the original (removed from AMD's website in early 2001)AMD 3DNow Instruction Porting Guide (PDF), archived from the original (removed from AMD's website in
2014)3DNow Technology ManualAMD Extensions to the 3DNow and MMX Instruction Sets ManualAMD Geode LX Processors Data BookAMD 3DNow! SDK March 1999, archivedRetrieved from " 3The following pages link to 3DNow! External tools(link counttransclusion countsorted list) See help page for transcluding these entriesShowing 50
items.View (previous 50 | next 50) (20 | 50 | 100 | 250 | 500)AMD (links | edit)Athlon (links | edit)DEC Alpha (links | edit)AMD K6 (links | edit)Pascal (programming language) (links | edit)Quake II (links | edit)Windows 2000 (links | edit)X86 (links | edit)Instruction set architecture (links | edit)Single instruction, multiple data (links | edit)AltiVec (links |
edit)MMX (instruction set) (links | edit)Streaming SIMD Extensions (links | edit)Vector processor (links | edit)Visual Instruction Set (links | edit)Windows 98 (links | edit)Duron (links | edit)Direct3D (links | edit)SuperH (links | edit)Opteron (links | edit)ATI Technologies (links | edit)Athlon 64 (links | edit)X86 assembly language (links | edit)X86-64 (links
| edit)VIA C3 (links | edit)AMD K6-2 (links | edit)AMD K6-III (links | edit)SSE2 (links | edit)List of AMD Athlon XP processors (links | edit)List of AMD Opteron processors (links | edit)Processor register (links | edit)SSE3 (links | edit)WinChip (links | edit)3dnow! (redirect page) (links | edit)X86 instruction listings (links | edit)List of AMD Duron
processors (links | edit)List of AMD Athlon 64 processors (links | edit)List of AMD Athlon processors (links | edit)Windows NT 4.0 (links | edit)Xilinx (links | edit)Sempron (links | edit)PowerNow! (links | edit)Array programming (links | edit)List of AMD Sempron processors (links | edit)3DNow (redirect page) (links | edit)Table of AMD processors (links |
edit)3dnow (redirect page) (links | edit)User:Dcljr/CPU (links | edit)Socket 939 (links | edit)Geode (processor) (links | edit)Einstein@Home (links | edit)List of AMD Turion processors (links | edit)View (previous 50 | next 50) (20 | 50 | 100 | 250 | 500)Retrieved from " WhatLinksHere/3DNow!" Since the screen works, but touch fails, then possibly the
cable used for the touch screen is damaged.Go to the below site and enter your serial number for the part you needOnce you find the part number you can search the internet for a vendor. Amazon, eBay, AliExpress, all have their own search engines.Display Screen: Screens can have OEM parts such as LG, Samsung, etc. An HP part number may
include the OEM screen plus mounting hardware which makes it easier to replace but sometimes harder to find if the system is older than a few years.When you search for the part number be sure to include AliExpress as most screens are made in Asia. To find disassembly video click here Thank you for using HP products and posting to the
community.l am a community volunteer and do not work for HP. If you findthis post useful click the Yes button. If I helped solve yourproblem please mark this as a solution so others can find it View solution in original post Brand of computer productsRadeonTop: LogoBottom: The most recent flagship model, the AMD Radeon RX 7900 XTXRelease
datelApril 2000; 25 years ago(2000-04-01) by ATI TechnologiesManufactured byATI TechnologiesAMDSamsungTSMCDesigned byATI (20002006)AMD (2006present)Models200002: Radeon 7000, 8000, 9000 series 200405: Radeon X300-X600, X700, X800, X1000 series200713: Radeon HD 2000, HD 3000, HD 4000, HD 5000, HD 6000, HD 7000, HD
8000 series2013present: Radeon R5/R7/R9 200, R5/R7/R9 300, RX 400, RX 500, RX Vega, RX 5000, RX 6000, RX 7000, RX 9000 seriesTransistors R100 30M 180nm R200 60M 150 nm R360 117M 150 nm R481 160M 130nm RV410 120M 110 nm R580 384M 80 nm R600 700M 80 nm RV670 666M 55 nm RV790 959M 55 nm Cypress 2,154M 40 nm
Cayman 2,640M 40 nm Tahiti 4,313M 28 nm Hawaii 6,200M 28 nm Fiji 8, 900M 28 nm Polaris 5,700M 14nm Vega 12,500M 14 nmVega II 13,230M 7nm Navi 10,300M 7 nm Navi 2X 26,800M 7 nm Navi 3X 58,000M 5nm Navi 4X 53,900M 4nmFabrication process180 nm to 4 nmHistoryPredecessorRageRadeon (/redin/) is a brand of computer products,
including graphics processing units, random-access memory, RAM disk software, and solid-state drives, produced by Radeon Technologies Group, a division of AMD.[1] The brand was launched in 2000 by ATI Technologies, which was acquired by AMD in 2006 for US$5.4billion.Radeon Graphics is the successor to the Rage line. Four different families
of microarchitectures can be roughly distinguished, the fixed-pipeline family, the unified shader model-families of TeraScale, Graphics Core Next, and RDNA. ATI/AMD have developed different technologies, such as TruForm, HyperMemory, HyperZ, XGP, Eyefinity for multi-monitor setups, PowerPlay for power-saving, CrossFire (for multi-GPU) or
Hybrid Graphics. A range of SIP blocks is also to be found on certain models in the Radeon products line: Unified Video Decoder, Video Coding Engine and TrueAudio.The brand was previously only known as "ATI Radeon" until August 2010, when it was renamed to increase AMD's brand awareness on a global scale.[2] Products up to and including
the HD 5000 series are branded as ATI Radeon, while the HD 6000 series and beyond use the new AMD Radeon branding.[3]On 11 September 2015, AMD's GPU business was split into a separate unit known as Radeon Technologies Group, with Raja Koduri as Senior Vice President and chief architect.[1][4]JAMD does not distribute Radeon cards
directly to consumers (though some exceptions can be found).[5] Instead, it sells Radeon GPUs to third-party manufacturers, who build and sell the Radeon-based video cards to the OEM and retail channels. Manufacturers of the Radeon cardssome of whom also make motherboardsinclude ASRock, Asus, Biostar, Club 3D, Diamond, Force3D,
Gainward, Gigabyte, HIS, PowerColor, Sapphire, VisionTek, and XFX.Generations timeline Fixed-pipeline family TeraScale-family Graphics Core Next-family RDNA-family2000Radeon R1002001Radeon R2002002Radeon R30020032004Radeon R4002005Radeon R50020062007Radeon R600Radeon RV6702008Radeon
R7002009Evergreen2010Northern Islands20112012Southern Islands2013Sea Islands20142015Volcanic Islands2016Arctic Islands2017PolarisVega20182019Navi2020Navi 2X20212022Navi 3XEarly generations were identified with a number and major/minor alphabetic prefix. Later generations were assigned code names. New or heavily redesigned
architectures have a prefix of R (e.g., R300 or R600) while slight modifications are indicated by the RV prefix (e.g., RV370 or RV635).The first derivative architecture, RV200, did not follow the scheme used by later parts.Main article: Radeon R100 seriesThe Radeon, first introduced in 2000, was ATI's first graphics processor to be fully DirectX 7
compliant. R100 brought with it large gains in bandwidth and fill-rate efficiency through the new HyperZ technology.The RV200 was a die-shrink of the former R100 with some core logic tweaks for clockspeed, introduced in 2002. The only release in this generation was the Radeon 7500, which introduced little in the way of new features but offered
substantial performance improvements over its predecessors.Main article: Radeon R200 seriesATI's second generation Radeon included a sophisticated pixel shader architecture. This chipset implemented Microsoft's pixel shader 1.4 specification for the first time.Its performance relative to competitors was widely perceived as weak, and subsequent
revisions of this generation were cancelled to focus on development of the next generation.Main article: Radeon R300 seriesThe R300 was the first GPU to fully support Microsoft's DirectX 9.0 technology upon its release in 2001. It incorporated fully programmable pixel and vertex shaders.About a year later, the architecture was revised to allow for
higher frequencies, more efficient memory access, and several other improvements in the R350 family. A budget line of RV350 products was based on this refreshed design with some elements disabled or removed.Models using the new PCI Express interface were introduced in 2004. Using 110-nm and 130-nm manufacturing technologies under the
X300 and X600 names, respectively, the RV370 and RV380 graphics processors were used extensively by consumer PC manufacturers.While heavily based upon the previous generation, this line included extensions to the Shader Model 2 feature-set. Shader Model 2b, the specification ATI and Microsoft defined with this generation, offered somewhat
more shader program flexibility.ATI's DirectX 9.0c series of graphics cards, with complete shader Model 3.0 support. Launched in October 2005, this series brought a number of enhancements including the floating point render target technology necessary for HDR rendering with anti-aliasing.Main article: TeraScale (microarchitecture)Main articles:
Radeon HD 2000 series and Radeon HD 3000 seriesATI's first series of GPUs to replace the old fixed-pipeline and implement unified shader model. Subsequent revisions tuned the design for higher performance and energy efficiency, resulting in the ATI Mobility Radeon HD series for mobile computers.Main article: Radeon HD 4000 seriesBased on
the R600 architecture. Mostly a bolstered with many more stream processors, with improvements to power consumption and GDDRS5 support for the high-end RV770 and RV740(HD4770) chips. It arrived in late June 2008. The HD 4850 and HD 4870 have 800 stream processors and GDDR3 and GDDR5 memory, respectively. The 4890 was a refresh of
4870 with the same amount of stream processors yet higher clock rates due to refinements. The 4870x2 has 1600 stream processors and GDDR5 memory on an effective 512-bit memory bus with 230.4Gbit/s video memory bandwidth available.Main article: Radeon HD 5000 seriesThe series was launched on 23 September 2009. It featured a 40nm
fabrication process for the entire product line (only the HD4770 (RV740) was built on this process previously), with more stream cores and compatibility with the next major version of the DirectX API, DirectX 11, which launched on 22 October 2009 along with Microsoft Windows 7. The Rxxx/RVxxx codename scheme was scrapped entirely. The initial
launch consisted of only the 5870 and 5850 models. ATI released beta drivers that introduced full OpenGL 4.0 support on all variants of this series in March 2010.[6]Main article: Radeon HD 6000 seriesRadeon logo from 2011 to 2013This is the first series to be marketed solely under the "AMD" brand. It features a 3rd generation 40nm design,
rebalancing the existing architecture with redesigned shaders to give it better performance. It was released first on 22 October 2010, in the form of the 6850 and 6870. 3D output is enabled with HDMI 1.4a and DisplayPort 1.2 outputs.Main article: Graphics Core NextAMD Radeon logo from 26 May 2016[7] 27 October 2020Main article: Radeon HD
7000 series"Southern Islands" was the first series to feature the new compute microarchitecture known as "Graphics Core Next"(GCN). GCN was used among the higher end cards, while the VLIW5 architecture utilized in the previous generation was used in the lower end, OEM products. However, the Radeon HD 7790 uses GCN 2, and was the first
product in the series to be released by AMD on 9 January 2012.Main article: Radeon HD 8000 seriesThe "Sea Islands" were OEM rebadges of the 7000 series, with only three products, code named Oland, available for general retail. The series, just like the "Southern Islands", used a mixture of VLIW5 models and GCN models for its desktop
products.Main article: Radeon 200 series"Volcanic Islands" GPUs were introduced with the AMD Radeon RX 200 series, and were first released in late 2013.[8] The Radeon RX 200 line is mainly based on AMD's GCN architecture, with the lower end, OEM cards still using VLIWS5. The majority of desktop products use GCN 1, while the R9 290x%/290 &
R7 260X/260 use GCN 2, and with only the R9 285 using the new GCN 3.[9]Main article: Radeon 300 seriesGPUs codenamed "Caribbean Islands"[10] were introduced with the AMD Radeon RX 300 series, released in 2015. This series was the first to solely use GCN based models, ranging from GCN 1st to GCN 3rd Gen, including the GCN 3-based Fiji-
architecture models named Fury X, Fury, Nano and the Radeon Pro Duo.Main articles: Radeon 400 series and Radeon 500 seriesGPUs codenamed "Arctic Islands" were first introduced with the Radeon RX 400 series in June 2016 with the announcement of the RX 480.[11] These cards were the first to use the new Polaris chips which implements GCN
4th Gen on the 14nm fab process. The RX 500 series released in April 2017 also uses Polaris chips.[12]Main article: Radeon RX Vega seriesMain article: RDNA (microarchitecture)Main article: Radeon RX 5000 seriesOn 27 May 2019, at COMPUTEX 2019, AMD announced the new 'RDNA' graphics micro-architecture,[13] which is to succeed the
Graphics Core Next micro-architecture. This is the basis for the Radeon RX 5700-series graphics cards, the first to be built under the codename 'Navi'. These cards feature GDDR6 SGRAM and support for PCI Express 4.0.Main article: Radeon RX 6000 seriesOn 5 March 2020, AMD publicly announced its plan to release a "refresh" of the RDNA micro-
architecture.[14] Dubbed as the RDNA 2 architecture, it was stated to succeed the first-gen RDNA micro-architecture and was initially scheduled for a release in Q4 2020. RDNA 2 was confirmed as the graphics microarchitecture featured in the Xbox Series X and Series S consoles[15] from Microsoft, and PlayStation 5[16] from Sony, with proprietary
tweaks and different GPU configurations in each systems' implementation.AMD unveiled the Radeon RX 6000 series, its next-gen RDNA 2 graphics cards at an online event on 28 October 2020.[17][18] The lineup consists of the RX 6800, RX 6800 XT and RX 6900 XT.[19][20] The RX 6800 and 6800 XT launched on 18 November 2020, with the RX
6900 XT being released on 8 December 2020.[21] Further variants including a Radeon RX 6700 (XT) series based on Navi 22, launched on 18 March 2021, a Radeon RX 6600(XT) series based on Navi 23, launched on 11 August 2021 (that is the 6600XT release date, the RX 6600 launched on 13 October 2021), and a Radeon RX 6500(XT), launched on
19 January 2022.[22][23][24]1[25][26]Main article: Radeon RX 7000 seriesOn 3 November 2022, AMD announced the full details for the RDNA 3 micro-architecture along with the RX 7900 XT and RX 7900 XTX at an event in Las Vegas.[27]Main article: Radeon RX 9000 seriesOn 28 February 2025, AMD announced the RDNA 4 micro-architecture along
with the RX 9070 and the RX 9070 XT at an online event.[28]Further information: ROCm and GPUOpenSome generations vary from their predecessors predominantly due to architectural improvements, while others were adapted primarily to new manufacturing processes with fewer functional changes. The table below summarizes the APIs supported
in each Radeon generation (including pre-Radeon ATI GPUs). Also see AMD FireStream and AMD FirePro branded products.The following table shows the graphics and compute APIs support across ATI/AMD GPU microarchitectures. Note that this table include microarchitectures used in ATI products prior to Radeon, and a branding series might
include older generation chips.[VisualEditor] viewtalkeditChip seriesMicroarchitectureFabSupported APIsSAMD supportYear introducedIntroduced withRenderingComputing / ROCmVulkan[29]OpenGL[30]Direct3DHSAOpenCLWonderFixed-pipeline[a]1000nm800nmEnded1986Graphics SolutionsMach800nm600nm1991Mach83D
Rage500nm5.019963D RageRage Pro350nm1.16.01997Rage ProRage 128250nm1.21998Rage 128 GL/VRR100180nm150nm1.37.02000RadeonR200Programmablepixel & vertexpipelines150nm8.12001Radeon 8500R300150nm130nm110nm?2.0[b]9.011 (FL 9 2)2002Radeon 9700R420130nm110nm9.0b11 (FL 9 2)2004Radeon
X800R52090nm80nm9.0c11 (FL 9 3)2005Radeon X1800R600TeraScale 180nm65nm3.310.011 (FL 10 _0)ATI Stream2007Radeon HD 2900 XTRV67055nm10.111 (FL 10 1)ATI Stream APP[31]Radeon HD 3850/3870RV77055nm40nm1.02008Radeon HD 4850/4870EvergreenTeraScale 240nm4.5(Linux 4.2)[32][33][34][c]11 (FL 11 0)1.22009Radeon HD
5850/5870Northern IslandsTeraScale 2TeraScale 32010Radeon HD 6850/6870Radeon HD 6950/6970Southern IslandsGCN 1st gen28nm1.04.611 (FL 11 1)12 (FL11 1)1.22.0 possible2012Radeon HD 7950/7970Sea IslandsGCN 2nd gen1.211 (FL 12 0)12 (FL 12_0)2.0(1.2 in MacOS, Linux)2.1 Beta in Linux ROCm?2.2 possible2013Radeon HD
7790Volcanic IslandsGCN 3rd gen2014Radeon R9 285Arctic IslandsGCN 4th gen28nm14nm1.21.4 (GCN 4)Supported2016Radeon RX 480Polaris2017Radeon 520/530Radeon RX 530/550/570/580VegaGCN 5th gen14nm7nm1.411 (FL 12 1)12 (FL 12 1)2017Radeon Vega Frontier EditionNaviRDNA7nm2019Radeon RX 5700 (XT)Navi 2xRDNA
27nm6nml1l (FL 12 1)12 (FL 12 _2)2020Radeon RX 6800 (XT)Navi 3xRDNA 36nm5nm2022Radeon RX 7900 XT(X)Navi 4xRDNA 44nm2025Radeon RX 9070 (XT)”~ Radeon 7000 Series has programmable pixel shaders, but do not fully comply with DirectX 8 or Pixel Shader 1.0. See article on R100's pixel shaders.”™ These series do not fully comply with
OpenGL 2+ as the hardware does not support all types of non-power-of-two (NPOT) textures.” OpenGL 4+ compliance requires supporting FP64 shaders and these are emulated on some TeraScale chips using 32-bit hardware.[35][36][37]The following table shows features of AMD/ATI's GPUs (see also: List of AMD graphics processing units).
[VisualEditor] viewtalkeditName of GPU seriesWonderMach3D RageRage ProRage 128R100R200R300R400R500R600RV670R700EvergreenNorthernlslandsSouthernlslandsSealslandsVolcaniclslandsArcticIslands/PolarisVegaNavi 1xNavi 2xNavi 3xNavi
4xReleased19861991Apr1996Mar1997Augl1998Apr2000Aug2001Sep2002May20040ct2005May2007Nov2007Jun2008Sep20090ct2010Dec2010Jan2012Sep2013Jun2015Jun2016,Apr2017, Aug2019Jun2017, Feb2019Jul2019Nov2020Dec2022Feb2025Marketing
NameWonderMach3DRageRageProRagel28Radeon7000Radeon8000Radeon9000RadeonX700/X800RadeonX1000RadeonHD2000RadeonHD3000RadeonHD4000RadeonHD5000RadeonHD6000RadeonHD7000Radeon200Radeon300Radeon400/500/600RadeonRXVega, RadeonVIIRadeonRX5000RadeonRX6000RadeonRX7000RadeonRX9000AMD
supportKind2D3DInstruction set architectureNot publicly knownTeraScale instruction setGCN instruction setRDNA instruction setMicroarchitectureNot publicly knownGFX1GFX2TeraScalel (VLIW5)(GFX3)TeraScale2(VLIW5)(GFX4)TeraScale2(VLIW5) up to 68xx(GFX4)TeraScale3(VLIW4) in 69xx [38][39]
(GFX5)GCN1stgen(GFX6)GCN2ndgen(GFX7)GCN3rdgen(GFX8)GCN4thgen(GFX8)GCNb5thgen(GFX9)RDNA(GFX10.1)RDNA 2(GFX10.3)RDNA 3(GFX11)RDNA 4(GFX12)TypeFixed pipeline[a]Programmable pixel & vertex pipelinesUnified shader

modelDirect3D5.06.07.08.19.011(9 2)9.0b11(9 2)9.0c11(9 3)10.011(10 _0)10.111(10 1)11(11 0)11(11_1)12(11 111(12 0)12(12 0)11(12 1)12(12 1)11(12 1)12(12 2)Shader model1.42.0+2.0b3.04.04.15.05.15.16.56.76.80penGL1.11.21.31.5[b][40]3.34.6[41][c]Vulkan1.1[c][d]1.3[42]1.4[43]OpenCLClose to Metall.1 (not supported by Mesa)1.2+ (on
Linux: 1.1+ (no Image support on Clover, with by Rusticl) with Mesa, 1.2+ on GCN 1.Gen)2.0+ (Adrenalin driver on Win7+)(on Linux ROCm, Mesa 1.2+ (no Image support in Clover, but in Rusticl with Mesa, 2.0+ and 3.0 with AMD drivers or AMD ROCm), 5th gen: 2.2 win 10+ and Linux RocM 5.0+2.2+ and 3.0 Windows 8.1+ and Linux ROCm 5.0+
(Mesa Rusticl 1.2+ and 3.0 (2.1+ and 2.2+ wip))[441[45][46]HSA / ROCm?Video decoding ASICAvivo/UVDUVD+UVD 2UVD 2.2UVD 3UVD 4UVD 4.2UVD 5.0 or 6.0UVD 6.3UVD 7 [47][e]VCN 2.0 [47][e]VCN 3.0 [48]VCN 4.0VCN 5.0Video encoding ASICVCE 1.0VCE 2.0VCE 3.0 or 3.1VCE 3.4VCE 4.0 [47][e]Fluid Motion [f]?Power saving?
PowerPlayPowerTunePowerTune & ZeroCore Power?TrueAudioVia dedicated DSPVia shadersFreeSyncl12HDCP[g]?1.42.22.3 [49]PlayReady[g]3.03.0Supported displays[h]12226?4Max. resolution?26 2560160026 40962160 @30Hz26 51202880 @60Hz3 76804320 @60Hz [50]76804320 @60Hz PowerColor7680x4320@165
Hz7680x4320/drm/radeon[il/drm/amdgpu[i]Optional [51]”~ The Radeon 100 Series has programmable pixel shaders, but do not fully comply with DirectX 8 or Pixel Shader 1.0. See article on R100's pixel shaders.” R300, R400 and R500 based cards do not fully comply with OpenGL 2+ as the hardware does not support all types of non-power of two
(NPOT) textures.” a b OpenGL 4+ compliance requires supporting FP64 shaders and these are emulated on some TeraScale chips using 32-bit hardware.”™ Vulkan support is theoretically possible but has not been implemented in a stable driver.” a b ¢ The UVD and VCE were replaced by the Video Core Next (VCN) ASIC in the Raven Ridge APU
implementation of Vega.”™ Video processing for video frame rate interpolation technique. In Windows it works as a DirectShow filter in your player. In Linux, there is no support on the part of drivers and / or community.”™ a b To play protected video content, it also requires card, operating system, driver, and application support. A compatible HDCP
display is also needed for this. HDCP is mandatory for the output of certain audio formats, placing additional constraints on the multimedia setup.” More displays may be supported with native DisplayPort connections, or splitting the maximum resolution between multiple monitors with active converters.”™ a b DRM (Direct Rendering Manager) is a
component of the Linux kernel. AMDgpu is the Linux kernel module. Support in this table refers to the most current version.Main article: AMD Radeon SoftwareOn 24 November 2015, AMD released a new version of their graphics driver following the formation of the Radeon Technologies Group (RTG) to provide extensive software support for their
graphics cards. This driver, labelled Radeon Software Crimson Edition, overhauls the Ul with Qt, resulting in better responsiveness from a design and system perspective. It includes a new interface featuring a game manager, clocking tools, and sections for different technologies.[52]Unofficial modifications such as Omega drivers and DNA drivers
were available. These drivers typically consist of mixtures of various driver file versions with some registry variables altered and are advertised as offering superior performance or image quality. They are, of course, unsupported, and as such, are not guaranteed to function correctly. Some of them also provide modified system files for hardware
enthusiasts to run specific graphics cards outside of their specifications.[citation needed]JAMD Catalyst was based on a proprietary binary blob.The unified kernel-mode driver (DRM/KMS) is utilized by Catalyst and by Mesa 3D.[53] amdkfd was mainlined into Linux kernel 3.19.[54]Radeon Software is being developed for Microsoft Windows and Linux.
As of January 2019[update], other operating systems are not officially supported. This may be different for the Radeon Pro brand, which is based on identical hardware but features OpenGL-certified graphics device drivers.ATI previously offered driver updates for their retail and integrated Macintosh video cards and chipsets. ATI stopped support for
Mac OS 9 after the Radeon R200 cards, making the last officially supported card the Radeon 9250. The Radeon R100 cards up to the Radeon 7200 can still be used with even older classic Mac OS versions such as System 7, although not all features are taken advantage of by the older operating system.[55]Ever since ATI's acquisition by AMD, ATI no
longer supplies or supports drivers for classic Mac OS nor macOS. macOS drivers can be downloaded from Apple's support website, while classic Mac OS drivers can be obtained from 3rd party websites that host the older drivers for users to download. ATI used to provide a preference panel for use in macOS called ATI Displays which can be used
both with retail and OEM versions of its cards. Though it gives more control over advanced features of the graphics chipset, ATI Displays has limited functionality compared to Catalyst for Windows or Linux.Main article: free and open-source "radeon" graphics device driverThe free and open-source for Direct Rendering Infrastructure has been under
constant development by the Linux kernel developers, by 3rd party programming enthusiasts and by AMD employees. It is composed out of five parts:Linux kernel component DRMthis part received dynamic re-clocking support in Linux kernel version 3.12 and its performance has become comparable to that of AMD CatalystLinux kernel component
KMS driver: basically the device driver for the display controlleruser-space component libDRMuser-space component in Mesa 3D; currently most of these components are written conforming to the Gallium3D-specifications.all drivers in Mesa 3D with Version 10.x (last 10.6.7) are as of September 2014 limited to OpenGL version 3.3 and OpenGL ES
3.0.all drivers in Mesa 3D with Version 11.x (last 11.2.2) are as of Mai 2016 limited to OpenGL version 4.1 and OpenGL ES 3.0 or 3.1 (11.2+).all drivers in Mesa 3D with version 12.x (in June 2016) can support OpenGL version 4.3.[56]all drivers in Mesa 3D with Version 13.0.x ( in November 2016) can support OpenGL 4.4 and unofficial 4.5.all drivers
in Mesa 3D with Version 17.0.x ( in January 2017) can support OpenGL 4.5 and OpenGL ES 3.2Actual Hardware Support for different MESA versions see: glxinfo [57]JAMD R600/700 since Mesa 10.1: OpenGL 3.3+, OpenGL ES 3.0+ (+: some more Features of higher Levels and Mesa Version)AMD R800/900 (Evergreen, Northern Islands): OpenGL
4.1+ (Mesa 13.0+), OpenGL ES 3.0+ (Mesa 10.3+)AMD GCN (Southern/Sea Islands and newer): OpenGL 4.5+ (Mesa 17.0+), OpenGL ES 3.2+ (Mesa 18.0+), Vulkan 1.0 (Mesa 17.0+), Vulkan 1.1 (GCN 2nd Gen+, Mesa 18.1+)a special and distinct 2D graphics device driver for X.Org Server, which is finally about to be replaced by GlamorOpenCL
with GalliumCompute (previous Clover) is not full developed in 1.0, 1.1 and only parts of 1.2. Some OpenCL conformance tests were failed in 1.0 and 1.1, most in 1.2. ROCm is developed by AMD and Open Source. OpenCL 1.2 is full supported with OpenCL 2.0 language. Only CPU or GCN-Hardware with PCle 3.0 is supported. So GCN 3rd Gen. or
higher is here full usable for OpenCL 1.2 software.The free and open-source driver supports many of the features available in Radeon-branded cards and APUs, such as multi-monitor or hybrid graphics.The free and open-source drivers are primarily developed on Linux and for Linux.Being entirely free and open-source software, the free and open-
source drivers can be ported to any existing operating system. Whether they have been, and to what extent depends entirely on the man-power available. Available support shall be referenced here.FreeBSD adopted DRI, and since Mesa 3D is not programmed for Linux, it should have identical support.[citation needed]MorphOS supports 2D and 3D
acceleration for Radeon R100, R200 and R300 chipsets.[58]AmigaOS 4 supports Radeon R100, R200, R300,[59] R520 (X1000 series), R700 (HD 4000 series), HD 5000 (Evergreen) series, HD 6000 (Northern Islands) series and HD 7000 (Southern Islands) series.[60] The RadeonHD AmigaOS 4 driver has been developed by Hans de Ruiter[61] funded
and owned by A-EON Technology Ltd. The older R100 and R200 "ATIRadeon" driver for AmigaOS, originally developed Forefront Technologies has been acquired by A-EON Technology Ltd in 2015.In the past ATI provided hardware and technical documentation to the Haiku Project to produce drivers with full 2D and video in/out support on older
Radeon chipsets (up to R500) for Haiku. A new Radeon HD driver was developed with the unofficial and indirect guidance of AMD open source engineers and currently exists in recent Haiku versions. The new Radeon HD driver supports native mode setting on R600 through Southern Islands GPU's.[62]Current drivers are affected by LeftoverLocals
[63] vulnerability referenced as GPU Memory Leaks by AMD.[64] This was supposed to be fixed at 2024 Q1 but it has been postponed several times and the current plan for desktop CPUs containing Radeon GPU and GPUs mitigation is set for 2025 Q2 leaving customers exposed to it for more than year. Other vendors facing this vulnerability such as
Qualcom fixed this issue within a month.AMD (and its predecessor ATI) have released a series of embedded GPUs targeted toward medical, entertainment, and display devices.ModelReleasedShaders (Compute Units)FP power Single PrecisionMemoryMemory band-withMemory clockOpenGL VersionOpenCL VersionDirectX
VersionVulkanUVDPowerOutputE9550 (Polaris, GCN 4)[65]2016-09-272304 (36 CU)5834 GFLOPS8 GB GDDR5256 Bit2000MHz4.52.0121.16.395 WattMXM-BE9260 (GCN 4)[66]12016-09-27896 (14 CU)2150 GFLOPS4 GB GDDR5128 Bit1750MHz4.52.0121.16.350 WPClIe 3.0, MXM-AE9171 MCM (GCN 4)[67]2017-10-03512 (8 CU)1248 GFLOPS4 GB
GDDR5128 Bit1500MHz4.52.0121.16.340 WPClIe 3.0 x8E9172 MXM (GCN 4)[68]2017-10-03512 (8 CU)1248 GFLOPS2 GB GDDR564 Bit1500MHz4.52.0121.16.335 WMXM-A 3.0E9173 PCle (GCN 4)[69]2017-10-03512 (8 CU)1248 GFLOPS2 GB GDDR564 Bit1500MHz4.52.0121.16.335 WPCle 3.0 x8E9174 MXM (GCN 4)[70]2017-10-03512 (8 CU)1248
GFLOPS4 GB GDDR5128 Bit1500MHz4.52.0121.16.350 WMXM-A 3.0E9175 PCle (GCN 4)[71]2017-10-03512 (8 CU)1248 GFLOPS4 GB GDDR5128 Bit1500MHz4.52.0121.16.350 WPClIe 3.0 x8E8950 (GCN 3)[72]2015-09-292048 (32 CU)3010 GFLOPS8 GB GDDR5128 Bit1500MHz4.52.0121.14.295 WMXM-BE8870 (GCN 2)[73]2015-09-29768 (12
CU)1536 GFLOPS4 GB GDDR5128 Bit1500MHz4.52.0121.14.275 WPCle 3.0, MXM-BE8860 (GCN 1)[74][75][76]12014-01-25640 (10 CU)800 GFLOPS2 GB GDDR5128 Bit1125MHz4.51.212.01.03.137 WPClIe 3.0, MXM-BE6760 (Turks)[77][78]2011-05-02480 (6 CU)576 GFLOPS1 GB GDDR5128 Bit800MHz4.31.211N/A3.035 WPCle 2.1, MXM-A,
MCME®6465 (Caicos)[79][80]2015-09-29160 (2 CU)192 GFLOPS2 GB GDDR564 Bit800MHz4.51.211.1N/A3.0< 20 WPClIe 2.1, MXM-A, MCME6460 (Caicos)[81][82]2011-04-07160 (2 CU)192 GFLOPS512 MB GDDR564 Bit800MHz4.51.211.1N/A3.016 WPClIe 2.1, MXM-A, MCME4690 (RV730)[83]2009-06-01320 (4 CU)388 GFLOPS512 MB GDDR3128
Bit700MHz3.31.010.1N/A2.230 WMXM-ITE2400 (RV610)[84]12006-07-2840 (2 CU)48 GFLOPS128 MB GDDR364 Bit700MHz3.3ATI Stream10.0N/A1.025 WMXM-IIIn August 2011, AMD expanded the Radeon name to include random access memory modules under the AMD Memory line. The initial releases included 3 types of 2GiB DDR3 SDRAM



modules: Entertainment (1333MHz, CL9 9-9), UltraPro Gaming (1600MHz, CL11 11-11) and Enterprise (specs to be determined).[85]0n May 8, 2013, AMD announced the release of Radeon RG2133 Gamer Series Memory.[86]Radeon R9 2400 Gamer Series Memory was released on January 16, 2014.[87][88]Dataram Corporation is manufacturing
RAM for AMD.[89]On September 6, 2012, Dataram Corporation announced it has entered into a formal agreement with AMD to develop an AMD-branded version of Dataram's RAMDisk software under the name Radeon RAMDisk, targeting gaming enthusiasts seeking exponential improvements in game load times leading to an enhanced gaming
experience.[90] The freeware version of Radeon RAMDisk software supports Windows Vista and later with minimum 4GiB memory, and supports maximum of 4GiB RAM disk[91] (6GiB if AMD Radeon Value, Entertainment, Performance Edition or Products installed, and Radeon RAMDisk is activated between 2012-10-10 and 2013-10-10[92]). Retail
version supports RAM disk size between 5MiB to 64GiB.[93][94]Version 4.1 was released in May 8, 2013.[86]In 2014-04-02, Dataram Corporation announced it has signed an Agreement with Elysium Europe Ltd. to expand sales penetration in Europe, the Middle East and Africa. Under this Agreement, Elysium is authorized to sell AMD Radeon
RAMDisk software. Elysium is focusing on etailers, retailers, system builders and distributors.[95]JAMD planned to enter solid state drive market with the introduction of R7 models powered by Indilinx Barefoot 3 controller and Toshiba 19nm MLC flash memory, and initially available in 120G, 240G, 480G capacities.[96][97] The R7 Series SSD was
released on August 9, 2014, which included Toshiba's A19 MLC NAND flash memory, Indilinx Barefoot 3 M0O controller.[98] These components are the same as in the SSD OCZ Vector 150 model. AMD FirePro brand for professional product line based on Radeon GPUs up to the AMD Radeon Rx 300 seriesAMD Radeon Pro successor to FirePro and
launched alongside the AMD Radeon 400 seriesAMD FireStream brand for stream processing and GPGPU based on Radeon GPUsAMD Instinct successor to FireStreamAMD FireMV brand for multi-monitor product line based on Radeon GPUs”™ a b "AMD creates graphics-focused Radeon Technologies Group, taps Raja Koduri for GPU czar". PC World.
Archived from the original on 11 September 2015. Retrieved 11 September 2015.” "ATI to be re-branded as AMD". Arnnet.com.au. 30 August 2010. Archived from the original on 21 April 2012. Retrieved 30 December 2012.” "AMD Officially Drops ATI Brand from FirePro and Radeon Marking". Xbitlabs.com. 30 August 2010. Archived from the
original on 20 September 2011. Retrieved 30 December 2012.” "Executive Biography - Raja Koduri". Archived from the original on 18 September 2017. Retrieved 10 September 2017.”~ 3 AAMD Archived 12 January 2021 at the Wayback Machine” "Ready, Willing and Able AMD Supports OpenGL 3.3 and OpenGL 4.0 | AMD Developer Central Blogs".
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for most readers to understand. Please help improve it to make it understandable to non-experts, without removing the technical details. (January 2020) (Learn how and when to remove this message)SemiconductordevicefabricationMOSFET scaling(process nodes)020m 1968010m 1971006m 1974003m 19771.5m 1981001m 1984800nm 1987600nm
1990350nm 1993250nm 1996180nm 1999130nm 2001090nm 2003065nm 2005045nm 2007032nm 2009028nm 2010022nm 2012014nm 2014010nm 2016007nm 2018005nm 2020003nm 2022Future002nm~ 2025001nm~ 2027Half-nodesDensityCMOSDevice (multi-gate)Moore's lawTransistor countSemiconductorIndustryNanoelectronicsvteThis
article may rely excessively on sources too closely associated with the subject, potentially preventing the article from being verifiable and neutral. Please help improve it by replacing them with more appropriate citations to reliable, independent sources. (September 2024) (Learn how and when to remove this message)In semiconductor
manufacturing, the "7 nm" process is a term for the MOSFET technology node following the "10 nm" node, defined by the International Roadmap for Devices and Systems (IRDS), which was preceded by the International Technology Roadmap for Semiconductors (ITRS). It is based on FinFET (fin field-effect transistor) technology, a type of multi-gate
MOSFET technology.As of 2021, the IRDS Lithography standard gives a table of dimensions for the "7 nm" node,[1] with examples given below:Calculated ValuenmMinimum half pitch (DRAM, MPU metal)18Minimum half pitch (Flash, MPU fin, LGAA)15Minimum required overlay (OL) (DRAM, Flash, MPU)3.6Gate pitch54Gate length20The 2021 IRDS
Lithography standard is a retrospective document, as the first volume production of a "7 nm" branded process was in 2016 with Taiwan Semiconductor Manufacturing Company's (TSMC) production of 256Mbit SRAM memory chips using a "7nm" process called N7.[2] Samsung started mass production of their "7nm" process (7LPP) devices in 2018.[3]
These process nodes had the same approximate transistor density as Intel's "10 nm Enhanced Superfin" node, later rebranded "Intel 7."[4] Since at least 1997, the length scale of a process node has not referred to any particular dimension on the integrated circuits, such as gate length, metal pitch, or gate pitch, as new lithography processes no
longer uniformly shrank all features on a chip. By the late 2010s, the length scale had become a commercial name[5] that indicated a new generation of process technologies, without any relation to physical properties.[6][7][8] Previous ITRS and IRDS standards had insufficient guidance on process node naming conventions to address the widely
varying dimensions on a chip, leading to a divergence between how foundries branded their lithography and the actual dimensions their process nodes achieved. The first mainstream "7nm" mobile processor intended for mass market use, the Apple A12 Bionic, was announced at Apple's September 2018 event.[9] Although Huawei announced its own
"7nm" processor before the Apple A12 Bionic, the Kirin 980 on August 31, 2018, the Apple A12 Bionic was released for public, mass market use to consumers before the Kirin 980. Both chips were manufactured by TSMC.[10]In 2019,[11] AMD released their "Rome" (EPYC 2) processors for servers and datacenters, which are based on TSMC's
N7node[12] and feature up to 64 cores and 128 threads. They also released their "Matisse" consumer desktop processors with up to 16 cores and 32 threads. However, the I/O die on the Rome multi-chip module (MCM) is fabricated with the GlobalFoundries' 14nm (14HP) process, while the Matisse's I/O die uses the GlobalFoundries' "12nm" (12LP+)
process. The Radeon RX 5000 series is also based on TSMC's N7 process.This section is in list format but may read better as prose. You can help by converting this section, if appropriate. Editing help is available. (November 2021)In the early 2000s, researchers began demonstrating 7nm level MOSFETs , with an IBM team including Bruce Doris,
Omer Dokumaci, Meikei Ieong, and Anda Mocuta successfully fabricating a 6nm silicon-on-insulator (SOI) MOSFET.[13][14] Shortly after, in 2003, NEC's researchers Hitoshi Wakabayashi and Shigeharu Yamagami advanced further by fabricating a 5nm MOSFET.[15][16] In July 2015, IBM announced that they had built the first functional transistors
with "7nm" technology, using a silicon-germanium process.[17][18][19][20] With further development in February 2017, TSMC produced 256Mbit SRAM memory cells at with their "7nm" process, with a cell area of 0.027 square micrometers,[21] giving a square minimum feature size: F 2 = 0.027nn 2 (0.07 nn ) 2 = 550 {\displaystyle F~{2}=
{\cfrac {0.027nn"{2}}{(0.07nn)"~ {2} }}=550} This cumulated in TSMC starting volume of 7nm production in 2018.[2]This article is in list format but may read better as prose. You can help by converting this article, if appropriate. Editing help is available. (February 2024)In 2015, Intel expected that at the 7nm node, IIIV semiconductors would have
to be used in transistors, signaling a shift away from silicon.[22]In April 2016, TSMC announced that "7nm" trial production would begin in the first half of 2017.[23] In April 2017, TSMC began risk production of 256Mbit SRAM memory chips using a "7nm" (N7FF+) process,[2] with extreme ultraviolet lithography (EUV).[24] TSMC's "7nm" production
plans, as of early 2017,[needs update] was to use deep ultraviolet (DUV) immersion lithography initially on this process node (N7FF), and transition from risk to commercial volume manufacturing from Q2 2017 to Q2 2018. Also, their later generation "7nm" (N7FF+) production was planned[needs update] to use EUV multiple patterning and have an
estimated transition from risk to volume manufacturing between 2018 and 2019.[25]In September 2016, GlobalFoundries announced trial production in the second half of 2017 and risk production in early 2018, with test chips already running.[26]In February 2017, Intel announced Fab 42 in Chandler, Arizona, which was according to press releases
at that time expected[needs update] to produce microprocessors using a "7nm" (Intel 4[27]) manufacturing process.[28] The company had not, at that time, published any expected values for feature lengths at this process node.[needs update]In April 2018, TSMC announced volume production of "7nm" (CLN7FF, N7) chips. In June 2018, the company
announced mass production ramp up.[3]In May 2018, Samsung announced production of "7nm" (7LPP) chips for later that year. ASML Holding NV is their main supplier of EUV lithography machines.[29]In August 2018, GlobalFoundries announced it was stopping development of "7nm" chips, citing cost.[30]On October 28, 2018, Samsung announced
their second generation "7nm" process (7LPP) had entered risk production and was at that time expected to have entered mass production by 2019.[needs update]On January 17, 2019, for the Q4 2018 earnings call, TSMC mentioned that different customers would have "different flavors" of second generation "7nm".[31][needs update]On April 16,
2019, TSMC announced their "6nm" process called (CLN6FF, N6), which was, according to a press release made on April 16, 2019, at that time expected to have been in mass products from 2021.[32][needs update] N6 was at that time expected to have used EUVL in up to 5 layers, compared to up to 4 layers in their N7+ process.[33]0On July 28,
2019, TSMC announced their second gen "7nm" process called N7P, which was projected to have been DUV-based like their N7 process.[34] Since N7P was fully IP-compatible with the original "7nm", while N7+ (which uses EUV) was not, N7+ (announced earlier as "7nm+") was to have been a separate process from "7nm". N6 ("6nm"), another EUV-
based process, was at that time planned to have been released later than even TSMC's "5nm" (N5) process, with the IP-compatibility with N7. At their Q1 2019 earnings call, TSMC reiterated their Q4 2018 statement[31] that N7+ was at that time expected to have generated less than $1 billion TWD in revenue in 2019.[35][needs update]On October
5, 2019, AMD announced their EPYC Roadmap, featuring Milan chips built using TSMC's N7+ process.[36][needs update]On October 7, 2019, TSMC announced they had started delivering N7+ products to market in high volume.[37][needs update]On July 26, 2021, Intel announced their new manufacturing roadmap, renaming all of their future
process nodes.[27] Intel's "10nm" Enhanced SuperFin (10ESF), which was roughly equivalent to TSMC's N7 process, would thenceforth be known as "Intel 7", while their earlier "7nm" process would erstwhile be called "Intel 4".[27][38] As a result, Intel's first processors based on Intel 7 were at that time planned to have started shipping by the
second half of 2022,[needs update] whereas Intel announced earlier that they were planning to have launched "7nm" processors in 2023.[39][needs update]ln June 2018, AMD announced 7nm Radeon Instinct GPUs launching in the second half of 2018.[40] In August 2018, the company confirmed the release of the GPUs.[41]On August 21, 2018,
Huawei announced their HiSilicon Kirin 980 SoC to be used in their Huawei Mate 20 and Mate 20 Pro built using TSMC's 7nm (N7) process.[needs update]On September 12, 2018, Apple announced their A12 Bionic chip used in iPhone XS and iPhone XR built using TSMC's 7nm (N7) process. The A12 processor became the first 7nm chip for mass
market use as it released before the Huawei Mate 20.[42][43] On October 30, 2018, Apple announced their A12X Bionic chip used in iPad Pro built using TSMC's 7nm (N7) process.[44]0n December 4, 2018, Qualcomm announced their Snapdragon 855 and 8cx built using TSMC's 7nm (N7) process.[45] The first mass product featuring the
Snapdragon 855 was the Lenovo Z5 Pro GT, which was announced on December 18, 2018.[46]On May 29, 2019, MediaTek announced their 5G SoC built using a TSMC 7nm process.[47]0n July 7, 2019, AMD officially launched their Ryzen 3000 series of central processing units, based on the TSMC 7nm process and Zen 2 microarchitecture.On August
6, 2019, Samsung announced their Exynos 9825 SoC, the first chip built using their 7LPP process. The Exynos 9825 is the first mass market chip built featuring EUVL.[48]0n September 6, 2019, Huawei announced their HiSilicon Kirin 990 4G & 990 5G SoCs, built using TSMC's N7 and N7+ processes.[49]On September 10, 2019, Apple announced
their A13 Bionic chip used in iPhone 11 and iPhone 11 Pro built using TSMC's 2nd gen N7P process.[50]7nm (N7 nodes) manufacturing made up 36% of TSMC's revenue in the second quarter of 2020.[51]On August 17, 2020, IBM announced their Power10 processor.[50]On July 26, 2021, Intel announced that their Alder Lake processors would be
manufactured using their newly rebranded "Intel 7" process, previously known as "10nm Enhanced SuperFin".[27] These processors were, at that time, expected based on press releases to have been planned to have been released in the second half of 2021.[needs update] The company earlier confirmed a 7nm, now called "Intel 4",[27]
microprocessor family called Meteor Lake to be released in 2023.[52][53][needs update]Pitch splitting issues. Successive litho-etch patterning is subject to overlay errors as well as the CD errors from different exposures.Spacer patterning issues. Spacer patterning has excellent CD control for features directly patterned by the spacer, but the spaces
between spacers may be split into core and gap populations.Overlay error impact on line cut. An overlay error on a cut hole exposure could distort the line ends (top) or infringe on an adjacent line (bottom).Two-bar EUV patterning issues. In EUV lithography, a pair of features may not have both features in focus at the same time; one will have
different size from the other, and both will shift differently through focus as well.7nm EUV stochastic failure probability. "7nm" features were expected to approach ~20nm width. The probability of EUV stochastic failure is measurably high for the commonly applied dose of 30 mJ/cm2.The "7nm" foundry node is expected to utilize any of or a
combination of the following patterning technologies: pitch splitting, self-aligned patterning, and EUV lithography. Each of these technologies carries significant challenges in critical dimension (CD) control as well as pattern placement, all involving neighboring features.Pitch splitting involves splitting features that are too close together onto
different masks, which are exposed successively, followed by litho-etch processing. Due to the use of different exposures, there is always the risk of overlay error between the two exposures, as well as different CDs resulting from the different exposures.Spacer patterning involves depositing a layer onto pre-patterned features, then etching back to
form spacers on the sidewalls of those features, referred to as core features. After removing the core features, the spacers are used as an etch mask to define trenches in the underlying layer. While the spacer CD control is generally excellent, the trench CD may fall into one of two populations, due to the two possibilities of being located where a core
feature was located or in the remaining gap. This is known as 'pitch walking'.[54] Generally, pitch = core CD + gap CD + 2 * spacer CD, but this does not guarantee core CD = gap CD. For FEOL features like gate or active area isolation (e.g. fins), the trench CD is not as critical as the spacer-defined CD, in which case, spacer patterning is actually the
preferred patterning approach.When self-aligned quadruple patterning (SAQP) is used, there is a second spacer that is utilized, replacing the first one. In this case, the core CD is replaced by core CD 2* 2nd spacer CD, and the gap CD is replaced by gap CD 2 * 2nd spacer CD. Thus, some feature dimensions are strictly defined by the second spacer
CD, while the remaining feature dimensions are defined by the core CD, core pitch, and first and second spacer CD's. The core CD and core pitch are defined by conventional lithography, while the spacer CDs are independent of lithography. This is actually expected to have less variation than pitch splitting, where an additional exposure defines its
own CD, both directly and through overlay.Spacer-defined lines also require cutting. The cut spots may shift at exposure, resulting in distorted line ends or intrusions into adjacent lines.Self-aligned litho-etch-litho-etch (SALELE) has been implemented for "7nm" BEOL patterning.[55]Extreme ultraviolet lithography (also known as EUV or EUVL) is
capable of resolving features below 20nm in conventional lithography style. However, the 3D reflective nature of the EUV mask results in new anomalies in the imaging. One particular nuisance is the two-bar effect, where a pair of identical bar-shaped features do not focus identically. One feature is essentially in the 'shadow' of the other.
Consequently, the two features generally have different CDs which change through focus, and these features also shift position through focus.[56][57][58] This effect may be similar to what may be encountered with pitch splitting. A related issue is the difference of best focus among features of different pitches.[59]EUV also has issues with reliably
printing all features in a large population; some contacts may be completely missing or lines bridged. These are known as stochastic printing failures.[60][61] The defect level is on the order of 1K/mm2.[62]The tip-to-tip gap is hard to control for EUV, largely due to the illumination constraint.[63] A separate exposure(s) for cutting lines is
preferred.Attenuated phase shift masks have been used in production for 90 nm node for adequate focus windows for arbitrarily pitched contacts with the ArF laser wavelength (193nm),[64][65] whereas this resolution enhancement is not available for EUV.[66][67]At 2021 SPIE's EUV Lithography conference, it was reported by a TSMC customer that
EUV contact yield was comparable to immersion multipatterning yield.[68]Due to these challenges, "7nm" poses unprecedented patterning difficulty in the back end of line (BEOL). The previous high-volume, long-lived foundry node (Samsung "10nm", TSMC "16nm") used pitch splitting for the tighter pitch metal layers.[69][70][71]ProcessImmersion (
275 WPH)[72]EUV (1500 wafers/day)[73]Single-patterned layer:1 day completion by immersion6000 wafers/day1500 wafers/dayDouble-patterned layer:2 days completion by immersion6000 wafers/2 days3000 wafers/2 daysTriple-patterned layer:3 days completion by immersion6000 wafers/3 days4500 wafers/3 daysQuad-patterned layer:4 days
completion by immersion6000 wafers/4 days6000 wafers/4 daysDue to the immersion tools being faster presently, multipatterning is still used on most layers. On the layers requiring immersion quad-patterning, the layer completion throughput by EUV is comparable. On the other layers, immersion would be more productive at completing the layer
even with multipatterning.The "7nm" metal patterning currently practiced by TSMC involves self-aligned double patterning (SADP) lines with cuts inserted within a cell on a separate mask as needed to reduce cell height.[74] However, self-aligned quad patterning (SAQP) is used to form the fin, the most important factor to performance.[75] Design
rule checks also allow via multi-patterning to be avoided, and provide enough clearances for cuts that only one cut mask is needed.[75]This section's factual accuracy is disputed. Relevant discussion may be found on the talk page. Please help to ensure that disputed statements are reliably sourced. (September 2023) (Learn how and when to remove
this message)The naming of process nodes by 4 different manufacturers (TSMC, Samsung, SMIC, Intel) is partially marketing-driven and not directly related to any measurable distance on a chip for example TSMC's "7nm" node was previously similar in some key dimensions to Intel's planned first-iteration "10nm" node, before Intel released further
iterations, culminating in "10nm Enhanced SuperFin", which was later renamed to "Intel 7" for marketing reasons.[76][77]Since EUV implementation at "7nm" is still limited, multipatterning still plays an important part in cost and yield; EUV adds extra considerations. The resolution for most critical layers is still determined by multiple patterning.
For example, for Samsung's "7nm", even with EUV single-patterned 36nm pitch layers, 44nm pitch layers would still be quadruple patterned.[78]7nm process nodes and process offeringsSamsungTSMCIntelSMICProcess name7LPP[79][80]6LPP[81IN7[82]N7P[34]IN7+[83]N6Intel 7[27][disputed discuss][84]N+1 (>7nm)N+2 (7nm)7nm EUVTransistor
density (MTr/mm2)95.08100.59[85][86]Unknown91.296.5[87]1[88]113.9[87]114.2[32]60.4163.64[89][90]1[91189[92]UnknownUnknownSRAM bit-cell size0.0262 m2[93]Unknown0.027 m2[93]UnknownUnknown0.0367 m2[91]UnknownUnknownUnknownTransistor gate pitch54nmUnknown57nm60nm[91]66nm63nmUnknownTransistor fin
pitch27nmUnknownN/AUnknownUnknown34nm[91 ]JUnknownUnknownUnknownTransistor fin heightUnknownUnknownN/AUnknownUnknown53nmUnknownUnknownUnknownMinimum (metal) pitch46nmUnknown40nm40nm[94]44nm42nmUnknownEUYV implementation36nm pitch metal;[78]20% of total layer setUnknownNone, used self-aligned
quad patterning (SAQP) instead4 layers5 layersNone. Relied on SAQP heavilyNoneNoneYes (after N+2)EUV-limited wafer output1500 wafers/day[73]UnknownN/A~ 1000 wafers/day[95]UnknownN/AUnknownUnknownUnknownMultipatterning ( 2 masks on a layer)FinsGateVias (double-patterned)[96]Metal 1 (triple-patterned)[96]44nm pitch metal
(quad-patterned)[78]UnknownFinsGateContacts/vias (quad-patterned)[97]Lowest 10 metal layersSame as N7, with reduction on 4 EUV layersSame as N7, with reduction on 5 EUV layersmultipatterning with DUVmultipatterning with DUVUnknownRelease status2018 risk production2019 production2020 production2017 risk production2018
production[2]2019 production2018 risk production[2]2019 production2020 risk production2020 production2021 production[27]April 2021 risk production, mass production unknownLate 2021 risk production, quietly produced since July 2021[98]Cancelled due to US embargoGlobalFoundries' "7nm" 7LP (Leading Performance) process would have
offered 40% higher performance or 60%+ lower power with a 2x scaling in density and at a 3045 +% lower cost per die over its "14nm" process. The Contacted Poly Pitch (CPP) would have been 56nm and the Minimum Metal Pitch (MMP) would have been 40nm, produced with Self-Aligned Double Patterning (SADP). A 6T SRAM cell would have been
0.269 square microns in size. GlobalFoundries planned to eventually use EUV lithography in an improved process called 7LP+.[99] GlobalFoundries later stopped all "7nm" and beyond process development.[100]Intel's new "Intel 7" process, previously known as "10nm Enhanced SuperFin" (10ESF), is based on its previous "10nm" node. The node will
feature a 1015% increase in performance per watt. Meanwhile, their old "7nm" process, now called "Intel 4", was at that time expected to have been released in 2023.[101][needs update] Few details about the "Intel 4" node had at that time been made public, although its transistor density had at that time been estimated to be at least 202 million
transistors per square millimeter.[27][102][needs update] As of 2020, Intel had been experiencing problems with its "Intel 4" process to the point of outsourcing production of its Ponte Vecchio GPUs.[103][104][needs update]”™ "International Roadmap for Devices and Systems 2021 Update: Lithography" (PDF). International Roadmap for Devices and
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connected to a 5G networkIn telecommunications, 5G is the "fifth generation" of cellular network technology, as the successor to the fourth generation (4G), and has been deployed by mobile operators worldwide since 2019.Compared to 4G, 5G networks offer not only higher download speeds, with a peak speed of 10 gigabits per second (Gbit/s),[a]
but also substantially lower latency, enabling near-instantaneous communication through cellular base stations and antennae.[1] There is one global unified 5G standard: 5G New Radio (5G NR),[2] which has been developed by the 3rd Generation Partnership Project (3GPP) based on specifications defined by the International Telecommunication
Union (ITU) under the IMT-2020 requirements.[3]The increased bandwidth of 5G over 4G allows them to connect more devices simultaneously and improving the quality of cellular data services in crowded areas.[4] These features make 5G particularly suited for applications requiring real-time data exchange, such as extended reality (XR),
autonomous vehicles, remote surgery, and industrial automation. Additionally, the increased bandwidth is expected to drive the adoption of 5G as a general Internet service provider (ISP), particularly through fixed wireless access (FWA), competing with existing technologies such as cable Internet, while also facilitating new applications in the
machine-to-machine communication and the Internet of Things (IoT), the latter of which may include diverse applications such as smart cities, connected infrastructure, industrial IoT, and automated manufacturing processes. Unlike 4G, which was primarily designed for mobile broadband, 5G can handle millions of IoT devices with stringent
performance requirements, such as real-time sensor data processing and edge computing. 5G networks also extend beyond terrestrial infrastructure, incorporating non-terrestrial networks (NTN) such as satellites and high-altitude platforms, to provide global coverage, including remote and underserved areas.5G deployment faces challenges such as
significant infrastructure investment, spectrum allocation, security risks, and concerns about energy efficiency and environmental impact associated with the use of higher frequency bands. However, it is expected to drive advancements in sectors like healthcare, transportation, and entertainment.Mobile base station at Hatta city, UAE5G networks
are cellular networks,[5] in which the service area is divided into small geographical areas called cells. All 5G wireless devices in a cell communicate by radio waves with a cellular base station via fixed antennas, over frequencies assigned by the base station. The base stations, termed nodes, are connected to switching centers in the telephone
network and routers for Internet access by high-bandwidth optical fiber or wireless backhaul connections. As in other cellular networks, a mobile device moving from one cell to another is automatically handed off seamlessly.The industry consortium setting standards for 5G, the 3rd Generation Partnership Project (3GPP), defines "5G" as any system
using 5G NR (5G New Radio) softwarea definition that came into general use by late 2018. 5G continues to use OFDM encoding.Several network operators use millimeter waves or mmWave called FR2 in 5G terminology, for additional capacity and higher throughputs. Millimeter waves have a shorter range than the lower frequency microwaves,
therefore the cells are of a smaller size. Millimeter waves also have more trouble passing through building walls and humans. Millimeter-wave antennas are smaller than the large antennas used in previous cellular networks. The increased data rate is achieved partly by using additional higher-frequency radio waves in addition to the low- and
medium-band frequencies used in previous cellular networks. For providing a wide range of services, 5G networks can operate in three frequency bandslow, medium or high.5G can be implemented in low-band, mid-band or high-band millimeter-wave. Low-band 5G uses a similar frequency range to 4G smartphones, 600900MHz, which can potentially
offer higher download speeds than 4G: 5250megabits per second (Mbit/s).[6][7] Low-band cell towers have a range and coverage area similar to 4G towers. Mid-band 5G uses microwaves of 1.74.7GHz, allowing speeds of 100900Mbit/s, with each cell tower providing service up to several kilometers in radius. This level of service is the most widely
deployed, and was deployed in many metropolitan areas in 2020. Some regions are not implementing the low band, making Mid-band the minimum service level. High-band 5G uses frequencies of 2447GHz, near the bottom of the millimeter wave band, although higher frequencies may be used in the future. It often achieves download speeds in
thegigabit-per-second (Gbit/s) range, comparable to co-axial cable Internet service. However, millimeter waves (mmWave or mmW) have a more limited range, requiring many small cells.[8] They can be impeded or blocked by materials in walls or windows or pedestrians.[9][10] Due to their higher cost, plans are to deploy these cells only in dense
urban environments and areas where crowds of people congregate such as sports stadiums and convention centers. The above speeds are those achieved in actual tests in 2020, and speeds are expected to increase during rollout.[6] The spectrum ranging from 24.25 to 29.5GHz has been the most licensed and deployed 5G mmWave spectrum range in
the world.[11]Rollout of 5G technology has led to debate over its security and relationship with Chinese vendors. It has also been the subject of health concerns and misinformation, including discredited conspiracy theories linking it to the COVID-19 pandemic.The ITU-R has defined three main application areas for the enhanced capabilities of 5G.
They are Enhanced Mobile Broadband (eMBB), Ultra Reliable Low Latency Communications (URLLC), and Massive Machine Type Communications (mMTC).[12] Only eMBB is deployed in 2020; URLLC and mMTC are several years away in most locations.[13]Enhanced Mobile Broadband (eMBB) uses 5G as a progression from 4G LTE mobile
broadband services, with faster connections, higher throughput, and more capacity. This will benefit areas of higher traffic such as stadiums, cities, and concert venues.[14] 'Ultra-Reliable Low-Latency Communications' (URLLC) refers to using the network for mission-critical applications that require uninterrupted and robust data exchange. Short-
packet data transmission is used to meet both reliability and latency requirements of the wireless communication networks.Massive Machine-Type Communications (mMTC) would be used to connect to a large number of devices. 5G technology will connect some of the 50 billion connected IoT devices.[15] Most will use the less expensive Wi-Fi.
Drones, transmitting via 4G or 5G, will aid in disaster recovery efforts, providing real-time data for emergency responders.[15] Most cars will have a 4G or 5G cellular connection for many services. Autonomous cars do not require 5G, as they have to be able to operate where they do not have a network connection.[16] However, most autonomous
vehicles also feature tele-operations for mission accomplishment, and these greatly benefit from 5G technology.[17][18]The 5G Automotive Association has been promoting the C-V2X communication technology that will first be deployed in 4G. It provides for communication between vehicles and infrastructures.[19]A real time digital twin of the real
object such as a turbine engine, aircraft, wind turbines, offshore platform and pipelines. 5G networks helps in building it due to the latency and throughput to capture near real-time IoT data and support digital twins.Mission-critical push-to-talk (MCPTT) and mission-critical video and data are expected to be furthered in 5G.[20]Fixed wireless
connections will offer an alternative to fixed-line broadband (ADSL, VDSL, fiber optic, and DOCSIS connections) in some locations. Utilizing 5G technology, fixed wireless access (FWA) can deliver high-speed internet to homes and businesses without the need for extensive physical infrastructure. This approach is particularly beneficial in rural or
underserved areas where traditional broadband deployment is too expensive or logistically challenging. 5G FWA can outperform older fixed-line technologies such as ADSL and VDSL in terms of speed and latency, making it suitable for bandwidth-intensive applications like streaming, gaming, and remote work.[21][22][23]Sony has tested the
possibility of using local 5G networks to replace the SDI cables currently used in broadcast camcorders.[24] The 5G Broadcast tests started around 2020 (Orkney, Bavaria, Austria, Central Bohemia) based on FeMBMS (Further evolved multimedia broadcast multicast service).[25] The aim is to serve unlimited number of mobile or fixed devices with
video (TV) and audio (radio) streams without these consuming any data flow or even being authenticated in a network.Main article: Voice over NR5G networks, like 4G networks, do not natively support voice calls traditionally carried over circuit-switched technology. Instead, voice communication is transmitted over the IP network, similar to IPTV
services. To address this, Voice over NR (VoNR) is implemented, allowing voice calls to be carried over the 5G network using the same packet-switched infrastructure as other IP-based services, such as video streaming and messaging. Similarly to how Voice over LTE (VoLTE) enables voice calls on 4G networks, VoNR (Vo5G) serves as the 5G
equivalent for voice communication, but it requires a 5G standalone (SA) network to function.[26]This article may contain unsourced predictions, speculative material, or accounts of events that might not occur. Information must be verifiable and based on reliable published sources. Please help improve it by removing unsourced speculative content.
(January 2022) (Learn how and when to remove this message)5G is capable of delivering significantly faster data rates than 4G (5G is approximately 10 times faster than 4G),[27][28] with peak data rates of up to 20 gigabits per second (Gbps).[29] Furthermore, average 5G download speeds have been recorded at 186.3Mbit/s in the U.S. by T-Mobile,
[30] while South Korea, as of May2022[update], leads globally with average speeds of 432 megabits per second (Mbps).[31][32] 5G networks are also designed to provide significantly more capacity than 4G networks, with a projected 100-fold increase in network capacity and efficiency.[33]The most widely used form of 5G, sub-6GHz 5G (mid-band), is
capable of delivering data rates ranging from 10 to 1,000 megabits per second (Mbps), with a much greater reach than mm Wave bands. C-Band (n77/n78) was deployed by various U.S. operators in 2022 in the sub-6 bands, although its deployment by Verizon and AT&T was delayed until early January 2022 due to safety concerns raised by the Federal
Aviation Administration. The record for 5G speed in a deployed network is 5.9Gbit/s as of 2023, but this was tested before the network was launched.[34] Low-band frequencies (such as n5) offer a greater coverage area for a given cell, but their data rates are lower than those of mid and high bands in the range of 5250megabits per second (Mbps).
[7]1In 5G, the ideal "air latency" is of the order of 8 to 12 milliseconds i.e., excluding delays due to HARQ retransmissions, handovers, etc. Retransmission latency and backhaul latency to the server must be added to the "air latency" for correct comparisons. Verizon reported the latency on its 5G early deployment is 30 ms.[35] Edge Servers close to
the towers have the possibility to reduce round-trip time (RTT) latency to 14 milliseconds and the minimum jitter to 1.84 milliseconds.[36]Latency is much higher during handovers; ranging from 50 to 500 milliseconds depending on the type of handover[citation needed]. Reducing handover interruption time is an ongoing area of research and
development; options include modifying the handover margin (offset) and the time-to-trigger (TTT).5G uses an adaptive modulation and coding scheme (MCS) to keep the block error rate (BLER) extremely low. Whenever the error rate crosses a (very low) threshold the transmitter will switch to a lower MCS, which will be less error-prone. This way
speed is sacrificed to ensure an almost zero error rate.The range of 5G depends on many factors: transmit power, frequency, and interference. For example, mmWave (e.g.: band n258) will have a lower range than mid-band (e.g.: band n78) which will have a lower range than low-band (e.g.: band n5)Given the marketing hype on what 5G can offer,
simulators and drive tests are used by cellular service providers for the precise measurement of 5G performance.Initially, the term was associated with the International Telecommunication Union's IMT-2020 standard, which required a theoretical peak download speed of 20 gigabits per second and 10 gigabits per second upload speed, along with
other requirements.[29] Then, the industry standards group 3GPP chose the 5G NR (New Radio) standard together with LTE as their proposal for submission to the IMT-2020 standard.[37][38]5G NR can include lower frequencies (FR1), below 6GHz, and higher frequencies (FR2), above 24GHz.[citation needed] However, the speed and latency in
early FR1 deployments, using 5G NR software on 4G hardware (non-standalone), are only slightly better than new 4G systems, estimated at 15 to 50% better.[39][40] The standard documents are organized by 3rd Generation Partnership Project (3GPP),[41][42] with its system architecture defined in TS 23.501.[43] The packet protocol for mobility
management (establishing connection and moving between base stations) and session management (connecting to networks and network slices) is described in TS 24.501.[44] Specifications of key data structures are found in TS 23.003.[45] DECT NR+ is a related, non-cellular standard of 5G based on DECT-2020 specifications based on a mesh
network.[46][47]Further information: Fronthaul and Common Public Radio InterfaceIEEE covers several areas of 5G with a core focus on wireline sections between the Remote Radio Head (RRH) and Base Band Unit (BBU). The 1914.1 standards focus on network architecture and dividing the connection between the RRU and BBU into two key
sections. Radio Unit (RU) to the Distributor Unit (DU) being the NGFI-I (Next Generation Fronthaul Interface) and the DU to the Central Unit (CU) being the NGFI-II interface allowing a more diverse and cost-effective network. NGFI-I and NGFI-II have defined performance values which should be compiled to ensure different traffic types defined by
the ITU are capable of being carried.[pageneeded] The IEEE 1914.3 standard is creating a new Ethernet frame format capable of carrying IQ data in a much more efficient way depending on the functional split utilized. This is based on the 3GPP definition of functional splits.[pageneeded]Main article: 5G NR5G NR (5G New Radio) is the de facto air
interface developed for 5G networks.[48] It is the global standard for 3GPP 5G networks.[49]The study of 5G NR within 3GPP started in 2015, and the first specification was made available by the end of 2017. While the 3GPP standardization process was ongoing, the industry had already begun efforts to implement infrastructure compliant with the
draft standard, with the first large-scale commercial launch of 5G NR having occurred at the end of 2018. Since 2019, many operators have deployed 5G NR networks and handset manufacturers have developed 5G NR enabled handsets.[50]5Gi is an alternative 5G variant developed in India. It was developed in a joint collaboration between IIT
Madras, IIT Hyderabad, TSDSI, and the Centre of Excellence in Wireless Technology (CEWIiT) [citation needed]. 5Gi is designed to improve 5G coverage in rural and remote areas over varying geographical terrains. 5Gi uses Low Mobility Large Cell (LMLC) to extend 5G connectivity and the range of a base station.[51]In April 2022, 5Gi was merged
with the global 5G NR standard in the 3GPP Release 17 specifications.[52]5G TF: American carrier Verizon used a pre-standard variation of 5G known as 5G TF (Verizon 5G Technical Forum) for Fixed Wireless Access in 2018. The 5G service provided to customers in this standard is incompatible with 5G NR. Verizon has since migrated to 5G NR.
[53]5G-SIG: KT Corporation had a pre-standard variation of 5G developed called 5G-SIG. This was deployed at the Pyeongchang 2018 Winter Olympics.[54]In the Internet of things (IoT), 3GPP is going to submit the evolution of NB-IoT and eMTC (LTE-M) as 5G technologies for the LPWA (Low Power Wide Area) use case.[55]Standards are being
developed by 3GPP to provide access to end devices via non-terrestrial networks (NTN), i.e. satellite or airborne telecommunication equipment to allow for better coverage outside of populated or otherwise hard to reach locations.[56][57] The enhanced communication quality relies on the unique properties of Air to Ground channel.Several
manufacturers have announced and released hardware that integrates 5G with satellite networks:Samsung Electronics introduced a standardized 5G NTN modem technology in Korea in February 2023,[58] simulated on their Exynos Modem 5300, facilitating smartphone-satellite communication.MediaTek launched the world's first commercially
available 5G IoT-NTN chipset, MT6825, capable of automatic satellite message receipt and extensive power efficiency.[59][60]Qualcomm, in collaboration with Skylo, announced new satellite IoT solutions on June 22, 2023, including the Qualcomm 212S and 9205S modems, supporting the Qualcomm Aware platform for real-time asset tracking and
device management.[61]Motorola's Defy Satellite Link hotspot, powered by MediaTek's MT6825, became available in June 2023, providing a portable satellite messaging solution with robust battery life and built-in GPS.[62][63]Rakuten Symphony, in collaboration with Supermicro, announced high-performing Open RAN technologies and storage
systems for operators of cloud-based mobile services.[64]5G-Advanced (also known as 5.5G or 5G-A) is an evolutionary upgrade to 5G technology, defined under the 3GPP Release 18 standard. It serves as a transitional phase between 5G and future 6G networks, focusing on performance optimization, enhanced spectral efficiency, energy efficiency,
and expanded functionality. This technology supports advanced applications such as extended reality (XR), massive machine-type communication (mMTC), and ultra-low latency for critical services, such as autonomous vehicles.[65][66][67] 5G-Advanced would offer a theoretical 10 Gbps downlink, 1 Gbps uplink, 100 billion device connections and
lower latency.[68]Additionally, 5G-Advanced integrates artificial intelligence (AI) and machine learning (ML) to optimize network operations, enabling smarter resource allocation and predictive maintenance. It also enhances network slicing, allowing highly customized virtual networks for specific use cases such as industrial automation, smart cities,
and critical communication systems. 5G-Advanced aims to minimize service interruption times during handovers to nearly zero, ensuring robust connectivity for devices in motion, such as high-speed trains and autonomous vehicles. To further support emerging IoT applications, 5G-Advanced expands the capabilities of RedCap (Reduced Capability)
devices, enabling their efficient use in scenarios that require low complexity and power consumption.[69][70] Furthermore, 5G-Advanced introduces advanced time synchronization methods independent of GNSS, providing more precise timing for critical applications. For the first time in the development of mobile network standards defined by 3GPP,
it offers fully independent geolocation capabilities, allowing position determination without relying on satellite systems such as GPS.The standard includes extended support for non-terrestrial networks (NTN), enabling communication via satellites and unmanned aerial vehicles, which facilitates connectivity in remote or hard-to-reach areas.[71]In
December 2023, Finnish operator DNA demonstrated 10 Gbps speeds on its network using 5G-Advanced technology.[72][73] The Release 18 specifications were finalized by mid-2024.[74][75] On February 27, 2025, Elisa announced its deployment of the first 5G-Advanced network in Finland.[76] In March 2025, China Mobile started deployment of
5G-Advanced network in Hangzhou.[77]See also: List of 5G NR networks5G 3.5 GHz cell site of Deutsche Telekom in Darmstadt, Germany5G 3.5 GHz cell site of Vodafone in Karlsruhe, GermanyBeyond mobile operator networks, 5G is also expected to be used for private networks with applications in industrial 10T, enterprise networking, and critical
communications, in what being described as NR-U (5G NR in Unlicensed Spectrum)[78] and Non-Public Networks (NPNs) operating in licensed spectrum. By the mid-to-late 2020s, standalone private 5G networks are expected to become the predominant wireless communications medium to support the ongoing Industry 4.0 revolution for the
digitization and automation of manufacturing and process industries.[79] 5G was expected to increase phone sales.[80]Initial 5G NR launches depended on pairing with existing LTE (4G) infrastructure in non-standalone (NSA) mode (5G NR radio with 4G core), before maturation of the standalone (SA) mode with the 5G core network.[81]As of April
2019, the Global Mobile Suppliers Association had identified 224 operators in 88 countries that have demonstrated, are testing or trialing, or have been licensed to conduct field trials of 5G technologies, are deploying 5G networks or have announced service launches.[82] The equivalent numbers in November 2018 were 192 operators in 81 countries.
[83] The first country to adopt 5G on a large scale was South Korea, in April 2019. Swedish telecoms giant Ericsson predicted that 5G Internet will cover up to 65% of the world's population by the end of 2025.[84] Also, it plans to invest 1 billion reals ($238.30 million) in Brazil to add a new assembly line dedicated to fifth-generation technology (5G)



for its Latin American operations.[85]When South Korea launched its 5G network, all carriers used Samsung, Ericsson, and Nokia base stations and equipment, except for LG U Plus, who also used Huawei equipment.[86][87] Samsung was the largest supplier for 5G base stations in South Korea at launch, having shipped 53,000 base stations at the
time, out of 86,000 base stations installed across the country at the time.[88]The first fairly substantial deployments were in April 2019. In South Korea, SK Telecom claimed 38,000 base stations, KT Corporation 30,000 and LG U Plus 18,000; of which 85% are in six major cities.[89] They are using 3.5GHz (sub-6) spectrum in non-standalone (NSA)
mode and tested speeds were from 193 to 430Mbit/s down.[90] 260,000 signed up in the first month and 4.7 million by the end of 2019.[91] T-Mobile US was the first company in the world to launch a commercially available 5G NR Standalone network.[92]Nine companies sell 5G radio hardware and 5G systems for carriers: Altiostar, Cisco Systems,
Datang Telecom/Fiberhome, Ericsson, Huawei, Nokia, Qualcomm, Samsung, and ZTE.[93][94][95][96][97]1[98][99] As of 2023, Huawei is the leading 5G equipment manufacturer and has the greatest market share of 5G equipment and has built approximately 70% of worldwide 5G base stations.[100]:182Large quantities of new radio spectrum (5G NR
frequency bands) have been allocated to 5G.[101] For example, in July 2016, the U.S. Federal Communications Commission (FCC) freed up vast amounts of bandwidth in underused high-band spectrum for 5G. The Spectrum Frontiers Proposal (SFP) doubled the amount of millimeter-wave unlicensed spectrum to 14GHz and created four times the
amount of flexible, mobile-use spectrum the FCC had licensed to date.[102] In March 2018, European Union lawmakers agreed to open up the 3.6 and 26GHz bands by 2020.[103]As of March2019[update], there are reportedly 52 countries, territories, special administrative regions, disputed territories and dependencies that are formally considering
introducing certain spectrum bands for terrestrial 5G services, are holding consultations regarding suitable spectrum allocations for 5G, have reserved spectrum for 5G, have announced plans to auction frequencies or have already allocated spectrum for 5G use.[104]5G connectivity on a Samsung Galaxy S10In March 2019, the Global Mobile
Suppliers Association released the industry's first database tracking worldwide 5G device launches.[105] In it, the GSA identified 23 vendors who have confirmed the availability of forthcoming 5G devices with 33 different devices including regional variants. There were seven announced 5G device form factors: (telephones (12 devices), hotspots (4),
indoor and outdoor customer-premises equipment (8), modules (5), Snap-on dongles and adapters (2), and USB terminals (1)).[106] By October 2019, the number of announced 5G devices had risen to 129, across 15 form factors, from 56 vendors.[107]In the 5G IoT chipset arena, as of April 2019 there were four commercial 5G modem chipsets (Intel,
MediaTek, Qualcomm, Samsung) and one commercial processor/platform, with more launches expected in the near future.[108]An Apple iPhone showing that it is connected to a 5G NetworkOn March 4, 2019, the first-ever all-5G smartphone Samsung Galaxy S10 5G was released. According to Business Insider, the 5G feature was showcased as more
expensive in comparison with the 4G Samsung Galaxy S10e.[109] On March 19, 2020, HMD Global, the current maker of Nokia-branded phones, announced the Nokia 8.3 5G, which it claimed as having a wider range of 5G compatibility than any other phone released to that time. The mid-range model is claimed to support all 5G bands from 600MHz
to 3.8GHz.[110] Google Pixel smartphones support 5G starting with the 4a 5G and Pixel 5,[111] while Apple smartphones support 5G starting with the iPhone 12.[112][113]See also: 5G NR frequency bandsThe air interface defined by 3GPP for 5G is known as 5G New Radio (5G NR), and the specification is subdivided into two frequency bands, FR1
(below 6GHz) and FR2 (2454GHz).Otherwise known as sub-6, the maximum channel bandwidth defined for FR1 is 100MHz, due to the scarcity of continuous spectrum in this crowded frequency range. The band most widely being used for 5G in this range is 3.34.2GHz. The Korean carriers use the n78 band at 3.5GHz.Some parties used the term "mid-
band" frequency to refer to higher part of this frequency range that was not used in previous generations of mobile communication.The minimum channel bandwidth defined for FR2 is 50MHz and the maximum is 400MHz, with two-channel aggregation supported in 3GPP Release 15. Signals in this frequency range with wavelengths between 4 and
12mm are called millimeter waves. The higher the carrier frequency, the greater the ability to support high data-transfer speeds. This is because a given channel bandwidth takes up a lower fraction of the carrier frequency, so high-bandwidth channels are easier to realize at higher carrier frequencies.5G in the 24GHz range or above use higher
frequencies than 4G, and as a result, some 5G signals are not capable of traveling large distances (over a few hundred meters), unlike 4G or lower frequency 5G signals (sub 6GHz). This requires placing 5G base stations every few hundred meters in order to use higher frequency bands. Also, these higher frequency 5G signals cannot penetrate solid
objects easily, such as cars, trees, walls, and even humans, because of the nature of these higher frequency electromagnetic waves. 5G cells can be deliberately designed to be as inconspicuous as possible, which finds applications in places like restaurants and shopping malls.[114]Cell typesDeployment environmentMax. number of usersOutput power
(W)Max. distance from base station5G NR FR2FemtocellHomes, businessesHome: 48Businesses: 1632indoors: 0.010.1outdoors: 0.21tens of metersPico cellPublic areas like shopping malls,airports, train stations, skyscrapers64 to 128indoors: 0.10.250outdoors: 15tens of metersMicro cellUrban areas to fill coverage gaps128 to 256outdoors: 510few
hundreds of metersMacro cellUrban areas to provide additional capacitymore than 250outdoors: 1020hundreds of metersWi-Fi(for comparison)Homes, businessesfewer than 50indoors: 0.020.1outdoors: 0.21few tens of metersSee also: Multi-user MIMOMIMO (multiple-input and multiple-output) systems use multiple antennas at the transmitter and
receiver ends of a wireless communication system. Multiple antennas use the spatial dimension for multiplexing in addition to the time and frequency ones, without changing the bandwidth requirements of the system. Spatial multiplexing gains allow for an increase in the number of transmission layers, thereby boosting system capacity.Massive
MIMO antennas increases sector throughput and capacity density using large numbers of antennas. This includes Single User MIMO and Multi-user MIMO (MU-MIMO). The antenna array can schedule users separately to satisfy their needs and beamform towards the intended users, minimizing interference.[115]Main article: Multi-access edge
computingEdge computing is delivered by computing servers closer to the ultimate user. It reduces latency, data traffic congestion[116][117] and can improve service availability.[118]Main article: Small cellSmall cells are low-powered cellular radio access nodes that operate in licensed and unlicensed spectrum that have a range of 10 meters to a
few kilometers. Small cells are critical to 5G networks, as 5G's radio waves can't travel long distances, because of 5G's higher frequencies.[119][120][121][122]Main article: BeamformingThere are two kinds of beamforming (BF): digital and analog. Digital beamforming involves sending the data across multiple streams (layers), while analog
beamforming shaping the radio waves to point in a specific direction. The analog BF technique combines the power from elements of the antenna array in such a way that signals at particular angles experience constructive interference, while other signals pointing to other angles experience destructive interference. This improves signal quality in the
specific direction, as well as data transfer speeds. 5G uses both digital and analog beamforming to improve the system capacity.[123][124]One expected benefit of the transition to 5G is the convergence of multiple networking functions to achieve cost, power, and complexity reductions. LTE has targeted convergence with Wi-Fi band/technology via
various efforts, such as License Assisted Access (LAA; 5G signal in unlicensed frequency bands that are also used by Wi-Fi) and LTE-WLAN Aggregation (LWA; convergence with Wi-Fi Radio), but the differing capabilities of cellular and Wi-Fi have limited the scope of convergence. However, significant improvement in cellular performance
specifications in 5G, combined with migration from Distributed Radio Access Network (D-RAN) to Cloud- or Centralized-RAN (C-RAN) and rollout of cellular small cells can potentially narrow the gap between Wi-Fi and cellular networks in dense and indoor deployments. Radio convergence could result in sharing ranging from the aggregation of
cellular and Wi-Fi channels to the use of a single silicon device for multiple radio access technologies.[125]NOMA (non-orthogonal multiple access) is a proposed multiple-access technique for future cellular systems via allocation of power.[126]Main articles: Software-defined networking, SD-WAN, Network function virtualization, and 5G network
slicingInitially, cellular mobile communications technologies were designed in the context of providing voice services and Internet access. Today a new era of innovative tools and technologies is inclined towards developing a new pool of applications. This pool of applications consists of different domains such as the Internet of Things (I0T), web of
connected autonomous vehicles, remotely controlled robots, and heterogeneous sensors connected to serve versatile applications.[127] In this context, network slicing has emerged as a key technology to efficiently embrace this new market model.[128]The 5G Service-Based architecture replaces the referenced-based architecture of the Evolved
Packet Core that is used in 4G. The SBA breaks up the core functionality of the network into interconnected network functions (NFs), which are typically implemented as Cloud-Native Network Functions. These NFs register with the Network Repository Function (NRF) which maintains their state, and communicate with each other using the Service
Communication Proxy (SCP). The interfaces between the elements all utilize RESTful APIs.[129] By breaking functionality down this way, mobile operators are able to utilize different infrastructure vendors for different functions, and the flexibility to scale each function independently as needed.[129]5G Network Functions [130]NF NameNF
AcronymAnalogous EPC elementAuthentication Server FunctionAUSFMME / HSS (Authentication)Access and Mobility Management FunctionAMFMMEUnstructured Data Storage FunctionUDSFN/ANetwork Exposure FunctionNEFN/ANetwork Slice Specific Authentication and Authorization FunctionNSSAAFN/ANetwork Slice Selection
FunctionNSSFN/APolicy Control FunctionPCFPCRFSession Management FunctionSMFMME / PGW-CUnified Data ManagementUDMHSS (DB Front End)Unified Data RepositoryUDRHSS (User Database)User Plane FunctionUPFSGW-U / PGW-UUE radio Capability Management FunctionUCMFN/AApplication FunctionAFAF (IMS)Network Data
Analytics FunctionNWDAFN/ACHarging FunctionCHFCSCFIn addition, the standard describes network entities for roaming and inter-network connectivity, including the Security Edge Protection Proxy (SEPP), the Non-3GPP InterWorking Function (N3IWF), the Trusted Non-3GPP Gateway Function (TNGF), the Wireline Access Gateway Function (W-
AGF), and the Trusted WLAN Interworking Function (TWIF). These can be deployed by operators as needed depending on their deployment.The channel coding techniques for 5G NR have changed from Turbo codes in 4G to polar codes for the control channels and LDPC (low-density parity check codes) for the data channels.[131][132]In December
2018, 3GPP began working on unlicensed spectrum specifications known as 5G NR-U, targeting 3GPP Release 16.[133] Qualcomm has made a similar proposal for LTE in unlicensed spectrum.5G wireless power is a technology based on 5G standards that transfers wireless power.[134][135] It adheres to technical standards set by the 3rd Generation
Partnership Project, the International Telecommunication Union, and the Institute of Electrical and Electronics Engineers. It utilizes extremely high frequency radio waves with wavelengths from one to ten millimeters, also known as mmWaves.[136][137] Up to 6W of power has been demonstrated being captured from 5G signals at a distance of 180m
by researchers at Georgia Tech.[134]Internet of things devices could benefit from 5G wireless power technology, given their low power requirements that are within the range of what has been achieved using 5G power capture.[138]See also: Concerns over Chinese involvement in 5G wireless networks and Criticism of Huawei Espionage and security
concernsA report published by the European Commission and European Agency for Cybersecurity details the security issues surrounding 5G. The report warns against using a single supplier for a carrier's 5G infrastructure, especially those based outside the European Union; Nokia and Ericsson are the only European manufacturers of 5G equipment.
[139]0n October 18, 2018, a team of researchers from ETH Zurich, the University of Lorraine and the University of Dundee released a paper entitled, "A Formal Analysis of 5G Authentication".[140][141] It alerted that 5G technology could open ground for a new era of security threats. The paper described the technology as "immature and
insufficiently tested," and one that "enables the movement and access of vastly higher quantities of data, and thus broadens attack surfaces". Simultaneously, network security companies such as Fortinet,[142] Arbor Networks,[143] A10 Networks,[144] and Voxility[145] advised on personalized and mixed security deployments against massive DDoS
attacks foreseen after 5G deployment.IoT Analytics estimated an increase in the number of IoT devices, enabled by 5G technology, from 7 billion in 2018 to 21.5 billion by 2025.[146] This can raise the attack surface for these devices to a substantial scale, and the capacity for DDoS attacks, cryptojacking, and other cyberattacks could boost
proportionally.[141] In addition, the EPS solution for 5G networks has identified a design vulnerability. The vulnerability affects the operation of the device during cellular network switching.[147]Due to fears of potential espionage of users of Chinese equipment vendors, several countries (including the United States, Australia and the United Kingdom
as of early 2019)[148] have taken actions to restrict or eliminate the use of Chinese equipment in their respective 5G networks. A 2012 U.S. House Permanent Select Committee on Intelligence report concluded that using equipment made by Huawei and ZTE, another Chinese telecommunications company, could "undermine core U.S. national security
interests".[149] In 2018, six U.S. intelligence chiefs, including the directors of the CIA and FBI, cautioned Americans against using Huawei products, warning that the company could conduct "undetected espionage".[150] Further, a 2017 investigation by the FBIdetermined that Chinese-made Huawei equipment could disrupt U.S. nuclear arsenal
communications.[151] Chinese vendors and the Chinese government have denied claims of espionage, but experts have pointed out that Huawei would have no choice but to hand over network data to the Chinese government if Beijing asked for it because of Chinese National Security Law.[152]In August 2020, the U.S. State Department launched
"The Clean Network" as a U.S. government-led, bi-partisan effort to address what it described as "the long-term threat to data privacy, security, human rights and principled collaboration posed to the free world from authoritarian malign actors". Promoters of the initiative have stated that it has resulted in an "alliance of democracies and companies”,
"based on democratic values". On October 7, 2020, the UK Parliament's Defence Committee released a report claiming that there was clear evidence of collusion between Huawei and Chinese state and the Chinese Communist Party. The UK Parliament's Defence Committee said that the government should consider removal of all Huawei equipment
from its 5G networks earlier than planned.[153] In December 2020, the United States announced that more than 60 nations, representing more than two thirds of the world's gross domestic product, and 200 telecom companies, had publicly committed to the principles of The Clean Network. This alliance of democracies included 27 of the 30 NATO
members; 26 of the 27 EU members, 31 of the 37 OECD nations, 11 of the 12 Three Seas nations as well as Japan, Israel, Australia, Singapore, Taiwan, Canada, Vietnam, and India.Parts of this article (those related to 5G, short for the fifth generation of wireless technology, employs a range of higher-frequency radio waves than its predecessors.) need
to be updated. Please help update this article to reflect recent events or newly available information. (January 2022)The spectrum used by various 5G proposals, especially the n258 band centered at 26GHz, will be near that of passive remote sensing such as by weather and Earth observation satellites, particularly for water vapor monitoring at
23.8GHz.[154] Interference is expected to occur due to such proximity and its effect could be significant without effective controls. An increase in interference already occurred with some other prior proximate band usages.[155][156] Interference to satellite operations impairs numerical weather prediction performance with substantially deleterious
economic and public safety impacts in areas such as commercial aviation.[157][158]The concerns prompted U.S. Secretary of Commerce Wilbur Ross and NASA Administrator Jim Bridenstine in February 2019 to urge the FCC to delay some spectrum auction proposals, which was rejected.[159] The chairs of the House Appropriations Committee and
House Science Committee wrote separate letters to FCC chairman Ajit Pai asking for further review and consultation with NOAA, NASA, and DoD, and warning of harmful impacts to national security.[160] Acting NOAA director Neil Jacobs testified before the House Committee in May 2019 that 5G out-of-band emissions could produce a 30%
reduction in weather forecast accuracy and that the resulting degradation in ECMWF model performance would have resulted in failure to predict the track and thus the impact of Superstorm Sandy in 2012. The United States Navy in March 2019 wrote a memorandum warning of deterioration and made technical suggestions to control band bleed-
over limits, for testing and fielding, and for coordination of the wireless industry and regulators with weather forecasting organizations.[161]At the 2019 quadrennial World Radiocommunication Conference (WRC), atmospheric scientists advocated for a strong buffer of 55 dBW, European regulators agreed on a recommendation of 42 dBW, and US
regulators (the FCC) recommended a restriction of 20 dBW, which would permit signals 150 times stronger than the European proposal. The ITU decided on an intermediate 33 dBW until September 1, 2027, and after that a standard of 39 dBW.[162] This is closer to the European recommendation but even the delayed higher standard is much weaker
than that requested by atmospheric scientists, triggering warnings from the World Meteorological Organization (WMO) that the ITU standard, at 10 times less stringent than its recommendation, brings the "potential to significantly degrade the accuracy of data collected".[163] A representative of the American Meteorological Society (AMS) also
warned of interference,[164] and the European Centre for Medium-Range Weather Forecasts (ECMWF), sternly warned, saying that society risks "history repeat[ing] itself" by ignoring atmospheric scientists' warnings (referencing global warming, monitoring of which could be imperiled).[165] In December 2019, a bipartisan request was sent from
the US House Science Committee to the Government Accountability Office (GAO) to investigate why there is such a discrepancy between recommendations of US civilian and military science agencies and the regulator, the FCC.[166]The United States FAA has warned that radar altimeters on aircraft, which operate between 4.2 and 4.4GHz, might be
affected by 5G operations between 3.7 and 3.98GHz. This is particularly an issue with older altimeters using RF filters[167] which lack protection from neighboring bands.[168] This is not as much of an issue in Europe, where 5G uses lower frequencies between 3.4 and 3.8GHz.[169] Nonetheless, the DGAC in France has also expressed similar
worries and recommended 5G phones be turned off or be put in airplane mode during flights.[170]0n December 31, 2021, U.S. Transportation Secretary Pete Buttigieg and Steve Dickinson, administrator of the Federal Aviation Administration asked the chief executives of AT&T and Verizon to delay 5G implementation over aviation concerns. The
government officials asked for a two-week delay starting on January 5, 2022, while investigations are conducted on the effects on radar altimeters. The government transportation officials also asked the cellular providers to hold off their new 5G service near 50 priority airports, to minimize disruption to air traffic that would be caused by some planes
being disallowed from landing in poor visibility.[171] After coming to an agreement with government officials the day before,[172] Verizon and AT&T activated their 5G networks on January 19, 2022, except for certain towers near 50 airports.[173] AT&T scaled back its deployment even further than its agreement with the FAA required.[174]The FAA
rushed to test and certify radar altimeters for interference so that planes could be allowed to perform instrument landings (e.g. at night and in low visibility) at affected airports. By January 16, it had certified equipment on 45% of the U.S. fleet, and 78% by January 20.[175] Airlines complained about the avoidable impact on their operations, and
commentators said the affair called into question the competence of the FAA.[176] Several international airlines substituted different planes so they could avoid problems landing at scheduled airports, and about 2% of flights (320) were cancelled by the evening of January 19.[177]Further information: C band (IEEE)A number of 5G networks deployed
on the radio frequency band of 3.33.6GHz are expected to cause interference with C-Band satellite stations, which operate by receiving satellite signals at 3.44.2GHz frequency.[178] This interference can be mitigated with low-noise block downconverters and waveguide filters.[178]In regions like the US and EU, the 6GHz band is to be opened up for
unlicensed applications, which would permit the deployment of 5G-NR Unlicensed, 5G version of LTE in unlicensed spectrum, as well as Wi-Fi 6e. However, interference could occur with the co-existence of different standards in the frequency band.[179]There have been concerns surrounding the promotion of 5G, questioning whether the technology
is overhyped. There are questions on whether 5G will truly change the customer experience,[180] ability for 5G's mmWave signal to provide significant coverage,[181][182] overstating what 5G can achieve or misattributing continuous technological improvement to "5G",[183] lack of new use case for carriers to profit from,[184] wrong focus on
emphasizing direct benefits on individual consumers instead of for Internet of Things devices or solving the last mile problem,[185] and overshadowing the possibility that in some aspects there might be other more appropriate technologies.[186] Such sort of concerns have also led to consumers not trusting information provided by cellular providers
on the topic.[187]Main article: 5G misinformationFurther information: Wireless device radiation and healthThere is a long history of fear and anxiety surrounding wireless signals that predates 5G technology. The fears about 5G are similar to those that have persisted throughout the 1990s and 2000s. According to the US Centers for Disease Control
and Prevention (CDC) "exposure to intense, direct amounts of non-ionizing radiation may result in damage to tissue due to heat. This is not common and mainly of concern in the workplace for those who work on large sources of non-ionizing radiation devices and instruments."[188] Some advocates of fringe health claim the regulatory standards are
too low and influenced by lobbying groups.[189]An anti-5G sticker in LuxembourgThere have been rumors that 5G mobile phone use can cause cancer, but this is a myth.[190] Many popular books of dubious merit have been published on the subject[additional citation(s) needed] including one by Joseph Mercola alleging that wireless technologies
caused numerous conditions from ADHD to heart diseases and brain cancer. Mercola has drawn sharp criticism for his anti-vaccinationism during the COVID-19 pandemic and was warned by the Food and Drug Administration to stop selling fake COVID-19 cures through his online alternative medicine business.[189][191]According to The New York
Times, one origin of the 5G health controversy was an erroneous unpublished study that physicist Bill P. Curry did for the Broward County School Board in 2000 which indicated that the absorption of external microwaves by brain tissue increased with frequency.[192] According to experts[vague] this was wrong, the millimeter waves used in 5G are
safer than lower frequency microwaves because they cannot penetrate the skin and reach internal organs. Curry had confused in vitro and in vivo research. However Curry's study was widely distributed on the Internet. Writing in The New York Times in 2019, William Broad reported that RT America began airing programming linking 5G to harmful
health effects which "lack scientific support", such as "brain cancer, infertility, autism, heart tumors, and Alzheimer's disease". Broad asserted that the claims had increased. RT America had run seven programs on this theme by mid-April 2019 but only one in the whole of 2018. The network's coverage had spread to hundreds of blogs and websites.
[193]In April 2019, the city of Brussels in Belgium blocked a 5G trial because of radiation rules.[194] In Geneva, Switzerland, a planned upgrade to 5G was stopped for the same reason.[195] The Swiss Telecommunications Association (ASUT) has said that studies have been unable to show that 5G frequencies have any health impact.[196]According to
CNET,[197] "Members of Parliament in the Netherlands are also calling on the government to take a closer look at 5G. Several leaders in the United States Congress have written to the Federal Communications Commission expressing concern about potential health risks. In Mill Valley, California, the city council blocked the deployment of new 5G
wireless cells."[197][198]1[199][200][201] Similar concerns were raised in Vermont[202] and New Hampshire.[197] The US FDA is quoted saying that it "continues to believe that the current safety limits for cellphone radiofrequency energy exposure remain acceptable for protecting the public health".[203] After campaigning by activist groups, a
series of small localities in the UK, including Totnes, Brighton and Hove, Glastonbury, and Frome, passed resolutions against the implementation of further 5G infrastructure, though these resolutions have no impact on rollout plans.[204][205][206]Low-level EMF does have some effects on other organisms.[207] Vian et al., 2006 finds an effect of
microwave on gene expression in plants.[207] A meta-analysis of 95 in vitro and in vivo studies showed that an average of 80% of the in vivo research showed effects of such radiation, as did 58% of the in vitro research, but that the results were inconclusive as to whether any of these effects pose a health risk.[208]Main article: COVID-19
misinformation 5G mobile-phone networksThe World Health Organization published a mythbuster infographic to combat the conspiracy theories about COVID-19 and 5GAs the introduction of 5G technology coincided with the time of the COVID-19 pandemic, several conspiracy theories circulating online posited a link between COVID-19 and 5G.[209]
This has led to dozens of arson attacks being made on telecom masts in the Netherlands (Amsterdam, Rotterdam, etc.), Ireland (Cork,[210] etc.), Cyprus, the United Kingdom (Dagenham, Huddersfield, Birmingham, Belfast and Liverpool),[211][212] Belgium (Pelt), Italy (Maddaloni), Croatia (Bibinje)[213] and Sweden.[214] It led to at least 61
suspected arson attacks against telephone masts in the United Kingdom alone[215] and over twenty in The Netherlands.In the early months of the pandemic, anti-lockdown protesters at protests over responses to the COVID-19 pandemic in Australia were seen with anti-5G signs, an early sign of what became a wider campaign by conspiracy theorists
to link the pandemic with 5G technology. There are two versions of the 5G-COVID-19 conspiracy theory:[189]The first version claims that radiation weakens the immune system, making the body more vulnerable to SARS-CoV-2 (the virus that causes COVID-19).The second version claims that 5G causes COVID-19. There are different variations on this.
Some claim that the pandemic is coverup of illness caused by 5G radiation or that COVID-19 originated in Wuhan because that city was "the guinea-pig city for 5G".Main articles: 5G Evolution, LTE Advanced Pro, and LTE AdvancedThis section needs expansion. You can help by adding to it. (October 2023)In various parts of the world, carriers have
launched numerous differently branded technologies, such as "5G Evolution", which advertise improving existing networks with the use of "5G technology".[216] However, these pre-5G networks are an improvement on specifications of existing LTE networks that are not exclusive to 5G. While the technology promises to deliver higher speeds, and is
described by AT&T as a "foundation for our evolution to 5G while the 5G standards are being finalized", it cannot be considered to be true 5G. When AT&T announced 5G Evolution, 4x4 MIMO, the technology that AT&T is using to deliver the higher speeds, had already been put in place by T-Mobile without being branded with the 5G moniker. It is
claimed that such branding is a marketing move that will cause confusion with consumers, as it is not made clear that such improvements are not true 5G.[217]With the rollout of 5G, 4G has become more available and affordable, with the world's most developed countries having >90% LTE coverage.[218] Because of this, 4G is still not obsolete even
today.[219] 4G plans are sold alongside 5G plans on US carriers,[220] with 4G being cheaper than 5G.[221]This section needs to be updated. Please help update this article to reflect recent events or newly available information. (April 2019)Cellular network standards and generation timeline.In April 2008, NASA partnered with Geoff Brown and
Machine-to-Machine Intelligence (M2Mi) Corp to develop a fifth generation communications technology approach, though largely concerned with working with nanosats.[222] In August 2012, New York University founded NYU Wireless, a multi-disciplinary academic research centre that has conducted pioneering work in 5G wireless communications.
[223] On October 8, 2012, the UK's University of Surrey secured 35M for a new 5G research centre, jointly funded by the British government's UK Research Partnership Investment Fund (UKRPIF) and a consortium of key international mobile operators and infrastructure providers, including Huawei, Samsung, Telefnica Europe, Fujitsu Laboratories
Europe, Rohde & Schwarz, and Aircom International. It will offer testing facilities to mobile operators keen to develop a mobile standard that uses less energy and less radio spectrum, while delivering speeds higher than current 4G with aspirations for the new technology to be ready within a decade.[224][225][226][227] On November 1, 2012, the EU
project "Mobile and wireless communications Enablers for the Twenty-twenty Information Society" (METIS) started its activity toward the definition of 5G. METIS achieved an early global consensus on these systems. In this sense, METIS played an important role in building consensus among other external major stakeholders prior to global
standardization activities. This was done by initiating and addressing work in relevant global fora (e.g. ITU-R), as well as in national and regional regulatory bodies.[228] That same month, the iJOIN EU project was launched, focusing on "small cell" technology, which is of key importance for taking advantage of limited and strategic resources, such as
the radio wave spectrum. According to Gnther Oettinger, the European Commissioner for Digital Economy and Society (20142019), "an innovative utilization of spectrum" is one of the key factors at the heart of 5G success. Oettinger further described it as "the essential resource for the wireless connectivity of which 5G will be the main driver".[229]
iJOIN was selected by the European Commission as one of the pioneering 5G research projects to showcase early results on this technology at the Mobile World Congress 2015 (Barcelona, Spain).In February 2013, ITU-R Working Party 5D (WP 5D) started two study items: (1) Study on IMT Vision for 2020 and beyond, and; (2) Study on future
technology trends for terrestrial IMT systems. Both aiming at having a better understanding of future technical aspects of mobile communications toward the definition of the next generation mobile.[230] On May 12, 2013, Samsung Electronics stated that they had developed a "5G" system. The core technology has a maximum speed of tens of Gbit/s
(gigabits per second). In testing, the transfer speeds for the "5G" network sent data at 1.056Gbit/s to a distance of up to 2kilometers with the use of an 8%*8 MIMO.[231][232] In July 2013, India and Israel agreed to work jointly on development of fifth generation (5G) telecom technologies.[233] On October 1, 2013, NTT (Nippon Telegraph and
Telephone), the same company to launch world's first 5G network in Japan, wins Minister of Internal Affairs and Communications Award at CEATEC for 5G R&D efforts.[234] On November 6, 2013, Huawei announced plans to invest a minimum of $600 million into R&D for next generation 5G networks capable of speeds 100 times higher than modern
LTE networks.[235]0n April 3, 2019, South Korea became the first country to adopt 5G.[236] Just hours later, Verizon launched its 5G services in the United States, and disputed South Korea's claim of becoming the world's first country with a 5G network, because allegedly, South Korea's 5G service was launched initially for just six South Korean
celebrities so that South Korea could claim the title of having the world's first 5G network.[237] In fact, the three main South Korean telecommunication companies (SK Telecom, KT, and LG Uplus) added more than 40,000 users to their 5G network on the launch day.[238] In June 2019, the Philippines became the first country in Southeast Asia to roll
out a 5G broadband network after Globe Telecom commercially launched its 5G data plans to customers.[239] AT&T brings 5G service to consumers and businesses in December 2019 ahead of plans to offer 5G throughout the United States in the first half of 2020.[240][241][242]In 2020, AIS and TrueMove H launched 5G services in Thailand, making
it the first country in Southeast Asia to have commercial 5G.[243][244] A functional mockup of a Russian 5G base station, developed by domestic specialists as part of Rostec's digital division Rostec.digital, was presented in Nizhny Novgorod at the annual conference "Digital Industry of Industrial Russia".[245][246] 5G speeds have declined in many
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analog led to the eventual replacement of 1G by 2G networks. While many 1G networks were phased out by the early 2000s, some continued to operate into the 2010s, particularly in less developed regions.The antecedent to 1G technology is the mobile radio telephone (i.e. "0G"), where portable phones would connect to a centralised operator. 1G
refers to the very first generation of cellular networks.[2] Cellular technology employ a network of cells throughout a geographical area using low-power radio transmitters.[1]Cellular network standards and generation timeline.The first commercial cellular network was launched in Japan by Nippon Telegraph and Telephone (NTT) in 1979, initially in
the metropolitan area of Tokyo. The first phone that used this network was called TZ-801 built by Panasonic.[3] Within five years, the NTT network had been expanded to cover the whole population of Japan and became the first nationwide 1G/cellular network. Before the network in Japan, Bell Laboratories built the first cellular network around
Chicago in 1977 and trialled it in 1978.[4]As in the pre-cellular era, the Nordic countries were among the pioneers in wireless technologies. These countries together designed the NMT standard which first launched in Sweden in 1981.[5] NMT was the first mobile phone network to feature international roaming. In 1983, the first 1G cellular network
launched in the United States, which was Chicago-based Ameritech using the Motorola DynaTAC mobile phone.In the early to mid 1990s, 1G was superseded by newer 2G (second generation) cellular technologies such as GSM and cdmaOne. Although 1G also used digital signaling to connect the radio towers (which listen to the handsets) to the rest
of the telephone system, the voice itself during a call is encoded to digital signals in 2G whereas 1G uses analog FM modulation for the voice transmission, much like a 2-way land mobile radio. Most 1G networks had been discontinued by the early 2000s. Some regions especially Eastern Europe continued running these networks for much longer. The
last operating 1G network was closed down in Russia in 2017.After Japan, the earliest commercial cellular networks launched in 1981 in Sweden, Norway and Saudi Arabia, followed by Denmark, Finland and Spain in 1982, the U.S. in 1983 and Hong Kong, South Korea, Austria and Canada in 1984. By 1986 networks had also launched in Tunisia,
Malaysia, Oman, Ireland, Italy, Luxembourg, Netherlands, United Kingdom, West Germany, France, South Africa, Israel, Thailand, Indonesia, Iceland, Turkey, the Virgin Islands and Australia.[6] Generally, African countries were slower to take up 1G networks, while Eastern European were among the last due to the political situation.[7]In Europe, the
United Kingdom had the largest number of cellular subscribers as of 1990 numbering 1.1 million, while the second largest market was Sweden with 482 thousand.[7] Although Japan was the first country with a nationwide cellular network, the number of users was significantly lower than other developed economies with a penetration rate of only 0.15
percent in 1989.[5] As of January 1991, the highest penetration rates were in Sweden and Finland with both countries above 50 percent closely followed by Norway and Iceland. The United States had a rate of 21.2 percent. In most other European countries it was below 10 percent.[8]Analog cellular technologies that were used were:[6]Advanced
Mobile Phone System (AMPS)[9]Nordic Mobile Telephone (NMT)Total Access Communication System (TACS) developed in the United Kingdom and also some other parts of the worldC-450 developed in West Germany and also adopted in Portugal and South AfricaRadiocom 2000 in France (France Telecom only)RTMI in ItalyMCS-L1 and MCS-L2
(developed by NTT) in Japan[10]JTACS (a variant of TACS operated by Daini Denden Planning, Inc. (DDI)) in Japan[10]List of mobile phone generations2G3G3.5G4G4.5G5G6GWireless Application ProtocolWireless device radiation and health”™ a b "Chapter 3 - Technology". Wireless Communications in Developing Counties (PDF). pp.1932.” Shi 2007,
p.56.” "Panasonic Japan cell phone shipments hit 100 million units". 3 April 2008.”~ Shi 2007, p.60.”™ a b Shi 2007, p.61.” a b "To open or not to open a technological system: insights from the history of mobile phones and their application to 5G" (PDF). Charles River Associates. May 2021.” a b Shi 2007, p.63.” "Mobile and PSTN Communication
Services" (PDF). OECD Digital Economy Papers (13). 1995. doi:10.1787/237485605680.” "AMTA". amta.org.au. Archived from the original on 17 April 2008.” a b "Answers The Most Trusted Place for Answering Life's Questions". Answers.com.Shi, Mingtao (2007). Technology Base of Mobile Cellular Operators in Germany and China: A Comparative
Study from the Perspective of the Resource Based View. Univerlagtuberlin. ISBN9783798320574.Glossary: 1G First Generation wireless technologyGlossary: Detailed Description on 1G TechnologyPrecededbyOG Mobile Telephony Generations Succeededby2GRetrieved from " 5First generation of digital cellular networksFor other uses, see 2G
(disambiguation).Part of a series on theWireless network technologiesAnalog0G1G (1.5G)Digital2G (2.5G, 2.75G, 2.9G)3G (3.5G, 3.75G, 3.9G/3.95G)4G (4G/4.5G, 4.5G, 4.9G)5G (5.5G)6GMobile telecommunicationsvte2G refers to the second generation of cellular network technology, which were rolled out globally starting in the early 1990s. The main
differentiator to previous mobile telephone systems, retrospectively dubbed 1G, is that the radio signals of 2G networks are digital rather than analog, for communication between mobile devices and base stations. In addition to voice telephony, 2G also made possible the use of data services.The most common 2G technology has been the GSM
standard, which became the first globally adopted framework for mobile communications. Other 2G technologies include cdmaOne and the now-discontinued Digital AMPS (D-AMPS/TDMA),[1] as well the Personal Digital Cellular (PDC) and Personal Handy-phone System (PHS) in Japan.The transition to digital technology enabled the implementation
of encryption for voice calls and data transmission, significantly improving the security of mobile communications while also increasing capacity and efficiency compared to earlier analog systems. 2G networks were primarily designed to support voice calls and Short Message Service (SMS), with later advancements such as General Packet Radio
Service (GPRS) enabling always-on packet data services, including email and limited internet access. 2G was succeeded by 3G technology, which provided higher data transfer rates and expanded mobile internet capabilities.In 1990, AT&T Bell Labs engineers Jesse Russell, Farhad Barzegar and Can A. Eryaman filed a patent for a digital mobile phone
that supports the transmission of digital data. Their patent was cited several years later by Nokia and Motorola when they were developing 2G digital mobile phones.[2]2G was first commercially launched in 1991 by Radiolinja (now part of Elisa Oyj) in Finland in the form of GSM, which was defined by the European Telecommunications Standards
Institute (ETSI).[3] The Telecommunications Industry Association (TIA) defined the cdmaOne (IS-95) 2G standard, with an eight to ten fold increase in voice call capacity compared to analog AMPS.[4] The first deployment of cdmaOne was in 1995.[5] In North America, Digital AMPS (IS-54 and IS-136) and cdmaOne (IS-95) were dominant, but GSM
was also used. Later 2G releases in the GSM space, often referred to as 2.5G and 2.75G, include General Packet Radio Service (GPRS) and Enhanced Data Rates for GSM Evolution (EDGE). GPRS allows 2G networks to achieve a theoretical maximum transfer speed of 40 kbit/s (5 kB/s). EDGE increases this capacity, providing a theoretical maximum
transfer speed of 384 kbit/s (48 kB/s).Three primary benefits of 2G networks over their 1G predecessors were:Digitally encrypted phone conversations, at least between the mobile phone and the cellular base station but not necessarily in the rest of the network.Significantly more efficient use of the radio frequency spectrum enabling more users per
frequency band.Data services for mobile, starting with SMS text messages then expanding to Multimedia Messaging Service (MMS).Cellular network standards and generation timeline. (Large titles on the colored area refer to the lines to their right.Main article: GPRS2.5G ("second-and-a-half generation") refers to 2G systems that incorporate a
packet-switched domain alongside the existing circuit-switched domain, most commonly implemented through General Packet Radio Service (GPRS).[6] GPRS enables packet-based data transmission by dynamically allocating multiple timeslots to users, improving network efficiency. However, this does not inherently provide faster speeds, as similar
techniques, such as timeslot bundling, are also employed in circuit-switched data services like High-Speed Circuit-Switched Data (HSCSD). Within GPRS-enabled 2G systems, the theoretical maximum transfer rate is 40 kbit/s (5 kB/s).[7]Main article: EDGE (telecommunication)2.75G refers to the evolution of GPRS networks into EDGE (Enhanced Data
Rates for GSM Evolution) networks, achieved through the introduction of 8PSK (8 Phase Shift Keying) encoding. While the symbol rate remained constant at 270.833 samples per second, the use of 8PSK allowed each symbol to carry three bits instead of one, significantly increasing data transmission efficiency. Enhanced Data Rates for GSM Evolution
(EDGE), also known as Enhanced GPRS (EGPRS) or IMT Single Carrier (IMT-SC), is a backward-compatible digital mobile phone technology built as an extension to standard GSM. First deployed in 2003 by AT&T in the United States, EDGE offers a theoretical maximum transfer speed of 384 kbit/s (48 kB/s).[7]Evolved EDGE (also known as EDGE
Evolution or 2.875G) is an enhancement of the EDGE mobile technology that was introduced as a late-stage upgrade to 2G networks. While EDGE was first deployed in the early 2000s as part of GSM networks, Evolved EDGE was launched much later, coinciding with the widespread adoption of 3G technologies such as HSPA and just before the
emergence of 4G networks. This timing limited its practical application.Evolved EDGE increased data throughput and reduced latencies (down to 80 ms) by utilizing improved modulation techniques, dual carrier support, dual antennas, and turbo codes. It achieved peak data rates of up to 1 Mbit/s, significantly enhancing network efficiency for
operators that had not yet transitioned to 3G or 4G infrastructures. However, despite its technical improvements, Evolved EDGE was never widely deployed. By the time it became available, most network operators were focused on implementing more advanced technologies like UMTS and LTE. As of 2016, no commercial networks were reported to
support Evolved EDGE.See also: GSM Discontinuation2G, understood as GSM and CdmaOne, has been superseded by newer technologies such as 3G (UMTS / CDMA2000), 4G (LTE / WiMAX) and 5G (5G NR). However, 2G networks were still available as of 2023[update] in most parts of the world, while notably excluding the majority of carriers in
North America, East Asia, and Australasia.[8][9][10]Many modern LTE-enabled devices have the ability to fall back to 2G for phone calls, necessary especially in rural areas where later generations have not yet been implemented.[11] In some places, its successor 3G is being shut down rather than 2G Vodafone previously announced that it had
switched off 3G across Europe in 2020 but still retains 2G as a fallback service.[12] In the US T-Mobile shut down their 3G services while retaining their 2G GSM network.[13][14]Various carriers have made announcements that 2G technology in the United States, Japan, Australia, and other countries are in the process of being shut down, or have
already shut down 2G services so that carriers can re-use the frequencies for newer technologies (e.g. 4G, 5G).[15][16]As a legacy protocol, 2G connectivity is considered insecure.[17] Specifically, there exist well known methods to attack weaknesses in GSM since 2009[18] with practical use in crime.[19] Attack routes on 2G CdmaOne were found
later and remain less publicized.[20]Android 12 and later provide a network setting to disable 2G connectivity for the device.[21] i0OS 16 and later can disable 2G connectivity by enabling Lockdown Mode.[22]In some parts of the world, including the United Kingdom, 2G remains widely used for older feature phones and for internet of things (IoT)
devices such as smart meters, eCall systems and vehicle trackers to avoid the high patent licensing cost of newer technologies.[23] Terminating 2G services could leave vulnerable people who rely on 2G infrastructure unable to communicate even with emergency contacts, causing harm and possibly deaths.[24]CountryStatusNetworkShutdown
dateStandardNotes landlcom2025-02-03GSM[25] AnguillaDigicelactiveGSM900MHz: 5MHz GSM + 5MHz UMTS1900MHz: 5MHz UMTS [26][27][28][29]FLOW2024-04-22GSM[30][31] Antigua and BarbudaNo ServiceAPUA2018-04-01GSM[32]Digicel2024-05-31GSM[33]FLOW2024-07-31GSM[34] ArubapartiallyunconfirmedDigicel2024-06-
30GSM[35]SETARactiveGSMGSM-900 & GSM-1900 AustraliaNo ServiceHutchison 32006-08-09cdmaOne[36]1[37]1[38]1[39]1[40]0ptus2017-08-01GSM2G shut down in WA and NT on 3 Apr 2017.[41][42]Telstra2008-04-28cdmaOne[43][44][45][46][47]Telstra2016-12-01GSM[48]Vodafone2018-06-14GSM[49] BahamasNo ServiceAlivN/A(no 2G)BTC2024-
06-30GSM[50][51][52] BahrainBatelco2021-11-30GSM[53] BarbadospartiallyunconfirmedDigicel2025-03-31GSM900MHz: 6MHz GSM /1800MHz: 12MHz GSM [54]FLOW2024-04-22GSM BelgiumOrange2030GSM[55]Telenet2027GSM[56]Proximus2027GSM[57] BermudaDigicelactiveGSM1900MHz: 15MHz GSM + 15MHz LTE
[58]0OneactiveGSM1900MHz: 5MHz GSM + 20MHz LTE [58] BonairepartiallyunconfirmedDigicel2025-03-31 GSMFLOW?2024-04-22GSM British Virgin IslandsCCTactiveGSM1900MHz: 10MHz GSM + 20MHz LTE [59]DigicelactiveGSM1800MHz: 15MHz GSM1900MHz: 5MHz GSM + 10MHz UMTS [59]FLOW2024-04-22GSM[60] BruneiNo
ServiceUNN2021-06-01GSMNational Wholesale Network used by DSTCom, Progresif and imagine.[61][62] CanadaBell2019-04-30cdmaOneShutdown of CDMA transmitters commenced in remote areas in 2017, followed by an official announcement in June 2018 that 2G devices will lose service soon.[63][64]Rogers WirelessTBDGSM1900 MHz
shutdown in Jun 2021.850MHz remains active.[65][66][67][68]SaskTel2017-07-31cdmaOne[69][70]Telus Mobility2017-05-31cdmaOne[71][72] Cayman IslandspartiallyunconfirmedDigicel2020-07-01GSM[73][74]FLOW2024-04-22GSM ChinaChina MobileactiveGSM900MHz: 15MHz GSM1800MHz: 25MHz GSM [75]China Telecom2025cdmaOneLocal
shutdown commenced on 01 Jun 2020.CDMA2000 1xRTT, EV-DO Rev. A/B (3G) service also terminates.[75][76][77]China Unicom2025GSMLocal shutdown commenced on 18 Apr 2018.[75]1[78]1[791[771[80] ChileEntel2024 Q3GSMLocal shutdown commenced on 22 Jul 2024 in the Arica and Parinacota Region.[81] ColombiaClaro2023-02-23GSM[82]
[83]Tigo2022-11-01GSM[84] CuraaoDigicel2025-03-31GSMFLOW2024-02-29GSM[85][86] DominicapartiallyunconfirmedDigicel2027-03-31GSMFLOW2024-03-??GSM[87] FranceBouygues2026-12-31GSM[88]0range2026-09GSM[55]SFR2026GSM[89] GermanyDeutsche Telekom2028-06-30GSM[90]Vodafone2030-12-31GSM[91 ]Telefnica (O2)TBDGSM
GrenadaunconfirmedDigicel2024-03-31GSMFLOW2024-04-22GSM GuamunconfirmedGTA Teleguam?GSM Hong Kong32008-11-20cdmaOneShut down due to license expiry. Government originally did not allow the license to be renewed due to unpopularity, however the government later reversed the decision and held an auction for CDMA2000
service, which PCCW-HKT won the auction and provided CDMA2000 service immediately after 3's license expiry.32021-09-30GSM[92]CMHKactiveGSMCSL2005D-AMPSService previously provided by Pacific Link, which subsequently merged into CSL. Shut down due to license expiry. Government did not allow the license to be renewed due to
unpopularity.CSL2017-10-31cdmaOneService previously provided by PCCW. After acquisition of CSL by HKT, its mobile business PCCW Mobile was merged into CSL. No service for local customers, only served incoming roaming tourists.CSL terminated its CDMA family business upon its licence expiry, and CDMA2000 1xRTT, EV-DO Rev. A (3G)
service has also terminated along with cdmaOne.[93]CSL2024-11-08GSM[94]SmarTone2022-10-14GSM[95] IcelandNova2025-01-28GSM[96]Sminn2025 Q4GSM[97]1SnMid 2025GSM[98][99] IsraelHot Mobile2019-12-31iDEN[100]2025GSMPer government statement.[101] JamaicaNo ServiceDigicel2024-08-31GSM[102][103]FLOW2024-04-
15GSM[104][103][105] JapanNo Serviceau KDDI2012-07-22cdmaOne[106]NTT Docomo2012-03-31PDC[107]Softbank2010-03-31PDC[108] JordanUmniah2021-03-11GSM[109] LuxembourgOrange2030GSM[55] MacauNo ServiceCTM2019-08-01GSMService for local customers terminated on 4 Jun 2015, but remained for roaming users.[110][111]
[112]32019-08-01GSMService for local customers terminated on 4 Jun 2015, but remained for roaming users.[110][111]SmarTone2019-08-01GSMService for local customers terminated on 4 Jun 2015, but remained for roaming users.[110][111] MexicoAT&T2019-09-01GSM[113]Local shutdown commenced in Q1 2019.Movistar2021-01-01GSM[114]
MontserratunconfirmedDigicel?’GSMFLOW?2024-04-22GSM NetherlandsKPN2025-12-01GSM[115]T-Mobile2021-06-01 /2023-11-15(1oT)GSM[116] New CaledoniaOPT-NC2025GSMShutdown commenced in 2022.[117] New Zealand2degrees2018-03-15GSM[118]Spark2012-07-31cdmaOne[119][120] NorwayTelenor2027GSM[121]Telia2025GSM[121]
PanamabDigicel2022-06-30GSMComplete shutdown of operations and market exit.[122][123][124][125] PeruBitelN/A(no 2G) PolandOrange2030GSM[55] RomaniaOrange2030GSM[55] Saint Kitts and NevisDigicel2027-03-31GSMFLOW2024-04-22GSM[126] Saint LuciapartiallyunconfirmedDigicel2027-03-31GSMFLOW2024-04-22GSM[127] Saint
Vincent and the GrenadinesDigicel2027-03-31GSMFLOW2023-09-30GSM[128][129][130][131] Saudi Arabiastc2025 Q4GSM][132] SingaporeNo ServiceM12017-04-18GSM[133]Singtel2017-04-18GSM[133]StarHub2017-04-18GSM[133] Sint Maarten Saba Sint EustatiusNo ServiceTelCell2019-01-01GSM[134]FLOW (UTS)2017-09-26GSM][135]
SlovakiaOrange2030GSM[55] South AfricaTBDGSMPer government statement.[136][137] South KoreaNo ServiceKT2012-03-19cdmaOneCDMA2000 1xRTT, EV-DO Rel. 0 (3G) service has also terminated.[138]LG Uplus2021-06-30cdmaOneCDMA2000 1xRTT, EV-DO Rev. A/B (3G) service has also terminated.[139]SK Telecom2020-07-
27cdmaOneCDMA2000 1xRTT, EV-DO Rel. 0 (3G) service has also terminated.[140] SpainOrange2030GSM[55] SwedenNet4Mobility (Telenor/Tele2)2025-12-31GSM2G network will be shut down by the end of 2025.[141][142][143]Telia2027GSMShutdown pushed back from 2025 to 2027.[144][145] SwitzerlandNo ServiceSalt2020-12-
31GSMShutdown commenced on 1 Jul 2020. A few single 2G-only sites remained until Sep 2023 to preserve CSFB functionality.[146][147][148]Sunrise2023-01-03GSMWith the introduction of S-RAN in 2018 phaseout was previously postponed to 2022.[149][150][151]Swisscom2021-04-07GSMOfficial shutdown on 31 Dec 2020 (guaranteed
availability).[152][153][154] TaiwanNo ServiceChunghwa Telecom2017-06-30GSM[155]FarEasTone2017-06-30GSM[155]Taiwan Mobile2017-06-30GSM[155] Trinidad and TobagoDigicel2024-12-31GSM[156][157][158]bmobile (TSTT)TBDGSM850MHz: 2.5MHz GSM + 5MHz UMTS [159][160] Turks and Caicos IslandsDigicel2025-06-30GSM900MHz:
9.8MHz GSM [161]FLOW2024-04-22GSM[162] United Arab EmiratesNo ServiceDu2023-12-31GSM[163]Etisalat2023-12-31GSM[164] United Kingdom2033GSMPer government statement on confirmation by mobile providers.[165][166][167] United States Puerto Rico US Virgin IslandsAT&T2008-02-18D-AMPSTDMA (D-AMPS) on 1900 MHz shut
down on 15 July 2007.[168]2017-01-01GSM[169]Cellcom(US only)2023-12-01cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.[170]Claro(PR only)2028-12-31GSMCommnet Wireless (Choice)(US only)2022-12-31cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.[171]Copper Valley Wireless2022-
09-30cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.[172]Edge Wireless2007-06-30D-AMPS[173]T-Mobile2025GSMShutdown commenced on 9 Feb 2025.[174][175]T-Mobile (Sprint)2022-05-31cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.Shutdown commenced on 31 Mar 2022.[176][177]
[178][179]UScellular(US only)2009-02D-AMPS[180]UScellular(US only)2024-01-14cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.[181][182]Verizon(US only)2022-12-31cdmaOneCDMA2000 1xRTT, EV-DO Rev. A (3G) service has also terminated.[183] VenezuelaDigitel2024-03-08GSMShutdown commenced in May 2021.
[184][185]Movilnet2025GSM[184 ]Movistar2025GSMShutdown commenced on 01 Jul 2022.[184] VietnamNo ServiceGmobile2024-10-16GSMper government regulation[186]Mobifone2024-10-16GSMper government regulation[186]VietnamobileN/A(no 2G)Viettel2024-10-16GSMper government regulation[186]Vinaphone2024-10-16GSMper
government regulation[186]Cliff effectDropoutList of mobile phone generationsMobile radio telephone, also known as 0G1G3G4G5G6GWireless device radiation and health”™ "2G Sunset Brings Faster Speeds, Newer Technologies". 16 January 2017. Retrieved 27 January 2023.”~ US5257397A, Barzegar, Farhad; Eryaman, Can A. & Russell, Jesse E. et
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Succeededby3rd Generation (3G)Retrieved from " 6Third generation of wireless mobile telecommunications technologyFor other uses, see 3G (disambiguation).A USB modem for 3G plugged into a laptop.Part of a series on theWireless network technologiesAnalog0G1G (1.5G)Digital2G (2.5G, 2.75G, 2.9G)3G (3.5G, 3.75G, 3.9G/3.95G)4G (4G/4.5G,
4.5G, 4.9G)5G (5.5G)6GMobile telecommunicationsvte3G refers to the third generation of cellular network technology. These networks were rolled out beginning in the early 2000s and represented a significant advancement over the second generation (2G), particularly in terms of data transfer speeds and mobile internet capabilities. The major 3G
standards are UMTS (developed by 3GPP, succeeding GSM) and CDMA2000 (developed by Qualcomm, succeeding cdmaOne);[1][2] both of these are based on the IMT-2000 specifications established by the International Telecommunication Union (ITU).While 2G networks such as GPRS and EDGE supported limited data services, 3G introduced
significantly higher-speed mobile internet and enhanced multimedia capabilities, in addition to improved voice quality.[3] It provided moderate internet speeds suitable for general web browsing and multimedia content including video calling and mobile TV,[3] supporting services that provide an information transfer rate of at least 144 kbit/s.[4]
[5]Later 3G releases, often referred to as 3.5G (HSPA) and 3.75G (HSPA+) as well as EV-DO, introduced important improvements, enabling 3G networks to offer mobile broadband access with speeds ranging from several Mbit/s up to 42 Mbit/s.[6] These updates improved the reliability and speed of internet browsing, video streaming, and online
gaming, enhancing the overall user experience for smartphones and mobile modems in comparison to earlier 3G technologies. 3G was later succeeded by 4G technology, which provided even higher data transfer rates and introduced advancements in network performance.A new generation of cellular standards has emerged roughly every decade
since the introduction of 1G systems in 1979. Each generation is defined by the introduction of new frequency bands, higher data rates, and transmission technologies that are not backward-compatible due to the need for significant changes in network architecture and infrastructure.Several telecommunications companies marketed wireless mobile
Internet services as 3G, indicating that the advertised service was provided over a 3G wireless network. However, 3G services have largely been supplanted in marketing by 4G and 5G services in most areas of the world. Services advertised as 3G are required to meet IMT-2000 technical standards, including standards for reliability and speed (data
transfer rates). To meet the IMT-2000 standards, Third-generation mobile networks, or 3G, must maintain minimum consistent Internet speeds of 144Kbps.[5] However, many services advertised as 3G provide higher speed than the minimum technical requirements for a 3G service.[7] Subsequent 3G releases, denoted 3.5G and 3.75G, provided
mobile broadband access of several Mbit/s for smartphones and mobile modems in laptop computers.[8]3G branded standards:The UMTS (Universal Mobile Telecommunications System) system, standardized by 3GPP in 2001, was used in Europe, Japan, China (with a different radio interface) and other regions predominated by GSM (Global Systems
for Mobile Communications) 2G system infrastructure. The cell phones are typically UMTS and GSM hybrids. Several radio interfaces are offered, sharing the same infrastructure:The original and most widespread radio interface is called W-CDMA (Wideband Code Division Multiple Access).The TD-SCDMA radio interface was commercialized in 2009
and only offered in China.The latest UMTS release, HSPA+, can provide peak data rates up to 56Mbit/s in the downlink in theory (28Mbit/s in existing services) and 22Mbit/s in the uplink.The CDMA2000 system, first offered in 2002, standardized by 3GPP2, used especially in North America and South Korea, sharing infrastructure with the IS-95 2G
standard. The cell phones are typically CDMA2000 and IS-95 hybrids. The latest release EVDO Rev. B offers peak rates of 14.7Mbit/s downstream.The 3G systems and radio interfaces are based on spread spectrum radio transmission technology. While the GSM EDGE standard ("2.9G"), DECT cordless phones and Mobile WiMAX standards formally
also fulfill the IMT-2000 requirements and are approved as 3G standards by ITU, these are typically not branded as 3G and are based on completely different technologies.The common standards complying with the IMT2000/3G standard are:EDGE, a revision by the 3GPP organization to the older 2G GSM based transmission methods, which utilizes
the same switching nodes, base station sites, and frequencies as GPRS, but includes a new base station and cellphone RF circuits. It is based on the three times as efficient 8PSK modulation scheme as a supplement to the original GMSK modulation scheme. EDGE is still used extensively due to its ease of upgrade from existing 2G GSM infrastructure
and cell phones.EDGE combined with the GPRS 2.5G technology is called EGPRS, and allows peak data rates in the order of 200kbit/s, just like the original UMTS WCDMA versions and thus formally fulfill the IMT2000 requirements on 3G systems. However, in practice, EDGE is seldom marketed as a 3G system, but a 2.9G system. EDGE shows
slightly better system spectral efficiency than the original UMTS and CDMA2000 systems, but it is difficult to reach much higher peak data rates due to the limited GSM spectral bandwidth of 200kHz, and it is thus a dead end.EDGE was also a mode in the IS-136 TDMA system, no longer used.Evolved EDGE, the latest revision, has peaks of 1Mbit/s
downstream and 400kbit/s upstream but is not commercially used.The Universal Mobile Telecommunications System, created and revised by the 3GPP. The family is a full revision from GSM in terms of encoding methods and hardware, although some GSM sites can be retrofitted to broadcast in the UMTS/W-CDMA format.W-CDMA is the most
common deployment, commonly operated on the 2,100MHz band. A few others use the 850, 900, and 1,900MHz bands.HSPA is an amalgamation of several upgrades to the original W-CDMA standard and offers speeds of 14.4Mbit/s down and 5.76Mbit/s up. HSPA is backward-compatible and uses the same frequencies as W-CDMA.HSPA+, a further
revision and upgrade of HSPA, can provide theoretical peak data rates up to 168Mbit/s in the downlink and 22Mbit/s in the uplink, using a combination of air interface improvements as well as multi-carrier HSPA and MIMO. Technically though, MIMO and DC-HSPA can be used without the "+" enhancements of HSPA+.The CDMA2000 system, or IS-
2000, including CDMA2000 1x and CDMA2000 High Rate Packet Data (or EVDO), standardized by 3GPP2 (differing from the 3GPP), evolving from the original IS-95 CDMA system, is used especially in North America, China, India, Pakistan, Japan, South Korea, Southeast Asia, Europe, and Africa.CDMA2000 1x Rev. E has an increased voice capacity
(by three times the original amount) compared to Rev. 0 EVDO Rev. B offers downstream peak rates of 14.7Mbit/s while Rev. C enhanced existing and new terminal user experience.While DECT cordless phones and Mobile WiMAX standards formally also fulfill the IMT-2000 requirements, they are not usually considered due to their rarity and
unsuitability for usage with mobile phones.[9]The 3G (UMTS and CDMA2000) research and development projects started in 1992. In 1999, ITU approved five radio interfaces for IMT-2000 as a part of the ITU-R M.1457 Recommendation; WiMAX was added in 2007.[10]There are evolutionary standards (EDGE and CDMA) that are backward-
compatible extensions to pre-existing 2G networks as well as revolutionary standards that require all-new network hardware and frequency allocations. The cell phones use UMTS in combination with 2G GSM standards and bandwidths, but do not support EDGE. The latter group is the UMTS family, which consists of standards developed for IMT-
2000, as well as the independently developed standards DECT and WiMAX, which were included because they fit the IMT-2000 definition.While EDGE fulfills the 3G specifications, most GSM/UMTS phones report EDGE ("2.75G") and UMTS ("3G") functionality.[11]Cellular network standards and generation timeline.3G technology was the result of
research and development work carried out by the International Telecommunication Union (ITU) in the early 1980s. 3G specifications and standards were developed in fifteen years. The technical specifications were made available to the public under the name IMT-2000. The communication spectrum between 400MHz to 3GHz was allocated for 3G.
Both the government and communication companies approved the 3G standard. The first pre-commercial 3G network was launched by NTT DoCoMo in Japan in 1998,[12] branded as FOMA. It was first available in May 2001 as a pre-release (test) of W-CDMA technology. The first commercial launch of 3G was also by NTT DoCoMo in Japan on 1
October 2001, although it was initially somewhat limited in scope;[13][14] broader availability of the system was delayed by apparent concerns over its reliability.[15][16][17][18][19]The first European pre-commercial network was an UMTS network on the Isle of Man by Manx Telecom, the operator then owned by British Telecom, and the first
commercial network (also UMTS based W-CDMA) in Europe was opened for business by Telenor in December 2001 with no commercial handsets and thus no paying customers.The first network to go commercially live was by SK Telecom in South Korea on the CDMA-based 1xEV-DO technology in January 2002. By May 2002, the second South Korean
3G network was by KT on EV-DO and thus the South Koreans were the first to see competition among 3G operators.The first commercial United States 3G network was by Monet Mobile Networks, on CDMA2000 1x EV-DO technology, but the network provider later shut down operations. The second 3G network operator in the US was Verizon
Wireless in July 2002, also on CDMA2000 1x EV-DO. AT&T Mobility was also a true 3G UMTS network, having completed its upgrade of the 3G network to HSUPA.The first commercial United Kingdom 3G network was started by Hutchison Telecom which was originally behind Orange S.A.[20] In 2003, it announced first commercial third generation
or 3G mobile phone network in the UK.The first pre-commercial demonstration network in the southern hemisphere was built in Adelaide, South Australia, by m.Net Corporation in February 2002 using UMTS on 2100MHz. This was a demonstration network for the 2002 IT World Congress. The first commercial 3G network was launched by Hutchison
Telecommunications branded as Three or "3" in June 2003.[21]In India, on 11 December 2008, the first 3G mobile and internet services were launched by a state-owned company, Mahanagar Telecom Nigam Limited (MTNL), within the metropolitan cities of Delhi and Mumbai. After MTNL, another state-owned company, Bharat Sanchar Nigam
Limited (BSNL), began deploying the 3G networks country-wide.Emtel launched the first 3G network in Africa.[22]Videotelephony through cellular networks were made possible using 3G technologiesJapan was one of the first countries to adopt 3G, the reason being the process of 3G spectrum allocation, which in Japan was awarded without much
upfront cost. The frequency spectrum was allocated in the US and Europe based on auctioning, thereby requiring a huge initial investment for any company wishing to provide 3G services. European companies collectively paid over 100 billion dollars in their spectrum auctions.[23]Nepal Telecom adopted 3G Service for the first time in southern Asia.
However, its 3G was relatively slow to be adopted in Nepal. In some instances, 3G networks do not use the same radio frequencies as 2G, so mobile operators must build entirely new networks and license entirely new frequencies, especially to achieve high data transmission rates. Other countries' delays were due to the expenses of upgrading
transmission hardware, especially for UMTS, whose deployment required the replacement of most broadcast towers. Due to these issues and difficulties with deployment, many carriers could not or delayed the acquisition of these updated capabilities.In December 2007, 190 3G networks were operating in 40 countries and 154 HSDPA networks were
operating in 71 countries, according to the Global Mobile Suppliers Association (GSA). In Asia, Europe, Canada, and the US, telecommunication companies use W-CDMA technology with the support of around 100 terminal designs to operate 3G mobile networks.The roll-out of 3G networks was delayed by the enormous costs of additional spectrum
licensing fees in some countries. The license fees in some European countries were particularly high, bolstered by government auctions of a limited number of licenses and sealed bid auctions, and initial excitement over 3G's potential. This led to a telecoms crash that ran concurrently with similar crashes in the fibre-optic and dot.com fields.The 3G
standard is perhaps well known because of a massive expansion of the mobile communications market post-2G and advances of the consumer mobile phone. An especially notable development during this time is the smartphone (for example, the iPhone, and the Android family), combining the abilities of a PDA with a mobile phone, leading to
widespread demand for mobile internet connectivity. 3G has also introduced the term "mobile broadband" because its speed and capability made it a viable alternative for internet browsing, and USB Modems connecting to 3G networks, and now 4G became increasingly common.By June 2007, the 200 millionth 3G subscriber had been connected of
which 10 million were in Nepal and 8.2 million in India. This 200 millionth is only 6.7% of the 3 billion mobile phone subscriptions worldwide. (When counting CDMA2000 1x RTT customersmax bitrate 72% of the 200kbit/s which defines 3Gthe total size of the nearly-3G subscriber base was 475 million as of June 2007, which was 15.8% of all
subscribers worldwide.) In the countries where 3G was launched first Japan and South Korea 3G penetration is over 70%.[24] In Europe the leading country[when?] for 3G penetration is Italy with a third of its subscribers migrated to 3G. Other leading countries[when?] for 3G use include Nepal, UK, Austria, Australia and Singapore at the 32%



migration level.According to ITU estimates,[25] as of Q4 2012 there were 2096 million active mobile-broadband[vague] subscribers worldwide out of a total of 6835 million subscribersthis is just over 30%. About half the mobile-broadband subscriptions are for subscribers in developed nations, 934 million out of 1600 million total, well over 50%. Note
however that there is a distinction between a phone with mobile-broadband connectivity and a smart phone with a large display and so onalthough according[26] to the ITU and informatandm.com the US has 321 million mobile subscriptions, including 256 million that are 3G or 4G, which is both 80% of the subscriber base and 80% of the US
population, according[25] to ComScore just a year earlier in Q4 2011 only about 42% of people surveyed in the US reported they owned a smart phone. In Japan, 3G penetration was similar at about 81%, but smart phone ownership was lower at about 17%.[25] In China, there were 486.5 million 3G subscribers in June 2014,[27] in a population of
1,385,566,537 (2013 UN estimate).Since the increasing adoption of 4G networks across the globe, 3G use has been in decline. Several operators around the world have already or are in the process of shutting down their 3G networks (see table below). In several places, 3G is being shut down while its older predecessor 2G is being kept in operation;
Vodafone UK is doing this, citing 2G's usefulness as a low-power fallback.[28] EE in the UK, plans to switch off their 3G networks in early 2024.[29] In the US, Verizon shutdown their 3G services on 31 December 2022,[30] T-Mobile shut down Sprint's networks on 31 March 2022 and shutdown their main networks on 1 July 2022,[31] and AT&T has
done so on 22 February 2022.[32]Currently 3G around the world is declining in availability and support. Technology that depends on 3G for usage are becoming inoperable in many places. For example, the European Union plans to ensure that member countries maintain 2G networks as a fallback[citation needed], so 3G devices that are backwards
compatible with 2G frequencies can continue to be used. However, in countries that plan to decommission 2G networks or have already done so as well, such as the United States and Singapore, devices supporting only 3G and backwards compatible with 2G are becoming inoperable.[33] As of February 2022, less than 1% of cell phone customers in
the United States used 3G; AT&T offered free replacement devices to some customers in the run-up to its shutdown.[34]It has been estimated that there are almost 8,000 patents declared essential (FRAND) related to the 483 technical specifications which form the 3GPP and 3GPP2 standards.[35][36] Twelve companies accounted in 2004 for 90% of
the patents (Qualcomm, Ericsson, Nokia, Motorola, Philips, NTT DoCoMo, Siemens, Mitsubishi, Fujitsu, Hitachi, InterDigital, and Matsushita).Even then, some patents essential to 3G might not have been declared by their patent holders. It is believed that Nortel and Lucent have undisclosed patents essential to these standards.[36]Furthermore, the
existing 3G Patent Platform Partnership Patent pool has little impact on FRAND protection because it excludes the four largest patent owners for 3G.[37][38]ITU has not provided a clear[39][vague] definition of the data rate that users can expect from 3G equipment or providers. Thus users sold 3G service may not be able to point to a standard and
say that the rates it specifies are not being met. While stating in commentary that "it is expected that IMT-2000 will provide higher transmission rates: a minimum data rate of 2Mbit/s for stationary or walking users, and 348kbit/s in a moving vehicle,"[40] the ITU does not actually clearly specify minimum required rates, nor required average rates,
nor what modes|clarification needed] of the interfaces qualify as 3G, so various[vague] data rates are sold as '3G' in the market.In a market implementation, 3G downlink data speeds defined by telecom service providers vary depending on the underlying technology deployed; up to 384kbit/s for UMTS (WCDMA), up to 7.2Mbit/sec for HSPA, and a
theoretical maximum of 21.1Mbit/s for HSPA+ and 42.2Mbit/s for DC-HSPA+ (technically 3.5G, but usually clubbed under the tradename of 3G).[citation needed]See also: Mobile security Attacks based on the GSM networks3G networks offer greater security than their 2G predecessors. By allowing the UE (User Equipment) to authenticate the
network it is attaching to, the user can be sure the network is the intended one and not an impersonator.[41]3G networks use the KASUMI block cipher instead of the older A5/1 stream cipher. However, a number of serious weaknesses in the KASUMI cipher have been identified.In addition to the 3G network infrastructure security, end-to-end
security is offered when application frameworks such as IMS are accessed, although this is not strictly a 3G property.The bandwidth and location capabilities introduced by 3G networks enabled a wide range of applications that were previously impractical or unavailable on 2G networks. Among the most significant advancements was the ability to
perform data-intensive tasks, such as browsing the internet seamlessly while on the move, as well as engaging in other activities that benefited from faster data speeds and enhanced reliability.Beyond personal communication, 3G networks supported applications in various fields, including medical devices, fire alarms, and ankle monitors. This
versatility marked a significant milestone in cellular communications, as 3G became the first network to enable such a broad range of use cases.[42] By expanding its functionality beyond traditional mobile phone usage, 3G set the stage for the integration of cellular networks into a wide array of technologies and services, paving the way for further
advancements with subsequent generations of mobile networks.Both 3GPP and 3GPP2 are working on the extensions to 3G standards that are based on an all-IP network infrastructure and using advanced wireless technologies such as MIMO. These specifications already display features characteristic for IMT-Advanced (4G), the successor of 3G.
However, falling short of the bandwidth requirements for 4G (which is 1Gbit/s for stationary and 100Mbit/s for mobile operation), these standards are classified as 3.9G or Pre-4G.3GPP plans to meet the 4G goals with LTE Advanced, whereas Qualcomm has halted UMB development in favour of the LTE family.[43]On 14 December 2009, TeliaSonera
announced in an official press release that "We are very proud to be the first operator in the world to offer our customers 4G services."[44] With the launch of their LTE network, initially they are offering pre-4G (or beyond 3G) services in Stockholm, Sweden and Oslo, Norway.CountryStatusNetworkShutdown dateStandardReferencesNotes
ArgentinaPersonal TBDUMTS[45]Local shutdowns commenced in Q1 2023. AustraliaNo ServiceOptus2024-10-28UMTS[46][47]Telstra2024-10-28UMTS[48][49][47]Service on 2100MHz band ended on 25 Mar 2019.TPG / Vodafone2023-12-15UMTS[50][51] AustriaMagenta Telekom2024 (est.)UMTS[52] BelgiumOrange2025-12-31 (est.)UMTS[53]
[54]Local shutdowns commenced in Jan 2024.Telenet2024-09-30 (est.)UMTS[55]Local shutdowns commenced in Sep 2024.Proximus2024-12-31 (est.)UMTS[56] CanadaBell2025-12-31 (est.)UMTS[57]Rogers2025-07-31UMTS[57][58][59][60][61][62]1900 MHz shutdown in Jun 2021.850MHz remains active until 31 July 2025.Telus2025-12-31
(est.)UMTS[57]Videotron2025-07-31UMTS[63] ChinaChina Mobile2020TD-SCDMA[64][65][66][67]Local shutdowns commenced on 16 Mar 2016.China Telecom2025 (est.)CDMA2000[68][69][70]CDMA2000 1X, 1XxEV-DO Rev. ALocal shutdowns commenced on 16 Jun 2020.China UnicomTBDUMTS[71]Local shutdowns commenced in Q4 2022.
CroatiaHT2025 (est.)UMTS[72]Local shutdown commenced in Dec 2023. Czech RepublicNo Service022021-11-30UMTS[73]T-Mobile2021-11-30UMTS[73]Vodafone2021-03-31UMTS[74] Denmark32025-12-01 (est.)UMTS[75]Local shutdown commenced in 2019. TDCTBDUMTS[76]Local shutdown commenced in 2022.TT-Netvrket(Telenor, Telia)2023-
03-20UMTS[77][78]Service on the 2100MHz band ended in 2021.Shutdown on the 900MHz band commenced in summer 2022. EstoniaElisa2024-11-26UMTS[79]Tele22025-12-31 (est.)UMTS[80]Telia Eesti2023-12-13UMTS[81][82][83][84] FinlandDNA2024-01-25UMTS[85][86][87][88]Local shutdowns commenced in May 2023.Elisa2023-11-
30UMTS[89]Local shutdowns commenced in Apr 2023.Finnish Shared Network[fi]2024-12UMTS[90]Joint company by Telia and DNA to manage networks in Northern and Eastern Finland.Telia2024-10-28UMTS[91][92][93]Local shutdowns commenced on 9 Sep 2023.lcomActive3G[94]2G shutdown 2025-02-03. No decision on 3G shutdown yet.
FranceBouygues2029 (est.)UMTS[95]0range2028-12-31 (est.)UMTS[53]SFR2028 (est.)UMTS[96] GermanyNo ServiceDeutsche Telekom2021-07-01UMTS[97]022021-12-31UMTS[98][99][100]Vodafone2021-06-30UMTS[101] GreeceNo ServiceCosmote2021-12-31UMTS[102]NOVA2023-03-27UMTS[103][104][105]1[106]Vodafone2023-05-31UMTS[107]
GreenlandTusassTBDUMTS[108] Hong Kong3activeUMTSCMHK2025-06-30UMTS[109][110]JCSL2017-10-31CDMA2000[111]CDMA2000 1X, 1xEV-DO Rev. A.Service previously provided by PCCW. After acquisition of CSL by HKT,its mobile business PCCW Mobile was merged into CSL.No service for local customers, only served incoming roaming
tourists.CSL terminated its CDMA family business upon its licence expiry,and cdmaOne service has also terminated along with CDMA2000.CSLactiveUMTSSmartoneactiveUMTS HungaryNo ServiceMagyar Telekom2022-06-30UMTS[112][113][114]Yettel Hungary2023-11-13UMTS[112][114][115]Vodafone Hungary2023-03-31UMTS[116][114]
IcelandNova2025-12-31 (est.)UMTS[117][118]Sminn2025-12-31 (est.)UMTS[118]Sn2025-12-31 (est.)UMTS[118] IndiaAirtel2020-03-31UMTS[119][120]Vodafone Idea2022-10-06UMTS[121]Complete network refarming to 4G/LTE. IndonesiaSmartfren2017-11-13CDMA2000[122]CDMA2000 1X, 1XxEV-DO Rel. 0, 1XEV-DO Rev. A, EV-DO Rev.
BTelkomsel2023-06-23UMTS[123]Indosat2022-12-31UMTS[124]XL AxiataTBDUMTS[125][126]Local shutdowns commenced in June 2021. IrelandVodafoneTBDUMTS[127]Local shutdowns commenced in Feb 2023. Israel2025-12-31 (est.)[128]Per government statement Italylliad2025 (est.)UMTS[129]TIM2022-10-21UMTS[130][131][132]
[133]Vodafone2021-02-28UMTS[134]Wind Tre2025-12-31UMTS[129][135]Service on the 2100MHz band ended on 7 Aug 2025. JapanKDDI12022-03-31CDMA2000[136]1[137][138]CDMA2000 1X, 1xEV-DO Rel. 0, 1XxEV-DO Rev. A, EV-DO Rev. BNTT docomo2026-03-31 (est.)UMTS[139]Softbank2024-04-15UMTS[140][141][142]
KazakhstanTele2TBDUMTS[143][144]Local shutdown commenced on 28 Mar 2024. LithuaniaTelia2022-12-15UMTS[145][146][147]Tele22025-12 (est.)UMTS[148] LuxembourgOrange2025-12-31 (est.)UMTS[53]Tango / Telindus2024-01-31UMTS[149] MacauNo ServiceChina Telecom2025-06-04CDMA2000[150][151][152]CDMA2000 1X, 1xEV-DO
Rev. ACTM2025-06-04UMTS[152]32025-06-04UMTS[152]Smartone2024-11-11UMTS[153]Smartone ceased operations in Macau and returned its license. MalaysiaNo ServiceCelcom2021-12-31UMTS[154][155]Maxis2021-12-31UMTS[156]U Mobile2021-12-31UMTS[156]Digi2021-12-31UMTS[156][155] Moldovalnterdnestrcom2023-08-
01CDMA2000[157] MontenegroCrnogorski Telekom2024-01-22UMTS[158][159] NetherlandsKPN2023-05-10UMTS[160][161][162]Local shutdown commenced on 31 Mar 2022.Vodafone2020-02-04UMTS[163] New Zealand2degrees2025 Q4 (est.)UMTS[164]0One2025-12-31 (est.)UMTS[165][166][167]Local shutdown will commence by 31 Mar
2025.Spark2025-12-31 (est.)UMTS[168][169]Local shutdown will commence "towards the end of 2025". NorwayNo ServiceTelia2021-11-11UMTS[170]Telenor2021-01-31UMTS[171] OmanOmantel2024 Q3 (est.)UMTS[172][173] PakistanNo Service]Jazz2024-11-18UMTS[174][175] PhilippinesSmart
(PLDT)TBDUMTS[176]GlobeTBDUMTS[177]Shutdown commenced in Oct 2020. PolandT-Mobile2023-04 (est.)UMTS[178][179][180]Shutdown commenced in Apr 2023.0range2025-12-31 (est.)UMTS[53][181][182]Local shutdown commenced on 26 Sep 2023. PortugalMEO2024-01-31UMTS[183]Local shutdown commenced on 4 Sep
2023.Vodafone2024-07 (est.)UMTS[184]N0S2024-05 (est.)UMTS[185]Shutdown commenced in May 2024. RomaniaDigi2023-08-29UMTS[186]0range2025-12-31 (est.)UMTS[53]Telekom2023-03-31UMTS[187]Vodafone2025-07-01 (est.)UMTS[188] RussiaBeeline2025 (est.)UMTS[189]Shutdown commenced in Moscow in Feb 2023.MTS2025
(est.)UMTS[190]Shutdowns commenced in Saint-Petersburg in Oct 2024. Saudi Arabiastc2023-09-30UMTS[191] SingaporeNo ServiceM12024-08-01UMTS[192][193]Singtel2024-11-01UMTS[192][193]StarHub2024-11-01UMTS[192][193] SlovakiaO2TBDUMTS[194]Local shutdown commences in Jan 2024.0range2024-02-22UMTS[53][195]
[196]Telekom2023-11-23UMTS[197][198]Local shutdown commenced on 3 Oct 2023. SloveniaTelekom Slovenije2022-09-30UMTS[199]A1 Slovenija2023-06-30UMTS[200] South Africa2025-03 (est.)[201][202]Per government statement South KoreaKT2012-03-19CDMA2000[203][204][205]CDMA2000 was also referred to as "2G" in South Korea,
besides cdmaOne (IS-95).[206]CDMA2000 1X, 1XxEV-DO Rel. OKT also operates an UMTS "3G" network.LLG U+2021-06-30CDMA2000[207][208][203][209]CDMA2000 1X, 1XxEV-DO Rev. A, EV-DO Rev. BSK Telecom2020-07-27CDMA2000[210][205][203][211]CDMA2000 was also referred to as "2G" in South Korea, besides cdmaOne (IS-95).
[206]CDMA2000 1X, 1xEV-DO Rel. OSKT also operates an UMTS "3G" network. SpainMovistar2025 (est.)UMTSOrange2025-12-31 (est.)UMTS[53]Vodafone2024-10-29 (est.)UMTS[212][213] Sri LankaAirtel2022-06-12UMTS[214]Dialog AxiataTBDUMTS[215] SwedenTelenor2025-12 (est.)UMTS[216]Telia2025 (est.)UMTS[217]Three2025-12-01
(est.)UMTS[218][219]Local shutdown for 2100 MHz band commenced in late 2021. SwitzerlandSunrise2025-06 (est.)UMTS[220]Swisscom2025-12-01 (est.)UMTS[221] TaiwanNo ServiceAsia Pacific Telecom2017-12-31CDMA2000[222][223]CDMA2000 1X, 1XxEV-DO Rev. AChunghwa Telecom2018-12-31 (Data)2024-06-30 (Voice)UMTS[224][225]
[226]Far EasTone2018-12-31 (Data)2024-06-30 (Voice)UMTS[224][225][226]Taiwan Mobile2018-12-31 (Data)2024-06-30 (Voice)UMTS[224][225][226]Taiwan Star2018-12-31 (Data)2024-06-30 (Voice)UMTS[224][225][226] United KingdomEE2024-02-25UMTS[227][228][229][230]Shutdown commenced on 17 Jul 2023 in Warrington (Cheshire).[231]
[232]Three2024-12-31UMTS[233]022025-12-31 (est.)UMTS[234][235]Local shutdown commenced in Apr 2025.Vodafone2024-02-28UMTS[236][2371[238][239]Local shutdown commenced in Jun 2023. United States Puerto Rico US Virgin IslandsNo ServiceAppalachian Wireless2023-01-03CDMA2000[240][241][242]CDMA2000 1X, 1xEV-DO Rev.
AAT&T2022-02-22UMTS[243][244]Cellcom2023-03-31CDMA2000[245]Cellular One of North East Arizona2023-05-04UMTS[246]Commnet Wireless (Choice)2022-12-31CDMA2000[247]Liberty2022-02-22UMTS[248]Silver Star2022-12-30CDMA2000[249][250]CDMA2000 1X & 1xEV-DO Rev. AStrata Networks2022-12-31CDMA2000[251]T-Mobile2022-
07-01UMTS[252][253][2541[255]T-Mobile (Sprint)2022-05-31CDMA2000[256][252][253][254][257][258]CDMA2000 1X, 1X Adv. (Rev.E), 1XEV-DO Rel. 0, 1xEV-DO Rev. AShutdown commenced on 31 Mar 2022.UScellular2024-01-14CDMA2000[259][260][261]CDMA2000 1X1xEV-DO (Rel. 0 & Rev. A) shutdown commenced in 2021.Verizon2022-12-
31CDMA2000[262][263][264]CDMA2000 1X, 1xEV-DO Rel. 0, 1xEV-DO Rev. A Vietnam2028-09 (est.)[265]per government statementList of mobile phone generationsMobile radio telephone (also known as "0G")Mobile broadbandWireless device radiation and healthl1 G2ZG4G5G6GLTE (telecommunication)”™ "Mobility and Session Management: UMTS
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itself to all or part of the 3GPP scope;Has signed the Partnership Project Agreement.As of January2025[update], the Market Representation Partners are:[6]Market Representation PartnersOrganizationWebsite5G-ACIA Automotive Association Americas Networking Alliance (5GDNA) Smart Network and Services Industry Association (6G-IA) Slicing
Association (5GSA) Media Action Group (5G-MAG) Edge Computing Consortium (AECC) India Forum Operators Association of India (COAI) Society of Automotive Engineers[zh] (CSAE) //ctia.org/Global Satellite Operators Association (GSOA) Certification Forum (GCF) mobile Suppliers Association (GSA) //'www.gsma.com/IPV6 Forum Generation
Mobile Networks (NGMN) Safety Communication Europe (PSCE) Forum Cell Forum //tcca.info/TD Industry Alliance Broadband Alliance standards are structured as Releases. Discussion of 3GPP thus frequently refers to the functionality in one release or another.Version[7]Released[8]InfoPhase 11992GSM FeaturesPhase 21995GSM Features, EFR
Codec,Release 961997 Q1GSM Features, 14.4kbit/s User Data Rate,Release 971998 Q1GSM Features, GPRSRelease 981999 Q1GSM Features, AMR codec, EDGE, GPRS for PCS1900Release 992000 Q1Specified the first UMTS 3G networks, incorporating a CDMA air interface[9]Release 42001 Q20riginally called the Release 2000 added features
including an all-IP Core Network[10]Release 52002 Q1lIntroduced IMS and HSDPA[11]Release 62004 Q4Integrated operation with Wireless LAN networks and adds HSUPA, MBMS, enhancements to IMS such as Push to Talk over Cellular (PoC), GAN[12]Release 72007 Q4Focuses on decreasing latency, improvements to QoS and real-time
applications such as VoIP.[13] This specification also focus on HSPA+ (High Speed Packet Access Evolution), SIM high-speed protocol and contactless front-end interface (Near Field Communication enabling operators to deliver contactless services like Mobile Payments), EDGE Evolution.Release 82008 Q4First LTE release. All-IP Network (SAE).
New OFDMA, FDE and MIMO based radio interface, not backwards compatible with previous CDMA interfaces. Dual-Cell HSDPA. UMTS HNB.Release 92009 Q4SAES Enhancements, WiMAX and LTE/UMTS Interoperability. Dual-Cell HSDPA with MIMO, Dual-Cell HSUPA. LTE HeNB. Evolved multimedia broadcast and multicast service
(eMBMS).Release 102011 Q1LTE Advanced fulfilling IMT Advanced 4G requirements. Backwards compatible with release 8 (LTE). Multi-Cell HSDPA (4 carriers).Release 112012 Q3Advanced IP Interconnection of Services. Service layer interconnection between national operators/carriers as well as third-party application providers. Heterogeneous
networks (HetNet) improvements, Coordinated Multi-Point operation (CoMP). In-device Co-existence (IDC).Release 122015 Q1Enhanced Small Cells (higher order modulation, dual connectivity, cell discovery, self configuration), Carrier aggregation (2 uplink carriers, 3 downlink carriers, FDD/TDD carrier aggregation), MIMO (3D channel modeling,
elevation beamforming, massive MIMO), New and Enhanced Services (cost and range of MTC, D2D communication, eMBMS enhancements)[14]Release 132016 Q1LTE-Advanced Pro. LTE in unlicensed, LTE enhancements for Machine-Type Communication. Elevation Beamforming / Full-Dimension MIMO, Indoor positioning.[15]Release 142017
Q2Energy Efficiency, Location Services (LCS), Mission Critical Data over LTE, Mission Critical Video over LTE, Flexible Mobile Service Steering (FMSS), Multimedia Broadcast Supplement for Public Warning System (MBSP), enhancement for TV services over eMBMS, massive Internet of Things, Cell Broadcast Service (CBS)[16]Release 152018
Q2First 5G NR ("New Radio") release. Support for 5G Vehicle-to-x service, IP Multimedia Core Network Subsystem (IMS), Future Railway Mobile Communication System[17]Release 162020 Q3The 5G System Phase 2: 5G enhancements, NR-based access to unlicensed spectrum (NR-U), Satellite access[18]Release 172022 Q1TSG RAN: Several
features that continue to be important for overall efficiency and performance of 5G NR: MIMO, Spectrum Sharing enhancements, UE Power Saving and Coverage Enhancements. RAN1 will also undertake the necessary study and specification work to enhance the physical layer to support frequency bands up to 71GHz.TSG SA groups focused on
further enhancements to the 5G system and enablers for new features and services:Enhanced support of: non-public networks, industrial Internet of Things, low complexity NR devices, edge computing in 5GC, access traffic steering, switch and splitting support, network automation for 5G, network slicing, advanced V2X service, multiple USIM
support, proximity-based services in 5GS, 5G multicast broadcast services, Unmanned Aerial Systems (UAS), satellite access in 5G, 5GC location services, Multimedia Priority Service...[19]Release 182023 Q45G-Advanced. Introducing further machine-learning based techniques at different levels of the wireless network. Edge computing, Evolution of
IMS Multimedia Telephony Service, Smart Energy and Infrastructure, Vehicle-Mounted Relays, Low Power High Accuracy Positioning for industrial IoT scenarios, Enhanced Access to and Support of Network slicing, Satellite backhaul in 5G...[20][21][19]Release 19 [22]2025 Q45G-Advanced.Each release incorporates hundreds of individual Technical
Specification and Technical Report documents, each of which may have been through many revisions. Current 3GPP standards incorporate the latest revision of the GSM standards.The documents are made available without charge on 3GPP's web site. The Technical Specifications cover not only the radio part ("Air Interface") and Core Network, but
also billing information and speech coding down to source code level. Cryptographic aspects (such as authentication, confidentiality) are also specified.The 3GPP specification work is done in Technical Specification Groups (TSGs) and Working Groups (WGs).[23]There are three Technical Specifications Groups, each of which consists of multiple
WGs:RAN (Radio Access Network): RAN specifies the UTRAN and the E-UTRAN. It is composed of six working groups.WGShorthandScopeSpecificationsRAN WG1RAN1Radio Layer 1 (Physical layer)List of specsRAN WG2RAN2Radio Layer 2 and Radio Layer 3 Radio Resource ControlList of specsRAN WG3RAN3UTRAN, E-UTRAN, NG-RAN
architecture and related network interfacesList of specsRAN WG4RAN4Radio performance and protocol aspectsList of specsRAN WG5RANSMobile terminal conformance testingList of specsSA (Service and System Aspects): SA specifies the service requirements and the overall architecture of the 3GPP system. It is also responsible for the
coordination of the project. SA is composed of six working groups.WGShorthandScopeSpecificationsSA WG1SA1ServicesList of specsSA WG2SA2ArchitectureList of specsSA WG3SA3SecurityList of specsSA WG4SA4CodecList of specsSA WG5SA5Management, Orchestration and ChargingList of specsSA WG6SA6Application Enablement and Critical
Communication ApplicationsList of specsCT (Core Network and Terminals): CT specifies the core network and terminal parts of 3GPP. It includes the core network terminal layer 3 protocols. It is composed of five working groups.WGShorthandScopeSpecificationsCT WG1CT1User Equipment Core Network protocolsList of specsCT WG2CT2closedCT
WG3CT3Interworking with external networksList of specsCT WG4CT4Core Network ProtocolsList of specsCT WG5CT5closedCT WG6CT6Smart Card Application AspectsList of specsGERAN (GSM/EDGE Radio Access Network):The closure of GERAN was announced in January 2016.[24] The specification work on legacy GSM/EDGE system was
transferred to RAN WG, RANG6. RANG was closed in July 2020 ( .The 3GPP structure also includes a Project Coordination Group, which is the highest decision-making body. Its missions include the management of overall timeframe and work progress.3GPP standardization work is contribution-driven. Companies ("individual members") participate
through their membership to a 3GPP Organizational Partner. As of December 2020, 3GPP is composed of 719 individual members.[25]Specification work is done at WG and at TSG level:[26]the 3GPP WGs hold several meetings a year. They prepare and discuss change requests against 3GPP specifications. A change request accepted at WG level is
called "agreed".the 3GPP TSGs hold plenary meetings quarterly. The TSGs can "approve" the change requests that were agreed at WG level. Some specifications are under the direct responsibility of TSGs and therefore, change requests can also be handled at TSG level. The approved change requests are subsequently incorporated in 3GPP
specifications.3GPP follows a three-stage methodology as defined in ITU-T Recommendation 1.130:[27]stage 1 specifications define the service requirements from the user point of view.stage 2 specifications define an architecture to support the service requirements.stage 3 specifications define an implementation of the architecture by specifying
protocols in details.Test specifications are sometimes defined as stage 4, as they follow stage 3.Specifications are grouped into releases. A release consists of a set of internally consistent set of features and specifications.Timeframes are defined for each release by specifying freezing dates. Once a release is frozen, only essential corrections are
allowed (i.e. addition and modifications of functions are forbidden). Freezing dates are defined for each stage.The 3GPP specifications are transposed into deliverables by the Organizational Partners.List of mobile phone generationsUniversal Mobile Telecommunications System (UMTS)3GPP Long Term EvolutionEvolution to 3GIP Multimedia
Subsystem3GP3GPP2 The 3GPP's counterpart in the CDMA2000 sphere.GSM servicesLoRaWANTelecoms & Internet converged Services & Protocols for Advanced Networks (TISPAN)Open Mobile AllianceService data adaptation protocolService layerEuropean Telecommunications Standards Institute”™ 3GPP Scope and Objectives, 31 August 20077~
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January 2025.” Releases”™ "3GPP Specifications Releases (and phases and stages)". Retrieved 16 September 2010.” Overview of 3GPP Release 99, Summary of all Release 99 Features. ETSI Mobile Competence Centre, Version xx/07/04” Overview of 3GPP Release 4, Summary of all Release 4 Features, v.1.1.0 (draft) ETSI Mobile Competence Centre
2004~ Summary of all Release 5 Features, ETSI Mobile Competence Centre, Version 9 September 2003” Overview of 3GPP Release 6, Summary of all Release 6 Features, Version TSG #33, ETSI Mobile Competence Centre 2006™ Review of the Work Plan at Plenaries #31, 3GPP, SP-060232 3GPP TSG SA#31 Sanya, 1316 March 2006”™ "Highlights of
3GPP Release 12". Retrieved 20 November 2014.”~ "Release 13 priorities". Retrieved 20 November 2014.”~ "3GPP Portal > Specifications". portal.3gpp.org. Retrieved 27 October 2016.”™ "3GPP Portal > Specifications". portal.3gpp.org. Retrieved 27 October 2016.” "3GPP Portal > Specifications". portal.3gpp.org. Retrieved 14 July 2020.” a b "5G
evolution toward 5G advanced: An overview of 3GPP releases 17 and 18". Ericsson. Retrieved 25 August 2022.” "Release 18". 3gpp.org. Retrieved 25 November 2021.” "5G-Advanced's system architecture begins taking shape at 3GPP". Nokia. Retrieved 25 November 2021.” "Release 19". 3GPP. Retrieved 8 September 2024.” "Specification Groups".
Archived from the original on 9 May 2011. Retrieved 11 April 2011.” closure of GERAN” 3GPP membership”™ 3GPP TR 21.900 Technical Specification Group working methods” ITU-T Recommendation 1.1303GPP website3GPP Standards List of Acronyms & Terminology3GPP freely published, detailed technical specifications3GPP releases
descriptionsETSI GSM UMTS 3GPP Numbering Cross ReferenceTS/TRspecification numberingTool for visualizing multiple inter-related 3gpp standardsTool for visualizing, decoding, encoding network protocol messages defined by 3gppLTE-3GPP.info: online 3GPP messages decoder fully supporting Rel.15Retrieved from " 9This article is about the
multimedia formats. For the mobile telecommunications standards organizations, see 3GPP.Multimedia file format families3GPFilename extension.3gp, .3gppInternet mediatypevideo/3gpp, audio/3gppUniform Type Identifier(UTI)public.3gppDevelopedby3GPPInitial release4April 2003; 22 years ago(2003-04-04)[1]Latest release17.0.0[1]7April 2022; 3
years ago(2022-04-07) Type of formatContainer formatContainerforaudio, video, textExtendedfromMPEG-4 Part 120pen format?YesFree format?No3G2Filename extension.3g2, .3gp2, .3gpp2Internet mediatypevideo/3gpp2, audio/3gpp2Uniform Type Identifier(UTI)public.3gpp2Developedby3GPP2Initial releaseJanuary2004; 21years ago(2004-01)
[2]Latest releaseC.S0050-B v1.0[2]September2024; 10months ago(2024-09) Type of formatContainer formatContainerforaudio, video, textExtendedfromMPEG-4 Part 120pen format?YesFree format?yes3GP (3GPP file format) is a digital multimedia container format defined by the Third Generation Partnership Project (3GPP) for 3G UMTS multimedia
services, largely based on MPEG-4 Part 12. A 3GP container may consist of H.263 or H.264 video codecs or AMR or AAC-LC audio codecs.3G2 (3GPP2 file format) is a multimedia container format defined by the 3GPP2 for 3G CDMA2000 multimedia services. It is very similar to the 3GP file format but consumes less space and bandwidth, and has
some extensions and limitations in comparison to 3GP.3GP is defined in the ETSI 3GPP technical specification.[1] 3GP is a required file format for video and associated speech/audio media types and timed text in ETSI 3GPP technical specifications for IP Multimedia Subsystem (IMS), Multimedia Messaging Service (MMS), Multimedia
Broadcast/Multicast Service (MBMS) and Transparent end-to-end Packet-switched Streaming Service (PSS).[3][4][5]1[6]13G2 is defined in the 3GPP2 technical specification.[2]The factual accuracy of parts of this article (those related to 3GP codec list (see release 12 of 2016 p.65)) may be compromised due to out-of-date information. The reason given
is: 3GP has expanded codec lists while 3G2 has stagnated. Please help update this article to reflect recent events or newly available information. (February 2021)Relations between ISO Base Media File Format, MP4 File Format, 3GPP file format and 3GPP2 file format. Based on the 3GPP2 technical specification published on 18 May 2007.[7]The 3GP
and 3G2 file formats are both structurally based on the ISO base media file format defined in ISO/IEC 14496-12 MPEG-4 Part 12,[8][9][10] but older versions of the 3GP file format did not use some of its features.[7] 3GP and 3G2 are container formats similar to MPEG-4 Part 14 (MP4), which is also based on MPEG-4 Part 12. The 3GP and 3G2 file
format were designed to decrease storage and bandwidth requirements to accommodate mobile phones. They are good for lower end smartphones for faster streaming & download.3GP and 3G2 are similar standards, but with some differences:3GPP file format was designed for GSM-based phones and may have the filename extension .3gp3GPP2 file
format was designed for CDMA-based phones and may have the filename extension .3g2Some cell phones use the .mp4 extension for 3GP video.The 3GP file format stores video streams as MPEG-4 Part 2, H.263, or MPEG-4 Part 10 (AVC/H.264), and audio streams as AMR-NB, AMR-WB, AMR-WB+, AAC-LC, HE-AAC v1 or Enhanced aacPlus (HE-AAC
v2). 3GPP allowed use of AMR and H.263 codecs in the ISO base media file format (MPEG-4 Part 12), because 3GPP specified the usage of the Sample Entry and template fields in the ISO base media file format as well as defining new boxes to which codecs refer. These extensions were registered by the registration authority for code-points in ISO
base media file format ("MP4 Family" files).[11][12] For the storage of MPEG-4 media specific information in 3GP files, the 3GP specification refers to MP4 and the AVC file format, which are also based on the ISO base media file format. The MP4 and the AVC file format specifications described usage of MPEG-4 content in the ISO base media file
format.[8]A 3GP file is always big-endian, storing and transferring the most significant bytes first. [citation needed]The 3G2 file format can store the same video streams and most of the audio streams used in the 2007 3GP file format. In addition, 3G2 stores audio streams as EVRC, EVRC-B, EVRC-WB, 13K (QCELP), SMV or VMR-WB, which was
specified by 3GPP2 for use in ISO base media file format.[12] The 3G2 specification also defined some enhancements to 3GPP Timed Text. 3G2 file format does not store Enhanced aacPlus (HE-AAC v2) and AMR-WB+ audio streams.[7] For the storage of MPEG-4 media (AAC audio, MPEG-4 Part 2 video, MPEG-4 Part 10 H.264/AVC) in 3G2 files, the
3G2 specification refers to the MP4 file format and the AVC file format specification, which described usage of this content in the ISO base media file format. For the storage of H.263 and AMR content 3G2 specification refers to the 3GP file format specification.[7]Most 3G capable mobile phones support the playback and recording of video in 3GP
format (memory, maximum filesize for playback and recording, and resolution limits exist and vary).[citation needed]Some newer/higher-end phones without 3G capabilities may also playback and record in this format (again, with said limitations).[citation needed]Audio imported from CD onto a PlayStation 3 when it is set to encode to the MPEG-4
AAC format copies onto USB devices in the 3GP format. [citation needed]The Nintendo 3DS used 3GP technology to play YouTube videos.Apple iDevices used to support files for playback only as passthrough files, hence no editing ability, but since iOS 9 this has been deprecated meaning files of this format have to be manually converted to H.264.
[citation needed]When transferred to a computer, 3GP movies can be viewed on Microsoft Windows, Apple macOS, and the various Linux-based operating systems; on the former two with Windows Media Player[13] and Apple QuickTime[14] respectively (their built-in media players), and on all three with VLC media player.[15] Programs such as
Media Player Classic, K-Multimedia Player, Totem, RealPlayer, MPlayer, and GOM Player can also be used.3GP and 3G2 files can be encoded and decoded with open source software FFmpeg.[16] Media tags can be read and written on Linux, macOS and Windows using the open source AtomicParsley command-line utility.[17]computer programming
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7,025,132 articles in EnglishSite map of Great WilbrahamGreat Wilbraham is a Neolithic causewayed enclosure, an archaeological site near the village of Great Wilbraham in Cambridgeshire, England. The enclosure is about 170 metres (560 ft) across, and covers about 2 hectares (4.9 acres). Causewayed enclosures were built in England from before
3700BC until c.3500BC; they are characterized by the enclosure of an area with ditches that are interrupted by gaps, or causeways. Their purpose is not known; they may have been settlements, meeting places, or ritual sites. The Great Wilbraham enclosure was first identified from aerial photographs in 1972. An excavation was begun in 1975 by
David Clarke, with a planned five-year research programme, but he died in 1976 and his results remained unpublished. His archive of finds and records was reanalysed in the 2000s. The site was rich in finds, including Neolithic flint, pottery from periods from the Neolithic to the present day, and animal bone. The site has been protected as a
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Armed Forces result in hundreds of deaths.The International Criminal Court issues arrest warrants for Taliban leaders Hibatullah Akhundzada and Abdul Hakim Haqqani over their alleged persecution of women in Afghanistan.Flooding in Central Texas, United States, leaves at least 140 people dead.Ongoing: Gaza warRussian invasion of
UkrainetimelineSudanese civil wartimelineRecent deaths: Felix BaumgartnerFauja SinghBradley John MurdochFrank Barrielhor PokladGlen MichaelNominate an articleJuly 19Detail from The Day the Earth Smiled, with Earth as a pale dot between Saturn's rings1845 A fire in Manhattan, New York, destroyed 345 buildings, killed 30 people, and
caused at least $5million in damage.1903 French cyclist Maurice Garin won the first edition of the Tour de France.1919 Following Peace Day celebrations marking the end of the First World War, English ex-servicemen unhappy with unemployment and other grievances rioted and burned down Luton Town Hall.1997 The Troubles: The Provisional
Irish Republican Army announced that it would resume its ceasefire, ending its 28-year campaign against British rule in Northern Ireland.2013 The NASA spacecraft Cassini took a photograph of Saturn with Earth in the distance (detail pictured), for which people were invited to "wave at Saturn".Margaret Fuller (d.1850)Nicola Sturgeon
(b.1970)Christopher Luxon (b.1970)Janusz Zajdel (d.1985)More anniversaries: July 18July 19]July 20ArchiveBy emailList of days of the yearAboutThe passion fruit is the fruit of a number of plants in the genus Passiflora. They are round or oval, and range from a width of 1.5 to 3 inches (3.8 to 7.6 centimetres). The fruits have a juicy, edible center
composed of a large number of seeds. They are native to subtropical regions of South America from southern Brazil through Paraguay to northern Argentina. This photograph shows two passion fruits of the species Passiflora edulis, one whole and one halved. The picture was focus-stacked from 22 separate images.Photograph credit: Ivar
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condita2598Armenian calendar1294 Assyrian calendar6595Bah calendarl2Balinese saka calendar17661767Bengali calendar12511252Berber calendar2795British Regnal year8Vict.19Vict.1Buddhist calendar2389Burmese calendar1207Byzantine calendar73537354Chinese calendar (WoodDragon)4542 or 4335to (WoodSnake)4543 or 4336Coptic
calendar15611562Discordian calendar3011Ethiopian calendar18371838Hebrew calendar56055606Hindu calendars- Vikram Samvat19011902- Shaka Samvat17661767- Kali Yuga4d9454946Holocene calendar11845Igbo calendar845846Iranian calendar12231224Islamic calendar12601262Japanese calendarKka 2()Javanese calendar17721773]Julian
calendarGregorian minus 12 daysKorean calendar4178Minguo calendar67 before ROC67Nanakshahi calendar377Thai solar calendar23872388Tibetan calendar(male Wood-Dragon)1971 or 1590 or 818to(female Wood-Snake)1972 or 1591 or 819Wikimedia Commons has media related to 1845.1845 (MDCCCXLV) was a common year starting on
Wednesday of the Gregorian calendarand a common year starting on Monday of the Julian calendar, the 1845th year of the Common Era (CE) and Anno Domini (AD) designations, the 845th year of the 2ndmillennium, the 45th year of the 19thcentury, and the 6th year of the 1840s decade. As of the start of 1845, the Gregorian calendar was 12 days
ahead of the Julian calendar, which remained in localized use until 1923. Calendar year January 1 The Philippines began reckoning Asian dates by hopping the International Date Line through skipping Tuesday, December 31, 1844. That time zone shift was a reform made by GovernorGeneral Narciso Claveria on August 16, 1844, in order to align the
local calendars in the country with the rest of Asia as trade interests with Imperial China, Dutch East Indies and neighboring countries increased, after Mexico became independent in 1821. The reform also applied to Caroline Islands, Guam, Marianas Islands, Marshall Islands, and Palau as part of the Captaincy General of the Philippines.[1]January
10 Elizabeth Barrett receives a love letter from the younger poet Robert Browning;[2] on May 20, they meet for the first time in London. She begins writing her Sonnets from the Portuguese.January 23 The United States Congress establishes a uniform date for federal elections, which will henceforth be held on the first Tuesday after the first Monday
in November.January 29 The Raven by Edgar Allan Poe is published for the first time, in the New York Evening Mirror.February 1 Anson Jones, President of the Republic of Texas, signs the charter officially creating Baylor University (the oldest university in the U.S. state of Texas that still operates under its original name).February 7 In the British
Museum, a drunken visitor smashes the Portland Vase, which takes months to repair.February 28 The United States Congress approves the annexation of Texas.March 1 President John Tyler signs a bill authorizing the United States to annex the Republic of Texas, subject to approval by the voters in the Republic. The territory claimed includes all of
the future U.S. state of Texas, as well as portions of New Mexico, Oklahoma, Kansas, Colorado and Wyoming.March 3Florida is admitted as the 27th U.S. state.For the first time, both houses of the United States Congress vote, by a two-thirds majority, to override a presidential veto in order to pass legislation.[3]March 11 The New Zealand Wars open
with the Flagstaff War. Chiefs Kawiti and Hne Heke lead 700 Maoris in the burning of the British colonial settlement of Kororareka (modern-day Russell, New Zealand).March 13 The Violin Concerto by Felix Mendelssohn premieres in Leipzig, with Ferdinand David as soloist.March 17 Stephen Perry patents the rubber band, in the United Kingdom.
[4]April 7 An earthquake destroys part of Mexico City, along with the nearby towns of Tlalpan and Xochimilco.April 10 The Great Fire of Pittsburgh destroys much of the American city of Pittsburgh.April 20 Ramn Castilla becomes president of Peru.May 2 Yarmouth suspension bridge in Great Yarmouth, England, collapses leaving around 80 dead,
mostly children.[5]May 19 HMS Erebus and HMS Terror, with 134 men, comprising Sir John Franklin's expedition to find the Northwest Passage, sail from Greenhithe on the Thames. They will last be seen in the summer, entering Baffin Bay.[6]May 25 A theater fire in Canton, China, kills 1,670.May 30 Fatel Razack (Fath Al Razack, 'Victory of Allah
the Provider', Arabic: ) is the first ship to bring indentured labourers from India to Trinidad and Tobago, landing in the Gulf of Paria with 227 immigrants.[7]May Frederick Douglass's autobiographical Narrative of the Life of Frederick Douglass, an American Slave is published by the Boston Anti-Slavery Society.June 8 Former U.S. President Andrew
Jackson, 78, dies at The Hermitage (Nashville, Tennessee).July 26August 10 Isambard Kingdom Brunel's iron steamship Great Britain makes the transatlantic crossing from Liverpool to New York, the first screw propelled vessel to make the passage.[8]1[9]July 28 HMS Terror and HMS Erebus of the Franklin Expedition go missing in the Davis Strait
west of Greenland, while searching for the Northwest Passage.August 4 British emigrant barque Cataraqui is wrecked on King Island (Tasmania) with 400 people killed and only 9 survivors.[10]JAugust 9 The Aberdeen Act is passed by the Parliament of the United Kingdom, empowering the British Royal Navy to search Brazilian ships, as part of the
abolition of the slave trade from Africa.August 19 A tornado kills 200 people in France at Montville while destroying two large factories.The first issue of Scientific AmericanAugust 28 The journal Scientific American begins publication.September 9 Potato blight breaks out in Ireland,[11][12] beginning the Great Famine.September 18 The Anglo-
French blockade of the Ro de la Plata is formally declared.September 25 The Phi Alpha Literary Society is founded, in Jacksonville, Illinois.October 9 The eminent and controversial Anglican, John Henry Newman, is received into the Roman Catholic Church.October 10 In Annapolis, Maryland, the Naval School (later renamed the United States Naval
Academy) opens with 50 midshipmen and seven professors.October 13 A majority of voters in the Republic of Texas approve a proposed constitution that, if accepted by the United States Congress, will make Texas a U.S. state.October 19 Richard Wagner's opera Tannhuser debuts at the Dresden Royal Court Theater.October 21 The New York Herald
becomes the first newspaper to mention the game of baseball. November 20 Anglo-French blockade of the Ro de la Plata Battle of Vuelta de Obligado: The Argentine Confederation is narrowly defeated by an AngloFrench fleet on the waters of the Paran River, but the victors suffer serious damage to their ships, and Argentina attracts political support
in South America.December 2 Manifest destiny: U.S. President James K. Polk announces to Congress that the Monroe Doctrine should be strictly enforced, and that the United States should aggressively expand into the West.December 11 First Anglo-Sikh War: Sikh army crosses the Sutlej in the Punjab.December 2223 Battle of Ferozeshah (Anglo-
Sikh War): East India Company forces are victorious over those of the Sikh Empire.December 27Anesthesia is used for childbirth for the first time, by Dr. Crawford Long in Jefferson, Georgia.American newspaper editor John L. O'Sullivan claims (in connection with the annexation of the Oregon Country) in The United States Magazine and Democratic
Review that the United States should be allowed "the fulfillment of our manifest destiny to overspread the continent allotted by Providence for the free development of our yearly multiplying millions". It is the second time he uses the term manifest destiny (first in connection with the Republic of Texas in July August), and it will have a huge influence
on American imperialism in the following century.December 29 Texas is admitted as the 28th U.S. state.[13]December 30 Queen's Colleges of Belfast, Cork, and Galway are incorporated in Ireland.The Republic of Yucatn separates from Mexico for a second time.Ephraim Bee reveals that the Emperor of China has given him a special dispensation: that
he has entrusted him with certain sacred and mysterious rituals through Caleb Cushing, the U.S. Commissioner to China, to "extend the work and influence of the Ancient and Honorable Order of E Clampus Vitus" in the New World.[14]Friedrich Engels' treatise The Condition of the Working Class in England is published in Leipzig as Die Lage der
arbeitenden Klasse in England.Heinrich Hoffmann publishes a book (Lustige Geschichten und drollige Bilder), introducing his character, Struwwelpeter, in Germany.The Ancient and Accepted Rite for England and Wales and its Districts and Chapters Overseas is founded[vague] in Freemasonry.Eugnie Luce founds the Luce Ben Aben School in
Algiers.[15]George ReidGeorg CantorAlexander III of RussiaWilhelm Conrad RntgenGustaf de LavalJanuary 7 King Ludwig III of Bavaria (d. 1921)January 29 Pyotr Bezobrazov, Russian admiral (d. 1906)February 2 Ivan Puluj, Ukrainian physicist, inventor (d. 1918)February 14 Quintin Hogg, British philanthropist (d. 1903)February 15 Elihu Root,
American statesman, diplomat, recipient of the Nobel Peace Prize (d. 1937)February 25 Sir George Reid, 4th Prime Minister of Australia (d. 1918)March 3 Georg Cantor, German mathematician (d. 1918)March 4 Henry Clay Taylor, American admiral (d. 1904)March 5 Gerard Noel, British admiral (d. 1918)[16]March 10 Emperor Alexander III of
Russia (d. 1894)March 20 Victor Child Villiers, 7th Earl of Jersey, 18th Governor of New South Wales (d. 1915)March 27 Wilhelm Rntgen, German physicist, Nobel Prize laureate (d. 1923)April 4 Frantiek Plesniv, Austro-Hungarian architect (d. 1918)April 5 Jules Cambon, French diplomat (d. 1935)April 22 Carlo Caneva, Italian general (d. 1922)April
24 Carl Spitteler, Swiss writer, Nobel Prize laureate (d. 1924)May 4 William Kingdon Clifford, English mathematician, philosopher (d. 1879)May 9 Gustaf de Laval, Swedish engineer, inventor (d. 1913)May 12 Gabriel Faur, French composer (d. 1924)May 14 Charles J. Train, American admiral (d. 1906)May 15 lie Metchnikoff, Russian microbiologist,
recipient of the Nobel Prize in Physiology or Medicine (d. 1916)May 17 Jacint Verdaguer, Catalan poet (d. 1902)May 25 Eugne Grasset, Swiss-born artist (d. 1917)May 30 King Amadeo I of Spain (d. 1890)May 31 R. E. B. Crompton, British electrical engineer, industrialist and inventor (d. 1940)June 7 Leopold Auer, Hungarian violinist, composer (d.
1930)June 18 Charles Louis Alphonse Laveran, French physician, recipient of the Nobel Prize in Physiology or Medicine (d. 1922)June 22 Richard Seddon, 15th Prime Minister of New Zealand (d. 1906)Jacinta ParejoJuly 4 Thomas John Barnardo, Irish philanthropist (d. 1905)July 19 Horatio Nelson Young, American naval hero (d. 1913)August 9 Andr
Bessette, Canadian religious leader and saint (d. 1937)August 10 Abai Qunanbaiuly, Kazakh poet (d. 1904)August 16Gabriel Lippmann, Luxembourger-French physicist and academic, Nobel Prize laureate (d. 1921)Jacinta Parejo, First Lady of Venezuela (d. 1914)August 19 Edmond James de Rothschild, French philanthropist (d. 1934)August 20 Albert
Chmielowski, Polish painter, Roman Catholic religious professed and saint (d. 1916)August 21 William Healey Dall, American naturalist, biologist and explorer (d. 1927)August 25 King Ludwig II of Bavaria (d. 1886)September 1 Paul Methuen, 3rd Baron Methuen, British field marshal (d. 1932)September 9 Warner B. Bayley, United States Navy rear
admiral (d. 1928)September 11 Emile Baudot, French telegraph engineer and inventor (d. 1903)October 13 Charles Stockton, American admiral (d. 1924)October 21 William McKendree Carleton, American poet (d. 1912)November 3 Inoue Yoshika, Japanese admiral (d. 1929)November 4 Vasudev Balwant Phadke, Indian revolutionary (d.
1883)November 10 Sir John Thompson, 4th Prime Minister of Canada (d. 1894)November 13 Marta Abreu, Cuban philanthropist (d. 1909)November 25 Jos Maria de Ea de Queirs, Portuguese writer (d. 1900)December 9 Joel Chandler Harris, American writer (d. 1908)December 24 George I of Greece (d. 1913)Andrew JacksonJanuary 11 Etheldred
Benett, British geologist (b. 1776)January 24 Emiliano Madriz, acting Supreme Director of Nicaragua (b. 1800)January 28 Mary Ann Browne, British poet and writer of musical scores (b. 1812)February 13 Henrik Steffens, Norwegian philosopher (b. 1773)February 22 William Wellesley-Pole, 3rd Earl of Mornington, British politician (b. 1763)March
Nicols Espinoza, Head of State of El Salvador (b. 1795)March 13 Charles-Guillaume tienne, French playwright (b. 1778)March 18 Johnny Appleseed, American pioneer (b. 1774)April 10 Dr. Thomas Sewall, American anatomist (b. 1786)April 20 Seku Amadu, founder of the Fula Massina Empire (b. 1773)May 12]Jnos Batsnyi, Hungarian poet (b.
1763)August Wilhelm Schlegel, German poet, translator and critic (b. 1767)May 15 Braulio Carrillo Colina, Costa Rican Head of State (b. 1800)June 4 Lasse-Maja, notorious Swedish criminal (b. 1785)June 8 Andrew Jackson, 7th President of the United States (b. 1767)Charlotte Ann Fillebrown JerauldJuly 12Friedrich Ludwig Persius, German architect
(b. 1803)Henrik Wergeland, Norwegian writer (b. 1808)July 17 Charles Grey, 2nd Earl Grey, Prime Minister of the United Kingdom (b. 1764)July 22 Heinrich Graf von Bellegarde, Austrian field marshal, statesman (b. 1756)August 3 Charlotte Ann Fillebrown Jerauld, American poet and story writer (b. 1820)August 23Thomas R. Gray, American author
and diplomat (b. 1800)[17][18]Rafael Urdaneta, hero of the Latin American War of Independence (b. 1788)October 12 Elizabeth Fry, British humanitarian (b. 1780)October 18 Jacques Dominique, comte de Cassini, French astronomer (b. 1748)October 26 Lady Nairne, Scottish songwriter (b. 1766)November 17 Sir Salusbury Pryce Humphreys, British
admiral (b. 1778)November 18 King Aleamotua of Tonga (b. 1738)Wazir Akbar Khan, Afghan prince and general (b. 1816)Hadji Trendafila, Bulgarian educator (b. 1785)”~ "CURRENT PH CALENDAR BEGINS". Facebook. Project Vinta. January 1, 2021. Retrieved April 19, 2023.” Jones, Neal T., ed. (1984). A Book of Days for the Literary Year. New
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2011-07-18. Retrieved 2010-10-14.” The Hutchinson Factfinder. Helicon. 1999. p.549. ISBN1-85986-000-1.” When the British decided they were going to bring Indians to Trinidad this year, most of the traditional British ship owners did not wish to be involved. The ship was originally named Cecrops, but upon delivery was renamed to Fath Al Razack.
The ship left Calcutta on February 16.” Fox, Stephen (2003). Transatlantic: Samuel Cunard, Isambard Brunel, and the Great Atlantic Steamships. HarperCollins. ISBN978-0-06-019595-3.” "Great Britain". The Ships List. Archived from the original on May 28, 2010. Retrieved 2010-10-01.” "Dreadful Shipwreck! Wreck of the Cataraqui Emigrant Ship,
800 tons". Launceston Examiner. 1845-09-17. p.5. Retrieved 2011-08-21.” Palmer, Alan; Palmer, Veronica (1992). The Chronology of British History. London: Century Ltd. pp.267268. ISBNO0-7126-5616-2.” "Phytophthora infestans". A Short History of Ireland. BBC. Retrieved 2012-08-05.” Association (TSHA), Texas State Historical. "Timeline:
Annexation and Statehood (18451859)". Texas Almanac. Retrieved 2025-07-17.”~ "E. Clampus Vitus". 2010. Archived from the original on July 22, 2011. Retrieved October 1, 2010.” "Luce Ben Aben School of Arab Embroidery I, Algiers, Algeria". World Digital Library. 1899. Retrieved 2013-09-26.” "Admiral of the Fleet Sir Gerard Henry Uctred Noel
GCB, KCMG". Admirals.org.uk. Retrieved 23 December 2014.” "Died". Richmond Times-Dispatch. Richmond, Virginia. 28 August 1845. p.2. Retrieved 2 July 2025 via Newspapers.com.” "Died". The New Era. Portsmouth, Virginia. 27 August 1845. p.3. Retrieved 2 July 2025 via Newspapers.com.Louis Heilprin (1885). "Chronological Table of Universal
History". Historical Reference Book. New York: D. Appleton and Company. hdl:2027/wu.89097349187 via Hathi Trust. 1845Retrieved from " 30ne hundred years, from 1701 to 1800For other uses, see 18th century
(disambiguation).Millennia2ndmillenniumCenturies17thcenturyl8thcenturyl9thcenturyTimelines17thcenturyl8thcenturyl9thcenturyState leaders17thcenturyl8thcenturyl9thcenturyDecades1700s1710s1720s1730s1740s1750s1760s1770s1780s1790sCategories:Births Deaths Establishments DisestablishmentsvtePolitical boundaries at the beginning
of year 1700Storming of the Bastille, 14 July 1789, an iconic event of the French Revolution.Development of the Watt steam engine in the late 18th century was an important element in the Industrial Revolution in Europe.The American Revolutionary War took place in the late 18th century. The 18th century lasted from 1 January 1701 (represented by
the Roman numerals MDCCI) to 31 December 1800 (MDCCC). During the 18th century, elements of Enlightenment thinking culminated in the Atlantic Revolutions. Revolutions began to challenge the legitimacy of monarchical and aristocratic power structures. The Industrial Revolution began mid-century, leading to radical changes in human society
and the environment. The European colonization of the Americas and other parts of the world intensified and associated mass migrations of people grew in size as part of the Age of Sail. During the century, slave trading expanded across the shores of the Atlantic Ocean, while declining in Russia[1] and China.[2]Western historians have occasionally
defined the 18th century otherwise for the purposes of their work. For example, the "short" 18th century may be defined as 17151789, denoting the period of time between the death of Louis XIV of France and the start of the French Revolution, with an emphasis on directly interconnected events.[3][4] To historians who expand the century to include
larger historical movements, the "long" 18th century[5] may run from the Glorious Revolution of 1688 to the Battle of Waterloo in 1815[6] or even later.[7] France was the sole world superpower from 1659, after it defeated Spain, until 1815, when it was defeated by Britain and its coalitions following the Napoleonic Wars.In Europe, philosophers
ushered in the Age of Enlightenment. This period coincided with the French Revolution of 1789, and was later compromised by the excesses of the Reign of Terror. At first, many monarchies of Europe embraced Enlightenment ideals, but in the wake of the French Revolution they feared loss of power and formed broad coalitions to oppose the French
Republic in the French Revolutionary Wars. Various conflicts throughout the century, including the War of the Spanish Succession and the Seven Years' War, saw Great Britain triumph over its rivals to become the preeminent power in Europe. However, Britain's attempts to exert its authority over the Thirteen Colonies became a catalyst for the
American Revolution. The 18th century also marked the end of the PolishLithuanian Commonwealth as an independent state. Its semi-democratic government system was not robust enough to prevent partition by the neighboring states of Austria, Prussia, and Russia.In West Asia, Nader Shah led Persia in successful military campaigns. The Ottoman
Empire experienced a period of peace, taking no part in European wars from 1740 to 1768. As a result, the empire was not exposed to Europe's military improvements during the Seven Years' War. The Ottoman military consequently lagged behind and suffered several defeats against Russia in the second half of the century.In South Asia, the death of
Mughal emperor Aurangzeb was followed by the expansion of the Maratha Confederacy and an increasing level of European influence and control in the region. In 1739, Persian emperor Nader Shah invaded and plundered Delhi, the capital of the Mughal Empire. Later, his general Ahmad Shah Durrani scored another victory against the Marathas,
the then dominant power in India, in the Third Battle of Panipat in 1761.[8] By the middle of the century, the British East India Company began to conquer eastern India,[9][8] and by the end of the century, the Anglo-Mysore Wars against Tipu Sultan and his father Hyder Ali, led to Company rule over the south.[10][11]In East Asia, the century was
marked by theHigh Qing era, a period characterized by significant cultural and territorial expansion. This period also experienced relative peace and prosperity, allowing for societal growth, increasing literacy rates, flourishing trade, and consolidating imperial power across the vast Qing dynasty's territories. Conversely, the continual seclusion policy
of the Tokugawa shogunate also brought a peaceful era called Pax Tokugawa and experienced a flourishment of the arts as well as scientific knowledge and advancements, which were introduced to Japan through the Dutch port of Nagasaki. In Southeast Asia, the KonbaungAyutthaya Wars and the Ty Sn Wars broke out while the Dutch East India
Company established increasing levels of control over the Mataram Sultanate.In Africa, the Ethiopian Empire underwent the Zemene Mesafint, a period when the country was ruled by a class of regional noblemen and the emperor was merely a figurehead. The Atlantic slave trade also saw the continued involvement of states such as the Oyo Empire.
In Oceania, the European colonization of Australia and New Zealand began during the late half of the century. In the Americas, the United States declared its independence from Great Britain. In 1776, Thomas Jefferson wrote the Declaration of Independence. In 1789, George Washington was inaugurated as the first president. Benjamin Franklin
traveled to Europe where he was hailed as an inventor. Examples of his inventions include the lightning rod and bifocal glasses. Tpac Amaru II led an uprising that sought to end Spanish colonial rule in Peru.For a chronological guide, see Timeline of the 18th century.See also: Georgian eraMain articles: 1700s, 1710s, 1720s, 1730s, and 1740sEurope
at the beginning of the War of the Spanish Succession, 1700The Battle of Poltava in 1709 turned the Russian Empire into a European power.John Churchill, 1st Duke of Marlborough17001721: Great Northern War between the Russian and Swedish Empires.1701: Kingdom of Prussia declared under King Frederick 1.1701: The Battle of Feyiase marks
the rise of the Ashanti Empire.17011714: The War of the Spanish Succession is fought, involving most of continental Europe.[12]17021715: Camisard rebellion in France.1703: Saint Petersburg is founded by Peter the Great; it is the Russian capital until 1918.17031711: The Rkczi uprising against the Habsburg monarchy.1704: End of Japan's Genroku
period.1704: First Javanese War of Succession.[13]17061713: The War of the Spanish Succession: French troops defeated at the Battle of Ramillies and the Siege of Turin.1707: Death of Mughal Emperor Aurangzeb leads to the fragmentation of the Mughal Empire.1707: The Act of Union is passed, merging the Scottish and English Parliaments, thus
establishing the Kingdom of Great Britain.[14]1708: The Company of Merchants of London Trading into the East Indies and English Company Trading to the East Indies merge to form the United Company of Merchants of England Trading to the East Indies.17081709: Famine kills one-third of East Prussia's population.1709: Foundation of the Hotak
Empire.1709: The Great Frost of 1709 marks the coldest winter in 500 years, contributing to the defeat of Sweden at Poltava.1710: The world's first copyright legislation, Britain's Statute of Anne, takes effect.17101711: Ottoman Empire fights Russia in the Russo-Turkish War and regains Azov.1711: Bukhara Khanate dissolves as local begs seize
power.17111715: Tuscarora War between British, Dutch, and German settlers and the Tuscarora people of North Carolina.1713: The Kangxi Emperor acknowledges the full recovery of the Chinese economy since its apex during the Ming.1714: In Amsterdam, Daniel Gabriel Fahrenheit invents the mercury-in-glass thermometer, which remains the
most reliable and accurate thermometer until the electronic era.1715: The first Jacobite rising breaks out; the British halt the Jacobite advance at the Battle of Sheriffmuir; Battle of Preston.1716: Establishment of the Sikh Confederacy along the present-day India-Pakistan border.17161718: Austro-Venetian-Turkish War.1718: The city of New Orleans
is founded by the French in North America.17181720: War of the Quadruple Alliance with Spain versus France, Britain, Austria, and the Netherlands.17181730: Tulip period of the Ottoman Empire.1719: Second Javanese War of Succession.[15]1720: The South Sea Bubble.17201721: The Great Plague of Marseille.1720: Qing forces oust Dzungar
invaders from Tibet.1721: The Treaty of Nystad is signed, ending the Great Northern War.1721: Sack of Shamakhi, massacre of its Shia population by Sunni Lezgins.1722: Siege of Isfahan results in the handover of Iran to the Hotaki Afghans.17221723: Russo-Persian War.17221725: Controversy over William Wood's halfpence leads to the Drapier's
Letters and begins the Irish economic independence from England movement.Mughal emperor Muhammad Shah with the Persian invader Nader Shah.1723: Slavery is abolished in Russia; Peter the Great converts household slaves into house serfs.[16]17231730: The "Great Disaster", an invasion of Kazakh territories by the Dzungars.17231732: The
Qing and the Dzungars fight a series of wars across Qinghai, Dzungaria, and Outer Mongolia, with inconclusive results.1724: Daniel Gabriel Fahrenheit proposes the Fahrenheit temperature scale.1725: Austro-Spanish alliance revived. Russia joins in 1726.17271729: Anglo-Spanish War ends inconclusively.1730: Mahmud I takes over Ottoman Empire
after the Patrona Halil revolt, ending the Tulip period.17301760: The First Great Awakening takes place in Great Britain and North America.17321734: Crimean Tatar raids into Russia.[17]17331738: War of the Polish Succession.Qianlong Emperor17351739: Austro-Russo-Turkish War.17351799: The Qianlong Emperor of China oversees a huge
expansion in territory.17381756: Famine across the Sahel; half the population of Timbuktu dies.[18]17371738: Hotak Empire ends after the siege of Kandahar by Nader Shah.1739: Great Britain and Spain fight the War of Jenkins' Ear in the Caribbean.1739: Nader Shah defeats a pan-Indian army of 300,000 at the Battle of Karnal. Taxation is stopped
in Iran for three years.17391740: Nader Shah's Sindh expedition.1740: George Whitefield brings the First Great Awakening to New England17401741: Famine in Ireland kills 20 percent of the population.17411743: Iran invades Uzbekistan, Khwarazm, Dagestan, and Oman.17411751: Maratha invasions of Bengal.17401748: War of the Austrian
Succession.1742: Marvel's Mill, the first water-powered cotton mill, begins operation in England.[19]1742: Anders Celsius proposes an inverted form of the centigrade temperature, which is later renamed Celsius in his honor.1742: Premiere of George Frideric Handel's Messiah.17431746: Another Ottoman-Persian War involves 375,000 men but
ultimately ends in a stalemate.The extinction of the Scottish clan system came with the defeat of the clansmen at the Battle of Culloden in 1746.[20]1744: The First Saudi State is founded by Mohammed Ibn Saud.[21]1744: Battle of Toulon is fought off the coast of France.17441748: The First Carnatic War is fought between the British, the French, the
Marathas, and Mysore in India.1745: Second Jacobite rising is begun by Charles Edward Stuart in Scotland.1747: The Durrani Empire is founded by Ahmad Shah Durrani.1748: The Treaty of Aix-La-Chapelle ends the War of the Austrian Succession and First Carnatic War.17481754: The Second Carnatic War is fought between the British, the French,
the Marathas, and Mysore in India.1750: Peak of the Little Ice Age.Main articles: 1750s, 1760s, 1770s, 1780s, 1790s, and 1800s1752: The British Empire adopts the Gregorian Calendar, skipping 11 days from 3 September to 13 September. On the calendar, 2 September is followed directly by 14 September.1754: The Treaty of Pondicherry ends the
Second Carnatic War and recognizes Muhammed Ali Khan Wallajah as Nawab of the Carnatic.1754: King's College is founded by a royal charter of George II of Great Britain.[22]17541763: The French and Indian War, the North American chapter of the Seven Years' War, is fought in colonial North America, mostly by the French and their allies
against the English and their allies.1755: The great Lisbon earthquake destroys most of Portugal's capital and kills up to 100,000.1755: The Dzungar genocide depopulates much of northern Xinjiang, allowing for Han, Uyghur, Khalkha Mongol, and Manchu colonization.17551763: The Great Upheaval forces transfer of the French Acadian population
from Nova Scotia and New Brunswick.17561763: The Seven Years' War is fought among European powers in various theaters around the world.17561763: The Third Carnatic War is fought between the British, the French, and Mysore in India.1757: British conquest of Bengal.Catherine the Great, Empress of Russia.1760: George III becomes King of
Britain.1761: Maratha Empire defeated at Battle of Panipat.17621796: Reign of Catherine the Great of Russia.1763: The Treaty of Paris ends the Seven Years' War and Third Carnatic War.1764: Dahomey and the Oyo Empire defeat the Ashanti army at the Battle of Atakpam.1764: The Mughals are defeated at the Battle of Buxar.1765: The Stamp Act
is introduced into the American colonies by the British Parliament.17651767: The Burmese invade Thailand and utterly destroy Attuthaya.17651769: Burma under Hsinbyushin repels four invasions from Qing China, securing hegemony over the Shan states.1766: Christian VII becomes king of Denmark. He was king of Denmark to 1808.17661799:
Anglo-Mysore Wars.1767: Taksin expels Burmese invaders and reunites Thailand under an authoritarian regime.17681772: War of the Bar Confederation.17681774: Russo-Turkish War.1769: Spanish missionaries establish the first of 21 missions in California.17691770: James Cook explores and maps New Zealand and Australia.17691773: The Bengal
famine of 1770 kills one-third of the Bengal population.1769: The French East India Company dissolves, only to be revived in 1785.1769: French expeditions capture clove plants in Ambon, ending the Dutch East India Company's (VOC) monopoly of the plant.[23]17701771: Famine in Czech lands kills hundreds of thousands.1771: The Plague Riot in
Moscow.1771: The Kalmyk Khanate dissolves as the territory becomes colonized by Russians. More than a hundred thousand Kalmyks migrate back to Qing Dzungaria.1772: Gustav III of Sweden stages a coup d'tat, becoming almost an absolute monarch.Encyclopdie, ou dictionnaire raisonn des sciences, des arts et des mtiers17721779: Maratha
Empire fights Britain and Raghunathrao's forces during the First Anglo-Maratha War.17721795: The Partitions of Poland end the PolishLithuanian Commonwealth and erase Poland from the map for 123 years.17731775: Pugachev's Rebellion, the largest peasant revolt in Russian history.1773: East India Company starts operations in Bengal to
smuggle opium into China.1775: Russia imposes a reduction in autonomy on the Zaporizhian Cossacks of Ukraine.17751782: First Anglo-Maratha War.17751783: American Revolutionary War.1776: Several kongsi republics are founded by Chinese settlers in the island of Borneo. They are some of the first democracies in Asia.17761777: A Spanish-
Portuguese War occurs over land in the South American frontiers.1776: Illuminati founded by Adam Weishaupt.1776: The United States Declaration of Independence is adopted by the Second Continental Congress in Philadelphia.1776: Adam Smith publishes The Wealth of Nations.1778: James Cook becomes the first European to land on the Hawaiian
Islands.1778: Franco-American alliance signed.1778: Spain acquires its first permanent holding in Africa from the Portuguese, which is administered by the newly-established La Plata Viceroyalty.1778: Vietnam is reunified for the first time in 200 years by the Tay Son brothers. The Ty Sn dynasty has been established, terminating the L
dynasty.17791879: Xhosa Wars between British and Boer settlers and the Xhosas in the South African Republic.17791783: Britain loses several islands and colonial outposts all over the world to the combined Franco-Spanish navy.1779: Iran enters yet another period of conflict and civil war after the prosperous reign of Karim Khan Zand.1780:
Outbreak of the indigenous rebellion against Spanish colonization led by Tpac Amaru II in Peru.1781: The city of Los Angeles is founded by Spanish settlers.George Washington17811785: Serfdom is abolished in the Austrian monarchy (first step; second step in 1848).1782: The Thonburi Kingdom of Thailand is dissolved after a palace coup.1783: The
Treaty of Paris formally ends the American Revolutionary War.1783: Russian annexation of Crimea.17851791: Imam Sheikh Mansur, a Chechen warrior and Muslim mystic, leads a coalition of Muslim Caucasian tribes from throughout the Caucasus in a holy war against Russian settlers and military bases in the Caucasus, as well as against local
traditionalists, who followed the traditional customs and common law (Adat) rather than the theocratic Sharia.[24]17851795: The Northwest Indian War is fought between the United States and Native Americans.17851787: The MarathaMysore Wars concludes with an exchange of territories in the Deccan.17861787: Wolfgang Amadeus Mozart
premieres The Marriage of Figaro and Don Giovanni.1787: The Tuareg occupy Timbuktu until the 19th century.17871792: Russo-Turkish War.1788: First Fleet arrives in Australial7881790: Russo-Swedish War (17881790).1788: Dutch Geert Adriaans Boomgaard (17881899) would become the first generally accepted validated case of a
supercentenarian on record.[25][26]Declaration of the Rights of Man and of the Citizen17881789: A Qing attempt to reinstall an exiled Vietnamese king in northern Vietnam ends in disaster.1789: George Washington is elected the first President of the United States; he serves until 1797.1789: Quang Trung defeats the Qing army.17891799: French
Revolution.1789: The Lige Revolution.1789: The Brabant Revolution.1789: The Inconfidncia Mineira, an unsuccessful separatist movement in central Brazil led by Tiradentes1791: Suppression of the Lige Revolution by Austrian forces and re-establishment of the Prince-Bishopric of Lige.17911795: George Vancouver explores the world during the
Vancouver Expedition.17911804: The Haitian Revolution.1791: Mozart premieres The Magic Flute.17921802: The French Revolutionary Wars lead into the Napoleonic Wars, which last from 18031815.1792: The New York Stock & Exchange Board is founded.1792: PolishRussian War of 1792.1792: Margaret Ann Neve (17921903) would become the
first recorded female supercentenarian to reach the age of 110.[27][28]1793: Upper Canada bans slavery.1793: The largest yellow fever epidemic in American history kills as many as 5,000 people in Philadelphia, roughly 10% of the population.[29]17931796: Revolt in the Vende against the French Republic at the time of the Revolution.17941816: The
Hawkesbury and Nepean Wars, which were a series of incidents between settlers and New South Wales Corps and the Aboriginal Australian clans of the Hawkesbury river in Sydney, Australia.1795: The Marseillaise is officially adopted as the French national anthem.Napoleon at the Bridge of the Arcole1795: The Battle of Nuuanu in the final days of
King Kamehameha I's wars to unify the Hawaiian Islands.17951796: Iran invades and devastates Georgia, prompting Russia to intervene and march on Tehran.1796: Edward Jenner administers the first smallpox vaccination; smallpox killed an estimated 400,000 Europeans each year during the 18th century, including five reigning monarchs.[30]1796:
War of the First Coalition: The Battle of Montenotte marks Napoleon Bonaparte's first victory as an army commander.1796: The British eject the Dutch from Ceylon and South Africa.17961804: The White Lotus Rebellion against the Manchu dynasty in China.1797: John Adams is elected the second President of the United States; he serves until
1801.1798: The Irish Rebellion fails to overthrow British rule in Ireland.17981800: The Quasi-War is fought between the United States and France.1799: Dutch East India Company is dissolved.1799: Austro-Russian forces under Alexander Suvorov liberates much of Italy and Switzerland from French occupation.1799: Coup of 18 Brumaire - Napoleon's
coup d'etat brings the end of the French Revolution.1799: Death of the Qianlong Emperor after 60 years of rule over China. His favorite official, Heshen, is ordered to commit suicide.1800: On 1 January, the bankrupt VOC is formally dissolved and the nationalized Dutch East Indies are established.[31]Main articles: Timeline of historic inventions 18th
century, and Timeline of scientific discoveries 18th centuryThe spinning jenny1709: The first piano was built by Bartolomeo Cristofori1l711: Tuning fork was invented by John Shore1712: Steam engine invented by Thomas Newcomenl1714: Mercury thermometer by Daniel Gabriel Fahrenheit1717: Diving bell was successfully tested by Edmond Halley,
sustainable to a depth of 55ftc. 1730: Octant navigational tool was developed by John Hadley in England, and Thomas Godfrey in Americal733: Flying shuttle invented by John Kay1736: Europeans encountered rubber the discovery was made by Charles Marie de La Condamine while on expedition in South America. It was named in 1770 by Joseph
Priestleyc. 1740: Modern steel was developed by Benjamin Huntsman1741: Vitus Bering discovers Alaskal745: Leyden jar invented by Ewald Georg von Kleist was the first electrical capacitor1751: Jacques de Vaucanson perfects the first precision lathe1752: Lightning rod invented by Benjamin Franklin1753: The first clock to be built in the New
World (North America) was invented by Benjamin Banneker.1755: The tallest wooden Bodhisattva statue in the world is erected at Puning Temple, Chengde, China.1764: Spinning jenny created by James Hargreaves brought on the Industrial Revolution1765: James Watt enhances Newcomen's steam engine, allowing new steel technologies1761: The
problem of longitude was finally resolved by the fourth chronometer of John Harrison1763: Thomas Bayes publishes first version of Bayes' theorem, paving the way for Bayesian probability17681779: James Cook mapped the boundaries of the Pacific Ocean and discovered many Pacific Islands1774: Joseph Priestley discovers "dephlogisticated air",
oxygenThe Chinese Putuo Zongcheng Temple of Chengde, completed in 1771, during the reign of the Qianlong Emperor.1775: Joseph Priestley's first synthesis of "phlogisticated nitrous air", nitrous oxide, "laughing gas"1776: First improved steam engines installed by James Watt1776: Steamboat invented by Claude de Jouffroy1777: Circular saw
invented by Samuel Miller1779: Photosynthesis was first discovered by Jan Ingenhousz1781: William Herschel announces discovery of Uranus1784: Bifocals invented by Benjamin Franklin1784: Argand lamp invented by Aim Argand[32]1785: Power loom invented by Edmund Cartwright1785: Automatic flour mill invented by Oliver Evans1786:
Threshing machine invented by Andrew Meikle1787: Jacques Charles discovers Charles's law1789: Antoine Lavoisier discovers the law of conservation of mass, the basis for chemistry, and begins modern chemistry1798: Edward Jenner publishes a treatise about smallpox vaccination1798: The Lithographic printing process invented by Alois
Senefelder[33]1799: Rosetta Stone discovered by Napoleon's troopsMain articles: 18th century in literature and 18th century in philosophy1703: The Love Suicides at Sonezaki by Chikamatsu first performed17041717: One Thousand and One Nights translated into French by Antoine Galland. The work becomes immensely popular throughout
Europe.1704: A Tale of a Tub by Jonathan Swift first published1712: The Rape of the Lock by Alexander Pope (publication of first version)1719: Robinson Crusoe by Daniel Defoel725: The New Science by Giambattista Vicol726: Gulliver's Travels by Jonathan Swift1728: The Dunciad by Alexander Pope (publication of first version)1744: A Little Pretty
Pocket-Book becomes one of the first books marketed for children1748: Chushingura (The Treasury of Loyal Retainers), popular Japanese puppet play, composed1748: Clarissa; or, The History of a Young Lady by Samuel Richardson1749: The History of Tom Jones, a Foundling by Henry Fielding1751: Elegy Written in a Country Churchyard by Thomas
Gray published17511785: The French Encyclopdiel755: A Dictionary of the English Language by Samuel Johnson1758: Arithmetika Horvatzka by Mihalj ilobod Boli1759: Candide by Voltaire1759: The Theory of Moral Sentiments by Adam Smith17591767: Tristram Shandy by Laurence Sternel762: Emile: or, On Education by Jean-Jacques
Rousseaul762: The Social Contract, Or Principles of Political Right by Jean-Jacques Rousseaul774: The Sorrows of Young Werther by Goethe first published1776: Ugetsu Monogatari (Tales of Moonlight and Rain) by Ueda Akinaril776: The Wealth of Nations, foundation of the modern theory of economy, was published by Adam Smith17761789: The
History of the Decline and Fall of the Roman Empire was published by Edward Gibbon1779: Amazing Grace published by John Newton17791782: Lives of the Most Eminent English Poets by Samuel Johnson1781: Critique of Pure Reason by Immanuel Kant (publication of first edition)1781: The Robbers by Friedrich Schiller first published1782: Les
Liaisons dangereuses by Pierre Choderlos de Laclos1786: Poems, Chiefly in the Scottish Dialect by Robert Burns17871788: The Federalist Papers by Alexander Hamilton, James Madison, and John Jay1788: Critique of Practical Reason by Immanuel Kant1789: Songs of Innocence by William Blake1789: The Interesting Narrative of the Life of Olaudah
Equiano by Olaudah Equiano1790: Journey from St. Petersburg to Moscow by Alexander Radishchev1790: Reflections on the Revolution in France by Edmund Burke1791: Rights of Man by Thomas Painel1792: A Vindication of the Rights of Woman by Mary Wollstonecraft1794: Songs of Experience by William Blake1798: Lyrical Ballads by William
Wordsworth and Samuel Taylor Coleridge1798: An Essay on the Principle of Population published by Thomas Malthus(mid18th century): The Dream of the Red Chamber (authorship attributed to Cao Xueqin), one of the most famous Chinese novels1711: Rinaldo, Handel's first opera for the London stage, premiered1721: Brandenburg Concertos by
J.S. Bach1723: The Four Seasons, violin concertos by Antonio Vivaldi, composed1724: St John Passion by J.S. Bach1727: St Matthew Passion composed by J.S. Bach1727: Zadok the Priest is composed by Handel for the coronation of George II of Great Britain. It has been performed at every subsequent British coronation.1733: Hippolyte et Aricie, first
opera by Jean-Philippe Rameaul741: Goldberg Variations for harpsichord published by Bach1742: Messiah, oratorio by Handel premiered in Dublin1749: Mass in B minor by J.S. Bach assembled in current form1751: The Art of Fugue by J.S. Bach1762: Orfeo ed Euridice, first "reform opera" by Gluck, performed in Viennal786: The Marriage of Figaro,
opera by Mozart1787: Don Giovanni, opera by Mozart1788: Jupiter Symphony (Symphony No. 41) composed by Mozart1791: The Magic Flute, opera by Mozart17911795: London symphonies by Haydn1798: The Pathtique, piano sonata by Beethoven1798: The Creation, oratorio by Haydn first performed”™ Volkov, Sergey. Concise History of Imperial
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Thank you for posting your query, I will be glad to help you. I'm sorry to hear that you're experiencing issues with the touch screen on your HP Pavilion 15. There could be various reasons why the touch screen is not working, and I'll provide you with some troubleshooting steps to try and resolve the problem. Restart your laptop: Sometimes, a simple
restart can fix temporary glitches or software issues that may be affecting the touch screen. Check touch screen settings: Make sure that the touch screen functionality is enabled in the Windows settings. To do this, go to "Settings" > "Devices" > "Touchpad" and ensure that "Touchpad" is set to "On." Update drivers: Outdated or corrupted drivers can
cause problems with the touch screen. Visit the HP support website and download the latest drivers for your laptop's touch screen. Install them and see if it resolves the issue. Calibrate the touch screen: Windows has a built-in touch screen calibration tool that can help improve accuracy. To access it, go to "Settings" > "Devices" > "Touchpad" >
"Additional settings" > "Calibrate." Check for Windows updates: Ensure that your Windows operating system is up to date. Sometimes, Microsoft releases updates that address known issues and bugs. Scan for malware: Malware or viruses can cause strange behavior on your computer, including issues with the touch screen. Run a full system scan
using your preferred antivirus software. Disable conflicting software: Sometimes, third-party software can interfere with touchscreen functionality. Try disabling any recently installed software to see if it makes a difference. Factory reset (last resort): If none of the above steps work and the touch screen is still not functioning, you can consider
performing a factory reset. This will restore your laptop to its original state, but it will delete all your data. Make sure to back up your important files before attempting this step. I hope this helps.Take care and have a good day. Please click Accepted Solution if you feel my post solved your issue, it will help others find the solution. Click the
Kudos/Thumbs Up" on the bottom right to say Thanks for helping! Alden4dHP Support Raj 05HP Support Community Moderator Display and touchscreen issuesCommon screen problems you may encounter include the inability to adjust brightness, a screen that is blurry, flashing, blinking, or fuzzy, an unresponsive touchscreen, or a black-and-white or
blank screen. The automated tools below can help you fix these computer and laptop display and touchscreen issues, or you can follow the self-guided options on this page. PC Hardware Diagnostics ToolDownload and run this Windows-based tool to diagnose and solve hardware failures related to your screen. See full tool
instructions.DownloadRequires Windows 7 or later Line of CPUs by IntelFor the 32-bit Intel Core Solo/Duo CPUs, see Yonah (microprocessor).Intel CoreLogo since 2023General informationLaunched]January2006; 19years ago(2006-01)Marketed byIntelDesigned byIntelCommon manufacturersintel TSMCPerformanceMax. CPU clock rate400MHz to
6.2GHzCachelL.l cacheUp to 112KB per P-core96KB per E-core or LP E-corelL.2 cacheCore and Core 2: Up to 12MBNehalem-present: Up to 2MB per P-core and up to 3MB per E-core clusterL.3 cacheUp to 36 MBArchitecture and classificationTechnologynode65 nm to Intel 4 and TSMC N5MicroarchitectureCoreNehalemWestmereSandy Bridgelvy
BridgeHaswellBroadwellSkylakeSunny CoveWillow CoveCypress CoveGolden CoveRaptor CoveGracemontRedwood CoveCrestmontInstructionsetx86-64InstructionsMMX, SSE, SSE2, SSE3, SSSE3, SSE4.1, SSE4.2, AVX, AVX2, AVX-512, TSX, AES-NI, FMA3, AVX-VNNIExtensionsEIST, TXT, VT-x, VT-d, SHA, SGXPhysical specificationsCoresP-cores:
210E-cores: 416Total: 1-24GPUlntel Graphics TechnologySocketsLGA 775LGA 1156LGA 1155LGA 1150LGA 1151LGA 1151-2LGA 1200LGA 1700LGA 1851Products, models, variantsBrandnamesCoreCore 2Core i3/i5/i7/i9Core 3/5/7Core Ultra 3/5/7/9VariantIntel Processor (budget CPUs)HistoryPredecessorPentiumA flagship model, the Intel Core i9-
14900KIntel Core is a line of multi-core (with the exception of Core Solo and Core 2 Solo) central processing units (CPUs) for midrange, embedded, workstation, high-end and enthusiast computer markets marketed by Intel Corporation. These processors displaced the existing mid- to high-end Pentium processors at the time of their introduction,
moving the Pentium to the entry level. Identical or more capable versions of Core processors are also sold as Xeon processors for the server and workstation markets.Core was launched in January 2006 as a mobile-only series, consisting of single- and dual-core models. It was then succeeded later in July by the Core 2 series, which included both
desktop and mobile processors with up to four cores, and introduced 64-bit support.Since 2008, Intel began introducing the Core i3, Core i5, Core i7 and Core i9 lineup of processors, succeeding Core 2.A new naming scheme debuted in 2023, consisting of Core 3, Core 5, and Core 7 for mainstream processors, and Core Ultra 5, Core Ultra 7, and Core
Ultra 9 for "premium" high-end processors.Although Intel Core is a brand that promises no internal consistency or continuity, the processors within this family have been, for the most part, broadly similar.The first products receiving this designation were the Core Solo and Core Duo Yonah processors for mobile from the Pentium M design tree,
fabricated at 65nm and brought to market in January 2006. These are substantially different in design than the rest of the Intel Core product group, having derived from the Pentium Pro lineage that predated Pentium 4.The first Intel Core desktop processorand typical family membercame from the Conroe iteration, a 65nm dual-core design brought to
market in July 2006, based on the Intel Core microarchitecture with substantial enhancements in micro-architectural efficiency and performance, outperforming Pentium 4 across the board (or near to it), while operating at drastically lower clock rates. Maintaining high instructions per cycle (IPC) on a deeply pipelined and resourced out-of-order
execution engine has remained a constant fixture of the Intel Core product group ever since.The new substantial bump in microarchitecture came with the introduction of the 45nm Bloomfield desktop processor in November 2008 on the Nehalem architecture, whose main advantage came from redesigned I/O and memory systems featuring the new
Intel QuickPath Interconnect and an integrated memory controller supporting up to three channels of DDR3 memory.Subsequent performance improvements have tended toward making additions rather than profound changes, such as adding the Advanced Vector Extensions (AVX) instruction set extensions to Sandy Bridge, first released on 32nm in
January 2011. Time has also brought improved support for virtualization and a trend toward higher levels of system integration and management functionality (and along with that, increased performance) through the ongoing evolution of facilities such as Intel Active Management Technology (iAMT).As of 2017, the Core brand comprised four product
lines the entry level i3, the mainstream i5, the high-end i7, and the "enthusiast" i9. Core i7 was introduced in 2008, followed by i5 in 2009, and i3 in 2010. The first Core i9 models were released in 2017.In 2023, Intel announced that it would drop the "i" moniker from their processor branding, making it "Core 3/5/7/9". The company would introduce
the "Ultra" branding for high-end processors as well.[1] The new naming scheme debuted with the launch of Raptor Lake-U Refresh and Meteor Lake processors in 2024, using the "Core 3/5/7" branding for mainstream processors and "Core Ultra 5/7/9" branding for "premium" high-end processors.[2][3]Comparison of Intel Core
microarchitecturesMicroarchitectureCoreNehalemSandy BridgeHaswellBroadwellSkylakeSunny Cove[a]Willow CoveGolden CoveRaptor CoveMicroarchitecture variantsMeromPenrynWestmerelvy BridgeKaby LakeCoffee LakeComet Lakelce LakeRocket LakeTiger LakeAlder LakeSapphire RapidsRaptor LakeEmerald RapidsGeneration (Core i)-
-1st2nd/3rd4th5th/6th6th/7th/8th/9th10th/11th11th12th13th/14thYear of inception20062007201020112013201420152019202020212022Fabrication process (nm)654532/22221414+/14++4/144+++1010SF10ESFCacheopl.5K ops[4]2.25K ops4K opsL1DataSize32 KB/core48 KB/coreWays8 way12 wayLatency343/5?5?InstructionSize32 KB/coreways8

LakeTiger LakeAlder LakeRaptor Lake”™ Rocket Lake based on Cypress Cove is a CPU microarchitecture, a variant of Sunny Cove microarchitecture designed for 10 nm, backported to 14 nm.” 1.25 MB in client”™ 56 unified in Ivy BridgeOverview of Intel Core microarchitecturesBrandDesktopMobileCodenameCoresProcessDate
releasedCodenameCoresProcessDate releasedCore SoloDesktop version not availableYonah165nmJanuary 2006Core DuoYonah2Core 2 SoloMerom-LPenryn-1.1165nm45nmSeptember 2007May 2008Core 2 DuoConroeAllendaleWolfdale22265nm65nm45nmAugust 2006]January 2007]January 2008MeromPenryn2265nm45nmJuly 2006January 2008Core
2 QuadKentsfieldYorkfield4465nm45nmJanuary 2007March 2008Penryn QC445nmAugust 2008Core 2 ExtremeConroe XEKentsfield XEYorkfield XE24465nm65nm45nm]July 2006November 2006November 2007Merom XEPenryn XEPenryn QC XE22465nm45nm45nm]july 2007January 2008August 2008Core MDesktop version not
availableBroadwell214nmSeptember 2014[18]Core m3SkylakeKaby LakeKaby LakeAmber Lake222214nml14nml14nml4nmAugust 2015September 2016April 2017August 2018Core m5Skylake214nmAugust 2015Core m7Skylake214nmAugust 2015Core i3ClarkdaleSandy Bridgelvy BridgeHaswellSkylakeKaby LakeCoffee LakeCoffee LakeComet
LakeAlder LakeRaptor Lake2222224444432nm32nm22nm22nml4nml4nml4nml4nml4nmlintel 7Intel 7January 2010February 2011September 2012September 2013September 2015]January 20170ctober 2017]Jan. & April 2019April 2020January 2022Jan. 2023 & 2024ArrandaleSandy Bridgelvy BridgeHaswellBroadwellSkylakeKaby LakeSkylakeKaby
LakeCoffee LakeCannon LakeCoffee LakeWhiskey Lakelce LakeComet LakeTiger Lake / BAlder LakeRaptor LakeMeteor Lake2222222222242222-46-85-6832nm32nm22nm22nml14nml4nml4nml4nml4nml4nml10nmi14nml4nml10nm14nm10nmintel 7Intel 7Intel 4January 2010February 2011June 2012June 2013January 2015Sept. 2015 & June
2016August 2016November 2016Jan. & June 2017April 2018May 2018July 2018August 2018May & Aug. 2019September 2019Sept. 2020, Jan. - May 2021]January 2022]Jan. 2023 & 2024 April 2024Core i5LynnfieldClarkdaleSandy BridgeSandy Bridgelvy BridgeHaswellBroadwellSkylakeKaby LakeCoffee LakeCoffee LakeComet LakeRocket LakeAlder
LakeRaptor Lake42422-42-444466666-1010-1445nm32nm32nm32nm22nm22nml4nml4nml4nml4nml4nml4nml4nmIintel 7Intel 7September 2009January 2010January 2011February 2011April 2012June 2013June 2015September 2015January 20170ctober 20170ct. 2018 & Jan. 2019April 2020March 2021Nov. 2021 & Jan. 2022]Jan. 2023/2024 &
Oct. 2023/2024ArrandaleSandy Bridgelvy BridgeHaswellBroadwellSkylakeKaby LakeKaby LakeKaby Lake-RCoffee LakeAmber LakeWhiskey Lakelce LakeComet LakeComet Lake-HTiger LakeTiger Lake-H/BAlder LakeAlder Lake-H/HXRaptor LakeMeteor Lake22222224442444444-610-128-126-128-
1432nm32nm22nm22nml4nml4dnml4nml4nml4nml4nml4nml4nml10nml4nml4nm10nm10nmIintel 7Intel 7Intel 7Intel 4January 2010February 2011 May 2012June 2013January 2015September 2015August 2016January 20170ctober 2017April 2018Aug. 2018 & Oct. 2018Aug. 2018 & April 2019May & Aug. 2019September 2019April 2020Sept.
2020 - May 2021January - September 2021January 2022January & May 2022]Jan. 2023 & 2024Dec. 2023 & Apr. 2024Core i7Bloomfield LynnfieldGulftownSandy BridgeSandy Bridge-ESandy Bridge-Elvy BridgeHaswelllvy Bridge-EBroadwellSkylakeKaby LakeCoffee LakeCoffee LakeComet LakeRocket LakeAlder LakeRaptor Lake446464444-
644468881216-2045nm45nm32nm32nm32nm32nm22nm22nm22nml4dnml4nml4nml4nml4nml4nml4nmintel 7Intel 7November 2008September 2009]July 2010January 2011 November 2011February 2012April 2012June 2013September 2013June 2015August 2015January 20170ctober 20170ctober 2018April 2020March 2021Nov. 2021 & Jan.
2022Jan. 2023/2024 & Oct. 2023/2024ClarksfieldArrandaleSandy BridgeSandy Bridgelvy BridgeHaswellBroadwellBroadwellSkylakeKaby LakeKaby LakeCoffee LakeAmber LakeWhiskey Lakelce LakeComet LakeComet Lake-HTiger LakeTiger Lake-H/BAlder LakeAlder Lake-H/HXRaptor LakeMeteor Lake42422-42-4242-4244-62444-66-844-810-1410-
1614-2012-1645nm32nm32nm32nm22nm22nml4nml4nml4nml4nml4nml4nml4nmi4nml10nml14nm14nm10nm10nmintel 7Intel 7Intel 7Intel 4September 2009]January 2010January 201 1February 2011May 2012June 2013January 2015June 2015September 2015August 2016January 2017April 2018August 2018Aug. 2018 & April 2019May & Aug.
2019September 2019April 2020September 2020January - September 2021 January 2022January & May 2022January 2023 & 2024 Dec. 2023 & Apr. 2024 Core i7ExtremeBloomfieldGulftownSandy Bridge-Elvy Bridge-EHaswell-EBroadwell-ESkylake-XKaby Lake-X46668106-8445nm32nm32nm22nm22nml4nml4nml4nmNovember 2008March
2010November 2011September 2013August 2014May 2016June 2017June 2017ClarksfieldSandy Bridgelvy BridgeHaswell444445nm32nm22nm22nmSeptember 2009]January 2011May 2012June 2013Core i9Skylake-XSkylake-XCascade Lake-XCoffee LakeComet LakeRocket LakeAlder Lake Raptor Lake101214-
188108162414nml14nml4nml4nml4nml4nmlintel 7Intel 7June 2017August 2017September 20170ctober 2018April 2020March 2021Nov. 2021 & Jan. 20220ct. 2022 / Jan.&Oct. 2023Coffee Lake-HComet Lake-HTiger Lake-HAlder Lake-H/HXRaptor Lake-H/HXMeteor Lake-H68814-1614-241614nm14nm10nmintel 7Intel 7Intel 4April 2018April
2020May 2021January & May 2022]January 2023 & 2024December 2023List of Intel Core processorsintel Core sub-brand logos, from 2020 (coinciding with the release of its 11th generation) to 2023Intel Core i3 logoIntel Core i5 logoIntel Core i7 logolIntel Core i9 logoThe shade of blue in each logo gets darker depending on how advanced the sub-
brand is.Intel Core sub-brand logos, from 2023 to present (officially released with Raptor Lake-U Refresh in early 2024)Intel Core 3 logolntel Core 5 logoIntel Core 7 logoThe number of dots on each logo increases depending on how advanced the sub-brand is.Intel Core Ultra sub-brand logos, from 2023 to present (officially released with Meteor Lake
in late 2023)Intel Core Ultra 5 logolntel Core Ultra 7 logoIntel Core Ultra 9 logoThe number of dots on each logo increases depending on how advanced the sub-brand is.The shade of blue in every logo is darker than the standard "Intel Core" sub-brand logos.Main article: Enhanced Pentium M (microarchitecture)For details about the processor core,
see Yonah (microprocessor).The original Core brand refers to Intel's 32-bit mobile dual-core x86 CPUs, which were derived from the Pentium M branded processors. The processor family used an enhanced version of the P6 microarchitecture. It emerged in parallel with the NetBurst microarchitecture (Intel P68) of the Pentium 4 brand, and was a
precursor of the 64-bit Core microarchitecture of Core 2 branded CPUs. The Core brand had two branches: the Duo (dual-core) and Solo (single-core, which replaced the Pentium M brand of single-core mobile processor).Intel launched the Core brand on January 6, 2006, with the release of the 32-bit Yonah CPU Intel's first dual-core mobile (low-
power) processor. Its dual-core layout closely resembled two interconnected Pentium M branded CPUs packaged as a single die (piece) silicon chip (IC). Hence, the 32-bit microarchitecture of Core branded CPUs contrary to its name had more in common with Pentium M branded CPUs than with the subsequent 64-bit Core microarchitecture of Core 2
branded CPUs. Despite a major rebranding effort by Intel starting January 2006, some companies continued to market computers with the Yonah core marked as Pentium M.The Core series is also the first Intel processor used in an Apple Macintosh computer. The Core Duo was the CPU for the first generation MacBook Pro, while the Core Solo
appeared in Apple's Mac Mini line. Core Duo signified the beginning of Apple's shift to Intel processors across the entire Mac line.In 2007, Intel began branding the Yonah CPUs intended for mainstream mobile computers as Pentium Dual-Core, not to be confused with the desktop 64-bit Core microarchitecture CPUs also branded as Pentium Dual-
Core.September 2007 and January 4, 2008 marked the discontinuation of a number of Core branded CPUs including several Core Solo, Core Duo, Celeron and one Core 2 Quad products.[19][20]Intel Core Solo[21] (product code 80538) uses the same two-core die as the Core Duo, but features only one active core. Depending on demand, Intel may
also simply disable one of the cores to sell the chip at the Core Solo pricethis requires less effort than launching and maintaining a separate line of CPUs that physically only have one core. Intel had used the same strategy previously with the 486 CPU in which early 486SX CPUs were in fact manufactured as 486DX CPUs but with the FPU
disabled.CodenameBrand name (list)L.2 CacheSocketTDPYonahCore Solo T1xxx2MBSocket M2731WCore Solo Ulxxx5.56WIntel Core Duo[22] (product code 80539) consists of two cores on one die, a 2MB L2 cache shared by both cores, and an arbiter bus that controls both L2 cache and FSB (front-side bus) access.CodenameBrand name (list)L.2
CacheSocketTDPYonahCore Duo T2xxx2MBSocket M31WCore Duo L2xxx15WCore Duo U2xxx9WDMain article: Intel Core (microarchitecture)The successor to Core is the mobile version of the Core 2 line of processors based on the Core microarchitecture,[23] released on July 27, 2006. The release of the mobile version of Intel Core 2 marks the
reunification of Intel's desktop and mobile product lines as Core 2 processors were released for desktops and notebooks, unlike the first Intel Core CPUs that were targeted only for notebooks (although they were used in some small form factor and all-in-one desktops, like the iMac and the Mac Mini).Unlike the original Core, Intel Core '2's are 64-bit
processors, supporting Intel Extended Memory 64 Technology (EM64T). Another difference between the original Core Duo and the new Core 2 Duo is an increase in the amount of level 2 cache. The new Core 2 Duo has tripled the amount of on-board cache to 6MB. Core 2 also introduced a quad-core performance variant to the single- and dual-core
chips, branded Core 2 Quad, as well as an enthusiast variant, Core 2 Extreme. All three chips are manufactured at a 65nm lithography, and in 2008, a 45nm lithography and support front side bus speeds ranging from 533MT/s to 1.6GT/s. In addition, the 45nm die shrink of the Core microarchitecture adds SSE4.1 support to all Core 2 microprocessors
manufactured at a 45nm lithography, therefore increasing the calculation rate of the processors.The Core 2 Solo,[24] introduced in September 2007, is the successor to the Core Solo and is available only as an ultra-low-power mobile processor with 5.5 Watt thermal design power. The original U2xxx series "Merom-L" used a special version of the
Merom chip with CPUID number 10661 (model 22, stepping A1) that only had a single core and was also used in some Celeron processors. The later SU3xxx are part of Intel's CULV range of processors in a smaller FC-BGA 956 package but contain the same Penryn chip as the dual-core variants, with one of the cores disabled during
manufacturing.CodenameBrand name (list)L2 cacheSocketTDPMerom-LMobile Core 2 Solo U2xxx1 MBFCBGA5.5WPenryn-LMobile Core 2 Solo SU3xxx3MBBGA9565.5WInside of a Sony VAIO laptop (VGN-C140G)The majority of the desktop and mobile Core 2 processor variants are Core 2 Duo[25][26] with two processor cores on a single Merom,
Conroe, Allendale, Penryn, or Wolfdale chip. These come in a wide range of performance and power consumption, starting with the relatively slow ultra-low-power Uxxxx (10W) and low-power Lxxxx (17W) versions, to the more performance oriented Pxxxx (25W) and Txxxx (35W) mobile versions and the Exxxx (65W) desktop models. The mobile Core 2
Duo processors with an 'S' prefix in the name are produced in a smaller FC-BGA 956 package, which allows building more compact laptops.Within each line, a higher number usually refers to a better performance, which depends largely on core and front-side bus clock frequency and amount of second level cache, which are model-specific. Core 2 Duo
processors typically use the full L2 cache of 2, 3, 4, or 6MB available in the specific stepping of the chip, while versions with the amount of cache reduced during manufacturing are sold for the low-end consumer market as Celeron or Pentium Dual-Core processors. Like those processors, some low-end Core 2 Duo models disable features such as Intel
Virtualization Technology.CodenameBrand name (list)L2 cacheSocketTDPMeromMobile Core 2 Duo U7xxx2MBBGA47910WMobile Core 2 Duo L7xxx4MB17WMobile Core 2 Duo T5xxx2MBSocket MSocket PBGA47935WMobile Core 2 Duo T7xxx24MBConroe andAllendaleCore 2 Duo E4xxx2MBLGA 77565WCore 2 Duo E6xxx24MBPenrynMobile Core 2
Duo SU7xxx3MBBGA95610WMobile Core 2 Duo SU9xxxMobile Core 2 Duo SLI9xxx6MB17WMobile Core 2 Duo SP9xxx25WMobile Core 2 Duo P7xxx3MBSocket PFCBGA625WMobile Core 2 Duo P8xxxMobile Core 2 Duo P9xxx6MBMobile Core 2 Duo T6xxx2MB35WMobile Core 2 Duo T8xxx3MBMobile Core 2 Duo T9xxx6MBMobile Core 2 Duo
E8xxx6MBSocket P3555WWolfdaleCore 2 Duo E7xxx3MBLGA 77565WCore 2 Duo E8xxx6MBCore 2 Quad[27][28] processors are multi-chip modules consisting of two dies similar to those used in Core 2 Duo, forming a quad-core processor. This allows twice the performance of a dual-core processors at the same clock frequency in scenarios that take
advantage of multi-threading.Initially, all Core 2 Quad models were versions of Core 2 Duo desktop processors, Kentsfield derived from Conroe and Yorkfield from Wolfdale, but later Penryn-QC was added as a high-end version of the mobile dual-core Penryn.The Xeon 32xx and 33xx processors are mostly identical versions of the desktop Core 2 Quad
processors and can be used interchangeably.CodenameBrand name (list).2 cacheSocketTDPKentsfieldCore 2 Quad Q6xxx24MBLGA 77595105WYorkfieldCore 2 Quad Q8xxx22MB6595WCore 2 Quad Q9xxx2326MBPenryn-QCMobile Core 2 Quad Q9xxx2326MBSocket PA5SWCore 2 Extreme processors[29][30] are enthusiast versions of Core 2 Duo and
Core 2 Quad processors, usually with a higher clock frequency and an unlocked clock multiplier, which makes them especially attractive for overclocking. This is similar to earlier Pentium D processors labeled as Extreme Edition. Core 2 Extreme processors were released at a much higher price than their regular version, often $999 or
more.CodenameBrand name (list)L2 cacheSocketTDPMerom XEMobile Core 2 Extreme X7xxx4MBSocket P44WConroe XECore 2 Extreme X6xxx4MBLGA 77575WKentsfieldCore 2 Extreme QX6xxx24MBLGA 775130WPenryn XEMobile Core 2 Extreme X9xxx6MBSocket P44WPenryn-QC XEMobile Core 2 Extreme QX930026MBSocket
P45WYorkfieldCore 2 Extreme QX9xxx26MBLGA 775 / LGA 771130150WMain article: Nehalem (microarchitecture)With the release of the Nehalem microarchitecture in November 2008,[31] Intel introduced a new naming scheme for its Core processors. There are three variants, Core i3, Core i5 and Core i7, but the names no longer correspond to
specific technical features like the number of cores. Instead, the brand is now divided from low-level (i3), through mid-range (i5) to high-end performance (i7),[32] which correspond to three, four and five stars in Intel's Intel Processor Rating[33] following on from the entry-level Celeron (one star) and Pentium (two stars) processors.[34] Common
features of all Nehalem based processors include an integrated DDR3 memory controller as well as QuickPath Interconnect or PCI Express and Direct Media Interface on the processor replacing the aging quad-pumped Front Side Bus used in all earlier Core processors. All these processors have 256KB L2 cache per core, plus up to 12MB shared L3
cache. Because of the new I/O interconnect, chipsets and mainboards from previous generations can no longer be used with Nehalem-based processors.Intel intended the Core i3 as the new low end of the performance processor line from Intel, following the retirement of the Core 2 brand.[35][36]The first Core i3 processors were launched on January
7, 2010.[37]The first Nehalem based Core i3 was Clarkdale-based, with an integrated GPU and two cores.[38] The same processor is also available as Core i5 and Pentium, with slightly different configurations.The Core i3-3xxM processors are based on Arrandale, the mobile version of the Clarkdale desktop processor. They are similar to the Core i5-
4xx series but running at lower clock speeds and without Turbo Boost.[39] According to an Intel FAQ they do not support Error Correction Code (ECC) memory.[40] According to motherboard manufacturer Supermicro, if a Core i3 processor is used with a server chipset platform such as Intel 3400/3420/3450, the CPU supports ECC with UDIMM.[41]
When asked, Intel confirmed that, although the Intel 5 series chipset supports non-ECC memory only with the Core i5 or i3 processors, using those processors on a motherboard with 3400 series chipsets it supports the ECC function of ECC memory.[42] A limited number of motherboards by other companies also support ECC with Intel Core ix
processors; the Asus P8B WS is an example, but it does not support ECC memory under Windows non-server operating systems.[43]CodenameBrand name (list)CoresL.3 CacheSocketTDPI/O BusClarkdaleCore i324MBLGA 115673WDirect Media Interface, Integrated GPUArrandaleCore i3-3xxM3MBrPGA-988A35WCore i3-3xxUM3MBBGA-
128818WLynnfield were the first Core i5 processors using the Nehalem microarchitecture, introduced on September 8, 2009, as a mainstream variant of the earlier Core i7.[44][45] Lynnfield Core i5 processors have an 8MB L3 cache, a DMI bus running at 2.5GT/s and support for dual-channel DDR3-800/1066/1333 memory and have Hyper-threading
disabled. The same processors with different sets of features (Hyper-threading and other clock frequencies) enabled are sold as Core i7-8xx and Xeon 3400-series processors, which should not be confused with high-end Core i7-9xx and Xeon 3500-series processors based on Bloomfield. A new feature called Turbo Boost Technology was introduced
which maximizes speed for demanding applications, dynamically accelerating performance to match the workload.After Nehalem received a 32nm Westmere die shrink, Arrandale, the dual-core mobile Core i5 processors and its desktop counterpart Clarkdale was introduced in January 2010, together with Core i7-6xx and Core i3-3xx processors based
on the same architecture. Arrandale processors have integrated graphics capability. Core i3-3xx does not support for Turbo Boost, L3 cache in Core i5-5xx processors is reduced to 3MB, while the Core i5-6xx uses the full cache,[46] Clarkdale is sold as Core i5-6xx, along with related Core i3 and Pentium processors. It has Hyper-Threading enabled
and the full 4MB L3 cache.[47]According to Intel "Core i5 desktop processors and desktop boards typically do not support ECC memory",[48] but information on limited ECC support in the Core i3 section also applies to Core i5 and i7.[citation needed]CodenameBrand name (list)CoresL3 CacheSocketTDPI/O BusLynnfieldCore i5-7xx48MBLGA
115695WDirect Media InterfaceCore i5-7xxS82WClarkdaleCore i5-6xx24MB7387WDirect Media Interface, Integrated GPUArrandaleCore i5-5xxM3MBrPGA-988A35WCore i5-4xxMCore i5-5xxUMBGA-128818WCore i5-4xxUM[49]The Core i7 brand targets the business and high-end consumer markets for both desktop and laptop computers,[50] and is
distinguished from the Core i3 (entry-level consumer), Core i5 (mainstream consumer), and Xeon (server and workstation) brands.Introduced in late 2008, Bloomfield was the first Core i7 processors based on the Nehalem architecture.[51][52][53][54] The following year, Lynnfield desktop processors and Clarksfield mobile processors brought new
quad-core Core i7 models based on the said architecture.[55]After Nehalem received a 32nm Westmere die shrink, Arrandale dual-core mobile processors were introduced in January 2010, followed by Core i7's first six-core desktop processor Gulftown on March 16, 2010. Both the regular Core i7 and the Extreme Edition are advertised as five stars in
the Intel Processor Rating.The first-generation Core i7 uses two different sockets; LGA 1366 designed for high-end desktops and servers, and LGA 1156 used in low- and mid-end desktops and servers. In each generation, the highest-performing Core i7 processors use the same socket and QPI-based architecture as the medium-end Xeon processors of
that generation, while lower-performing Core i7 processors use the same socket and PCle/DMI/FDI architecture as the Core i5."Core i7" is a successor to the Intel Core 2 brand.[56][57][58][59] Intel representatives stated that they intended the moniker Core i7 to help consumers decide which processor to purchase as Intel releases newer Nehalem-
based products in the future.[60]Code nameBrand nameCoresL.3 CacheSocketTDPProcessBussesReleaseDateGulftownCore i7-9xxX Extreme Edition612MBLGA 1366130W32 nmQPI, 3 DDR3Mar 2010Core i7-970Jul 2010BloomfieldCore i7-9xx Extreme Edition4d8MB45 nmNov 2008Core i7-9xx (except Core i7-970/980)LynnfieldCore i7-8xxLGA
115695WDMI,PCI-¢, 2 DDR3Sep 2009Core i7-8xxS82W]Jan 2010ClarksfieldCore i7-9xxXM Extreme EditionrPGA-988A55WSep 2009Core i7-8xxQM45WCore i7-7xxQM6MBArrandaleCore i7-6xxM24MB35W32 nmDMI,PCI-e, FDI, 2 DDR3Jan 2010Core i7-6xxLMBGA-128825WCore i7-6xxUM18WMain article: Sandy Bridgeln early 2011, Intel introduced
a new microarchitecture named Sandy Bridge. This is the second generation of the Core processor microarchitecture. It kept all the existing brands from Nehalem, including Core i3/i5/i7, and introduced new model numbers. The initial set of Sandy Bridge processors includes dual- and quad-core variants, all of which use a single 32nm die for both the
CPU and integrated GPU cores, unlike the earlier microarchitectures. All Core i3/i5/i7 processors with the Sandy Bridge microarchitecture have a four-digit model number. With the mobile version, the thermal design power can no longer be determined from a one- or two-letter suffix but is encoded into the CPU number. Starting with Sandy Bridge,
Intel no longer distinguishes the code names of the processor based on number of cores, socket or intended usage; they all use the same code name as the microarchitecture itself.Ivy Bridge is the codename for Intel's 22nm die shrink of the Sandy Bridge microarchitecture based on tri-gate ("3D") transistors, introduced in April 2012.Released on
January 20, 2011, the Core i3-2xxx line of desktop and mobile processors is a direct replacement of the 2010 "Clarkdale" Core i3-5xx and "Arrandale" Core i3-3xxM models, based on the new microarchitecture. While they require new sockets and chipsets, the user-visible features of the Core i3 are largely unchanged, including the lack of support for
Turbo Boost and AES-NI. Unlike the Sandy Bridge-based Celeron and Pentium processors, the Core i3 line does support the new Advanced Vector Extensions. This particular processor is the entry-level processor of this new series of Intel processors.CodenameBrand name (list)CoresL3 cacheSocketTDPI/O BusSandy Bridge (Desktop)Core i3-
21xx23MBLGA 115565WDirect Media Interface,Integrated GPUCore i3-21xxT35WSandy Bridge (Mobile)Core i3-2xxO0MrPGA-988BBGA-1023Core i3-2xx7MBGA-102317WA Core i5-2500K. The K suffix indicates an unlocked clock multiplier, which allows for easier overclocking.In January 2011, Intel released new quad-core Core i5 processors based on
the "Sandy Bridge" microarchitecture at CES 2011. New dual-core mobile processors and desktop processors arrived in February 2011.The Core i5-2xxx line of desktop processors are mostly quad-core chips, with the exception of the dual-core Core i5-2390T, and include integrated graphics, combining the key features of the earlier Core i5-6xx and
Core i5-7xx lines. The suffix after the four-digit model number designates unlocked multiplier (K), low-power (S) and ultra-low-power (T).The desktop CPUs now all have four non-SMT cores (like the i5-750), with the exception of the i5-2390T. The DMI bus runs at 5GT/s.The mobile Core i5-2xxxM processors are all dual-core and hyper-threaded chips
like the previous Core i5-5xxM series, and share most of the features with that product line.CodenameBrand name (list)CoresL3 cacheSocketTDPI/O BusSandy Bridge (Desktop)Core i5-2xxxCore i5-2xxxK46MBLGA 115595WDirect Media Interface,Integrated GPUCore i5-2xxxS65WCore i5-25xxT45WCore i5-23xxT23MB35WSandy Bridge (Mobile)Core
i5-2xxxMrPGA-988BBGA-1023Core i5-2xx7MBGA-102317WThe Core i7 brand was the high-end for Intel's desktop and mobile processors, until the announcement of the i9 in 2017. Its Sandy Bridge models feature the largest amount of L3 cache and the highest clock frequency. Most of these models are very similar to their smaller Core i5 siblings.
The quad-core mobile Core i7-2xxxQM/XM processors follow the previous "Clarksfield" Core i7-xxxQM/XM processors, but now also include integrated graphics.CodenameBrand name (list)CoresL3 cacheSocketTDPProcessl/O BusReleaseDateSandy Bridge-E (Desktop)Core i7-39xxX615MBLGA 2011130W32 nmDirect Media InterfaceNovember
2011Core i7-39xxK12MBCore i7-38xx410MBSandy Bridge (Desktop)Core i7-2xxxK, i7-2xxx8MBLGA 115595WDirect Media Interface,Integrated GPUJanuary 2011Core i7-2xxxS65WSandy Bridge (Mobile)Core i7-2xxxXMrPGA-988BBGA-102355WCore i7-28xxQM45WCore i7-2xxxQE, i7-26xxQM, i7-27xxQM6MBCore i7-2xx0M24MB35WFebruary
2011Core i7-2xx9MBGA-102325WCore i7-2xx7M17WMain article: Ivy Bridge (microarchitecture)Ivy Bridge is the codename for a "third generation" line of processors based on the 22nm manufacturing process developed by Intel. Mobile versions of the CPU were released in April 2012 following with desktop versions in September 2012.This section
needs expansion. You can help by adding to it. (April 2014)The Ivy Bridge-based Core-i3-3xxx line is a minor upgrade to 22nm process technology and better graphics.CodenameBrand name (list)CoresL.3CacheSocketTDPI/O Buslvy Bridge (Desktop)Core i3-32xx23MBLGA 115555WDirect Media Interface,Integrated GPUCore i3-32xxT35WIvy Bridge
(Mobile)Core i3-3xx0MrPGA-988BBGA-1023Core i3-3xx7UBGA-102317WCore i3-3xx9Y13WCodenameBrand name (list)CoresL.3CacheSocketTDPI/O Buslvy Bridge (Desktop)Core i5-3xxxCore i5-3xxxK46MBLGA 115577WDirect Media Interface,Integrated GPUCore i5-3xxxS65WCore i5-35xxT45WCore i5-34xxT23MB35WIvy Bridge (Mobile)Core i5-
3xxOMrPGA-988BBGA-1023Core i5-3xx7UBGA-102317WCore i5-3xx9Y13WCodenameBrand name (list)CoresL3 cacheSocketTDPProcessl/O BusReleaseDatelvy Bridge-E (Desktop)Core i7-4960X615MBLGA 2011130W22 nmDirect Media InterfaceSeptember 2013Core i7-4930K12MBCore i7-4820K410MBIvy Bridge (Desktop)Core i7-37xx, i7-
37xxK8MBLGA 115577WDirect Media Interface,Integrated GPUApril 2012Core i7-37xxS65WCore i7-37xxT45WIvy Bridge (Mobile)Core i7-3xxxXM55WCore i7-38xxQM45WCore i7-36x0QM, i7-3xx0QE, i7-36x5QM, i7-3xx5QE, i7-37xxQM6MBCore i7-3xx2QM, i7-3xx2QE35WCore i7-3xxxM24MBCore i7-3xxxLE25WCore i7-3xx7U, i7-3xx7UE17WCore i7-
3xx9Y13W]January 2013Main article: Haswell (microarchitecture)Haswell is the fourth generation Core processor microarchitecture, and was released in 2013.CodenameBrand name (list)CoresL3 cacheGPU ModelSocketTDPProcessI/O BusReleaseDateHaswell-DT (Desktop)Core i3-43xx24MBHD 4600LGA 115054W22 nmDirect Media
Interface,Integrated GPUSeptember 2013Core i3-43xxT, Core i3-4xxxTE35WCore i3-41xx3MBHD 440054WCore i3-41xxT35WHaswell-MB (Mobile)Core i3-4xx2EHD 4600BGA 136425WCore i3-4xx0E37WCore i3-4xxxMSocket G3Core i3-4xx8UIris 5100BGA 116828WJune 2013Core i3-4xx0U, Core i3-4xx5UHD 440015WCore i3-4xxxYHD
420011.5WCodenameBrand name (list)CoresL3 cacheGPU ModelSocketTDPProcessI/O BusRelease DateHaswell-DT (Desktop)Core i5-4xxx, i5-46xxK46MBHD 4600LGA 115084W22 nmDirect Media Interface,Integrated GPUJune 2013Core i5-4xxxS65WCore i5-46xxT45WCore i5-45xxT, Core i5-45xxTE24MB35W65WHaswell-H (MCP)Core i5-4xxxR44
MBIris Pro 5200BGA 136465 WHaswell-MB (Mobile)Core i5-4xxxH23MBHD 460047WSeptember 2013Core i5-4xx2E25WCore i5-4xx0E37WCore i5-4xxxMSocket G3Core i5-4xx8UIris 5100BGA116828W]June 2013Core i5-4x50UHD 500015WCore i5-4x00UHD 4400Core i5-4xxxYHD 420011.5WCodenameBrand name (list)CoresL.3 cacheGPU
ModelSocketTDPProcessI/O BusReleaseDateHaswell-E (Desktop)[61]Core i7-5960X820MBN/ALGA 2011-3140W22nmDirect Media InterfaceSeptember 2014Core i7-5930K615MBCore i7-5820KHaswell-DT (Desktop)Core i7-47xx, i7-47xxK48MBHD 4600LGA 115084WDirect Media Interface,Integrated GPUJune 2013Core i7-47xxS65WCore i7-
47x0T45WCore i7-47x5T35WCore i7-47xxR6MBIris Pro 5200BGA 136465WHaswell-MB (Mobile)Core i7-4x50HQ, Core i7-4x60HQCore i7-4x50EQ, Core i7-4x60EQ47WCore i7-47x2HQ, Core i7-47x2EQCore i7-470xHQ, Core i7-470xEQHD 460037W47WCore i7-47x2MQCore i7-470xMQSocket G337W47WCore i7-49xxMQ, Core i7-4xxxXM8MB57WCore
i7-4xxxM24MB35WSeptember 2013Core i7-4xx8UIris 5100BGA 116828WJune 2013Core i7-4x50UHD 500015WCore i7-4x00UHD 4400Core i7-4xxxYHD 420011.5WMain article: Broadwell (microarchitecture)Broadwell is the fifth generation Core processor microarchitecture, and was released by Intel on September 6, 2014, and began shipping in late
2014. It is the first to use a 14nm chip.[62] Additionally, mobile processors were launched in January 2015[63] and Desktop Core i5 and i7 processors were released in June 2015.[64]Desktop processor (DT-Series)Processor brandingModel (list)Cores (Threads)L.3 cacheGPU ModelSocketTDPProcessI/O BusReleaseDateCore i75775C4 (8)6MBIris
6200LGA 115065W14nmDirect Media Interface,Integrated GPUJune 20155775RCore i55675C4 (4)4AMB5675R5575RMobile processors (U-Series)Processor brandingModel (list)Cores (Threads)L3 cacheGPU ModelSocketTDPProcessl/O BusReleaseDateCore i75xx7U2 (4)4MBIris 6100BGA 116828W14nmDirect Media Interface,Integrated GPUJanuary
20155x50UHD 600015W5x00UHD 5500Core i55xx7U2 (2)3MBIris 610028W5x50UHD 600015W5x00UHD 5500Core i35xx7Ulris 610028W5xx5UHD 550015W5xx0UMobile Processors (Y-Series)Processor brandingModel (list)Cores (Threads)L3 cacheGPU ModelSocketTDPProcessI/O BusReleaseDateCore M5Yxx2 (2)4MBHD 5300BGA

12344 .5W14nmDirect Media Interface,Integrated GPUSeptember 2014Processor brandingModel (list)Cores (Threads)L3 cacheGPU ModelSocketTDPProcessI/O BusReleaseDateCore i76800K6 (12)15MBN/ALGA 2011-3140W14nmDirect Media InterfaceQ2'166850K6900K8 (16)20MB6950X10 (20)25MBMain article: Skylake (microarchitecture)Skylake
is the sixth generation Core processor microarchitecture, and was launched in August 2015. Being the successor to the Broadwell line, it is a redesign using the same 14nm manufacturing process technology; however the redesign has better CPU and GPU performance and reduced power consumption. Intel also disabled overclocking non -K
processors.Desktop processors (DT-Series)Processor brandingModelCores/ThreadsL.3 cacheGPU ModelSocketTDPProcessI/O BusRelease DateCore i76700K4/88MBHD 530LGA 115191W14nmDirect Media Interface,Integrated GPUAugust 2015670065WSeptember 20156700T35W6785RIris Pro 58065WMay 2016Core i56600K4/46MBHD
53091WSeptember 2015660065W650064006402PHD 510December 20156xx0ORHD 53035W]June 20166xx0TSeptember 2015Core i363202/44MBHD 53051W63006300T35W61003MBHD 53051W6100T35W6098PHD 51054WDecember 2015Mobile processors (H-Series)Processor brandingModelCores/ThreadsL.3 cacheGPU ModelSocketTDPProcessIl/O
BusRelease DateCore i36100H2/43MBHD 530FBGA 135635W14nmDirect Media Interface,Integrated GPUSeptember 2015Mobile processors (U-Series)Processor brandingModelCores/ThreadsL.3 cacheGPU ModelSocketTDPProcessl/O BusRelease DateCore i76650U2/44MBIris 540FCBGA 135615W14nmDirect Media Interface,Integrated
GPUSeptember 20156600UHD 52025W6567UIris 55028W6x60UIris 54015W6x00UHD 520Core i562x7UlIris 55028W6360UIris 5409.5W6300UHD 52015W6260UIris 5406200U3MBHD 520Core i36167UHD 55028W6100UHD 52015W6006UHD 520November 2016High-end Desktop processors (X-Series)Processor brandingModelCores/ThreadsL3
cacheSocketTDPProcessl/O BusPriceCore i97980XE18/3624.75MBLGA 2066165W14nmDirect Media Interface$19997960X16/3222MB$16997940X14/2819.25MB$13997920X12/2416.5MB140W$11997900X10/2013.75MB$999Core i77820X8/1611MB$5997800X6/128.25MB$389Main article: Kaby LakeThis section needs expansion. You can help by
adding to it. (January 2017)Kaby Lake is the codename for the seventh generation Core processor, and was launched in October 2016 (mobile chips)[65] and January 2017 (desktop chips).[66] With the latest generation of microarchitecture, Intel decided to produce Kaby Lake processors without using their "ticktock" manufacturing and design model.
[67] Kaby Lake features the same Skylake microarchitecture and is fabricated using Intel's 14 nanometer manufacturing process technology.[67]Built on an improved 14nm process (14FF+), Kaby Lake features faster CPU clock speeds and Turbo frequencies. Beyond these process and clock speed changes, little of the CPU architecture has changed
from Skylake, resulting in identical IPC.Kaby Lake features a new graphics architecture to improve performance in 3D graphics and 4K video playback. It adds native High-bandwidth Digital Content Protection 2.2 support, along with fixed function decode of H.264/MPEG-4 AVC, High Efficiency Video Coding Main and Main10/10-bit, and VP9 10-bit
and 8-bit video. Hardware encode is supported for H.264/MPEG-4 AVC, HEVC Main10/10-bit, and VP9 8-bit video. VP9 10-bit encode is not supported in hardware. OpenCL 2.1 is now supported.Kaby Lake is the first Core architecture to support hyper-threading for the Pentium-branded desktop CPU SKU. Kaby Lake also features the first
overclocking-enabled i3-branded CPU.Features common to desktop Kaby Lake CPUs:LGA 1151 socketDMI 3.0 and PClIe 3.0 interfacesDual channel memory support in the following configurations: DDR3L-1600 1.35V (32GiB maximum) or DDR4-2400 1.2V (64GiB maximum)A total of 16 PCle lanesThe Core-branded processors support the AVX2
instruction set. The Celeron and Pentium-branded ones support only SSE4.1/4.2350MHz base graphics clock rateNo L4 cache (eDRAM).A release date of January 3, 2017Desktop processors (S-Series)ProcessorbrandingModelCores (threads)CPUclockrateCPU Turbo clock rateGPU modelMaximumGPU clock rateL.3cacheTDPPrice (USD)Single coreDual
coreQuad coreCore i77700K4 (8)4.2GHz4.5GHz4.4GHz4.4GHzHD 6301150MHz8MB91W$35077003.6GHz4.2GHz4.1GHz4.0GHz65W$3127700T2.9GHZz3.8GHz3.7GHz3.6 GHz35WCore i57600K4
(4)3.8GHz4.2GHz4.1GHz4.0GHz6MB91W$24376003.5GHz4.1GHz4.0GHz3.9GHz65W$2247600T2.8GHz3.7GHz3.6GHz3.5GHz1100MHz35W75003.4GHz3.8GHz3.7GHz3.6 GHz65W$2027500T2.7GHz3.3GHz3.2GHz3.1GHz35W74003.0GHz3.5GHz3.4GHz3.3GHz1000MHz65W$1827400T2.4GHz3.0GHZz2.9GHZz2.7GHz35W$187Core i37350K2
(4)4.2GHzN/A1150MHz4MB60W$17973204.1GHz51W$15773004.0GHz$1477300T3.5GHz1100MHZz35W71003.9GHz3MB51W$1177100T3.4GHz35W7101E3.9GHz54W7101TE3.4GHz35WMobile Processors (H-Series)ProcessorbrandingModelCores (threads)CPUclockrateCPU Turbo clock rateGPUGPU clock rateL.3cacheMax. PCle
lanesTDPcTDPRelease datePrice (USD)Single coreDual coreQuad coreBaseMax.UpDownCore i77920HQ4 (8)3.1GHz4.1GHz3.9GHz3.7GHzHD 630350MHz1100MHz8MB1645WN/A35WQ1 2017$5687820HQ2.9GHz3.9GHz3.7GHz3.5GHz$3787820HK7700HQ2.8GHz3.8GHz3.6GHz3.4GHz6 MBCore i57440HQ4
(4)1000MHz$2507300HQ2.5GHz3.5GHz3.3GHz3.1GHzCore i37100H2 (4)3.0GHzN/A950MHz3MB35WN/A$225Mobile Processors (U-Series)ProcessorbrandingModelCores(threads)CPUclockrateCPU Turbo clock rateGPUGPU clock rateL.3cachelL4cacheMax. PCle lanesTDPcTDPRelease datePrice (USD)Single coreDual coreBaseMax.UpDownCore
i77660U2 (4)2.5GHz4.0GHz?Iris Plus 640300MHz1100MHz4MB64MB1215WN/A9.5WQ1 2017?7600U2.8GHz3.9GHZzHD 6201150MHzN/A25W7.5W$3937567U3.5GHz4.0GHzIris Plus 65064MB28WN/A23W?7560U2.4GHz3.8GHzIris Plus 6401050MHz15W9.5W7500U2.7GHz3.5GHzHD 620N/A25W7.5WQ3 2016$393Core i57360U2.3GHz3.6GHzIris
Plus 6401000MHz4MB64MB1215WN/A9.5WQ1 2017?7300U2.6GHz3.5GHzHD 6201100MHz3MBN/A1215W25W7.5W$2817287U3.3GHz3.7GHzIris Plus 6504MB64MB28WN/A23W?7267U3.1GHz3.5GHz1050MHz7260U2.2GHz3.4GHzIris Plus 640950MHz15W9.5W7200U2.5GHz3.1GHzHD 6201000MHz3MBN/A25W7.5WQ3 2016$281Core
i37167U2.8GHzN/Alris Plus 6501000MHz3MB64MB1228WN/A23WQ1 2017?7100U2.4GHzHD 620N/A15W7.5WQ3 2016$281Mobile Processors (Y-Series)ProcessorbrandingModelCores(threads)CPUclockrateCPU Turbo clock rateGPUGPU clock rateL.3cacheMax. PCle lanesTDPcTDPRelease datePrice (USD)Single coreDual coreBaseMax.UpDownCore
i77Y752 (4)1.3GHz3.6GHz3.4GHzHD 615300MHz1050MHz4MB104.5W7W3.5WQ3 2016$393Core i57Y571.2GHz3.3GHz2.9GHz950MHzQ1 2017$2817Y543.2GHz2.8GHzQ3 2016Core i37Y301.0GHz2.6GHz?900MHz7Y321.1GHz3.0GHzQ2 2017Kaby Lake-X processors are modified versions of Kaby Lake-S processors that fit into the LGA 2066 socket.
However, they can't take advantage of the unique features of the platform.High-end Desktop processors (X-Series)ProcessorbrandingModelCores (threads)CPUclockrateCPU Turbo clock rateL.3cacheTDPPrice (USD)Single coreDual coreQuad coreCore i77740X4 (8)4.3GHz4.5GHz4.4GHz4.AGHz8MB112W$339Core i57640X4
(4)4.0GHz4.2GHz4.1GHz4.0GHz6MB$242Mobile processors (U-Series)ProcessorbrandingModelCores(threads)CPUclockrateCPU Turbo clock rateGPUGPU clock ratel.3cachelL4cacheMax.PClelanesTDPcTDPReleasedatePrice(USD)SinglecoreDualcoreQuadcoreBaseMax.UpDownCore i78650U4 (8)1.9GHz4.2GHz3.9GHzUHD
620300MHz1150MHz8MB1215W25W10WQ3 2017$4098550U1.8GHz4.0GHz3.7GHzCore i58350U1.7GHz3.6GHz1100MHz6MB$2978250U1.6GHz3.4GHzMain article: Coffee LakeCoffee Lake is a codename for the eighth generation Intel Core family and was launched in October 2017. For the first time in the ten-year history of Intel Core processors,
the Coffee Lake generation features an increase in core counts across the desktop lineup of processors, a significant driver of improved performance versus previous generations despite similar per-clock performance.Increase in number of CPU cores in desktop Coffee Lake processorsKaby Lake(7th Generation)Coffee Lake(8th Generation)Cores /
ThreadsCores / ThreadsCore i32 / 404 / 40Core i54 / 406 / 60Core i74 / 806 / 12* Intel Hyper-threading capabilities allow an enabled processor to execute two threads per physical coreCoffee Lake features largely the same CPU core and performance per MHz as Skylake/Kaby Lake.[68][69] Features specific to Coffee Lake include:Following similar
refinements to the 14nm process in Skylake and Kaby Lake, Coffee Lake is the third 14nm process refinement ("14nm++") and features increased transistor gate pitch for a lower current density and higher leakage transistors which allows higher peak power and higher frequency at the expense of die area and idle power.Coffee Lake will be used in
conjunction with the 300-series chipset and is incompatible with the older 100- and 200-series chipsets.[70][71]Increased L3 cache in accordance to the number of coresIncreased turbo clock speeds across i5 and i7 CPUs models (increased by up to 200MHz)Increased iGPU clock speeds by 50MHzDDR4 memory support updated for 2666 MHz (for i5
and i7 parts) and 2400MHz (for i3 parts); DDR3 memory is no longer supportedDesktop processors (S-Series)ProcessorbrandingModelCores(threads)Base CPUclock rateTurbo clock rate[72] [GHz]GPUmax GPUclock rateL.3cacheTDPMemorysupportPrice(USD)Number of cores used123456Core i78086K6 (12)4.0GHz5.04.64.54.44.3UHD
6301.20GHz12MB95WDDR42666$4258700K3.7GHz4.7$35987003.2GHz4.64.54.44.365W$3038700T2.4GHz4.04.03.93.835WCore i58600K6
(6)3.6GHz4.34.24.11.15GHz9MB95W$25786003.1GHz65W$2138600T2.3GHz3.73.63.535W85003.0GHz4.14.03.91.10GHz65W$1928500T2.1GHz3.53.43.33.235W84002.8GHz4.03.93.81.05GHz65W$1828400T1.7GHz3.33.23.13.035WCore i38350K4
(4)4.0GHz1.15GHz8MB91WDDR42400$16883003.7GHz62W$1388300T3.2GHz35W81003.6GHz1.10GHz6MB65W$1178100T3.1GHz35W* Processors Core i3-8100 and Core i3-8350K with stepping B0 actually belong to "Kaby Lake-S" familyMobile processors (H-Series)ProcessorbrandingModelCores(threads)CPUclockrateMax. Turboclock
rateGPUGPU clock rateL.3cacheTDPcTDPPrice(USD)BaseMax.DownUpCore i78850H6 (12)2.6GHz4.3GHzUHD 630350MHz1.15GHz9MB45W35WN/A$3958750H2.2GHz4.1GHz1.10GHz8700B3.2GHz4.6GHz1.20GHZz12MB65W$303Core i58500B6 (6)3.0GHz4.1GHz1.10GHz9MB$1928400B2.8GHz4.0GHz1.05GHz$1828400H4
(8)2.5GHz4.2GHz1.10GHz8MB45W$2508300H2.3GHz4.0GHz1.00GHz$250Core i38100H4 (4)3.0GHzN/A6MB$225Mobile processors (U-Series)ProcessorbrandingModelCores(threads)CPUclockrateMax. Turboclock rateGPUGPU clock rateL.3cachel.4 cache(eDRAM)TDPcTDPPrice(USD)BaseMax.DownUpCore i78559U4 (8)2.7GHz4.5GHzIris Plus
655300MHz1.20GHz8MB128MB28W20WN/A$431Core i58269U2.6GHz4.2GHz1.10GHz6MB$3208259U2.3GHz3.8GHz1.05GHzN/ACore i38109U2 (4)3.0GHz3.6GHzUHD 6301.10GHz4MBAmber Lake is a refinement over the low power Mobile Kaby Lake CPUs.Mobile Processors (Y-Series)ProcessorbrandingModelCores(threads)CPU clock
rateGPUMax GPUclock rateL.3cacheTDPcTDPPriceBaseMax turboUpDownCore i78510Y Archived July 28, 2020, at the Wayback Machine?2 (4)1.8GHz3.9GHzUHD 6171050MHz4 MB7 WN/A$3938500Y1.5GHz4.2GHzUHD 6155 W7 W3.5 W$393Core i58310Y1.6GHz3.9GHzUHD 6177 WN/A$2818210Y3.6GHz8200Y1.3GHz3.9GHzUHD 615950MHz5 W7
W3.5 W$291Core m38100Y1.1GHz3.4GHz900MHz8 W4.5 W$281Main article: Whiskey LakeWhiskey Lake is Intel's codename for the third 14nm Skylake process-refinement, following Kaby Lake Refresh and Coffee Lake. Intel announced low power mobile Whiskey Lake CPUs availability on August 28, 2018.[73][74] It has not yet been advertised
whether this CPU architecture contains hardware mitigations for Meltdown/Spectre class vulnerabilitiesvarious sources contain conflicting information.[75][76][74][77] Unofficially it was announced that Whiskey Lake has hardware mitigations against Meltdown and L1TF while Spectre V2 requires software mitigations as well as microcode/firmware
update.[78][791[80][81]Mobile processors (U-Series)ProcessorbrandingModelCores(threads)CPUclock rateTurbo clock GHzNum of coresGPUMax GPUclock rateL.3cachecTDPMemoryPricel24UpDownCore i78665U4 (8)1.9GHz4.8UHD6201150MHz8MB25W10WDDR4-2400LPDDR3-2133$4098565U1.8GHz4.64.54.1$409Core
i58365U1.6GHz4.11100MHz6MB$2978265U3.93.93.7$297Core i38145U2 (4)2.1GHz3.93.71000MHz4MB$281Main article: Cannon Lake (microprocessor)Cannon Lake (formerly Skymont) is Intel's codename for the 10-nanometer die shrink of the Kaby Lake microarchitecture. As a die shrink, Cannon Lake is a new process in Intel's
"processarchitectureoptimization" execution plan as the next step in semiconductor fabrication.[82] Cannon Lake are the first mainstream CPUs to include the AVX-512 instruction set. In comparison to the previous generation AVX2 (AVX-256), the new generation AVX-512 most notably provides double the width of data registers and double the
number of registers. These enhancements would allow for twice the number of floating point operations per register due to the increased width in addition to doubling the overall number of registers, resulting in theoretical performance improvements of up to four times the performance of AVX2.[83][84]At CES 2018, Intel announced that they had
started shipping mobile Cannon Lake CPUs at the end of 2017 and that they would ramp up production in 2018.[85][86][87] No further details were disclosed.Mobile processors (U-Series)ProcessorbrandingModelCores(threads)CPUclock rateCPU Turboclock rateGPUGPU clock rateL.3cacheTDPcTDPPrice(USD)BaseMax.DownCore i38121U[88][89]2
(4)2.2GHz3.2GHzN/A4MB15WN/A?The 9th generation Coffee Lake CPUs are updated versions of previous Skylake X-Series CPUs with clockspeed improvements.High-end Desktop processors (X-Series)Processor brandingModelCores/ThreadsBase ClockSingle Core Turbo ClockL3 cacheTDPPriceCore
i99980XE18/363.0GHz4.5GHZz24.75MB165W$19799960X16/323.1GHZz22MB$16849940X14/283.3GHz19.25MB$13879920X12/243.5GHz$11899900X10/20$9899820X3.3GHz4.2GHz16.5MB$889Core i179800X8/163.8GHz4.5GHz$589The 9th generation Coffee Lake CPUs were released in the fourth quarter of 2018. They include hardware mitigations
against certain Meltdown/Spectre vulnerabilities.[90][91]For the first time in Intel consumer CPU history, these CPUs support up to 128GB RAM.[92]Increase in number of CPU cores in desktop 9th Generation processors8th Generation9th GenerationCores / ThreadsCores / ThreadsCore i34 / 404 / 40Core i56 / 606 / 60Core i76 / 128 / 8Core i96 / 128
/ 16* Intel Hyper-threading capabilities allow an enabled processor to execute two threads per physical coreEven though the F suffix CPUs lack an integrated GPU, Intel set the same price for these CPUs as their featureful counterparts.[93]Desktop processors (S-Series)ProcessorbrandingModelCores(Threads)Base CPUclock rateTurbo clock rate[94]
[GHz]GPUmax GPUclock rateL.3cacheTDPMemorysupportPrice(USD)Number of cores used12345678Core i99900KS8 (16)4.0GHz5.0UHD 6301.20GHz16MB127W *DDR4-2666$5249900K3.6GHz5.04.84.795W *$4889900KFCore i79700K8 (8)3.6GHz4.94.84.74.6UHD 6301.20GHz12MB95W$3749700KFCore i59600K6 (6)3.7GHz4.64.54.44.3UHD
6301.15GHz9MB$2629600KF94002.9GHz4.1UHD 6301.05GHz65W$1829400FCore i39350KF4 (4)4.0GHz4.68MB91WDDR4-2400$1739100F3.6GHz4.26MB65W$1229100UHD 6301.1GHz* various reviews show that the Core i9 9900K CPU may consume over 140W under load. The Core i9 9900KS may consume even more.[95][96][97]1[98]Mobile
processors (H-Series)ProcessorbrandingModelCores(Threads)Base CPUclock rateSingle Core Turbo clock rate [GHz]JGPUMax GPUclock rateL.3cacheTDPMemorysupportPrice(USD)Core i99980HKS8 (16)2.4GHz5.0HD 6301.25GHz16MB45WDDR4-2666$5839880H2.3GHz4.81.20GHz$556Core i79850H6 (12)2.6GHz4.61.15GHz12MB$3959750H4.5Core
i59400H4 (8)2.5GHz4.31.10GHz8MB$2509300H2.4GHz4.11.05GHzCascade Lake X-Series CPUs are the 10th generation versions of the previous Skylake X-Series CPUs. They offer minor clockspeed improvements and a highly reduced price.High-end Desktop processors (X-Series)Processor brandingModelCores/ThreadsBase ClockSingle Core Turbo
ClockAll Core Turbo ClockL3 cacheTDPPriceCore iI910980XE18/363.0GHz4.8GHz3.8GHz24.75MB165W$97910940X14/283.3GHz4.1GHz19.25MB$78410920X12/243.5GHz4.3GHz$68910900X10/203.7GHz4.7GHz$590Main article: Ice Lake (microprocessor)Ice Lake is codename for Intel's 10th generation Intel Core processors, representing an
enhancement of the 'architecture' of the preceding generation Kaby Lake/Cannon Lake processors (as specified in Intel's processarchitectureoptimization execution plan). As the successor to Cannon Lake, Ice Lake uses Intel's newer 10nm+ fabrication process, and is powered by the Sunny Cove microarchitecture.lce Lake are the first Intel CPUs to
feature in-silicon mitigations for the hardware vulnerabilities discovered in 2017, Meltdown and Spectre. These side-channel attacks exploit branch prediction's use of speculative execution. These exploits may cause the CPU to reveal cached private information which the exploiting process is not intended to be able to access as a form of timing
attack.[citation needed]Mobile processors (U-Series)ProcessorbrandingModelCores(threads)Base CPUclock rateTurbo clock GHzNum of coresGPUL3cacheTDPcTDPPricel24SeriesEUsMax clockrateUpDownCore i71065G74 (8)1.3GHz3.93.5Iris Plus641.1GHz8MiB15W25W12W$426Core
i51035G71.2GHz3.73.31.05GHz6MiB15W25W12W$3201035G41.1GHz48$3091035G11.0GHz3.6UHD3213W$297Core i31005G12 (4)1.2GHz3.4UHD320.9GHz4MiB15W25W13W$281Mobile processors (Y-Series)ProcessorbrandingModelCores(threads)Base CPUclock rateTurbo clock GHzNum of coresGPUL3cacheTDPcTDPPricel24SeriesEUsMax
clockrateUpDownCore i71060G74 (8)1.0GHz3.83.4Iris Plus641.1GHz8MiB9W12WCore i51030G70.8GHz3.53.2Iris Plus646MiBOW12W1030G40.7GHz48Core i31000NG42 (4)1.1GHz3.2Iris Plus480.9GHz4MiB9W1000G412W1000G1UHD32Main article: Comet LakeComet Lake is Intel's codename for the fourth 14nm Skylake process-refinement,
following Whiskey Lake. Intel announced low power mobile Comet Lake CPUs availability on August 21, 2019.[99]Increase in number of CPU cores in desktop 10th generation processors9th generation10th generationCores / threadsCores / threadsCore i34 / 44 / 8Core i56 / 66 / 12Core i78 / 88 / 16Core i98 / 1610 / 20Desktop processors (S-
Series)ProcessorbrandingModelCores(Threads)CPU clock rate (GHz)GPUSmartcache(MB)TDPMemorysupportPrice(USD)BaseAll-CoreTurboTurboBoost 2.0Turbo BoostMax 3.0Modelmaxclockrate(GHz)DownBaseCore i910900K10 (20)3.74.85.15.2UHD6301.202095125DDR4-29332-channelup to
128GB$48810900KF$472109103.64.75.0UHD6301.200EM109002.84.55.165$43810900F$42210900T1.93.74.54.6UHD6301.202535$43810850K3.64.75.05.195125$453Core i710700K8 (16)3.816$37410700KF$349107002.94.64.74.8UHD6301.2065$32310700F$29810700T2.03.74.44.5UHD6301.202535$325Core i510600K6
(12)4.14.54.81295125DDR4-26662-channelup to 128GB$26210600KF$237106003.34.44.8UHD6301.2065$21310600T2.43.74.02535105003.14.24.51.1565$19210500T2.33.53.82535104002.94.04.31.1065$18210400F$15710400T2.03.23.6UHD6301.102535$182Core i3103204
(8)3.84.44.61.15865$154103003.74.24.4$14310300T3.03.63.91.102535101003.64.14.3665$12210100F$79 - $9710100T3.03.53.8UHD6301.102535pMobile processors (H-Series)ProcessorbrandingModelCores(Threads)CPU clock speed (GHz)GPUSmartcache(MB)TDP(W)MemorysupportPrice(USD)BaseMax.TurboModelMax.freq.
(GHz)DownBaseUpCore i910980HKS8 (16)2.45.3UHD 6301.25164565DDR4-29332-channelup to 128GB$58310885H35$556Core i710875H2.35.11.20$45010870H2.25.0$41710850H6 (12)2.75.11.1512$39510750H2.65.0Core i510500H2.54.51.05$25010400H4 (8)2.64.61.10810300H2.54.51.0510200H2.44.1UHD 610Mobile processors (U-
Series)ProcessorbrandingModelCores(Threads)CPU clock speed (GHz)GPUL3cache(MB)TDPMemorysupportPrice(USD)BaseMax.TurboModelMax.freq.DownBaseUpCore i710810U6 (12)1.14.9UHD6201.151212.51525DDR4-2666LPDDR3-2133$44310710U4.710610U4 (8)1.84.9810$40910510UCore i510310U1.74.46$29710210U1.64.21.10Core
i310110U2 (4)2.14.11.004$281ProcessorbrandingModelCores(Threads)CPU clock rate (GHz)GPUSmartcache(MB)TDPMemorysupportPrice(USD)BaseAll-CoreTurboTurboBoost 2.0ModelMax.freq.DownBaseCore 15105056 (12)3.24.34.6UHD6301.212N/A65DDR4-26662-channelup to 128GB$192Core 13103254
(8)3.94.54.71.15865$154103053.84.34.5$14310305T3.03.74.01.102535101053.74.24.4665$12210105F$9710105T3.03.63.9UHD6301.102535$122List of Amber Lake Refresh Y-series processorsProcessor brandingModelCores (threads)CPU clock rateTurbo Boost clock rateGPUMax GPU clock ratel.3 cacheTDPcTDPMemoryPricel core2 cores4
coresUpDownCore i710510Y4 (8)1.2 GHz4.5 GHz3.2 GHzUHD for 10th Gen Processors1150 MHz8 MB7 W9 W4.5 WLPDDR3-2133US$403Core i510310Y1.1 GHz4.1 GHz2.8 GHz1050 MHz6 MB5.5 WUS$29210210Y1.0 GHz4.0 GHz2.7 GHz4.5 WCore i310110Y2 (4)3.7 GHz1000 MHz4 MB5.5 WUS$287Main article: Tiger LakeLaunched on September
2, 2020.All models support DDR4-3200 memoryAll models support 20 reconfigurable PCI Express 4.0 lanes, allowing x16 Gen 4 link for discrete GPU and x4 Gen 4 link for M.2 SSDsProcessorbrandingModelCores(threads)Base freq at TDPMax Turbo freq, active coresUHD GraphicsSmartcacheTDPPrice@35W@45W@65W1 or 246AllEUsMax
freqCorei911980HKS8 (16)2.6GHz3.3GHz5.0GHz4.9GHz4.7GHz4.5GHz321.45GHZz24MB45-65W$58311950H vPro2.1GHzN/A35-45W$55611900H2.5GHz4.9GHz4.8GHz4.6GHz4.4GHz$546Corei711850H vPro4.8GHz4.8GHz4.6GHz4.3GHz$39511800H1.9GHz2.3GHz4.6GHz4.5GHz4.4GHz4.2GHzCorei511500H vPro6
(12)2.4GHz2.9GHz4.6GHz4.4GHz4.2GHz12MB$25011400H2.2GHz2.7GHz4.5GHz4.3GHz4.1GHz1611260H2.1GHz2.6 GHZz4.4GHz4.2GHz4.0GHz1.40GHzAIl models support DDR4-3200 or LPDDR4X-4267 memoryProcessorbrandingModelCores(threads)Base freq at TDPMax Turbo freqactive coreslris Xe GraphicsSmartcacheTDPPrice@28 W@35
W12AllIEUsMax freqCorei711390H4 (8)2.9GHz3.4GHz5.0GHz4.6GHz961.40GHz12MB28-35W$42611375H3.0GHZz3.3GHz5.0GHz4.8GHz4.3GHz1.35GHz$48211370H4.8GHz$426Corei511320H2.5GHz3.2GHz4.5GHz8MB$30911300H2.6GHz3.1GHz4.4GHz4.0GHz801.30GHzProcessorbrandingModelCores(threads)Base freq at TDPMax Turbo
freqGPUSmartcacheTDPMemorysupportPrice@12 W@15 W@28 W1 CoreAll CoresSeriesEUsMax freqCorei71195G74 (8)1.3GHz2.9GHz5.0GHz4.6GHzIrisXe961.40GHz12MB12-28WDDR4-3200LPDDR4X-4267$4261185G7
vPro1.2GHz1.8GHz[100]3.0GHz4.8GHz4.3GHz1.35GHz1165G71.2GHz1.7GHz2.8GHz4.7GHz4.1GHz1.30GHzCorei51155G71.0GHz2.5GHz4.5GHz4.3GHz801.35GHz8MB$3091145G7 vProl.1GHz1.5GHz2.6GHz4.4GHz3.8GHz1.30GHZz1135G70.9GHz1.4GHz2.4GHz4.2GHz3.8GHzCorei31125G42.0GHz3.7GHz3.3GHzUHD481.25GHzDDR4-
3200LPDDR4X-3733$2811115G42 (4)1.7GHz2.2GHz3.0GHz4.1GHz6 MBEmbedded mobile processors (UP3-class)ProcessorbrandingModelCores(threads)Base freq at TDPMaxTurbo freqGPUSmartcacheTDPMemory supportPrice@12 W@15 W@28 WSeriesEUsMax freqTypeECCCorei71185GRE vPro4
(8)1.2GHz1.8GHz2.8GHz4.4GHzIrisXe961.35GHz12MB15WDDR4-3200LPDDR4X-4267Yes$4901185G7E vProNo$431Corei51145GRE vProl.1GHz1.5GHz2.6GHz4.1GHz801.30GHz8MBYes$3621145G7E vProNo$312Corei31115GRE?2 (4)1.7GHz2.2GHz3.0GHz3.9GHzUHD481.25GHz6MBDDR4-3200LPDDR4X-
3733Yes$3381115G4ENo0$285ProcessorbrandingModelCores(threads)Base freq at TDPMax Turbo freqGPUSmartcacheTDPMemorysupportPrice@7 W@9 W@15 W1 CoreAll CoresSeriesEUsMax freqCorei71180G7 vPro4 (8)0.9GHz2.2GHz4.6GHzIrisXe961.10GHz12MB7-15WLPDDR4X-4267$4261160G71.2GHz2.1GHz4.4GHz3.6GHzCorei51140G7
vPro0.8GHz1.8GHz4.2GHz808MB$3091130G71.1GHz4.0GHz3.4GHzCorei31120G41.5GHz3.5GHz3.0GHzUHD48$2811110G42 (4)1.5GHz1.8GHz2.5GHz3.9GHz6MBSocket: FCBGA1787, a BGA socket, thus these CPUs are meant only for system integratorsintel Xe UHD GraphicsUp to 128GB DDR4-3200 memoryWas initially incorrectly listed as
having a 5.3GHz TVB boost frequency.[101]ProcessorbrandingModelCores(threads)Base / Boost Clocks (GHz)L3 cache(MB)TDPGPUEUGPUMax freqPriceCore i911900KB8 (16)3.3 / 4.92465 W321.45GHz$539Core i711700B3.2 / 4.8Core i511500B6 (12)3.3 / 4.612Core i311100B4 (8)3.6 / 4.4161.4GHzMain article: Rocket LakeRocket Lake is a
codename for Intel's desktop x86 chip family based on the new Cypress Cove microarchitecture, a variant of Sunny Cove (used by Intel's Ice Lake mobile processors) backported to the older 14nm process.[102] The chips are marketed as "Intel 11th generation Core". Launched March 30, 2021.All CPUs listed below support DDR4-3200 natively. The
Core i9 K/KF processors enable a 1:1 ratio of DRAM to memory controller by default at DDR4-3200, whereas the Core i9 non K/KF and all other CPUs listed below enable a 2:1 ratio of DRAM to memory controller by default at DDR4-3200 and a 1:1 ratio by default at DDR4-2933.[103]All CPUs support up to 128GiB of RAM in dual channel modeCore i9
CPUs (except 11900T) support Intel Thermal Velocity Boost technologyProcessorbrandingModelCores(Threads)Baseclock rateAll-CoreTurboTurboBoost 2.0Turbo BoostMax 3.0GPUmax GPUclock rateSmartcacheTDPPrice(USD)Core i911900K8 (16)3.5GHz4.8GHz5.1GHz5.2GHZzUHD 7501.3GHz16 MiB125 W$53911900KF-
$513119002.5GHz4.7GHz5.0GHz5.1GHzUHD 7501.3GHz65 W$43911900F-$42211900T1.5GHz3.7GHz4.8GHz4.9GHzUHD 7501.3GHz35 W$439Core i711700K3.6GHz4.6GHz4.9GHz5.0GHz125W$39911700KF-$374117002.5GHz4.4GHz4.8GHz4.9GHzUHD 7501.3GHz65W$32311700F-$29811700T1.4GHz3.6GHz4.5GHz4.6GHzUHD 7501.3GHz35
W$323Core i511600K6 (12)3.9GHz4.6GHz4.9GHzN/A12 MiB125 W$26211600KF-$237116002.8GHz4.3GHz4.8GHzUHD 7501.3GHz65 W$21311600T1.7GHz3.5GHz4.1GHz35 W115002.7GHz4.2GHz4.6GHz65 W$19211500T1.5GHz3.4GHz3.9GHz1.2GHz35 W114002.6GHz4.2GHz4.4GHzUHD 7301.3GHz65 W$18211400F-
$15711400T1.3GHz3.3GHz3.7GHzUHD 7301.2GHz35 W$182Main article: Alder LakeAlder Lake is Intel's codename for the 12th generation of Intel Core processors based on a hybrid architecture utilizing Golden Cove high-performance cores and Gracemont power-efficient cores.[104]It is fabricated using Intel's Intel 7 process, previously referred to
as Intel 10nm Enhanced SuperFin (10ESF).Intel officially announced 12th Gen Intel Core CPUs on October 27, 2021, and was launched to the market on November 4, 2021.[105]All the CPUs support up to 128GB of DDR4-3200 or DDR5-4800 RAM in dual channel mode.[106]Some models feature integrated UHD Graphics 770, UHD Graphics 730 or
UHD Graphics 710 GPU with 32/24/16 EUs and base frequency of 300MHz.By default Alder Lake CPUs are configured to run at Turbo Power at all times and Base Power is only guaranteed when P-Cores/E-cores do not exceed the base clock rate.[107]Max Turbo Power: the maximum sustained (>1s) power dissipation of the processor as limited by
current and/or temperature controls. Instantaneous power may exceed Maximum Turbo Power for short durations (10ms). Maximum Turbo Power is configurable by system vendor and can be system specific.CPUs in bold below feature ECC memory support only when paired with a motherboard based on the W680 chipset.[108]*By default, Core i9
12900KS achieves 5.5GHz only when using Thermal Velocity Boost[109]Processor brandingModelCores (threads)Base clock rateTurboBoost 2.0Turbo Max 3.0GPUSmart cachePowerPrice (USD)PEPEPEPModelMax. clock rateBaseTurboCore i912900KS8 (16)8 (8)3.4 GHz2.5 GHz5.2 GHz4.0 GHz5.3 GHzUHD 7701.55GHz30 MB150 W241
W$73912900K3.2GHz2.4GHz5.1GHz3.9GHz5.2GHz125 W$58912900KF$564129002.4GHz1.8GHz5.0GHz3.8GHz5.1GHzUHD 7701.55GHz65 W202 W$48912900F$46412900T1.4GHz1.0GHz4.8GHz3.6GHz4.9GHzUHD 7701.55GHz35 W106 W$489Core i712700K4 (4)3.6GHz2.7GHz4.9GHz3.8GHz5.0GHz1.50GHz25 MB125 W190
W$40912700KF$384127002.1GHz1.6GHz4.8GHz3.6GHz4.9GHzUHD 7701.50GHz65 W180 W$33912700F$31412700T1.4GHz1.0GHz4.6GHz3.4GHz4.7GHzUHD 7701.50GHz35 W99 W$339Core i512600K6 (12)3.7GHz2.8GHz4.9GHz3.6GHz1.45GHZz20 MB125 W150 W$28912600KF$264126003.3GHz4.8GHzUHD 7701.45GHz18 MB65 W117
W$22312600T2.1GHz4.6GHz35 W74 W125003.0GHz65 W117 W$20212500T2.0GHz4.4GHz35 W74 W12490F[110]3.0GHz4.6GHz20 MB65 W117 WChinaexclusive124002.5GHz4.4GHzUHD 7301.45GHz18 MB$19212400F$16712400T1.8GHz4.2GHzUHD 7301.45GHz35 W74 W$192Core 13123004 (8)3.5GHz4.4GHz12 MB60 W89
W$14312300T2.3GHz4.2GHz35 W69 W121003.3GHz4.3GHz1.40GHz60 W89 W$12212100F58 W$9712100T2.2GHz4.1GHzUHD 7301.40GHz35 W69 W$122Bold indicates ECC memory supportProcessor brandingModelCores (threads)Base clock rateTurboBoost 2.0UHD GraphicsSmart cachePowerPrice (USD)PEPEPEEUsMax. freq.BaseTurboCore
i912950HX8 (16)8 (8)2.3GHz1.7GHz5.0GHZz3.6GHz321.55GHz30 MB55 W157 W$59012900HX$606Core i712850HX2.1GHz1.5GHz4.8GHz3.4GHz1.45GHz25 MB$42812800HX2.0GHZz$45712650HX6 (12)4.7GHz3.3GHz24 MBCore i512600HX4 (8)2.5GHz1.8GHz4.6GHz1.35GHz18 MB$28412450HX4 (4)2.4GHz4.4GHz3.1GHz161.30GHz12



MBProcessorbrandingModelCores(threads)Baseclock rateTurboBoost 2.0Iris Xe GraphicsSmartcacheBasePowerTurbopowerPrice(USD)P-coresE-coresP-coresE-coresP-coresE-coresEUsMax freqCore i912900HKG6 (12)8 (8)2.5GHz1.8GHz5.0GHz3.8GHz961.45GHz24 MB45 W115 W$63512900H$617Core
i712800H2.4GHz4.8GHz3.7GHz1.4GHz$45712700H2.3GHz1.7GHz4.7GHz3.5GHz12650H4 (4)64Core i512600H4 (8)8 (8)2.7GHz2.0GHz4.5GHz3.3GHz8018 MB95 W$31112500H2.5GHz1.8GHz1.3GHz12450H4 (4)2.0GHz1.5GHz4.4GHz481.2GHz12 MBProcessorbrandingModelCores(threads)Baseclock rateTurboBoost 2.0Iris Xe
GraphicsSmartcacheBasePowerTurbopowerPrice(USD)P-coresE-coresP-coresE-coresP-coresE-coresEUsMax freqCore i71280P6 (12)8 (8)1.8GHz1.3GHz4.8GHz3.6GHz961.45GHz24MB28 W64 W$4821270P4 (8)2.2GHz1.6GHz3.5GHz1.40GHz18MB$4381260P2.1GHz1.5GHz4.7GHz3.4GHzCore
i51250P1.7GHz1.2GHz4.4GHz3.3GHz8012MB$3201240P1.30GHzCore i31220P2 (4)1.5GHz1.1GHz641.10GHz$281ProcessorbrandingModelCores(threads)Baseclock rateTurboBoost 2.0Iris Xe GraphicsSmartcacheBasepowerTurbopowerPrice(USD)P-coresE-coresP-coresE-coresP-coresE-coresEUsMax freqCore i71265U2 (4)8
(8)1.8GHz1.3GHz4.8GHz3.6GHz961.25GHz12 MB15 W55 W$4261260U1.1GHz0.8GHz4.7GHz3.5GHz0.9GHz9 W29 W1255U1.7GHz1.2GHz1.25GHz15 W55 W$4261250U1.1GHz0.8GHz0.9GHz9 W29 WCore i51245U1.6GHz1.2GHz4.4GHz3.3GHz801.2GHz15 W55 W$3091240U1.1GHz0.8GHz0.9GHz9 W29 W1235U1.3GHz0.9GHz1.2GHz15 W55
W$3091230U1.0GHz0.7GHz0.9GHz9 W29 WCore i31215U4 (4)1.2GHz1.2GHz641.1GHz10 MB15 W55 W$2811210U1.0GHz0.7GHz0.85GHz9 W29 WMain article: Raptor LakeRaptor Lake is Intel's codename for the 13th generation of Intel Core processors and the second generation based on a hybrid architecture.[111]1t is fabricated using an
improved version of Intel's Intel 7 process.[112] Intel launched Raptor Lake on October 22, 2022. All CPUs support up to DDR5 4800 and 192GiB of RAM13600 and better support DDR5 560013500 and lower support DDR5 4800Intel 600 and 700 chipset support with LGA 1700Intel 600 Series chipsets require BIOS update to achieve support for
Raptor Lake-SFirst 6GHz processor (13900KS)**By default, Core i9 13900KS achieves 6.0GHz only when using Thermal Velocity Boost with sufficient power and cooling.ProcessorbrandingModelCores(Threads)Baseclock rateTurboBoost 2.0TurboBoost 3.0Iris Xe GraphicsSmartcachePowerPrice(USD)P-coreE-coreP-coreE-coreP-coreE-coreP-
coreEUsMax freqBaseTurboCore i913900KS8 (16)16 (16)3.2GHz2.4GHz5.4GHz4.3GHz5.8GHz321.65GHz36 MB150 W253 W$68913900K3.0GHz2.2GHz5.7GHz125 W$58913900KF$564139002.0GHz1.5GHz5.2GHz4.2GHz5.5GHz321.65GHZz65 W219 W$54913900F$52413900T1.1GHz0.8GHz5.1GHz3.9GHz5.3GHz321.65GHz35 W106 W$549Core
i713700K8 (8)3.4GHz2.5GHz5.3GHz4.2GHz5.4GHz1.60GHz30 MB125 W253 W$40913700KF$384137002.1GHz1.5GHz5.1GHz4.1GHz5.2GHz321.60GHz65 W219 W13700F$35913700T1.4GHz1.0GHz4.8GHz3.6GHz4.9GHz321.60GHz35 W106 W$384Core i513600K6 (12)3.5GHz2.6GHz5.1GHz3.9GHz1.50GHz24 MB125 W181
W$31913600KF$294136002.7GHz2.0GHz5.0GHZz3.7GHz321.55GHz65 W154 W$25513600T1.8GHz1.3GHz4.8GHz3.4GHz35 W92 W135002.5GHz1.8GHz3.5GHz65 W154 W$23213500T1.6GHz1.2GHz4.6GHz3.2GHz35 W92 W134004 (4)2.5GHz1.8GHz3.3GHz2420 MB65 W148 W$22113400F$19613400T1.3GHz1.0GHz4.4GHz3.0GHz241.55GHz35 W82
W$221Core i3131004 (8)3.4GHz4.5GHz1.50GHz12 MB60 W89 W$13413100F58 W$10913100T2.5GHz4.2GHz241.50GHz35 W69 W$134Main article: Raptor Lake RefreshSee also: List of Intel processors 13th and 14th generation CoreRaptor Lake Refresh is Intel's codename for the 14th generation of Intel Core processors. It is a refresh and based
on the same architecture of the 13th generation with clock speeds of up to 6.2GHz on the Core i9 14900KS, 6GHz on the Core i9 14900K and 14900KF, 5.6GHz on the Core i7 14700K and 14700KF, and 5.3GHz on the Core i5 14600K and 13400KF as well as UHD Graphics 770 on non-F processors. They are still based on the Intel 7 process node.[113]
Introduced on October 17, 2023, these CPUs are designed for the LGA 1700 socket, which allows for compatibility with 600 and 700 series motherboards.[114] It is the last generation CPUs to use the Intel Core i3, i5, i7 and i9 naming scheme as Intel announced that they will be dropping the "i" prefix for future Intel Core processors in 2023.[1]The
14th generation CPU does not feature any major architectural changes over Raptor Lake, but does feature some minor improvements.[115] The 14th generation CPU was widely criticized[original research?] as a last-ditch effort to beat AMD's Zen 4 with 3D V-Cache[116][117] Intel's desktop version of the next generation architecture, Meteor Lake,
was cancelled and the Arrow Lake architecture was not yet ready for release.[118]In addition to the Raptor Lake-S Refresh desktop processors, Intel also launched 14th gen Raptor Lake-HX Refresh mobile processors in January 2024.[119]CPUs in bold below feature ECC memory support only when paired with a motherboard based on the W680
chipset according to each respective Intel Ark product page.BrandingModelCores(threads)Clock rate (GHz)GPUSmartcacheTDPReleasedPrice (USD)[a]BaseTurbo BoostModelMax. freq.(GHz)2.03.0TVBPEPEPEPPBaseTurboCore i914900KS8 (16)16 (16)3.22.45.64.55.96.2UHD 7701.6536MB150 W253WMar 14, 2024$68914900K4.45.86.0125WOct 17,
2023$58914900KF$564149002.01.55.44.35.65.8UHD 7701.6565 W219 WJan 8, 2024$54914900F$52414900T1.10.85.14.05.5UHD 7701.6535 W106 W$549Core i714790F8 (8)2.11.55.34.25.465 W219 WJan 15, 2024China exclusive14700K12 (12)3.42.55.54.35.6UHD 7701.633 MB125 W253WOct 17, 2023$40914700KF$384147002.11.55.34.25.4UHD
7701.665 W219 WJan 8, 202414700F$35914700T1.30.95.03.75.2UHD 7701.635 W106 W$384Core i514600K6 (12)8 (8)3.52.65.34.01.5524 MB125 W181 WOct 17, 2023$31914600KF$294146002.72.05.23.9UHD 7701.5565 W154 WJan 8, 2024$25514600T1.81.35.13.635 W92 W145002.61.95.03.765 W154 W$23214500T1.71.24.83.435 W92
W14490F4 (4)2.82.14.93.765 W148 WJan 15, 2024China exclusive144002.51.84.73.5UHD 7301.5520 MB]Jan 8, 2024$22114400F$19614400T1.51.14.53.2UHD 7301.5535 W82 W$221Core i3141004 (8)3.54.71.512 MB60 W110 W$13414100F58 W$10914100T2.74.4UHD 7301.535 W69 W$134Intel Processor3002 (4)3.9UHD 7101.456 MB46
W$82300T3.435 WStarting with the Meteor Lake mobile series launched in December 2023 (with the exception of Raptor Lake-HX Refresh),[120] Intel introduced a new naming system for its new and upcoming processors. The numbers 3, 5, 7 and 9 which denote tiers are still used, but the letter 'i' is dropped, and there is a new "Core Ultra" sub-
brand. Like AMD with their Ryzen 7000 mobile series and later processors, Intel now refreshes older architectures to be sold as more affordable mainstream processors while the latest architectures are released as "premium" products, under the Core Ultra brand.[121]This new naming system also cuts the number of model number digits down from
4-5 to 3-4, e.g. Core 1xx series instead of Core 8xxx or 14xxx series.Intel no longer refers to iterations of product series under "nth generation" anymore, instead using "Series n". Otherwise the latest series launched in December 2023 would be called 15th generation.[122]Compared to the Core processors, the Core Ultra processors introduced more
advanced Al technologies such as NPU.The Series 1 of Core processors consists of the Raptor Lake-U Refresh mobile series released January 2024 under the Core brand,[121] and the Meteor Lake-U/H mobile series released December 2023 under the Core Ultra brand.[120]Overview of mobile Core Series 1 modelsModel lineCodenameArchitectureP-
core countE-core countIintegrated graphicsCore Ultra 5/7/9 1xxHMeteor Lake-HRedwood Cove (P-cores)Crestmont (E- and LP E-cores)468Arc (Alchemist), up to 8 Xe-coresCore Ultra 5/7 1xxUMeteor Lake-U248Intel Graphics (Alchemist), up to 4 Xe-coresCore 3/5/7 1xxURaptor Lake-U RefreshRaptor Cove (P-cores)Gracemont (E-cores)Intel Graphics
(Xe-LP), up to 96 EUMain article: Meteor LakeMeteor Lake is Intel's codename for the first generation of Intel Core Ultra mobile processors,[123] and was officially launched on December 14, 2023.[124] It is the first generation of Intel mobile processors to use a chiplet architecture which means that the processor is a multi-chip module.[123] Tim
Wilson led the system on a chip development for this generation microprocessor.[125]Due to its Multi-Chip Module (MCM) construction, Meteor Lake can take advantage of different process nodes that are best suited to the use case. Meteor Lake is built using four different fabrication nodes, including both Intel's own nodes and external nodes
outsourced to fabrication competitor TSMC. The "Intel 4" process used for the CPU tile is the first process node in which Intel is utilising extreme ultraviolet (EUV) lithography, which is necessary for creating nodes 7nm and smaller. The interposer base tile is fabricated on Intel's 22FFL, or "Intel 16", process.[126][127] The 22FFL Fin Field-Effect
Transistor (FInFET) Low-power node, first announced in March 2017, was designed for inexpensive low power operation.[128] The interposer base tile is designed to connect tiles together and allow for die-to-die communication which does not require the most advanced, expensive nodes so an older, inexpensive node can be used
instead.TileNodeEUVDie sizeRef.Compute tileIntel 4 (7nm EUV)69.67mm2[129][130][131]Graphics tileTSMC N544.25mm2SoC tileTSMC N6100.15mm?2I/0 extender tile27.42mm2Foveros interposer base tileIntel 16 (22FFL)265.65mm2Meteor Lake-H155H, 165H, and 185H support P-core Turbo Boost 3.0 running at the same frequency as Turbo
Boost 2.0.ProcessorbrandingModelCores (threads)Base clock rate(GHz)Turbo Boost(GHz)Arc graphicsSmartcacheTDPRelease datePrice(USD)[a]PELP-EPELP-EPELP-EXe-cores(XVEs)Max. freq.(GHz)BasecTDPTurboCore Ultra 9185H6 (12)8 (8)2 (2)2.31.81.05.13.82.58 (128)2.3524MB45W3565W115WQ4'23$640Core Ultra
7165H1.40.90.75.02.328W2065WQ4'23$460155H4.82.25Q4'23$503Core Ultra 5135H4 (8)1.71.24.63.62.218MBQ4'23$342125H1.20.74.57 (112)Q4'23$375" a b Price is Recommended Customer Price (RCP) at launch. RCP is the trade price that processors are sold by Intel to retailers and OEMs. Actual MSRP for consumers is higherMeteor Lake-
UThe integrated GPU is branded as "Intel Graphics" but still use the same GPU microarchitecture as "Intel Arc Graphics" on the H series models.All models support DDR5 memory except 134U and 164U.ProcessorbrandingModelCores (threads)Base clock rate(GHz)Turbo Boost(GHz)Intel GraphicsSmartcacheTDPRelease datePrice(USD)[a]PELP-
EPELP-EPELP-EXe-cores(XVEs)Max. freq.(GHz)BasecTDPTurboLow power (MTL-U15)Core Ultra 7165U2 (4)8 (8)2 (2)1.71.20.74.93.82.14 (64)2.012MB15W1228W57WQ4'23$448155U4.81.95Q4'23$490Core Ultra 5135U1.61.14.43.61.9Q4'23$332125U1.30.84.31.85Q4'23$363115U4 (4)1.51.04.23.53 (48)1.810 MBQ4'23unspecifiedUltra low power
(MTL-U9)Core Ultra 7164U2 (4)8 (8)2 (2)1.10.70.44.83.82.14 (64)1.812 MB9W915W30WQ4'23$448Core Ultra 5134U0.70.54.43.61.75Q4'23$332" Price is Recommended Customer Price (RCP) at launch. RCP is the trade price that processors are sold by Intel to retailers and OEMs. Actual MSRP for consumers is higherHigh-power155HL and 165HL
support P-core Turbo Boost 3.0 running at the same frequency as Turbo Boost 2.0.ProcessorbrandingModelCores (threads)Base clock rate(GHz)Turbo Boost(GHz)Arc graphicsSmartcacheTDPRelease datePrice(USD)[a]PELP-EPELP-EPELP-EXe-cores(XVEs)Max. freq.(GHz)BasecTDPTurboCore Ultra 7165HL6 (12)8 (8)2 (2)1.40.90.75.03.82.58
(128)2.324MB45W2065W115WQ2'24$459155H1.4.82.25Q2'24$438Core Ultra 5135H14 (8)1.71.24.63.62.218MBQ2'24$341125HL.1.20.74.57 (112)Q2'24$325" Price is Recommended Customer Price (RCP) at launch. RCP is the trade price that processors are sold by Intel to retailers and OEMs. Actual MSRP for consumers is higherLow-powerThe
integrated GPU is branded as "Intel Graphics" but still use the same GPU microarchitecture as "Intel Arc Graphics" on the high-power models.ProcessorbrandingModelCores (threads)Base clock rate(GHz)Turbo Boost(GHz)Intel GraphicsSmartcacheTDPRelease datePrice(USD)[a]PELP-EPELP-EPELP-EXe-cores(XVEs)Max. freq.
(GHz)BasecTDPTurboCore Ultra 7165UL2 (4)8 (8)2 (2)1.71.20.74.93.82.14 (64)2.012MB15W1228W57WQ2'24$447155U1L4.81.95Q2'24$426Core Ultra 5135UL1.61.14.43.61.9Q2'24$331125UL1.30.84.31.85Q2'24$309Core Ultra 3105UL4 (4)1.51.04.23.53 (48)1.810 MBQ2'24$295" Price is Recommended Customer Price (RCP) at launch. RCP is the
trade price that processors are sold by Intel to retailers and OEMs. Actual MSRP for consumers is higherThis section needs expansion. You can help by adding to it. (October 2024)Main article: Lunar LakeBrandingSKUCores (threads)Clock rate (GHz)Arc GraphicsNPU (TOPS)Smart cache[i]RAMTDPRelease datePrice(USD)BaseTurboPLP-EPLP-EXe
cores(XVEs)Max. freq.(GHz)BaseTurbocTDPCore Ultra 9288V4 (4)4 (4)3.35.13.78 (64)2.054812MB32GB30W37W17-37WSep 24, 2024$686Core Ultra 7268V2.25.02.032GB17W8-37W$571266V16GB$520258V4.81.954732GB$613256V16GB$563Core Ultra 5238V2.14.73.57 (56)1.85408MB32GB$454236V16GB$403228V4.532GB$485226V16GB$435™
Only the P-cores can access this L3 cache[132]Main article: Arrow Lake (microprocessor)Arrow Lake is Intels codename for the second generation Core Ultra processors. Announced on October 10, 2024, Arrow Lake is the first series of desktop Intel processors not to feature a monolithic design, instead adopting the chiplet design used on Meteor
Lake.[133] Intel primarily markets this product as being on-par with Raptor Lake in performance whilst being much more power efficient.[134] The processors use the LGA 1851 socket with the 800 series chipset. It also represented a shift in branding, from the Intel Core 'i' series branding to the new 'Intel Core Ultra' branding for Intel's desktop
processors.Arrow Lake features multiple new architectural innovations over the previous generation Raptor Lake desktop processors, such as utilizing a chiplet-based 'tile' design, with the flagship 285K processor having six tiles, including a compute tile, SoC tile, graphics tile, I/O tile, and a filler tile.[135] All tiles are placed over an interposer base
tile, packaged via Intel's Foveros Technology. Most of Arrow Lake is also built using TSMC's process nodes, except the base tile built using Intel's 22nm node.[136][137] Arrow Lake is also the first Intel desktop processor lineup to feature an NPU, with each processor containing an NPU capable of up to 13 trillion operations per second (TOPS).
[138]Arrow Lake released on October 24, 2024, to mixed reviews due to its lack of generational performance uplift or even performance regression in some cases.[139] Many reviewers also noticed that the processors had multiple bugs at launch, and inconsistent performance caused by certain BIOS configurations. Intel addressed this issue via a
series of microcode and Windows updates released through December 2024 and January 2025, aiming to improve performance and to fix bugs with the platform, although some reviewers noticed no satisfactory gains, and sometimes even further regressions caused by the microcode update.[140][141] In addition to the Core Ultra 200S Arrow Lake
desktop processors, Intel also announced the Core Ultra 200H, Core Ultra 200HX, and Core Ultra 200U Arrow Lake processors for mobile at CES 2025.[142] Arrow Lake-SBrandingModelCores(threads)Clock rate (GHz)Arc GraphicsNPUSmartcacheTDPReleasedPrice (USD)[a]BaseTurbo BoostXe coresMax. freq.
(GHz)2.03.0TVBPEPEPEPPBaseTurboCore Ultra 9285K8 (8)16 (16)3.7GHz3.2GHz5.5GHz4.6GHz5.6GHz5.7GHz42.0GHz1336 MB125 W250 WOct 24, 2024$5892852.5GHz1.9GHz5.4GHz5.5GHz5.6GHz65 W182 WJan 6, 2025$549285T1.4GHz1.2GHz5.3GHz35 W112 WCore Ultra 7265K8 (8)3.9GHz3.3GHz5.4GHz4.6GHz30 MB125 W250 WOct 24,
2024$394265KF$3792652.4GHz1.8GHz5.2GHz4.6GHz5.3GHz41.95GHz65 W182 W]an 6, 2025$384265F$369265T1.5GHz1.2GHz41.95GHz35 W112 W$384Core Ultra 5245K6 (6)4.2GHz3.6GHz5.2GHz4.6GHz1.90GHz24 MB125 W159 WOct 24, 2024$309245KF$2942453.5GHz3.0GHz5.1GHz4.5GHz41.90GHz65 W121 WJan 6,
2025$270245T2.5GHz1.9GHz35 W114 W2353.4GHz2.9GHz5.0GHz4.4GHz32.0GHz65 W121 W$247235T2.2GHz1.6GHz35 W114 W2254 (4)3.3GHz2.7GHz4.9GHz4.4GHz21.80GHz20 MB65 W121 W$236225F$221225T2.5GHz1.9GHz21.80GHz35 W114 W” Price is Recommended Customer Price (RCP) at launch. RCP is the trade price that processors
are sold by Intel to retailers and OEMs. Actual MSRP for consumers is higherThis section needs expansion. You can help by adding to it. (January 2023)This section is an excerpt from Transient execution CPU vulnerability.[edit]Transient execution CPU vulnerabilities are vulnerabilities in which instructions, most often optimized using speculative
execution, are executed temporarily by a microprocessor, without committing their results due to a misprediction or error, resulting in leaking secret data to an unauthorized party. The archetype is Spectre, and transient execution attacks like Spectre belong to the cache-attack category, one of several categories of side-channel attacks. Since
January 2018 many different cache-attack vulnerabilities have been identified.Intel Core (microarchitecture)List of Intel graphics processing unitsList of Intel processorsList of Intel Core processorsList of Intel chipsetsRyzenZen (microarchitecture)”™ a b Cao, Peter (June 15, 2023). "Intel drops 'i' processor branding after 15 years, introduces 'Ultra’' for
higher-end chips". Engadget. Retrieved June 17, 2023.” Bonshor, Gavin (June 15, 2023). "Intel To Launch New Core Processor Branding for Meteor Lake: Drop the i, Add Ultra Tier". AnandTech. Archived from the original on April 5, 2024. Retrieved April 5, 2024.”~ Robinson, ClLiff (June 15, 2023). "Intel Overhauls Core Branding with Meteor Lake".
ServeTheHome. Archived from the original on April 5, 2024. Retrieved April 5, 2024.” a b c Cutress, Ian. "The Ice Lake Benchmark Preview: Inside Intel's 10nm". www.anandtech.com. Retrieved October 23, 2020.” "Hirarchie des caches - L'architecture Intel Nehalem - HardWare.fr". www.hardware.fr. Retrieved October 23, 2020.” Kanter, David
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released in late July 2010, priced at approximately US$900. Intel's "32nm" process has a transistor density of 7.11 million transistors per square millimeter (MTr/mm2).[18]JAMD also released "32nm" SOI processors in the early 2010s. AMD's FX Series processors, codenamed Zambezi and based on AMD's Bulldozer architecture, were released in
October 2011. The technology utilised a "32nm" SOI process, two CPU cores per module, and up to four modules, ranging from a quad-core design costing approximately US$130 to a $280 eight-core design.In September 2011, Ambarella Inc. announced the availability of the "32nm"-based A7L system-on-a-chip circuit for digital still cameras,
providing 1080p60 high-definition video capabilities.[19]The successor to "32nm" technology was the "22nm" node, per the International Technology Roadmap for Semiconductors. Intel began mass production of "22nm" semiconductors in late 2011,[20] and announced the release of its first commercial "22nm" devices in April 2012.[8][21] TSMC
bypassed "32nm", jumping from "40nm" in 2008 to "28nm" in 2011.[22]" "Toshiba Makes Major Advances in NAND Flash Memory with 3-bit-per-cell 32nm generation and with 4-bit-per-cell 43nm technology". Toshiba. 11 February 2009. Retrieved 21 June 2019.” Intel (Architecture & Silicon). Gate Dielectric Scaling for CMOS: from SiO2/PolySi to
High-K/Metal-Gate. White Paper. Intel.com. Retrieved 18 June 2013.” "No More Nanometers EEJournal”. 23 July 2020.” Shukla, Priyank. "A Brief History of Process Node Evolution". design-reuse.com. Retrieved 9 July 2019.” Hruska, Joel. "14nm, 7nm, 5nm: How low can CMOS go? It depends if you ask the engineers or the economists..."
ExtremeTech.”™ "Exclusive: Is Intel Really Starting To Lose Its Process Lead? 7nm Node Slated For Release in 2022". wccftech.com. 10 September 2016.” "Life at 10nm. (Or is it 7nm?) And 3nm - Views on Advanced Silicon Platforms". eejournal.com. 12 March 2018.” a b "Report: Intel Scheduling 22 nm Ivy Bridge for April 2012".
Tom'sHardware.com. 26 November 2011. Retrieved 5 December 2011.” "Intel's Ivy Bridge chips launch using '3D transistors''. BBC. 23 April 2012. Retrieved 18 June 2013.” D. M. Fried et al., IEDM 2004.” "IMEC demonstrates feasibility of double patterning immersion litho for 32nm node". PhysOrg.com. 18 October 2006. Retrieved 17 December
2011.”~ Mark LaPedus (23 February 2007). "IBM sees immersion at 22nm, pushes out EUV". EE Times. Retrieved 11 November 2011.” H-Y. Chen et al., Symp. on VLSI Tech. 2005.” F. T. Chen (2002). Proc. SPIE. Vol. 4889, no. 1313.” Peter Clarke (4 January 2011). "Samsung trials DDR4 DRAM module". EE Times. Retrieved 11 November 2011.7”
"Intel Debuts 32-NM Westmere Desktop Processors" Archived 2010-03-17 at the Wayback Machine. InformationWeek. 7 January 2010. Retrieved 17 December 2011.” Sal Cangeloso (4 February 2010). "Intel's 6-core 32nm processors arriving soon". Geek.com. Archived from the original on 30 March 2012. Retrieved 11 November 2011.” "Intel's
10nm Cannon Lake and Core i3-8121U Deep Dive Review".”™ "Ambarella A7L Enables the Next Generation of Digital Still Cameras with 1080p60 Fluid Motion Video". Ambarella.com. 26 September 2011. Archived from the original on 10 November 2011. Retrieved 11 November 2011.” "Intel's CEO Discusses Q3 2011 Results - Earnings Call
Transcript". Seeking Alpha. 18 October 2011. Retrieved 14 February 2013.” "Intel beats analysts' first quarter forecasts". BBC. 17 April 2012. Retrieved 18 June 2013.” "28nm Technology". TSMC. Retrieved 30 June 2019.Steen, S.; etal. (2006). "Hybrid lithography: The marriage between optical and e-beam lithography. A method to study process
integration and device performance for advanced device nodes". Microelectronic Engineering. 83 (49): 754761. doi:10.1016/j.mee.2006.01.181.Chipmakers gear up for manufacturing hurdlesSony, IBM, and Toshiba partnering on semiconductor researchIBM and AMD partnering on semiconductor research Archived 2006-07-16 at the Wayback
MachineSlashdot discussionIntel 32nm processSamsung self-aligned double patterning technology[permanent dead link]Precededby45nmMOSFET manufacturing processes (CMOS)Succeededby22nmRetrieved from " 4The following pages link to 32 nm process External tools(link counttransclusion countsorted list) See help page for transcluding
these entriesShowing 50 items.View (previous 50 | next 50) (20 | 50 | 100 | 250 | 500)Semiconductor device fabrication (links | edit)Semiconductor (links | edit)Moore's law (links | edit)GeForce (links | edit)Orders of magnitude (length) (links | edit)Tejas and Jayhawk (links | edit)Semiconductor industry (links | edit)NetBurst (links | edit)List of AMD
Athlon processors (links | edit)90 nm process (links | edit)OMAP (links | edit)65 nm process (links | edit)Intel Core (microarchitecture) (links | edit)Xenos (graphics chip) (links | edit)Comparison of Intel processors (links | edit)List of Nvidia graphics processing units (links | edit)International Technology Roadmap for Semiconductors (links | edit)List of
AMD graphics processing units (links | edit)Four-valued logic (links | edit)Transistor count (links | edit)List of Intel Core processors (links | edit)32 nm (redirect page) (links | edit)AMD (links | edit)Itanium (links | edit)Flash memory (links | edit)Mobile Internet device (links | edit)Die shrink (links | edit)PowerPC €700 (links | edit)Arrandale (links |
edit)Clarkdale (microprocessor) (links | edit)Semiconductor consolidation (links | edit)Eighth generation of video game consoles (links | edit)Apple silicon (links | edit)IBM zEC12 (links | edit)List of semiconductor scale examples (links | edit)Talk:Mobile Internet device (links | edit)User:Anguswiki/Draft of Apple Silicon (links | edit)32nm (redirect page)
(links | edit)Centrino (links | edit)Next-generation lithography (links | edit)2011 in science (links | edit)Polysilicon depletion effect (links | edit)User talk:Thumperward/Archive 65 (links | edit)32-nanometer (redirect page) (links | edit)Nehalem (microarchitecture) (links | edit)Sandy Bridge (links | edit)22 nm process (links | edit)AMD APU (links |
edit)130 nm process (links | edit)180 nm process (links | edit)14 nm process (links | edit)250 nm process (links | edit)32 nanometre (redirect page) (links | edit)800 nm process (links | edit)1 m process (links | edit)1.5 m process (links | edit)3 m process (links | edit)10 m process (links | edit)600 nm process (links | edit)350 nm process (links |
edit)Unified Video Decoder (links | edit)Bulldozer (microarchitecture) (links | edit)List of Intel CPU microarchitectures (links | edit)Die shrink (links | edit)AMD PowerPlay (links | edit)Socket FS1 (links | edit)Ticktock model (links | edit)10 nm process (links | edit)GeForce 200 series (links | edit)Haswell (microarchitecture) (links | edit)View (previous 50
| next 50) (20 | 50 | 100 | 250 | 500)Retrieved from " WhatLinksHere/32 nm_process" Hi @Bill7753, Thank you for visiting the HP Forums! A great place where you can find solutions for your issues with help from the community! I came across your post and wanted to assist you. I understand you are having issues with the touchscreen not working on
your HP notebook. Don't worry as I have a few suggestions which should help you resolve this issue. After going through your post, this looks to be a possible hardware failure, before you contact our HP phone support for further assistance, I would suggest you try these steps here: To provide you with an accurate solution, I'll need a few more details:
Have you recently made any software or hardware changes on the PC before the issue started? Have you checked if the touch works in the Bios? Have you tried to run the test on touchscreen from F2? Lets start with performing a hard reset to releaseany excessive static/power that could have caused the issue: To perform a hard reset on a computer
with a removable battery, use the following steps: Turn off the computer. Remove the computer from any port replicator or docking station. Disconnect all external connected peripheral devices such as USB storage devices, external displays, and printers. Unplug the AC adapter from the computer. Remove the battery from the battery compartment.
Press and hold down thePowerbutton for about 15 seconds to drain any residual electrical charge from the capacitors that protect the memory. Insert the battery and plug the AC adapter back into the notebook computer, but do not connect any of the peripheral devices. Press thePowerbutton to turn on the computer. If a startup menu opens, use the
arrow keys to selectStart Windows Normally, and then press theEnterkey. After reconnecting each of the peripheral devices, run Windows Update and HP Support Assistant to update all device drivers. Second,enable the touch screen driver in Device Manager: In Windows, search for and openDevice Manager. Expand theHuman Interface
Devicesheading. The touch screen device is labeledHID-compliant touch screen, or similar. Right-click the touch screen device. If the option to enable the device is included in the menu, clickEnable. If the Enable option does not appear in the menu, continue to the next step: Reinstall the touch screen driver in Device Manager Install Windows updates
Update the BIOS and graphics driver Configure the touch display Perform a touch screen diagnostic test in HP Hardware Diagnostics UEFI Adjust the power management settings for your touch screen Reset your computer Perform a Microsoft System Restore Perform an HP System Recovery Click here to know: How to perform each step. Attempt to
run a test using theHP hardware diagnostic tool, If the Touch screen isn't appearing on the diagnostics, I recommend checking if the Touch is working on BIOS (Accessed by tapping on F10 while restarting the computer). If it works on bios, it's a software issue: please reinstall windows using the recovery partition or therecovery mediato fix the issue
If it doesn't work on BIOS either, it's a hardware failure and you may need toContact HPto set up a hardware repair service. HP Technical Support can be reached by clicking on the following link: (1) Once the support page opens please select the country in which you're located. Next, enter your HP model number on the right. (2) Next, choose the
‘Contact Support' tab at the top and scroll down to the bottom of the '"HP Support- Contact' page to fill out the form provided with your contact information. (3) Once completed click the 'Show Options' icon on the bottom right. (4) Lastly, scroll down to the bottom of the page and select 'Get the phone number.' A case number and phone number will
now populate for you. If you have any troubles, let me know and I will do my best to help! Hope this helps, for any further queries reply to the post and feel free to join us again Feel free to post your query for any other assistance as well, It's been a pleasure interacting with you and I hope you have a good day ahead. If you wish to show appreciation
for my efforts, mark my post as Accepted Solution. And click on the Purple Thumbs up icon at the bottom of my comment. Regards, Jeet Singh I am an HP Employee
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