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Introduction 

This application note will investigate the effects of 

using different performance grades of triple-channel 

DDR3 memory on the heat generated by a Core i7 

processor when idle and under load. The objective is to 

determine whether the use of higher-performance 

DDR3 memory also requires the use of more effective 

CPU cooling products. 

The results show that using high-performance DDR3 significantly increases the heat load generated by a 

Core i7 processor. The average load temperature of a Core i7-920 processor cooled by the standard Intel 

HSF (heatsink and fan) was 11°C higher when utilizing 2000MHz C8 DDR3 compared to 1333MHz DDR3 

memory. The same PC cooled using the Corsair H50 CPU Cooler maintained average CPU core 

temperatures up to 24°C lower than the stock Intel HSF, and was able to stably cool the system even 

when overclocked. 

Effective CPU cooling is therefore essential when utilizing high-performance DDR3 memory in order to 

maximise stability and long term reliability. In addition, enthusiasts who are looking to overclock Core i7 

processors while maximising memory performance will need to remove the additional heat generated 

due to overclocking by using a high-performance CPU cooling solution. 

Installing high-performance, triple-

channel DDR3 memory, configured 

using the XMP profile, increases the 

CPU VTT voltage and Uncore 

frequency of an Intel Core i7 

processor, which leads to an 

increased heat-load compared to 

standard DDR3 memory. An effective 

CPU cooler is needed in order to 

effectively manage the additional 

heat to maintain stable CPU 

temperatures and provide greater 

overclocking headroom. 
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Background: Changes in Processor Architecture 

Effective heat management is important when building any PC, particularly a high-performance 

workstation or gaming PC using the latest CPUs, graphics cards and motherboard chipsets. Modern 

multi-ŎƻǊŜ ǇǊƻŎŜǎǎƻǊǎΣ ǎǳŎƘ ŀǎ LƴǘŜƭΩǎ /ƻǊŜ ƛт-series of quad-core processors, are extremely powerful, 

but also require effective cooling in order to operate stably and reliably. The factors influencing the heat 

output of a Core i7 processor include the number of CPU cores, the CPU frequency and the operating 

voltages. 

Onboard Memory Controller 

Unlike with previous generations of Intel processors, which used an off-die memory controller hub, the 

Core i7-series employs an integrated memory controller. Locating the memory controller inside the CPU 

reduces latency and leads to significantly increased performance, but also has the effect of moving the 

memory controllerΩǎ heat-load from an isolated IC on the motherboard to inside the CPU core. In order 

to support faster memory speeds the frequency and voltage of the memory controller in the CPU must 

also increase, adding additional heat load. 

Core vs. Uncore 

The components of the Intel Core i7 processors can be roughly separated into two sections, which are 

the Core and the Uncore. As the name suggests, the Core section incorporates the actual core 

processing units, while the Uncore section includes elements such as the Level 3 cache, QPI link and 

Integrated Memory Controller (IMC). 

Just as the Core and Uncore elements are separated in the processor, the voltages that supply these 

components are also distinct. The two voltage settings of importance to this analysis are CPU Voltage 

(Vcore), which controls the voltage supplied to the CPU cores, and CPU VTT (often listed under QPI / 

DRAM Bus Voltage) which controls the level of voltage supplied to the Uncore section. In order to 

support high-performance DDR3 memory, the CPU VTT voltage must be increased. The precise amount 

of CPU VTT required to support high-

frequency DDR3 memory can vary from 

CPU to CPU and is dependent on the 

tolerance of individual IMCs, but many 

ultra-high performance DDR3 memory 

kits specify a CPU VTT of up to 1.6V 

compared to the default setting of 1.2V. 

This is an increase of 33%. 

The Uncore section also operates at a 

different frequency to that of the Core, 

which has implications in terms of 

potential heat load. The Uncore 

frequency is a multiple of the CPU 

Baseclock frequency, which is the 

reference clock speed for the 

processor, and must be a minimum of 

A schematic of the Intel Core i7 processor, showing the separation 

ōŜǘǿŜŜƴ ΨCƻǊŜΩ ŀƴŘ ΨUƴŎƻǊŜΩ ŜƭŜƳŜƴǘǎ 

[RIGHT] The Prime95 utility runs Fast Fourier Transforms, intense CPU 

calculations that cause the CPU to produce maximum heat output. 
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double the DRAM frequency. For a Core i7 processor utilizing 1333MHz DDR3 memory, the minimum 

Uncore frequency must therefore be 2666MHz. As such, increasing the DDR3 frequency also increases 

the Uncore clock frequency, which may also increase the heat load generated by the processor. 

Thermal Impact 

In order to maximize memory bandwidth, the use of high-performance DDR3 memory will require a 

higher CPU VTT and higher Uncore clock frequency ŎƻƳǇŀǊŜŘ ǘƻ ΨǎǘŀƴŘŀǊŘΩ 55wо ƳŜƳƻǊȅ. This may 

result in additional heat load and higher CPU temperatures, even when the CPU core is operating at its 

default frequency and Vcore. 

How we Tested 

In order to assess how high-performance DDR3 memory affects the temperature of a Core i7 CPU, we 

ran a series of memory stress tests on a Core i7-based test PC using standard, high-performance and 

ultra high-performance triple-channel DDR3 memory kits. We then analysed the CPU core 

temperatures, both when using the stock Intel CPU cooler, and the Corsair H50 CPU cooler, to assess the 

effects/benefits of enhanced CPU cooling. 

The test system was comprised of the  

following core components: 

¶ Intel Core i7-920 processor (D0-stepping) 

¶ Asus Rampage Extreme II motherboard 

¶ MSI GeForce 260 GTX graphics card 

¶ Corsair HX1000W power supply unit 

¶ Corsair P256 solid-state drive 

¶ Cooler Master Centurion 590 chassis 

¶ Intel Stock CPU Cooler and Corsair H50 CPU Cooler 

The following memory kits were used: 

¶ 6GB Corsair 1333MHz XMS3 Classic (TR3X6G1333C9) ς 1.5V VDIMM, 1.2V CPU VTT 

¶ 6GB Corsair 1600MHz CAS 8 Dominator (TR3X6G1600C8D), 1.65V VDIMM, 1.35V CPU VTT (set via XMP) 

¶ 6GB Corsair 1866MHz CAS 7 Dominator GT (TR3X6G1866C7GTF), 1.65V VDIMM, 1.6V CPU VTT (set via XMP) 

¶ 6GB Corsair 2000MHz CAS 8 Dominator GT (TR3X6G2000C8GTF), 1.65V VDIMM, 1.6V CPU VTT (set via XMP) 

The tests involved measuring the idle and load CPU temperatures of a Core i7-920 CPU using RealTemp, 

a utility that reads the Digital Thermal Sensor (DTS) inside the processor to provide an accurate 

temperature reading for each CPU core. Idle temperatures were taken after a minimum period of 30 

minutes (or until the temperature stabilized) with the system sat idle at the Windows desktop. Load 

temperatures were taken after a minimum period of 30 minutes (or until temperatures stabilized) 

running the In-Place Large FFTs Prime 95 Torture Test (8 threads). This test runs CPU-intensive Fast 

Fourier Transforms, causing maximum CPU heat output. The fan speeds for both the Corsair H50 CPU 

Cooler and Intel Stock CPU Cooler were set to maximum speed throughout the tests (1700rpm for the 

H50, 2000rpm for the Intel cooler). 

The Corsair H50 high-

performance CPU Cooler 
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Results 

Core i7-920 2.66GHz, 6GB 1333MHz DDR3 

Ambient temperature = 24.5°C. Figures shown above are average result from all 4 Cores. 

 

 Intel Stock CPU Cooler Corsair H50 CPU Cooler 

Memory Configuration 
1,333MHz - 1.5V VDIMM, 1.2V CPU VTT 

Uncore Frequency ς 2,666MHz 

Idle 
Load - 

Prime95 
Idle 

Load - 
Prime95 

38°C 79°C 34°C 59°C 

With 6GB of 1333MHz DDR3 

memory installed, the idle 

CPU temperature using the 

Stock Intel CPU Cooler was 

38°C, rising to 79°C (average 

of 4 cores) under load. 

All voltages were set to their 

default values in the BIOS, and 

the Uncore clock frequency 

was set to 2,666MHz (double 

the memory frequency).  

The CPU remained stable 

throughout the Prime95 load 

test, although the peak CPU 

temperature of Core 0 

reached 80°C. 

 

At the same settings, and 

using the same 6GB 1333MHz 

memory kit, the Corsair H50 

CPU cooler maintained a 

minimum CPU temperature of 

34°C and a maximum CPU 

temperature of 59°C under 

load.  

This is 4°C and 20°C cooler 

respectively than the Intel 

Stock CPU Cooler under the 

same conditions, a significant 

reduction compared to the 

stock Intel CPU Cooler. 
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Core i7-920 2.66GHz, 6GB 1600MHz CAS 8 Dominator DDR3 

Ambient temperature = 24.5°C. Figures shown above are average result from all 4 Cores. 

 

 Intel Stock CPU Cooler Corsair H50 CPU Cooler 

Memory Configuration 
1,600MHz - 1.65V VDIMM, 1.35V CPU VTT 

Uncore Frequency ς 3,341MHz 

Idle 
Load - 

Prime95 
Idle 

Load - 
Prime95 

41°C 84°C 35°C 61°C 

 

The 6GB 1600MHz Corsair 

Dominator memory kit 

incorporates an XMP profile to 

automatically configure the 

speeds and voltages. The XMP 

profiles increased the CPU VTT 

voltage to 1.35V, which 

combined with the increased 

Uncore clock speed of 

3,341MHz, increased the heat 

load inside the CPU.  

The idle temperature with the 

stock Intel CPU Cooler was 

41°C, rising to 84°C under load 

ς an increase of 5°C compared 

to 1333MHz memory. 

 

With the Corsair H50 CPU 

Cooler installed the idle 

temperature was 35°C, only 

1°C higher than when using 

1333MHz memory. The load 

temperature increased to 

61°C, which is a 2°C increase 

versus 1333MHz memory. 

Overall, the Corsair H50 CPU 

Cooler cooled the CPU 23°C 

lower than the stock Intel HSF; 

a significant difference and 

also a greater difference than 

when using standard 

1333MHz DDR3. 


