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Introduction

This application note will investigate the effects of
using different performance grades of triptdannel
DDR3 memorgn the heat generated by a Core i7
processor when idle and under ldarhe objective is to
determine whether the use of highgrerformance
DDR3 memory also requires the use of more effective
CPU coolingroducts

The results show that using higierformance DDR&significantlyincreases théeat load generated by a
Core i7processor Theaverage loademperature of a Core 820 processocooled by the standard Intel
HSF (heatsink and fawas11°Chigherwhen utilizing2000MHzC8 DDR3ompared to 1333MHz DDR3
memory. The same PC coolesing the Corsair H50 CPU Cooler maintained average CPU core
temperatures up to 24C lower than the stock Intel HSF, and was able to stably cool the system even
when overclocked.

Hfective CPU cooling ikerefore essential when utiling highperformanceDDR3 memory in order to
maximise stability and long term reliabilityn addition, enthusiasts who are looking to overclock Core i7
processors while maximising memargrformance will need teemove the additionaheatgenerated

due to overclocking by usirghighperformance CPU cooling solution.

Corsair H50 vs. Intel HSF Installing highperformance, triple
CPU load temperatures for different DRAM Frequencies channel DDR3 memory, configured
using the XMP profile, increasethe
CPU VTT voltage and Uncore
91°C frequency of an Intel Core i7
] ﬂ P g . caec 72°C processor, which leads to an
;gg ] increased headoad compared to
50°C - standard DDR3 memory. An effective
A CPU cooler is needed in order to
20°C 1 effectively manage the additional
o . . . . . heat to maintain stable CPU
1333MHz 1600MHz C8 1866MHzC7 2000MHzC8 2000MHzC8 @ tempera‘[ures and provide greater

3.46GHzOC )
overclocking headroom.

M Corsair H50 M Intel HSF

100°C +

[+ ]

@
o

P

84°C

CPU Core Temperature (lower is better)
(=]
A

DDR3 DRAM settings as configured by XMP




Background: Changes in Processor Architecture

Effective heat management is important when buildimy 8C, particuldy a highperformance

workstation or gaming PC using the latest CPUs, graphics cards and motherboard chipsets. Modern
multi-O2 NB LINR OS & 4 2 NE X-sediedzdl Huaetode procgssdgsireeditrerhedy lWdsverfuly

but also require effective cooling 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 pessors, which used an affe memory controller hub, the
Core i#series employs an integratademory controller. Locating the memory controller inside the CPU
reduces latency and leads to significantly increased performance, but also haffabieof moving the
memory controllef deat-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 additiortaatload.

Core vs. Uncore

The components of thintel Core i7 processocan 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 Uncosectionincludes elemergsuch as theavel 3 cache, QPI link and
Integrated Memory ControllefiMC)

Just as the Core and Uncore elements are separated in the processor, the voltages that supply these
components are also distincthe two voltage settingsf 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 Hgh-performance DDR3 memory, the CPU VTT voltage must be incrédsepgrecise amount

of CPU VTT required to support high

frequency DDR3 memory can vary fror The First Nehalem Processor

CPU to CPU and is dependent on the
tolerance of individual IMCs, but many
ultra-high performancddDR3 memory
kits specify a CPU VTTupfto 1.6V
compared to the default setting of 1.2V
This is an increase of 33%.

The Uncore section also operates at a i e e
. Shared L3 Cache + |
different frequency to that of the Core : (L

which has implications in terms of

QPI: Intel® QuickPath

potential heat load TheUncore — e Interconnect
frequencyis a multiple of the CPU bt R Foduiar Design Tor Frexioiity
Baseclock frequency’ WhICh IS the Nehalem: Next Generation Intel’ Microarchitecture 1

reference clock speed for the A schematic of tAhe, InteAI (AloreA|7 proc?ss?r, §howm9 :heA sepflrat|f)|
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double the DRAM frequencyofa Core i7 processor utilizing 1333MPR2R3memory, theminimum
Uncore frequency nat therefore be 2666MHzAs such,ncreasing the DDR3 frequency alsoreases
the Uncore clock frequency, which may ailsorease theneat load generated by the processor.

Thermal Impact

In order to maximize memory bandwidtthe use othigh-performance DDR@emorywill require a

higher CPWTT andhigher Uncore clock frequep®© 2 Y LI NER (2 WwWaidl yIRIMHRQ 55
resultin additional heat load and higher CPU temperatures, even when the CPU core is operating at its
default frequengy andVcore

How we Tested

In order to assesBow high-performance DDR3 memoaffectsthe temperature of a Core i7 CPU, we

ran a series of memory stress tests on a Co#teeiSed test PC using standard, hjggrformance and

ultra highperformance triplechannel DDR3 memory kitd/e then analysed the CPU core

temperatures, both when using the stock Intel CPU cooler, and the Corsair H50 CPU cooler, to assess tt
effects/benefits of enhanced CPU cooling.

The test systervascomprisedof the

following core components: The Corsair HS0 high

performance CPU Cooler
Intel Core 7920 processor (D8tepping)
Asus Rampage Extreme Il motherboard
MSI GeForce 260 GTX graphics card
Corsair HX1000W power supply unit
Corsair P256 solidtate drive

Cooler Master Centurion 590 chassis
Intel Stock CPU Coolend Corsair HB CPU Cooler

=A =4 =4 =4 =4 -4 4

The following memory kits were used:

6GB Corsair 1333MHz XMS3 Classic (TR3X6G1333GY) 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 Dominatdr(GR3X6G1866C7GTF), 1.65V VDIMM, 1.6V CPU VTT (set via XMP)
6GB Corsair 2000MHz CAS 8 Dominator GT (TR3X6G2000C8GTF), 1.65V INIRULVTT (set via XMP)

=A =4 =4 =4

The tests involved measuring the idle and load CPU temperatures of a 3@ GPU using Realip,

a utility that reads the Digital Thermal Sensor (DTS) inside the processor to provide an accurate
temperature reading for each CPU cotéle temperatures were taken after a minimum period of 30
minutes (or until the temperaturestabilized 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 InPlace Large FFTs Prime 95 Torture Test (8 threHus)test run<CPUintensiveFast

Fourier Transfans, causing maximui@PUheat 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
H50,2000pm for the Intel cooler).

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

Intel Stock CPU Cooler

Corsair H50 CPU Cooler

Memory Configuration ldle Load- dle Load-
1,333MHz- 1.5V VDIMM, 12V CPU VTT] Prime95 Prime95
Uncore Frequency, 2,666MHz 38°C 79°C 34°C 59°C

Ambient temperature = 24.5°CFigures showrabove are average result from all 4 Cores.

Intel Stock CPU Cooler
6GB 1333MHz
85
‘E 70 “’
g 65
% 60
é 55
=]
5 50
35
* Time
Corsair H50 CPU Cooler
6GB 1333MHz
e CPU_(} e CPU_1 CPU_ 2 e===CPU_3
95
90
85
3 80
2 7
o
Q 70
o
E 65 —
e 60 oty )
8 .fl
8 55 —/
5 50
% 45
40
35
30
Time
)

CORSAIR

AN901: The Impact Of High-Speed DDR3 Memory on Core i7 Processor Temperatures

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 coreslunder load.

All voltages were set to their
default values in the BIOS, an
the Uncore abck 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 80C.

At the same settings, and
using the same 6GB 1333MH
memorykit, 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 tharthe Intel
Stock CPUddler under the
same conditions, a significant
reduction compred to the
stock Intel CPU Cooler.
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Core i7-920 2.66GHz, 6GB 1600MHz CAS 8 Dominator DDR3

Intel Stock CPU Cooler

Corsair H50 CPU Cooler

1,600MHz-1.65V VDIMM, 135V CPU VTT

Memory Configuration

Uncore Frequency, 3,341MHz

Load- Load-
ldle Prime95 ldle Prime95
41°C 84°C 35°C 61°C

Ambient temperature = 24.5°Crigures showmaboveare average result from all 4 Cores.
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The 6GB 1600MHz Corsair
Dominator memorykit
incorporates an XMP profile tc
automatically configure the
speeds and voltages. The XM
profiles increased the CPU V1
voltage to 1.35V, which
combinedwith the increasd
Uncore clock speed of
3,341MHz increased the heat
load inside the CPU.

The dle temperature with the
stock IntelCPU Cooler was
41°C, rising to 82C under load
¢ an increase of & compared
to 1333MHz memory.

With the Corsair H50 CPU
Cooler installed the idle
temperature was 3%C,only
1°C higher than when using
1333MHz memoryThe load
temperature increased to
61°C, which is a’€ increase
versus 1333MHz memory.

Overall, the Corsair H50 CPU
Cooler cooled the CPU Z3
lower than thestockintel HSF;
a significant difference and
alo a greatedifferencethan
when usingstandard
1333MHz DDRS.
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