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A WARNING

Altering clock frequency and/or voltage may (i) reduce system stability and useful life
of the system and processor; (ii) cause the processor and other system components to
fail; (iii) cause reductions in system performance; (iv) cause additional heat or other
damage; and (v) affect system data integrity. Intel has not tested and does not
warranty the operation of the processor beyond its specifications.

A WARNING

Altering PC memory frequency and/or voltage may (i) reduce system stability and
useful life of the system, memory and processor; (ii) cause the processor and other
system components to fail; (iii) cause reductions in system performance; (iv) cause
additional heat or other damage,; and (v) affect system data integrity. Intel assumes
no responsibility that the memory included, if used with altered clock frequencies
and/or voltages, will be fit for any particular purpose. Check with the memory
manufacturer for warranty and additional details.

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL® PRODUCTS. NO LICENSE,
EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS
GRANTED BY THIS DOCUMENT. EXCEPT AS PROVIDED IN INTEL'S TERMS AND CONDITIONS OF SALE FOR
SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER, AND INTEL DISCLAIMS ANY EXPRESS OR
IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF INTEL PRODUCTS INCLUDING LIABILITY OR
WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT
OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT. Intel products are not intended
for use in medical, life saving, or life sustaining applications.

Intel may make changes to specifications and product descriptions at any time, without notice.

Intel, Intel Core, and the Intel logo are trademarks of Intel Corporation in the U.S. and/or other countries.
*Other names and brands may be claimed as the property of others.

Copyright © 2013, Intel Corporation. All rights reserved.
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1 Overclocking Assistant

1.1 Objective

The Purpose of this performance tuning guide is intended for validation and system
characterization purposes only. The setting in this document is not fully validated and
may not function across all the available K-processors. It is assumed that CPUs in the
same family will have common settings.

The new feature of the 4th Generation Intel® Core processor is an integrated voltage
regulator (IVR). This new voltage regulator is integrated into the processor package
and controls a number of voltage rails except Memory (Vddq). These rails include the
IA Core rail, GT rail, System Agent rail, and 10-analog and I0-digital.

The 4th Generation Intel® Core processor offers overclocking capability using the
Intel® Turbo Boost Technology and with reference (BCLK) overclocking. In Turbo mode
the processor could be running at any ratio in the inclusive range between Max Turbo
and Max Non-Turbo. In BCLK, the Max Non-Turbo ratio has to be equal or less than
the Max Turbo ratio.

1.2 Visual BIOS Help

There are two main voltage options that are used for overclocking:

1. This IA Core Voltage has impact on the ability to raise the IA Core Max Turbo ratio
as well as the BCLK. Additional voltage beyond the default setting will create more
heat and should be a consideration for a reduced processor lifetime.

X

3.90 (GHz)

4+ 0.00%
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There are 3 settings for this voltage: Offset only, Interpolated + Offset and
Static + Offset.

Intel® Visual BIOS (intel.

Home Main Devices Coaoling Performance Security Power Boot B+« X p 4

Performance Dashboard General Settings Processor Cores Voltage

o

100.00 LG [ 0.0014 |

Integrated Voltage Regulator

EL] = 3.90 (GHz)

Cores > Graphics Memory >

X X g x 0.50 133~ Bz | -]
.25 (GHz)

= 3.80(GHz) 1

+000V —+— S

= 1600 (MHz)

This diagram represents your processor, Edit settings within the diagram, or click Ring, Cores, Graphics, Memory, or any voltage button to view

detailed settings for each.

The Offset Mode: Positive and negative offset applied to the entire curve.
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The Interpolated Mode: Sometime is referred to Adaptive mode. This is only
applicable for frequencies and voltages beyond the default maximum turbo
frequency.

Interpolation V/f
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Static + Offset Mode: This Static and Office mode (Override mode) is useful
when overclocking or underclocking the BCLK. This method can allow for
adjustment of the entire V/f curve.

Override V/f

mon=furba
furbo
XE

volts

freq

2. The other main voltage that can affect the ability to overclock is SVID override
(Input Voltage below). The default for this voltage is 1.7v ~ 1.8v on the Intel®
Desktop Board DZ87KLT-75K. The maximum IVR output voltage (IA Cores, The
Ring, and The Graphic) is related to this input voltage. It may be required to raise
this input voltage, when you raise the IA Core voltage or BCLK. Make sure the
minimum voltage between the IVR output voltage (IA cores, Ring, GT) and this
input voltage between 400mv to 450mv. For example: Using LN2, if you increase
the IA Core voltage to 1.6v, this input voltage should also increase to 2v.

ttings

Input Voltage

| 0.00\

In Turbo ratio and BCLK OC, the Processor VR fault is set to disable (uncheck). This
is a risk of using it by the user because the Over-voltage protection (OVP) and
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Over-current protection (OCP) will be masked. Reliability of the processor should
be concerned by possibly overvoltaging inadvertently.

In turbo mode or BCLK OC, the Processor VR efficiency is set to disable (uncheck).
It will force IVR to always run in max power delivery capability mode.

Performance Information

Intel does not warranty the operation of the
processor beyond its specifications,except via the
Performance Tuning Protection Plan, sold for eligible
processors at click.intel.com/tuningplan/

Legal...

Performance Settings

1600 (MHZ)
+— OEID v

LC-PLL

Low Speed

When raising BCLK frequency, this Filter PLL should be set to Low Speed mode.
This will have the potential to improve the top end frequency that the processor is
able to achieve. For Turbo ratio OC it is recommended set Filter PLL to High
Speed.

LC-PLL n

Low Speed ﬂ
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Clock PLL: For Turbo ratio overclocking, set to LC-PLL; For BCLK, set to SB-PLL.

Use the option below for BCLK overclocking with PEG/DMI ratio. The PEG/DMI ratio
will automatically change when you adjust the BCLK.

Notes: To adjust the Manual settings, uncheck Automatic PEG-DMI Ratio. In
manual control you can adjust the BCLK by 4% to 5% for upside frequency and
you can achieve a larger down frequency range.

BCLK:PClIe ratio
5:5 (default-POR) (i.e. BCLK 100: PCIe 100)
4:5 (BCLK 125:PCIel100)
3:5(167:100)
2:5(250:100)

Home Main Devices Cooling Performance Security Power Boot B % X 0/

Performance Dashboard General'Settings Host Clock

| Host Clock > ‘ Input Voltage

125.00) i |

System Agent uses for the BCLK, memory OC and LN2; you do not need to set the
Analog I/O and Digital I/O options when doing a BCLK OC or Turbo.
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2 Kinsley-75k using Turbo
Ratio OC

2.1 Tuning Tab/Performance Settings

Under the Tuning Tab/Performance Settings:

e Check the Unlock Extreme Voltages setting if it is not checked (if you have a
K-skew CPU, this should always be checked)

e Uncheck the Processor VR Faults setting (disable).

e Uncheck the Processor VR Efficiency setting (disable).

e Filter PLL > High Speed

Intel® Visual BIOS (intel

Home Main Devices Cooling Performance Security Power E * 1 )‘ b4

Performance Dashboard EETETE ERHTNS Performance Information

Host Clock > Input Voltage Intel does not warranty the operation of the
processor beyond its specifications,except via the
100.00JuGE m v i Performance Tuning Protection Plan, sold for eligible
processors at click.intel.com/tuningplan/

Integrated Voltage Regulator —
edgal...

BT - 3.90 (GHz) Performance Settings

Memory >
xFEE A < FER =]
- 1600 (MHz) =

=—— R )

LC-PLL

High Speed

2.2 Cores > Section of the Performance
Dashboard

Under the Cores > Section of the Performance Dashboard:

e Click Cores (on the left) to get the Processor Cores Config (on the right).
e Set Processor Current Limit Override = 1000 (This setting should be aligned with
the current Voltage regulator on the board).

10
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e Set Burst Mode Power Limit = 1000.
e Set Sustained Mode Power Limit = 1000.

Intel® Visual BIOS (intel.

Home ETH] Devices Cooling Performance Security Power Boot B+ X F b 4

Performance Dashboard General Settings Processor Cores

Host Clock > Input Voltage Turbo | Config

100.008IGH [ 0.0014] 1~}
T
Integrated Voltage Regulator; n

Ring> x [ER - 390(cHz) +0.00V

| cores > . Graphics Memory > N i000)
X * x S x os0 xFEERA xFERES
Z)

—  3.90)(GHZ) - 1l2s(
e | 1000}

000V + 000V + 0,00V [ — m )
s | 1000)]

= 1600 (MHz)

For Example: On Cores > Slide or type to 42 (100 MHz x 42 = 4.2 GHz).
Intel® Visual BIOS Q!

Home Devices Cooling Performance Security Power B« X >

Performance Dashboard Genera Processor Cores

Host Clock > Input Voltage Turbo Config

100, 00k m
—
——— TR

Integrated Voltage Regulator

X m — 420 (GH=zZ) + 000V

Graphics Memory >

X 0.50 4 153 - B0 |~ |
1 GHz) 3 1

+ 0.00

This diagram represents your processor. Edit settings within the diagram, or click Ring, Cores, Graphics, Memory, or any voltage button to view
detailed settings for each.

11
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e On Ring >: Slide or type to 42 (Ring multiplier can set the same or lower than
Core, but not higher than Core).

Intel® Visual BIOS (intel.

Home Main Devices Cooling Performance Security B« L b4

Performance Dashboard General Settings Processor Cores

Host Clock = Input Voltage Turbo Config

100.00 G | 0.00] =

Integrated Voltage Regulator
Ring > | x W - 2°

Graphics Memory >

X X 0.50 133 - B0 | - |

(MHz)

This diagram rep ] oc . Edit settings within the diagram, « ick Rimg, Cores, Graphics, Memory, or any voltage button to view
detailed settings

e Exit and Save.

12



Overclocking Assistant for the Intel® Desktop Board DZ87KLT-75K

Core

To increase the Turbo Ratio, follow the settings in the following table. Notes

voltage and Ring Voltage Target in this sheet below is for you to start with. You can

increse or decrease to find the stable state of your Board.
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3 Kinsley-75k using BCLK OC

3.1 Tuning Tab/Performance Settings

Under Tuning Tab/Performance Settings:

e Check Unlock Extreme Voltages if not check (if you have a K-skew CPU, this should
always be checked).

e Uncheck Processor VR Fault (disable).

e Uncheck Processor VR Efficiency (disable).

e Change Clock PLL from LC-PLL to SB-PLL.

e Make sure Filter PLL is set to Low Speed.

e Set BCLK to 125.

e Set Core multiplier to the frequency you want to run (example: 125MHz x 36 = 4.5
GHz).

e Set Ring Multiplier to 36.

e Set Processor Current Limit, Burst Mode and Sustained Mode - 1000.

Intel® Visual BIOS (intel.

Home Main Devices Cooling Performance Security Power Boot B X F x

Performance Dashboard Sotiv=tial] &2z o Performance Information

Host Clock > Input Voltage Intel does not warranty the operation of the
or beyond its specifications,except via the

-
m HMHE lmm ) — e ce Tuning Protection Plan, sold for eligible

ors at click.intel.com/tuningplan/

Integrated Voltage Regulator

_ | 4.50 (GHz) :
36 R Performance Settings
Cores > Graphics
X X 0.50 : =

1.56 (GHz) 3 (MHz) i

'

SB-PLL

Low Speed

This diagram represents your processor. Edit settings within the diagram, or click Ring, Cores, Graphics, Memory, or any voltage button to view
detailed settings for each.

e Select the red square box on the left.
e Change Processor Core Voltage Mode to Static + Offset.
e Raise Processor Core voltage target to 1.24v.

14
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Intel® Visual BIOS (intel.

Main Devices Cooling Performance Security Power Boot B 1A F b4

Performance Dashboard General Settings Processor Cores Voltage

Host o> o

125. 00 [ 0000
1— W)

Integrated Voltage Regulator

Ring > BTy -  450(GHz) 124V + 0.00V
+
Cores > L Graphics LMemory >
X

T 25 R :nxun

-  450(GHz) - 156 (GHz) - 1333 (MHz)

124V +0.00V +010V —3— EIn v
T

This diagram represents your processor. Edit settings within the diagram, or click Ring, Cores, Graphics, Memory, or any voltage button to view
detailed settings for each.

Select the red square box on the left.
Change Processor Ring Voltage Mode to Static + Offset.
Raise Processor Ring voltage target to 1.24v.

Intel® Visual BIOS

Devices Cooling Performance Security Power Boot B« X F

Performance Dashboard Eaty st Sl Ring Voltage

Host clock > o

[ 125.00] [ ___0.00)) [~ ]

—
Integrated Voltage Regulator s [ 0.00)

Ring > x B - 450 (GHz) 124V + 000V
T T

LCores > L Graphics LMemory >
: « m—x 00+ G
= 4.50(GHz) = 156 (GHz) = 1333 (MHz)

124V + 0.00V +0.10V —3— I W
T T

This diagram represents your processor. Edit settings within the diagram, or click Ring, Cores, Graphics, Memory, or any voltage button to view
detailed settings for each.

e Change Performance Memory Profile from Automatic to Manual-User Defined.
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e Change Memory Multiplier to 8.

Intel® Visual BIOS (intel.

Home ET] Devices Cooling Performance Security Power Boot B L b 4

Performance Dashboard atstivstizl 2 siiingl Memory

Host Clock > . . .
Sost ocks Input Voltage Config | Timings | Additional

[ 125.00[IGF [ 0.00/1%)
ManuaI-UserDefine

Integrated Voltage Regulator;
BT - 4.50 (GHz) 124V + 000V

Cores > Graphics Memory >

X « mm x s xEEEkd

Hz)

==

—1— ([HID ™

This diagram represents your processor. Edit settings within the diagram, or click Ring, Cores, Graphics, Memory, or any voltage button to view
detailed settings for each.

Intel® Visual BIOS

Home Main Devices Cooling Performance Security

Performance Dashboard Memory

Host Clock > Input Voltage Config | Timings | Additional

125. 00 LIGH [ 0000
Manual - User Define

Integrated Voltage Regulator

124V +0.00V

Cores > Graphics

* IED * IR x 050

@) 7ris diagram represents your processor. Edit settings within the diagram, or click Ring, Cores, Graphics, Memary, or any voltage button to view

e Save and boot to windows. Note: Board might need to be rebooted or reset twice.
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125MHz us

Ring Voltage Target in this sheet below is for you to start with. You can increase or

decrease these two voltages Target to find the stable state of your CPU.

Follow the setting below, if you want to increase

BCLK

Overclocking Assistant for the Intel® Desktop Board DZ87KLT-75K

18



IC. Notes: Core voltage and Ring

?|qesl 99dg MO’ - 3|qes| ESTY
19801 gx SMOT - lldES| SIAESIPN ey 00T 0 2zt 0 Z1 mu__w_w oot | oot | ooor | e £ |seooiv| sek | 2o
31qes! 53ds Mo’ E 3iqes| 15510
1980) - gx SMOT - NdES| SIGESIP) ey 00T 0 veT 0 veT Z__wm 0ot | ooot | ooot o9 o |sewoonv| seA | osw
3|qest 93ds MO’ - 3|qes| 9S}J0
19801 gx SMOT - lIdESt AL aee | oot 0 2T 0 2T uu__mﬁ oot | oot | ooor | e e |[seoonv| sek | e
?|qesl 23adg MO’ - 3|qes| 19540
19601 gx SMOT - lldES| SIAEIPN ey 00T 0 zT 0 er | e | ooor | ooor | ocor | v ve |[seooiv| sek | sev
S|qes! 99ds MO’ E 31qes) 19510
19e0] - gx SMOT - ldES| SIAEIPN ey 00T 0 Tt 0 T Z__wum 000t | ooor | 000T g8 g |saoowv| soh | et
3|qes! 53ds MO’ ¥ 31qes] JESTY)
s SMOT - lIdESt AL pee | oot 0 fan 0 fan Zatsm oot | ooot | ooot ze ze  |[seoowv| sek | ooy
somod | somoa
Tsnwn | zsuwn
Jamod 10 Jamod 10
| e
1omog wis|  omod
d Buo Jo wial
[BNUB | paads snen) | wous 1o xew
0138573 mo1 (Aw) 18sH0 nw (snew)  [-001 (sdwv)
sendmnw | 1esyo abeion |(n) abeion Jamod it e
sandnnn | /paads PHIUN| T | aiesrer|  (w) abeljon 2100 2100 apon 1omod | uauing aiqeus oney
Wasv-300d | Aowa | uysiH | 11485 | 3ne3 | wonwew | owideso |resuo Buns| Buns | sossesora | soseasond | sssio + oneis | paureisns |spon sing | sossanond | onew bus | ones aico |one oaint |ndo sooiun]oant ssoo

internal graph

Voltage Target in this sheet below is for you to start with. You can increse or decrease

Overclocking Assistant for the Intel® Desktop Board DZ87KLT-75K
to find the stable state of your CPU.

ing

Follow the setting below, if you want to increase BCLK
125MHz us
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For BCLK > 125 MHz

20

Check the Unlock Extreme Voltages setting if it is
not checked (if you have a K-skew CPU, this should
always be checked).

Uncheck the Processor VR Faults setting (disable).
Uncheck the Processor VR Efficiency setting
(disable).

Filter PLL - Low Speed.

Set Processor Current Limit Override = 1000.

Set Burst Mode Power Limit & 1000.

Set Sustained Mode Power Limit © 1000.

Might need to increase Input Voltage.

Need to increase Core and Ring voltage.

Might need to increase System Agent offset.
Lower memory multiplier.
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Setup for 167MHz (example using Cores set to 4.34GHz)

Intel® Visual BIOS

FreakOut -
Shortcut

Thunderbolt

Home Devic Performance

Cooling Security
Performance Dashboard

Host Clock >

167, 00l

Input Voltage

[ 1.90/M17]

Integrated Voltage Regulator

Memory >

-
1

= (MHz)

Graphics

x IS x o0.50

GHz)

—8— IR¥ (V)

Intel (R) Power Thermal Utility Tool
Platform Found :
Revision : 1.1

U | Caches | Mainboard | Memary | 20 | Graphics | About |
Name

Haswell Desktop/AI0/UP Server/Workstation
Intel Core 7 4770T

Haswel Hax TOP
Socket 1150 LGA

Core VD

Code Name W inlel' inside”

/CPUData | “Workioad |
# Processor Info.
CPU Brand Strin

Package
Technology CORE i7
Intel(R) Core(TM) i7-4770K CPU @ 3.50GHz (ES)
Famiy [ 6 Model [ C Stepping
Ext Famiy [ 6 Ext. Model | 3C Revision | CO
nstructons WX, SSE, SSE2, SSE3, SSSED, SSEA 1, SSE4.2, ENGAT,
VTox, AES, AVX, AVX2, FIUA3

(TM) Soft: Zir B
Specification
Number of Corg

Clocks (Core #0)
Core Speed
Mutipler
Bus Speed

Cache
L1Data
Linst
Level2
Level3

434069 liHz
x260(8-26)
166.95 WiHz

4x32KBytes

4x32KBytes

4x256 KBytes
8liBytes

Sway
Bway
Bway

16-way

4 Package Info.
Package TOP
Package Power :

Pkg. RAPL PL1 Statu
] coes[ 4 Tweass| E

Valdate oK

Real Temp GT 3.70

Selection

Version 1.64.0.64

Intel 4770K 4390.87 MHz

_
DTS |Temperature
5

Search Visual BIOS

B owx L/ X

Performance Information

Intel does not warranty the operation of the

processor beyond its specifications,except via the
Performance Tuning Protection Plan, sold for eligible

processors at click.intel.com/tuningplan/

Performance Settings

=
=

SB-PLL

Low Speed

@D
Intel Confidential L. CORE

4 Temperature Info.

inside

Temperature (C)
0s:

Hyper-threadin
TCC Target Temp.
Tcontrol DTS :

Package Temp.

Thermal Margi

Pkg. RAPL PL2 Status

Pkg. RAPL Power Limit2 : 1000
Pkg. RAPL PL2 Time :

4351 MHz 4 C-States Info.

166.96 X 26.0

CPUDD 0x306C3 Load 100.0%

S o

4351 MHz

0:05:18

4351 MHz

Temperature (°C)
88 80

Distance to T) Max

9 12 20

Minimum
E 31
04:57:37  04:57:35

92 91

4 Uncore Info.
Current Uncore Freq. :
Uncore Power :

2 Max. Uncore Freq. :
3s°C

04:57:35

30°C
04:57:37

Maximum
s9°C s2C
05:00:03  05:00:31

96°C
05:01:22

93¢
05:01:01

Thermal Status

er Thermal Uil
oK oK =il :

Tool Rev. 1.1

SensorTest || XSBench Reset

when certain amount o
Max. Non Turbo Frea.

4351 MHz
ores Active

Core Por

2500 MHz Min. Uncore Freq. :

Prime5

Edit Advanced Options

in thread Jun 6 04:57] Optimizing for CPU architecture: U
n thread Jun 6 04:57] Logical CPUs 0,1 form one physic

60000 Lucas-Lehme:

[Jun 6 05:01] Test 4, 460000 Lucas-Lehmer iterations of M2+
[Hun 6 05:02] Test 5, 460000 Lucas-Lehmer iterations of M2
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Processor-

Code Name
Package

Specification

Ext. Famiy.

Clocks (Core
Core Speed
Hulipler
Bus Speed

Haswell

Technology [ 22nm

CPU-Z

Intel Core i7

Hax TOP

Socket 1150 LGA
Core VD

X

1248V

& (=

CPU | Caches | Mainboard | Memory | 5PD | Graphics | About |

Intel(R) Core(TM) 7-4770K CPU @ 3.50GHz (ES)

3
B

Instructions [MMX, SSE, SSE2, SSE3, SSSE3, SSE4.1,

Revision
SSE4.2, EMBAT,

Stepping | 3

VT-x, AES, AVX, AVX2, FMA3
#0) Cache.
450068MHz || L1Data | 4x32KByles | B-way
x300(8-30) || Limst [ 4x32KByles | B-way
150.03 WHz Level2 | 4x256KBytes | B-way
Level3 [ BMBytes | 16-way
cores [ 4 Threads| &

Selection [Proc -

- —

Version 1.64.0.x64

Intel 4770K

CPUID 0x306C3

87

13

22

4500.00 Miz
Load 100.0%
Temperature (°C)
79 80
Distance to T Max
21 20 26
Miimum
30°C 33°C
24128 234129 234127
Maximum
85°C s2°C
24448 23 2B441S
Thermal Status
ok
Sensor Test || XS Bench Reset

Real Temp GT 3.70

Valdate oK

150,00 x 30.0

0:44:49

Settings

Example of BCLK= 150MHz

/cuData | PCH |“Graphs |“Logging |

2 Processor Info.

CPU Brand String te Col L 3 Gl 0S:
Hyper-threading :
TCC Target Temp.

TControl DTS :

Number of Cores : Enabled
TControl C
TCC Status

4 Package Info.
Package TOP : Package D°
Tau:

Pkg. RAPL

Package Temp. :
Thermal Margin :

Pkg. RAPLPL2 Status :  Enabled

87 %0
e B g
]

@D
CORE

Intel Confidential inside

4 Temperature Info.

Temperature (C)
~

73%

2 Frequency Info.

2 C-States Info.

[l
[0 |

Core 0

Core 1

Core Power :

Core 2

Max. Non Turbo Freq.

Core 3

1A RAPL Power Limit : ‘

Pkg.

4 Uncore Info.
Current Uncore Freq. :
Uncore Power :

000 MHz Min. Uncore Fre

Test Edit Advanced Options Window Help

#
[Main thread May 30 23:41] Optimizing for CPU architectun
[Main thread May 30 23:41] Logical CPUs 0,1 form one phy

:24] Test 13, 380000 Lucas-Lehmer iterations of
5] Test 14, 380000 Lucas-Lehmer iterations of
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Voltage Check
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