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/ FROM THE EDITOR
Uncompromising specs

tfeels very strange to be finishing off anissue of

Custom PC in the midst of the chaos surrounding

COVID-1g9, and it hasn't always been easy, but we're
stillimmensely pleased with this issue.

In particular, the PC in our cover feature (see p76) has an
amazing specification for the budget - we've never managed
to assemble a sub-£1,000 PC with such an uncompromising
spec before.

It's not just that there'’s a 6-core 3rd-gen Ryzen CPU beating
atits heart, butit also has a GeForce RTX 2060 Super GPU,a
cracking case,16GB of very fancy Corsair RGE memory and
a500GE NVMe PCI-E S5D.1t even looks good. Thereisn'ta
single part of this PC that made us rubourchins and think,
‘Hmm, well, that’s a bit rubbish, but I suppose you have to
compromise somewhere’,

If youwant to play games at 1,920 x1,080 at high settings,
including ray tracing, then this PC can handle it with no
problem.In fact, it can even handle gaming at 2,560 % 1,440
with decent settings.

If you want to go all out with the gaming eye candy at
much higher resolutions, and you have plenty of money (not
to mention patience), then we also thoroughly recommend
checking out our Nvidia SLI test on p86.

Many of us are going to be spending alot of time indoors
over the next few months, so now is a good time tobe fiddling
with our PCs, playing games and taking our minds off the
horror outside when possible. If you turn to p13, you'll also
find details about how you can use your PC's spare CPU and
GPU cycles to conduct research that could be used in COVID-19
therapies, via Folding@home.

If you're not spending a lot of time indoors, and you're
carrying on as an essential worker, then I also want to say an
enormous thank you. For everyone else, stay home, stay safe
and, if possible, enjoy fiddling with your PC.

- EDITOR
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RICHARD SWINBURNE / VIEW FROM TAIWAN

GET READY FOR WI-F17

Richard Swinburne looks at the latest Wi-Fitech developments,
from 30Gbps speeds to superior mesh networks

he folks at the IEEE and Wi-Fi Alliance aren't sitting
. still. After just launching Wi-Fi 6E, which is Wi-Fi 6

(8o2.11ax) extended into the '6GHz band’ (5.71-7.13GHz
actual), engineers are already knee-deepin 802.11be development,
which is likely to adopt the Wi-Fi 7 name.

Called ‘Extremely High Throughput' (EHT), it features impressive
headline speeds of 30Gbps. However, the better features, in my
opinion, are some of the improvements elsewhere. Firstly, though,
don't worry if you've just upgraded your home router, as this
new standard isn't expected to launch for a few years yet.

Just as Wi-Fi 5 (8o2.11ac) and Wi-Fi 6 borrowed heavily from
4G LTE mobile tech, such as MU-MIMO and OFDMA respectively,
Wi-Fi 7 is borrowing from tech that's now

system used in 4G and s5G, and it will really help to increase
average throughput for upload heavy tasks, such as streaming.
Why it's not also being used for downlink is unclear, although
it's possible that non-contiguous downlink could be added
later during the standard’s development.

Mesh networks will get a big boost from non-contiguous
connections, while also benefitting from ‘Multi-Access Point
(AP) Coordination’ and ‘Cooperative Multi-User MIMO' (CMU-
MIMO). These technologies mean that data isn't just split
between various bands across the 2.4GHz, sGHz, and 6GHz
frequency ranges, but also across different access points.
Working together, these three technologies will make large

mesh networks feel seamless, That's not just

being proven in 5G. That's clever, because it~ WoOrking together,these  great for the home, but in particular, it will
means research and development costs are three technolo g ies will result in a significant boost for public Wi-Fi

being adsorbed by smartphone chip/modem
makers and mobile network operators, with

make large mesh

spaces that are shared by many users.
Beyond these new additions, Wi-Fi 7 also

engineers being able to reuse their knowledge networks feel seamless multiplies the core numbers of Wi-Fi 6.

when it comes to creating future Wi-Fi chips.

However, even though Wi-Fiis influenced by
mobile tech, these two areas are alsocompeting against each other
insome respects. 5G has enjoyed taking a lot of wireless spectrum
under its paid-for banner, which locks it out from public use. Mobile
lobbyists are also pushing touse the same 6GHz spectrum that's
in the process of being allocated in the US, UK, and Europe. Wi-Fi
6E effectively beat them to it, though. By launching productsinto
the market that use the full 5. 71-7.13GHz range, Wi-Fi 6E has made
a spectrum landgrab that can’t be undone.

Wi-Fi 7 builds on this approach by allowing each compatible
device to aggregate multiple smaller bands among the 2.4GHz,
5GHz, and 6GHz ranges, boosting performance. Termed 'non-
contiguous uplink’ it’s analogous to the carrier aggregation

It doubles total channel bandwidth from

160MHz to 320MHz, doubles the number
of MIMO streams from 8 to 16, and quadruples the data
squeezed into the signal with 4096-0AM.

This all sounds great, but the downside will be increased cost.
Even with some of the principal research and development costs
offloaded, all this tech needs really high-performance network
processors, plus twice the number of antennas and all their
associated radio front-end filter chips, which increases costs.
Backward compatibility means Wi-Fi will remain ubiquitous to
all devices, but the best speeds and most reliable connections
won't come cheap. A main benefit of Wi-Fiis that it's accessible
in places where you can't get a mobile signal - let’s hope the
8o2.11be development committee doesn't forget this. ere

Richard has worked in tech for over a decade, as a UK journalist, on Asus’ ROG team and now as an industry analyst based in Taiwan ) @ricswi



be quiet!

PERFECTION
GOES PLATINUM

STRAIGHT POWER 11

World-class quiet and efficiency

The six new models with certified 80 PLUS® Platinum efficiency
ranging from 550 to 1,200 watts are the perfect extension of this
award-winning PSU series.

80 PLUS Platinum efficiency of up to 84.1%

Virtually inaudible Silent Wings 3 135mm fan

Wire-free on the DC side for enhanced cooling and longevity
Modular cables provide maximum build flexibility

PLATINUM

Available at:

scan.co.uk - overclockers.co.uk - ebuyer.com

novatech.co.uk - aria.co.uk - cclonline.com

amazon.co.uk bequiet.com



TRACY KING / SCEPTICAL ANALYSIS

CANCELLED

With big gaming shows being cancelled in the wake of COVID19, Tracy King
asks if we even really need big gaming showcase events now

ur time is now. All of the hours we've spent indoors,
. inisolation, online and entertaining ourselves, have
turned out to be ideal practice for a pandemic
quarantine. Of course, by the time this column goes to print
things may have changed completely, but at the time of writing,
the year ahead in gaming looks like one of physical solitude.
So, gaming as usual for us, but goodbye to showcase events.
Most people who have been to a games event, or a
convention of any sort, will be familiar with ‘con crud’,
the cold or mild flu everyone seems to get from being in
close proximity to others indoors. The spread of viruses
is exacerbated by everyone touching
the same stuff — from controllers to VR
headsets to door handles — with nary a
sanitising handwipe in sight. For this year,
all events are cancelled, but that doesn't
mean doom for the game industry.

Losing the ‘champagne
gaming' events will
contribute to amore

showboating and splashy PR, and losing the ‘champagne
gaming’ events will contribute to a more grassroots and
authentic gaming culture. Ubisoft and others have already
announced digital E3 alternatives.

At the time of writing, all scheduled games events are
cancelled, but console online subscriptions are up and Twitch
streaming has doubled. The BAFTA Games Awards will now be
astreaming event instead. Esports events are either cancelled
or postponed in parallel with physical sports such as football.
Watford Football Club tweeted a simulated game against
Leicester City in Football Manager 20— it's had a million views.

This situation might be scary, weird and
new, but some of the cultural changes will
be good. Empathy could rise, and those
of us who already live online are well
equipped to support friends, strangers,
industry and even science. If you can, sign

The first major event to announce QI'EISSI'UDtS and authentic up for foldingathome.org/start-folding

cancellation was E3, but even then there
were already rumours of difficulties, with
big names such as Sony bailing in 2019
to avoid competing for press coverage with Nintendo and
Microsoft. While huge conventions are an industry staple for
networking, and they foster a sense of excitement through
big crowds, they're increasingly cost-ineffective, particularly
when online gaming influencers can do so much for a brand
from home.

Instead, PR events will shift to online. Gaming showrcases
can be streamed in different ways. Instead of a huge stage of
presentations to a live audience, there will be smaller, more
intimate presentations with the at-home viewer feeling as
much a part of the ‘show’ as industry professionals. That's
the model I'd prefer anyway. Too much meney is spent on

gaming culture

and use your gaming rig to help simulate
potentially druggable protein targets from
SARS-CoV-2 (the wirus that causes COVID-
1g) — the Custom PC team number is 35947 if you want to
join us. Not least, that could help to tackle some of the weird
helplessness that kicks in after reading the news.

[ have noidea what 2021 will lock like, for the gaming and
tech industries, or for society in general, but I'm determined to
make the best of it. Gaming is essential for my mental health,
sol'll continue to buy as many games as I can afford, to domy
part to keep the industry going and to keep me sane during
quarantine. There will be other ways to make up for the loss
of physical events, and if the gaming industry can weather
the financial storm of the next 18 months, then it will realise
that those huge expensive conventions aren't needed. ore

Gamer and science enthusiast Tracy King dissects the evidence and statistics behind popular media stories surrounding tech and gaming . @tkingdot
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AMD CONFIRMS

‘ENTHUSIAST-CLASS' RAY-

TRACING GPUsFOR2020

HARDWARE-ACCELERATED RAY TRACING

AMD has revealed thatits next-gen gaming
GPUs are scheduledto be releasedin late
2020, Unlike the company's first RDNA Navi
products, such asthe Radeon RX 5700 XT,
the new RONA 2-based GPUs will also
support hardware-accelerated ray tracing,

AMD unveiled these details aboutits new
GPUs atits Financial Analyst Day on S March,
while also revealing that RDNA 3isin
development, with products expected
beforethe end of 2022,

The company describes its forthcoming
ROMA 2 GPUs as ‘enthusiast-class’, with
‘uncompromising 4K gaming', meaning they
could potentially take on Nvidia's top-end
GPUs, rather than competing inthe mid-
range like AMD's current Nawvi chips.

In addition to hardware-accelerated ray
tracing, AMD alsopromisesupto aSOper
centimprovement in performance per watt
for RDOMA 2 chips over their 1st-gen
RDONA predecessars,

The company putsthe improvements
downto logic enhancements and
optimisations to the new microarchitecture,
enabling it to reduce the complexity and
switching power of the new chips, as well as
improve the performance per clock and
increase the clock speed.

According to AMD, the new GPUs will also
fully support Microsoft's recently announced
Directx 12 Ultimate AP,

RDMA 2 will also support variable rate
shading (VRS), another feature that was
previously only supported by Nvidia's Turing
GPUs. Meanwhile, Scott Herkelman, vice
president and general manager for Radeon,
has also confirmed on a Reddit thread that
there will be no blower coolers onthe
reference models of the new GPUs. That's a
greatmove, althoughwe're still surprisedit's
taken AMD solongto get around toit.

AMD’s first Navi products showed
enarmaous improvements inboth

AOCUNLEASHES
240Hz GAMING
MONITOR

AQC hasjustreleased asuper-fast
monitor to cater for the growing esports
market. The AGON AG2730QZ not only
has afast 240Hz refreshrate, but AQC
alsoclaimsithas anextremely quick
responsetime of 0.5ms. Meanwhile,
there's active sync support for owners
of AMD GPUs, via FreeSync Premium
Pro, which enables active syncforHDR
content, eliminating tearing artefacts,

The AGON AG2730QZ also officially
supports the DisplayHDR 400
standard, and AOC claimsthatits TN
panelcandisplay 126.4 per cent of the
sRGE colourgamut, withapeak
brightniess of 400 nits. Meanwhile,
there's acustomisable RGBlighting
systern on theback, and astand that
allows height, tilt and swivel
adjustments. The AOC AGON
AG2730Z has arecommended UK
retail price of £659inc VAT,

performance and power consumption over
AMD's previous Graphics Core Next chips,
with fast frame rates for the money. However,
the lack of hardware ray tracing puts them at
a disadvantage compared with Nvidia's
pricier RTX GPUs, making the latter the
natural choice if you want to play games with
realistic lighting, shadows and reflections.



USE YOURPCTO RESEARCH COVID-19

Jointhe Custom PC Folding@home team 35947

Here's a great chance for you P (VIR L Fﬂiai g YSREN o | We'd like to heartily thank some of
to use the processing power n, oy e “ﬂ _ ma .| thededicated folders who have kept
of your gaming PC for medical B ' v @ 0 l  theteam going in the meantime, such

research. The Folding@home
distributed computing project
has started processing work
units specifically for COVID-18
research, so now is a great time
to put your PC’s spare CPU and
GPU clock cycles to work,

You can download the client
from foldingathome.org/
start-folding. If you then select
‘Any disease’ inthe 'l support
research fighting' pulldown
menu, Folding@home will send
you COVID-19 work units (among other research bits and pieces) for
your PC to crunch.

“We're simulating the dynamics of COVID-19 proteins to hunt
for new therapeutic opportunities,’ said Professor Greg Bowman,
leader of the Folding@home projectin a recent blog post (custompc.
co.uk/StanfordCOVID19 ). 'Viruses also have proteins that they
use to suppress ourimmune systems and reproduce themselves.
To help tackle coronavirus, we want to understand how these viral
proteins work and how we can design therapeutics to stop them.’

Folding@home uses the spare processing cycles from your PC's
CPU and graphics cards for medical research, digitally simulating the
incredibly complex science of protein folding.

We started the Custom PC folding team back in 2004, and we're
currently number 12 on the world leaderboard. However, interest
inthe team dried up a couple of years ago, possibly because of the
popularity of cryptocurrency mining.

What's that?
Winner bequietr

. asShirty, Doclonz, PC_Rich, Slavcho,

BeezaBob and many others. We may

= well bring back our dedicated Folding@

8 home pagein the coming months, as
our team can potentially really help with
this research - let's kick the Custom PC

©  Folding@home engine back into action.

You just need to download the client
and use the Custom PC team's 1D
number of 35947, although feel free
to fold for any other team if yvou want
as well. The most important thing, of
course, is that the work units are getting
crunched, rather than competition between teams.

Youmay well have a bit of a wait for work units, so please be
patient. Thanks largely to the PCMR team (number 225605 ), which
has heavily promoted the project on Reddit and social media, and
picked up plenty of momentum, loads of people have signed up to
Folding@home recently, whichis great news, although Folding@
home has struggled to distribute worl units to everyone quickly.

‘We've had such an enthusiastic response to our COVID-19 work
that yvou will see some intermittent downtime as we sprint to set up
more simulations,' says Bowman. 'Please be patient withus! There's
a lot of valuable science to be done, and we're getting it running as
quickly aswe can.’

Download foldingathome.org/start-folding
Custom PC'steam 35947
Maore info on the COVID-19 research custompc.co.uk/StanfordCOVID19

KOLINKLAUNCHES £50 RGB CHASSIS

If vou fancy some RGE case bling, but think vou can't afford, it Kolink's
new £50 RGB chassis might be the answer, Coming in at ESOinc VAT,

the kolink Balance has a digitally addressable RGE LED strip down

We'renot running a 'What's that ¥ competition
this month, but the winner fromour
lssue 199 competition was Stuart

Henshaw, who correctly identified

the ADATA Spectrix D60G
memory fromp57. Congratulations
Stuart, we'llbe intouch shortly to
getyourbe quiet Dark Base Pro There

900 case sentonits way to you!

the front, which can be controlled by a switch on the |/0 panel, or via
yvour motherboard's RGB header.

The preinstalled 120mm exhaust fan also sports digitally
addressable RGE lighting, which can be seen through the tempered
glass side panel. Meanwhile, there's room for CPU coolers upto
162mmtall, and graphics cards up to 370mm wide, with avertical
rmount for the latter, although it requires an optional PCI-E riser.
venroom for a 360mmys280mm radiator in the front, and
you geta PSU shroud too. The Kolink Balance is available to order

from overclockers.co.uk now.




Letters

Please Send US your feedback and corresmondence to
letters@custompcmag.org.uk

Refreshing!

Any chance you could run a feature
test on monitor refresh rates, to find
a sweet spot between resolution
andrefreshrate? 4K is still {tomy
knowledge) locked to 60Hz,soI'm
looking at changing my monitor
for alower resolution but higher
refreshrate, and thisfeature test
would be invaluable tome
STEWART AYERS

Ben:Most 4K monitors areindeed
locked at 60Hz - you can get 144Hz
fromamonitor such as Asus brilliant
ROG Swift PG27UQ, but it costs the best
part of two grand, and even the cheapest
models comein at around £300. We'll
look into doing atest on refreshratesin
the future, butin the meantime, check
out our monitor Labs on pS2, which
features 2,560 %1440 and 1,920 x1,080
displanys with 144Hz+ refresh rates.

Is AMD moving too fast?
It's beengreat to see AMD

getting back on its feet.It's been
developing astonishing hardware
at a rate with which the industry
and buying publiccan'tkeepup
and, it would appear, the software

When's the nextissue out?

Issue 202

on sale on Thursday, 7May

Asus’ ROG Swift
PG27UQ can run
at 4K with a144Hz
refreshrate

AMDhasissued

BIOS updatesfor
RadeonRX 5600
XT cardsto boost

clock speeds

developers can’t keep up either!
AMD Adrenalin is causing serious
issues for some users,and I'm
one of them, with my monitor
dropping out, and getting blank
screens at boot or after a few
hours of use.Using aRyzen7
3700X on an X570 motherboard,
Icertainly expected noissues
when upgrading to an AMD GFPU
(a Sapphire Radeon RX 5600 XT)
from my RX 480 -1 was wrong!
Thenthere's the chaos
surrounding the Radeon RX 5600
BIOS update. Shifting hardware
without giving enough time
to ensure the software is fit for
purposeis only losing AMD
credibility,and it will result in
returns and switching back tothe
competition. There’s great potential
inthe market now, with AMD
producing quality hardware again.
However, I'll be very guarded before
purchasing shiny new hardware
from AMD in the future.

DAVE GWYTHER

Ben: Thanks for all the info, Dave - it's
always really good to hear aboutusers’
experiences in the big wide world. There
have certainly been some teething
problems withthe Radeon RX 5600

XT - evenwhenwe had our pre-release
sample, AMDreleased anew BIOS
updatetoincrease the clock speeds
before it was launched, and we then had
todo all our tests again.

Therewere also aload of issues
whenthe 1st-genRyzen products
launched a couple of years ago, butI'm
very glad to see that these have been
ironed out with future generations. I'm
hoping the same will also be true for
future RDMA products. If anyone else
reading this has been having problems
with their GPU, we'dbe very interested
to hear from you.

Silicon heaven

Ihadtolaugh at your referencetoa
certain TV show in the Ausein Smart
Bulb review."When your big mining
shipneedstogotoRed Alert..'Does
this bulb also do a brown colour for
the Brown Alert? Also, Greenwith
NVMe'-your magazine is full of
hidden gems.

I'mplanning on building a new
system and Iwas doing some
research through your magazine. My
missus is moaning at me that 've not
chosenanew PCyet, but Iwonder
how many possible combinations of
PC components exist! I'mstill stuck
with the usual AMD vs Intel battle,
but a GeForce RTX 2080 Superwill
definitely beinit.

JAMIE‘BOYS FROM THE DWARF

Ben: Glad the puns are hitting the spot
Jamie! It's only arnatter of time before
Better than Life comes to VR, surely?
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SOCKET TRX4 CPU

AMD THREADRIPPER
3990>< / £3,530 incvar

SUPPLIER box.co.uk

et'sbe honest, AMD's 64-core Threadripper
. 3990 is so far outside the envelope for

mostofusthatit's adesktop CPUInname
only. The highmotherboard cost, eye-watering CPU price

/ PROCESSORS

and sheer number of cores mean this monster CPUis notonly

outof reach formost of people, but completely unneeded too.
We already began to see the limits of standard Windows-

based desktop PCs with AMD’s Threadripper 3970X,

with diminishing returns in many benchmarks that simply

can't scale to use so many cores. Throwing a 64-core

SPEC

Base frequency
2.9GHz

Max boost frequency
4.3GHz

Core
Zenld

Manufacturing process
nm

Mumber of cores
64 x physical (128 threads)

IGP
MNone

Simultaneous Multithreading (SMT)
Yes

Cache
256MEL3, 32MB L2

Memory controller
Quad-channel DDR4, upto
3200MHz)

Packaging
AMD Socket TRX4

Thermal design power (TDP)

Precision Boost 2, Precision Boost
Cverdrive, FMAZ, F1I6C, SHA, BMI /
BMIN+ BMIZ, AVX2 AVX, AES, SSE4da,
SSE4,555E3,55E3, S5E2, 55E

beast at themisn'tlikely toimprove the
situation, so while the Threadripper
3990X is undoubtedly a monster CPU, it's
still a niche product that needs the right
conditions to show its true potential.

Its specs certainly pack a punch, though,
withamonumental 256MEB L3 cache and
32MB L2 cache, thanks to all four Core Chiplet
Dies and their comesponding eight Core
Complexes being enabled. Despite this, AMD
maintains the same 280W TDP as the other
two 3rd-gen Threadripper CPUSs, thanksto
lower boost frequencies,

Indeed, we observed an all-core boost
of 3.25GHzin Cinebench R20"s multi-
threaded test with our 240mm all-in-one
liquid cooler, but the 32-core Threadripper
3970X regularly hit 3.9CGHz. As such, unless
all those cores are fully utilised, the cheaper
Threadrippers may end up being fasterin
some lighter-threaded tests. The single-
core boostis also 200MHz lower than the
Threadripper 3950 X, and our experience
with Precision Boost Overdrive and manual
overclocking Zen 2 CPUs is that it's unlikely
you'll attain a higher peak boost than that.

Performance
At stock speed, ourusual benchmarks failed
torespondto the extra cores, whichisto
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be expected, There was little difference in our mostly single-
threaded GIMPimage editing test between the 3990x and

the 3970, although bath chips still outperformed Intel's Core
i9-10980XE here. The result from ourmulti- threaded video
encoding testwas disappointing, but again, thisis down to
HandBrake simply notutilising thismary cares. Infact, even
Intel's 18-core CPUs represent poorvalue here, even if they
showy alittle scaling, The system scoreinthe end was similarto
other 3rd-gen Threadripper CPUSs, sothe 3990X won't give you
much more performance ingeneralmainstream use, if any,

We then used two versions of Blender in our testing, asthe
latest version better supports high core-count CPUs. Inversion
2.79,the 3990 X was only acouple of seconds quicker than
the 3970X, butinthe newerversion, it was 37 per cent faster,
showing muchbetter scaling. Cinebench R20 also saw a
sizeable improverment, with 3870X's 17,303 scare eclipsed by
the 3990X's 24,16,

Overclocking quickly results in a power supply-battering,
cooler-melting exercise, but ultimately our goal was to
improve that all-core boost frequency from 3.25GHz. Qur
powerful EKWB Phoenix liquid cooler certainly helped,
as it meant that applying PBO and maximum automatic
overclocking settings in Ryzen Master saw the CPU hit
3.9GHz across all cores under load.

This saw the power draw rocket to 845W, but the Cinebench
score rose to amassive 28,432 and the Blender 2.82 result fell
from 31seconds tojust 24 seconds (although performance
massively droppedinHandbrake). The CPUregulary topped
80°C atthese settings, though, so you'llneed monstrous
cooling forlong load periods.
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GIMP IMAGE EDITING

AMD Threxdripper 2950

sS4

AMD Tiveadnipper 3970% 61,938 62,291

AMD Threadripper 2090WX 45,403 | 46,879
Intel Core 19-WISRONE 4,01 [ 60,920

HAMDERAKE H.264 VIDEOQ ENCODING

e Faea

AMD Threadnipper 2970 1,084,559 I 125,21
AMD Threadripper 2000WX B71,747] 684,720

It Core 18- W BOXE sas,376 [ 1.025,842

HEAVY MULTI-TASKING

A T 3. — 277,590
AMD Trreadripper 3970X gl
AMD Thre sdripper 20000 209,153 [ 237,257
Intel Core 19-10SBOXE w2027 [ w2767
SYSTEM SCORE
A T ead e 30 O | —— 272252
AMD Theeadnipper 3570 368,714 | 381,705
AMD Thee adripper 2000WX 237,725 249,365
Ire] Core 18- WIREOXE 278,064 | 320,888
Sock speed [ Overciocked
FARCRY S
1920 x LOB0, Uira setegs
AMD Threadripper I000X 8ffps  Tdips
azips [ 040
AMD Threadripper 397X s0ps| iSips
anpi- Tigips.
AMD Theeadriaper 2990WNX ips 1306
Ta6ps LT
Itel Core 19 109E0XE 83fps. | Thakps
soips [ 130
Stock speed $5th per centile || Stock speed avy
Cwverciocked 59 parcentile [l Overclocked avg
BELENDER 2.79 (SECONDS)
AMD Theeadnpper 3990% w|n
AMD Threadrigper 3570 22 23
AMD Threatipger 2990WX 2a [ 32
Intel Core 8- 109BOXE 20 =8
Lower i better
BLENDER 2.82 (SECONDS)
AMD Theeadripper 3090X 2400
AMD Theeadripper 3670X a7 4
Lower i5 bathor
Slock speed I Crvevelocked

CINEBENCH R20 S5INGLE-THREADED

AMD Threadripper I590X ﬁ
AMD Threadripper 370X e
AMD Threa s 209 0W X | —— 110
Intel Core 10-10980XE 454 [ an4
CINEBENCH R20 MULTI-THREADED
4D Theeadrpper 3900 2ame | 1432
AMD Threadripper 3670X 17303 ] 18,468
AMD Threadripper 2090WX n251] 13,883
intet Core9-10080xe | 8,742 [ 0,658
Siock speed I Overclocked
TOTAL SYSTEM POWER CONSUMPTION
Ide
AMD Thresdripper 3990 'EE‘HI 12EW
AMD Teeadrpper 3970x | 140w [l 222w
AMD Thrgadr pper 2090 X 'Iml 156W
M Ryzon 939500 104w now
Intel Core 1§ 0080%E | 120w I 166w
Liad
AMD Threadripper 3950 HEH_ B4SW
AMD Trreadnipper 3970% astw [ srsw
AMD Threadri poer 2090WX arw I s23w
MO Ryzen 939508 242w ] 340w
Intel Core 19 10IBOXE aewl | sesw

While the Threadripper 3960X makes for acompelling,
super-powerful all-rounder, the Threadripper 3990X is more
of aniche product for specific workloads. It's superbwhere
all those cores and threads are fully utilised, tearing up the
already powerful Threadripper 3970X and offering nearty
double the performance once overclocked.

However, much cheaper CPUs are fasterinmost
mainstream software, evenwhenit's multi-threaded.

Despiteits braggingrights potential, the 3990X is therefore
nota CPU we should aspire to own. A Threadripper 3960 X will
be muchmore fitting for ahardcore gamer thathits content
creation applications just as hard. For those with the budget
and applications hungry for this amount of CPU horsepower,
though, the Threadripper 3990X is undoubtedly the ultimate
multi-threaded desktop CPU.

-----------------------------------------------------------

VERDICT
Devastatingly powerful, but only in the right applications.

................................
--------------------------------

...................
|||||||||||||||||||

WORKSTATION

4 Most powerful
ever desktop CPU

4+ Huge
multi-threaded
perfarmance

4 Stillfastinmost
other apps

BUS STATION

= Only select
software uses
extracores

= High temps and
power draw when
overclocked

= Low peak boost

PERFORMANCE

4850

FEATURES

15/15

19/35

OVERALL SCORE



ALL-IN-ONE LIQUID CPU COOLER

NZXT KRAKEN X33 /£120 wevr

SUPPLIER

GIANT SQUID
Good cooling
Easyinstallation

- Software
pump control

PRAWN

= MNofanspeed
software contral

= Somecheaper
coolers perform
better

= Barelyimproves
over predecessor

SPEC

Compatibility Intel: LGA2011/v3,
LGA2066, LGATISX; AMD: Socket AM4,
TRA/X, AM3/+, AM2/+ FM2/+ FM1

Radiator size with fans (mm) 123 x 275

X55(WxDxH

Fans 2 x120mm

Stated noise 21-36dBA

e'revery familiarwith NZXT's Asetek-based AID
. liquid coolers these days, as there have been

several generations of successful products,
which have often picked up CPC awards in spite of stiff
competition from the likes of ARCTIC and Corsair. The
company's Kraken coolers haven't received anupdate fora
number of years, but it's now released several new coolers,
including the X53 we're looking at here.

The Kraken X53is the successor ta the X52, andit uses
a240mm half-height radiator, so it sits at the bottom of
the new stack, with 280mm and 360mm models above it.
NZXThas apparently introduced its 7th-generation pump
with it, although it has very similar credentials to the one
used onthe older cooler, with aspeed of up to 2,800rpm.,
However, the Kraken X53's pump can apparently spin
down to 800rpm, which is half the speed of the old cooler.

The twounits use identical NZXT Aer P120 fans, which
spin between 500mpmand 2,000mpm, dishing out a
claimed noise of 21-36dBA. However, the X53 lacks
software fan control. As such, while the pump hooks up to
your PCusing a USE cable via a spare USB 2 header, and
can be controlled using NZXT's CAM software, the fans will
need to be hooked up to your motherboard.

Wewere alittle disappointednot to see a fan splitter cable
to rmake cable tidying easier as well
That's ashame, asitwas previously
passibletohave the fans respond tothe
coolant temperature, rather thanthe
CPUtemperature, which canresultina
farquieter, but noless effective coaling
systerm. It's still useful to be able to control
the pump, though, asitbecomes audible
at full speed, and dropping this speed

didn't have muchimpact ontemperatures,

Other new bits include a 10 per centbigger RGE LED
ring on the waterblock unit, which still includes the Kraken
#52's holographic infinity ring design. This still looks great,
butit ultimately isn't much of animprovement compared
withits predecessor, with precious few new features, The
same can be said for a lot of new coolers from various
manufacturers though,

However, the whole top can now also rotate, soyoudon't
need toworry about trying to orientate the NZXT logo when
you installit, as you can now do that afterwards. The tubing
and barbs are identical too, with the latter still freely rotating,
s0you can orientate the tubing to suit your radiator position.

The radiator itself has the usual half-height design, and it
rmeasures 30mm thick and 275mm long, so it shouldfitinto
any area that claims to offer space for a 2Z40mmradiator. The
400mm tube length should also allow forinstallation of the
radiator in the roof orfront of your case in all but the biggest
chassis. Installation will feel very familiar to anyone that's




iitii TEMPERATURE RESULTS

AMD SOCKET AM4 DELTAT
MZXT Kraken %53 |} - B
ARCTIC Liquid Freezer 0 240 [ - B
Corsar 4500 [ L
INTEL LGAMSTDELTAT
NEZXT Kraken %53 [} <«
ARCTIC Ligued Freezer B 240 E :-'53"|:
Corsair AS00 f: ) :-56'!3
INTEL LGA2066 DELTA T
NEXT Kraken %53 ] -~ Egd
ARCTIC Liguid Freezer B 240 [ _ SB°C
Corsair ASO0 E _ sFC

used an Asetek-made cooler from the likes of Corsair or
MNZXT before, with theincluded plates securing to the pump
section to allow mounting to Intel LGA2066 and LGATISx
sockets, aswell as AMD's Socket AM4,

However, you'llneed to fish around in your Threadripper
CPU's box for the adaptor AMD includes for Socket TR4 and
TRX4 motherboards, All the mounts, except Socket AM4,
use four-point mounting mechanisms and thumbscrews,
while the AM4 mount relies on two clips in conjunction with
the stock mounting mechanism on AM4 motherboards.
Thermal pasteis, as usual, pre-applied, so be extra careful
notto dislodgeit, as there's no spare paste in the box, Of
course, this also means you'llneed toinvest in some paste
if youupgrade your CPU,

Meanwhile, the accessory box includes enough fan
screws to install a second row of fans, enabling you to boost
cooling in a future upgrade. There are also smaller screws
to mount the radiator directly to your case, which you’ll likely
want to doif youmountit inthe roof,

Finally, we come to the cables. The pump is powered by
a SATA cable, which also doubles as an RGEB cable, allowing
vou to connect other NZXT HUE RGB products. Meanwhile,
amicro-USE cable connects the pumpto a USE 2 header on
your motherboard,

Performance

We only have a slimnumber of cooling results since we
updated ourtest systems, but overall, the Kraken X53
performed slightly below the ARCTIC Liquid Freezer Il 240,
sittinga degree or two behinditin all three of our systems. The
biggest gap was in our LCANS] system, with 3°C separating
the two. Inbwo tests, even the cheaper Corsair ASDQ air cooler
managed to pip the X53 to the post, albeit with far higher
nolse levels. The ARCTIC Liguid Freezer | 240 was alittle
louder at full speedton, and alsoincludes a small VRM cooling
fan, butin general, the Kraken X53's performance sits roughly
where we'd expect, given the fan speed and radiatar size.

Conclusion

The Kraken X53is a fine CPU cooler, but nothing really
leaps out to make you want to buy it over the competition,
The removal of software fan control definitely loses it
brownie points too. If you're forced to use software rather
than your motherboard's EFIto control the pump, then why
nottie infan control here too? It seems counterproductive
to use two different pieces of software to control different
parts of the same cooler, although

admittedly you'll probably only need AM4

to setitup once. COOLING
With a price tag of well over £120, 33 i 40
you'dexpectfan control as partof the e
package, especially whenthe ARCTIC FEATURES
Liquid Freezer 1 240 outstripsitinterms 16 320
of performance, if notinaesthetics,. AT
However, we can't argue with the solid DESIGN

performance, snazzy, expandable RGB
lighting and ease of installation. The
ability tofine-tunethe pump speedfrom
the comfortof Windows is aboontoo.
It'sjustashameNZXT didn't link more
control features toits software.

ANTONY LEATHER

17/20

VERDICT

A decent cooler, but not much of an
upgrade over the X52, and it misses
out on software fan control.

LGAT15x
COOLING

3 2 /40

16/20

17/20

FITTING

Easy

OVERALL SCORE

80

LGA2066
COOLING

33/40

FEATURES

16/20

17/20

FITTING

OVERALL SCORE




MINI-ITX CASE

FRACTAL DESIGN
ERA T X/ €139 wevar

SUPPLIER s

heEralTXistheproductof N
. Fractal Design collaborating
with Intel to create a new mini-

ITX case, and it demands a serious

premium at £139 inc VAT, This does

make it noticeably more affordable than

MNZXT'sHl{see p24) butthatcase alsa

includes an SFX PSU and a 140mm

liquid-cooling systermn as standard.

Sowhat's so spedial aboutthe Era

ITX? For starters. it's availablein some

very stylish colours, including options for

top panels withwoodfinishes, Ourblack

sample looks quite plain by comparison,

Externally, there are very feww vents, and

there are also no termpered glass side

panels or RGBlighting.

SPEC Thisis avery minimalist
Dimensions (mm) case, atleast fromthe outside.
166 x 325 x 310 (W x DxH) The roof sports alarge vent where you two 140mm fan mounts, but the latter can only be occupied
Matedal caninterchange amesh panel witha if you're using a single-slot PCI-E device.
Steel, tempered glass tempered glass one thatlooks more There's definitely scope for added ventilation here, andif
Available colours attractive, butdeoing sowillreduce airflowr.  we were making changes, we'd start by adding vents to the
Black, blue, gold, sitver, grey The chassis, which stands 310mm base of the case. Meanwhile, the side panels pop off withno
Weight tall, 325mm deep and 166mm wide, is screws required, and they offer small diagonal vents, butin
kg far from being a boring cuboid, though, general, air has a far harder time here than with NZXT's H1,
Front panel with its curved aluminium panels no which s riddled with vents.

Power. 2xUSB 3, 1xUSB
31Type-C, audiojack
Drive bays

2x3.5Inor 4 x 2.5in (SFX PSUs) or
1% 3.5in, 2 x 2.5in (ATX PSUs)

Form factor(s)

Mini-ITX

Cooling

2 x 120mm roof fan mounts (fans

not included), 2 % 120/140 base fan
rmounts (fans notincluded), 1x 80mm
rear fanmount (fan incuded)

CPU cooler clearance
120mim (70rmm with storage mount)

Maximum graphics card length
295mm (210mm 19 0mm with
low-mounted SEX/ATX PSU)

doubt contributing to the cost. You

get apair of USB 3 ports on the front
panel, plus a Type-C portthatrequires
afull-fat Type-C header towork, You'll
need a fairly recent, feature-loaded
motherboard if yvou want to take
advantage of it.

The base of the case wouldbe a
great place for an extra vent, especially
as the GPU sits face-down here,
However, Fractal Design has instead
included vents down the sides of the
base, which won't be as effective.
That's a shame, as the roof sports two
120mm fan mounts and the base offers

Inside, we can't argue with Fractal Design's use of space,
though, which has beenwell used down to every square
inch. Both SFX and ATX PSUs are supported, with adjustable
rmounts for both sizes, which allow you to slide the PSU up and
down to make way for cables, fans and radiators in the roof.

If wou use a modular SFX PSU and a graphics card up
to 295mm wide, there's 67mm clearance in the roof, soa
30mm-thick 240mm radiator, or a pair of 120mm radiators
and one row of fans (or two rows of half-height fans) are
definite possibilities here, Space is limited if you want to fit a
full customwater-cooling loop, unless youuse a CPU or GPU
waterblock with an integrated pump, but all-in-one liquid
coolers are definitely on the cards.

Another limitationis the CPU cooler height of 120mm, which
rules out tower heatsinks, but does offer space for reasonably



chunky low-profile heatsinks. However, if vou use the optional
large plate that sits overthe motherboard, and offers ahome
toeithertwo 2 5in 5505 or a single 3.5inhard disk, that will see
the CPU cooler height reduced to 70mm.

Thankfully, a second storage rount sits infront of the PSU
bracket and offers anidentical amay of options. In short, there's
space forahard disk or 2.5in SSD without compromising
onthe Era|ITX's liquid-cooling credentials, but you'llneed to
decide early onif you'll be cooling your CPU with liquid or air,
as your choice will dictate your storage options, especially if
youneed to maximise either factor. Thankfully, coolingisn't
left entirely to chance out of the box, as Fractal Design does
include a single 80mm exhaustfan, whichmeans the case
willbe cool enough with alow-end PCinsideit,

Performance

With the meshroof ventinstalled, the best cooling setup

available saw a CPU delta T of 57°C, whichwas enough to

see off the fanless mini-1TX cases from our recent group

test, suich as the Lian LiPC-Q37WX and Raijintek Ophion. The

supplied 80mmm fanwas surprisingly quiet too, atthough

the SilverStone LDO3 offered noticeably better CPU cooling,

shaving 3°C off this temperature. When we added the tempered

glass panel, the EralTX's CPU delta T rose to 60°C. Thisisn'ta

disaster, soif you prefer the aesthetics of the glass panel, which

is undeniably attractive, you won't be cooking your hardware.
The GPU delta T was 60°C and this figure only rose by 1°C

with the glass panelinstalled. That's notin the danger zone,

but there are some significantly better results here too, with

the SilverStone LDO3 shaving a massive 10°C off this result

Phanteks Enthoo Evoly Shift Air [

CPUDELTAT
Fractal Design Era ITX [
Lian LiPC-Q37wx [
Metallic Gear Meo Mini r
Rajjintek Ophion I8
SlverStone LDO3 [_
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GPUDELTAT

Fractal Design Era ITX E__
Lian LiPC-Q37wx 8

Phanteks Enthoo Evoly Shift Air L
Raijintek Ophion L_
SiverStone LDO3 [ i

and the Phanteks Shift Air knocking 11C off it It's clear that our
initial concemns about the lack of ventilation for CPUs inthe
base were onthe money.

Conclusion

With a pair of 120mm all-in-one liquid cooler mounts, or space
for asingle 240mmradiator, Fractal Designhas created a tiny
case that's up to the task of cooling all but the most powerful
mainstream desktop CPUs - even AMD's Ryzen 9 3950
should be tameable with a suitably powerful AlOliquid cooler.
You have to deal with lots of screws and brackets, but the end
result is avery flexible chassis with an above-average amount
of storage and cooling options forits size,

The only downside is GPU cooling, thanks to the lack of
lower ventilation, but this situation could also be improved
by using a high-performance open-air GPU cooler, rather
thanthe blower-style fan on our test card. The case s also
ablank cooling canvas out of the box, with just a tiny 80mm
fanincluded as standard. If anything, the main selling points
of the EraITX areits design and available colours, It's unigue,
attractive and very compact, so while it might not gettop
marks for cooling, it's still well worth considering if you want
tobuild an eye-catching mini PC,

ANTONY LEATHER

VERDICT
A good-looking, flexible and tiny case, but the lack of
ventilation means GPU cooling is poor.

Metallic Gear Meo Mini L _- 53'C

GOLDENERA

4+ Roomfor
240mmiradiators

4+ ATX andSFX
PSU support

4+ Flexible chassis

DARK AGES
= PoorGPU cooling

= Storage mounts
Lirnit cooling
flexibility

= Expensive

COOLING

23/30

FEATURES

16/20

27530

OVERALL SCORE

81



ATX CASE

LIAN LILANCOOL|
/ £83 incvar

here haven't been many sub-£100 PC
. cases that have wowed us asmuch as

Lian Li's Lancool One recently. It offered
good cooling, plenty of features, RGE lighting,
decent water-cooling support and a unique, head-
turning design. Lian Lihas recently steppedupto
claimthe sub-£100 case crown again, though,
with an updated version of the case, not
surprisingly called the Lancool |l What's more, it
offers evenmore features thanits predecessor
andwill still leave youwith change from £90.

Youget alot of case for your cash here, Let's

start with the exterior, which includes hinged
termpered glass side panels on both sides that

require no tools to use. Below these, again on each
side, you'll find panels that flip down, providing access

SPEC

Dimensions (mm)
220x478x 494 (W xDxH)

Material
Steel, plastic, glass

Available colours
Black, white

Weight

13kg

Front panel

Power, reset2 x USB 3, 1x USB 3.1Type-C
(optional), audio, RGB lighting controls
Drive bays

3x2.5/3.5in,4x2.5in

Form factor(s)
E-ATX, ATX, Micro-ATX

Cooling

3 x 120mm./2 x 140mm front fan mounts {1
% fan included), 1x 120mm rear fan mount
(fanincluded), 2 x 120mm/ 14 0mm roof fan
mounts (1 x fanincluded), 2 x 120mm base
fan mounts, (fans notincluded)

CPU cooler clearance
176mm

Maximum graphics card length
384mm

to storage bays and the PSL
area, covering up any potential
cable spaghetti,

Unlike the original case, the Lancool
Il also sports two large mesh grilles
on the front to boost cooling, although
they're still fairly dainty compared
with a full mesh panel, sowe don't
expect cooling to be improved much
comparedwith the Lancool One.
However, we love the way Lian Li
has added RGE lighting to these
mesh areas. The lighting is vivid yet
tasteful, and theintegrated RGB
lighting controller enables you to cycle
through various colour and effect
modes, while a separate connector
means youcan also connect the
lighting strips to your motherboard
for control.

The front panel detaches too,
providing access to the fan mounts
beneath it, and we were amazed to
see aslot-together RGE port forthe

lighting here too, whichreconnects itself when you reinstall
the panel. The vents do have removable dust filkers, but you'll
needto pop the front panel off to access them.

Meanwhile, the front panel sports two USEB 3 ports, a
4-pole audio jack, plus power and reset buttons, and two
more buttons to control the lighting. There's a USB Type-C
port opening here too, but no port, with the module available
separately, There are several other optional components
too, such as a 3-way hot-swap SATA connector for the trio of
3.5intool-free mounts in the base, although these can still be
used asnormal with SATA cables. Lian Li also offers avertical
GPU mounting kit thatincludes a replacement rear panel
plus an anti-sag mount for the GPU.

Flipping openthe far side panel reveals alarge cable-
tidying system, whichincludes numerous large plates that
do afantastic job of hiding cables, whichis just as well, as the
glass side panel gives a clear view of any mess. Inside the
front panel, Lian Liincludes a reversible fan bracket that can
move forwards to provide more radiator clearance, although
there's already room for 45mm-thick radiators in the front, in
either 360mmor 280mm sizes.

The roof can play host to a 240mm radiator as well, and as
this mount is offset, it can be a 45mm-thick madel too - you
could possibly install a larger radiator here too, depending
onyour choice of waterblock and fittings. There are three
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120mm fans included as standard in the front, rear and roof
of the case, although we'd move the roof fan to the front of

the case to promote positive air pressure, and to direct air at
the CPU area.

Behind the motherboard tray, you'll also find two 2.5in
SSD mounts, and a further pair of these mounts are sneakily
hidden behind the far-side flip-down panel. There are three
3.5inhard disk mounts in a removeable cagein the base of
the case as well, and these can also double as S50 mounts,
As we mentioned earlier, these mounts can be upgraded
with a hot-swap device too. If you plan on air-cooling your
PC, then there's an ample 176rmm CPU cooler clearance,
largely brought about by the fact the case is quite wide for
its height. It stands 49cm tall, and measures 23cm wide.

Building a PCin the case posed no problems, and the
motherboard tray sports plenty of cable-routing holes, as

well as alarge cable cover to hide any fan or power cables
you decide to route throughit. The roof and base also include
dustfilters tokeep the interior clean as well,

Performance

The Lancool Il's CPU delta T of 57°Cis reasonable, butitwas
still a couple of degrees warmer than the original case's
54°C. The case performed similarty to the CorsairiCUE 465X
RGE, butmuch better than the Lian Li Alpha 550X, which

topped 60°C. The GPU delta T of 55°C was more competitive,

rmatching the Fractal Design Define 52 and NZXT HS00, but
the Lancool One was a little cooler again. Thankfully, the fans
were exceptionally quiet. Qverall, the Lancool llis a capable
and quiet case right out of the box.

Conclusion

With reasonable cooling, alow price, lots of features and a
striking, tasteful RGB-equipped design, the Lancool llis a hit.
It stillincludes most modern features, it has decent water-
cooling support and it has more hard disk mounts than
many of its peers. We also like the flexibility; if water cooling
is your priority, you canremowve the hard disk cage.

If air cooling is your game then you can swap other
aspects about, and the addition of a full cable-hiding array
of plates behind the motherboard tray means it's blissfully
easy to make a great-looking PC too, as youcan seegin
our feature on p76. The Lancool II's cable-tidying features,
distinctive appearance and great design makes it one of the
best sub-£100 cases available,

ANTOMNY LEATHER

VERDICT
A brilliant successor to the popular Lancool One, with
practically no drawbacks other than middling cooling.

COOLDUDE

+ Plenty of features

4 Afttractive RGB
lighting

+ Decentwater-
cooling support

EMBARRASSING
DAD

= Coolingisn't
chart-topping

= MNoUSBType-C
asstandard

= Negative air
pressure by
default

COOLING
25/30

16/20

26/30




MINI-ITX CASE

e | T e

SUPPLIER scar

henit comes to PC cases, NZXT usually comes
. fairly close to nailing it, but for alengthy period,
the company completely lacked amini-ITX case,
It had small form factor designs years ago, such as the
Rogue case, but until the H200 landed much more recently,
it's been amaostly ATX-sized affair. We've since seen plenty
of very interesting mini-1TX case designs, many of which
have a skyscraper tower design, with tiny footprints, but
enough height to rival some ATX cases, However, eventhe
likes of the Phanteks Shift can’t compete with NZXT's H1.
For starters, the case is tiny, making the already dinky
Phanteks Shift look decidedly overweight by comparison,
It stands less than 40cmtall, and its square footprint sits
at187mmonall sides, yet it has the ability to house pretty
much any mini=ITX PC you can throw atit.
The price tagis also eye-watering, but there's a good
reasonwhy this case costs over twice as much as Fractal

Design's already expensive EralTX (seep20), MZXT to openthe case, Meanwhile, the roof offers a pairof USBE 3
includes a 650W SFX-L 80 Plus Gold PSU with the HY, ports, 4-pole audio port and a Type-C port, which requires a
aswell as abasic 140mm AIO liquid full-fat Type-C USE 3.1header onyour motherboard to work,
SPEC cooler and a PCI-Eriser cable. So Internally, the H1is extremely compact. Large parts of
Dimensions (mm) really, that £300 price tag gets you the case can be dismantled, thanks to its extensive screw-
187 %187 x 305 (W x Dx H) around £E180 worth of extrahardware  together construction, and there's next to no CPU cooler
Material ontop of the case, whichyoumaywell  height clearance either, soit's clear that NZXT has designed
S LR need to buy for a new build anyway. the interior around the supplied liquid-cooling system.
?.E:Ebwﬁﬁ“m The exterioris perhaps alittle Xbox This also means that you're barely able to see your
st Series X-like, but with a very different  hardware either, although if you have an Nvidia RTX
Weight . o . .
6.53kg cooling arrangement. Three of the Founders Edition graphics card, or another card with an
Frontpanel four sides sportmesh vents, soairflow  illuminatedlogo on the side, you can see thislogo through
Power, 2 x USB 3, 1x USE shouldn't be a problem, with the third the tempered glass panel. Incredibly, you caneven fit
3.1Type-C, audiojack side using tempered glass, so you 305mm-long dual-slot graphics cards inthe H1, with their
g:‘;‘;’;:” can see theinterior, Alarge U-shaped  ports sitting at the bottom of the case and fans pointing
e section sits over the top of the case towards the vented side panel. This should meanthat even
Mini-ITX and makes up two of the vented side high-end GPUs can be cooled adequately.
Cooling ' B panels, which both act as intake areas Thermal pasteis pre-applied to the 140mm AIO liquid
1x 140mm AIO liquid cooler as standard, and are suitably equipped  cooler's pump section, soyou just need tofitit to your
Extras kit FE with large dust filters. motherboard and connect the usual cables and you're nearly
65S0W NZXTSFX-LPSU The otherside panels popintoplace  readyto go. The cables include a4-pin fan cable that powers
Maximum graphics card length and anchor the larger section too. In the purnp and fans, plus the power cables that NZXT has
305mm 3 ; PR
short, there are no screws required already neatly laid out and cable-tied inside the case.,
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The radiator pops out from the case to let you install
your components more easily and, despite the tight
canfines, working with this caseis remarkably simple.
However, we weren't able to use our usual Corsair
Vengeance RGB Pro memory modules, as there's a
memaory height limit of 45mm, soyou'll need to check
your memaonry height too.

Another limitationis the lack of 3.5in hard disk support.

There's only room for 2.5in 550s, with a pair of mountsin from any thermal throttling, with an absolute temperature Hhﬂm
abracketintheroof. Also, while the SFX-L PSUsits onits reported in Ryzen Master of 69°C, soit's clear that the b
side, with an extension cable running tothe base ofthe case  140mm cooleris quite capable. + Easyiobulld
allowing you to plug inyour kettle lead, the actual PSU power The GPU delta T of 51'Cwas also reasonable, and the
switch can't be accessed with the side panels installed. graphics card remained quiet throughout testing too. The " E;::':Tt'iw
The design is mostly very well thought-out, although same can't be said for the radiator fan, which did spinup
there's a couple of niggles. There are several areas to quite noisy levels at full speed, but there's certainly MINI
around the base of the case that could let the GPU alittle leeway there to rein in the fan speedsin your ROUNDAEBOUT
exhaust alr recirculate back up towards its fans, but this motherboard's BIOS, = Radiatorfan
is only likely to be smallissue, and one that's limited to canbe noisy
cards that exhaust most of their air outthe rear. Evenwith ~ Conclusion 2 m'g disle
open coolers, though, one side of the case is made from It might be alittle plain-looking from the outside, but the
tempered glass, so air being expelled this way needs to HT's tiny stature and well-designed interior makes it a = ?j;g;eﬂigl:r
find another way out of the case. capable chassis, even for high-end systems, as long as and PSL
you don't mind being spoon-fed a specific PSU and AIQ
liquid cooler, COOLING
The cost might seem high, but you're getting a liquid 25 o 3 U
cooler, 650W SFX PSU and a PCl-Eriserincludedtoo. it
The storage options mean you're probably limited to FEATURES
SSDs unless you want to use 2 5in hard disks, but the 13 ;.-“' 2 D
Hlis otherwise a superb home foragaming orcontent- ...
creation-focused mini PC, It has an exceptionally tiny DESIGN

Performance

As our usual test kit wouldn't fit in the H1, we had to
compromise and use a different set of gear. Mot wanting to
give the case an easy time, we opted for a Gigabyte X5701
Aorus Pro WiFi motherboard and an AMD Ryzen 9 3950,
along with an Nvidia GeForce RTX 2070 Super Founders
Edition. We configured the system to respond as it would
atdefault settings. The CPU delta T of 46°C was well away

footprint, and it also kept our hardware cool, despite alack

of dedicated case fans.
ANTONY LEATHER

27/30 |

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllll OVERALL SCORE
VERDICT
A brilliant mini-ITX chassis design, as long as you don't

need a hard drive and you're happy with the supplied
P3SU and cooler.
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PC Specialist recommends Windows == Windows 10

RECOIL 1ll PRO PULSAR ELITE

15.6" Matte Full HD Screen PC5 WRAITH RGE

Intel® Core™ i7-9750H Intel® Core™ i5-9400F

16GB Corsair 2400MHz ASUS® PRIME Z390-P

6GB GeForce GTX 1660 Ti 8GB Corsair VENGEANCE 2400MHz
1TB SEAGATE 7mm SATA 6GB GEFORCE GTX 1660

HDD (7,200)

Genuine Windows 10 Home
Genuine Windows 10 Home

This spec from

£1,189.99

This spec from

£849.99

PROTEUS MASTER PULSAR ULTRA

15.6" Matte Full HD IPS Screen CORSAIR OBSIDIAN 500D RGB
Intel® Core™ i7-9750H Intel® Core™ i9-9900K
8GB Corsair 2133MHz Gigabyte Z390 AORUS Master

6GE GeForce GTX 1660 Ti

1TB SEAGATE 7mm SATA
HDD (5,400)

Genuine Windows 10 Home

32GB Corsair VENGEANCE 3000MHz
11GB GEFORCE RTX 2080 Ti
Genuine Windows 10 Home

This spec from

£1,199.99

This spec from

£2,849.99

GET A FURTHER £15 OFF WITH

THIS EXCLUSIVE VOUCHER CODE: C Pczo 0333 011 7000

Sorme featuaes require Windows 10, Update available through Windows Store. Intermet access required; fees may apply. o o
Macrosoft, and Windows ane esther regestered trademarks or trademarks of Microsoft Corporation in the Uneted States and/or other countnes.

- ; /PCSPECIALIST @PCSPECIALIST
Prices are nchucing VAT and e comect at e tirme of pringing, bu subsect o chanoge



/ MONITORS

MSIOPTIX
M A6272 CQ R / £339 incvar

SUPPLIER«

OPTICAL
4 Creat contrast

< Superbblack point

he Optix MAG272C0OR aims to provide a great
. balance for all sorts of gaming, from single-player

titles to esports. The 27indiagonal and 2,560 x
1440 resolution are a good start, resultingin a pixel density

Displan.rimulﬂx D.iap.layl.?.drt. -

12a,2 x HDMI2b, USE Type-C
DisplayPort

Audio None

Stand adjustment Height titt

Extras 100 x 100mm VESA
mount, 2-port USE 2 hub

L S&ngg::muw of 109ppi. That's crisp and immersive without being too high
formainstream graphics cards to handle,
TRACKBALL The M5I's VA panel has a 165Hz refresh rate, and like
= NottrutyHDR the IPS monitorsinthe Labs (see p52), its adaptive sync
= Miarghostig implementation works with both AMD FreeSync and Mvidia
if overdriven G-5Sync, eliminating tearing artefacts onboth company's
= Disappointing GPUs. That refresh rateis high enough to ensure smooth,
genreoptions responsive gaminginhigh-speed esports, and the MS('s
quoted Ims response time is also excellent,

The MSI's 1500R radiusis tighter than most curved displays,
which are configured at 1800R, butthatmakes sense, because
it helps immersion on smaller displays. Meanwhile, the
DisplayPort and HOMI connections are joined by USB Type-C,
which can be used as aDisplayPortinput or device charging.

The Optix's stand also has height adjustment and canbe
tilted, although it has no swivel options. It looks good, with
slimbezels and narrow legs, and it's sturdy too. There's a
headphone hook and a slate of RGB LEDs at the rear.
Meanwhile, the on-screen display menuis fast and
straightforward to navigate, with key information always
displayed. It's only navigated with one joystick, but it works -
every key optionis accessible.

The M5l also has good core image quality. Its default
brightness measurement of 229¢d/m?is decent, and its black

pointof 0.09¢cd/m’ s stunning - deeper than
SPEC most gaming displays, and lovw enoughto give
Screen size 27in huge depth to shadowed and darker areas. The
e '2'550 :;':.1., 440 resulting contrastratio of 2,544:1is superb: better
mmm G than any IPS display and high enough to deliver
e huge punch and vibrancy. It doesn'tmatch M5SI's
Maximumrefreshrate 165Hz | 3imed 3,000:1figure, butit's still good.
Responsetimelms The delta E of 2.07is also decent, and the
Contrast30001 colour temperature of 5,989K is reasonable.
Adaptive sync FreeSync and Thatlatter figure is a little warm, which leaves
G-Sync compatible

lighter areas with a slight red pall, but it's not
hugely noticeable in games. The MSl also
displayed animpressive 99 4 per cent of the
sRGE colour gamt.

The maximumbrightness of 293cd/m?is
also reasonable, and contrast and colour
accuracy were maintainedwith the backlight
increased. The MSlis uniformtoo: its backlight

only weakened by 1 per centin the corners, whichis a good
resultfora curved gaming panel.

The Optix isn'tinfallible, of course. Its genre modes all
ruin the delta E, and the MSlisn't bright enough to handle
HOR, despite the firm's claims that it's '"HDR Ready’. We
alsonoticed atiny bit of ghosting when using aggressive
overdrive settings beyond the maximum 165Hz refresh
rate, likely due toits reliance on VA technology rather than
IPS or TM. Most people won't be bothered by this, but it's
a minor complaint for competitive gamers who might be
looking for the clearest response athigh frame rates.

The MS| has no speakers either, and its USB ports are
awkwardly installed at the rear.

Conclusion

The MAG272C0OR's resolution, refresh rate, size and curve
make it an immersive, crisp option for gaming - from
smooth single-player titles to fast-

paced esports. It has great core IMAGE QUALITY
. N 4y lln'
image quality, top-notch contrast, 4&{ 55
deepblacklevels andreasonable
colour accuracy. It can't handle true FEATURES

HDR, but the MSlis well-balanced
and cheaper than most other displays
with this sort of specification.

MIKE JENNINGS

13/15

""""""""""""""""""" OVERALL SCORE
VERDICT

A well-balanced specification
joined by great core image quality
and a fair price.
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/NETWORKING

802.11AX MESH ROUTER

NETGEAR ORBIWI-FI6 SYSTEM
AXH6000 (RBKE52)/£750 wevar

SUPPLIER ebuyer.com

ORBITAL

4+ Phenomenal
Wi-Fispeed

+ Massive Wi-Fi
range

4 Easytosetup

EXORBITANT

= Astonishinghy
expensie

= Limited extra
features

= Onverkill for
most homes

SPEC
Weight

SABIR

Dimensions

254 % 71 x 19mim (per unith

Ports

4 x Gigabit LAN (per unit),

he Netgear Orbi (RBK50) has been our favourite
. router/Wi-Fisystem since itarmived back in 2016. Its

range, performance and easy setup made itthe
ultimate router for larger homes. Now Metgearis back with a
new flagship Orbi, the RBK 852, which packsthe latest Wi-Fi 6
(802 .Max) technology, with an astronomical price to boot.

Open the heavy box and you're greeted by two large,
dense devices. Disappointingly, the silver trim around the
outside isn't aluminium, as you might hope for the price.
Instead, all the weight comes from an enormous aluminium
heatsink inside each unit, enabling Netgear to omit fans.

This two-device system consists of a master router and
a slave satellite. It's a different configurationto many other
full-mesh Wi-Fi systermns, where all units are treated equally.
While the latter makes such systems more versatile, though,
it generally doesn't help with peak performance.

The Orbi dedicates one of its three Wi-Fibands to
communication between the router and satellite, in theary
making for a faster and more reliable setup. You can also
add up to two more satellites. This two-unit systemis
sufficient to cover 5,000ft* according to Netgear, which in
ourexperience Is plenty for a three-storey UK home (router
downstairs, satellite onthe middle floor),

The router and satellite include four gigabit Ethernet LAM
ports each, with the router also hometo a 2.5Cbps port to
connect to your intemet/WAN. The RBK.852 can also be
setup as aWi-Fi access point rather than a router, so the
WAN connection could plumbinto a faster LAN system, but
otherwise, the 2 5Gbps portis fairly pointless, as few home
internet connections reach such speeds. Also, while the
previous Orbi unithad USE ports for sharing printers and USB
storage devices, there are no USE ports on the new model.
Indeed, overall, the RBK 852 Is relatively spartan
whenitcomestoextra features.

Inside eachunit is a tri-band Wi-Fi setup, with
all three bands complying to the new Wi-Fi 6
standard. Wi-Fi 6 brings a boost to theoretical
top speeds, and reduced lag and increased
speed for multi-user setups, assuming you
have compatible client devices.

1x 25Chps WAN Setupis easy. You can either use the Orbi
WiH  apporbrowsetothe default|P address. Going
2% 5GHz (1200Mbps), 1 viathe apprequires you to create a Netgear

% 2.4GHz (2400Mbps). account, butif you connect direct, you can setup

£ x intemal antennae

the system without any external interference,

The browserinterface and app aren't the most comprehensive,
but get the basics done,

Whenitcame to testing, we were hamstrung by coronavirus
restrictions, meaning we didn't have access to our usual test
location. Nonetheless, we were able to assess the new Qrbi
sufficiently to draw ourmain conclusions, but furthertesting
will be needed for comparison to other systermns.

With the two units one room (5m) apart, they maintained
a Wi-Fi connection to each other fast enough to max out
the LAN connections, and this speed was more or less
maintained when moving the satellite around the rest of a
smalltwo-storey terraced home. Attaching a client device
over Wi-Firesulted in strong Wi-Fi coverage (300Mbps+) at
the bottom of the garden, 20m away from the main router
(12 from the satellite).

Conclusion DESIGN
The Netgear OrbiRBK 852 is an 18/ 20
incredibly fast routerthat cancovera FEAIUHES """
vastrange. However, there's just no F
getting around that price. With the now 14,"’ 2 U

: " . N
relatively affordable Orbi RBK S0 still PERFORMANCE

offering excellent performance, there
are few home situations where the
RBK.852is justified right now.

EDWARD CHESTER

30/30

OVERALL SCORE
VERDICT
A mightily impressive Wi-Fi system,
but its price puts it totally out of
contention for most users.
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OLYMPUS

NO LIMITS. BREAK FREE.

Take your professional photography to new heights and never get weighed down.
The new Olympus E-M1 Mark Il is amazingly compact and lightweight and fits perfectly in your hand.

It packs pro-level technology and superior image stabilization — so you're free to go further with your handheld shooting style.
With uncompromising image quality and weathersealed construction, the E-M1 Mark Ill is your ultimate tool for getting the
breathtaking results you want in all conditions - from nature, landscape, and night shots to videos.

Find out more at your local Olympus retailer or go to olympus.co.uk #breakfreewitholympus



/ PERIPHERALS

SMART CAMERA

D-Link Smart FullHD
WiFi Camera DCS-

SUPPLIER alternate.co

STRONG LINK . -Link’s DCS-8325LH home security camera

4+ Easytouse features up to 1080p 30fps video recording,
andsetup night vision and Al-based motion detection. It's
-+ Cﬁ'rﬂp;ud -;nd_ designed to take onthe likes of the Arlo Q, providing easy
Aacvedesin — home security with dloud-based recording for easy access
<+ Aldetection
e fromanywhere.

It even looks like the Arlo Q. Both cameras are roughly the
same size and sport aflat base with the carmera attached
to astalk, making it easy to plonk on a window sill or shelf,
WEAK LINK Bothunits look sr".rlalftwth theirlargely matt 'l.nfhl.te e.xteﬂon
although the D-Link's glossy black front makes it a little more

4+ Excellent
dynamic range

= Appneeds work
) eye-catching. Neither camerais waterproof.,
e The DCS-8325LH offers tilt adjustment for the camera,
Bt and you thenrotate the whole unit left and right to face
recordinglimit the right direction. A micro-USB socketinthe back of the
base powersit,and D-Link provides a power adaptor with
aplentiful 280mm long cable.
One potentially big plus of the D-Link is its microSD slot,
soyou canrecord to local starage (without needing tokeepa
MAS box running) instead of cloud storage. There's noway of
recording to both though. The cloud recording service itself
offers one day of recordings for up to three cameras for free,
To keep yourrecordings for longer, you'llhave to pay £21.99
ormore per year. Incomparison, Arlo offers seven days of
recordings for free, but forjust one camera. so your choice
here largely depends on your needs.
Setupis very easy. You just download the MyDlink app,
create aquick account and add the camera as a new device,
The app usesthe phone's camera to scana QR code onthe
base of the carmera to connect and add it - you just
SPEC need to add inyour Wi-Fidetails.
Max resolution While setupis relatively easy, though, the appisn't
2megapixel the slickestwe've used. Because it' s usedtomanage
Max video recording allthe company's My Dlink-compatible devices,
1920x1080 @30fps there's alack of focus, soyouhave tojump through
E:?;::;ees morehoopsthanyoud expect.Also, whenyougoto
e the devices section, the device icons move slightly,
Two-way like they're floating, which is a bizame Ul decision.
Wi-R o Woe like the ability to set up One-Tap functions
8208.1n though. These are macros that will trigger arange
Dimensions of smart-home functions at once with a single
84x74x109mm tap. You can set up the usual motion detection for
mg‘ﬂ the camera and it will trigger anotification on your

phone, even identifying what it has seen thanks to

the Aldetection. However, tap the notification and it doesn't
take youto the clip. just to the camera home screen, and it
doesn't close the notification. What's more, you can't set
up geolocation to tum off the camera automatically when
youreinthe house,

The cameraitself is mostly good quality. You get a
sufficiently wide-angle view (151 degrees wide and 69
degrees tall), which is ample for capturing a whole room
without placing the camera in an awkward position. The
dynamic range particularly impressed. Where other
cameras struggle to balance showing dark parts of an
image without totally blowing out brighter parts, the DCS-
8235LH coped well. However, finer details were noticeably
below the level of the Arlo Q, evenif the dynamic range
made for a clearer picture overall,

DESIGN

T 18/20

The D-Link DC5-8235LHis a good-

quality, easy-to-use home security FEATURES

i I-
camera Its hegdllne Al-based 16;’ 20
motion detection alsoworkswell, " ™
successfully identifying humans and PERFORMANCE

ignoring cats, forinstance. However, 20 / 3 u
its mobile app needs sorme work to

bring it in line with the competition.

ED'WARD CHESTER

OVERALL SCORE
S
A good-quality, easy-to-use smart
camera, but its mobile app needs %
some work.
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MINI-ITX GAMING PC

FIERCE PC ARDENT
A

SUPPLIER

ierce PC's Ardent Core immediately
impresseswith its striking designand
customwater-cooling system. The CPU is topped

with an Eisblodk XPX Aurara with attractive cooling channels,
and another Eisblock chills the RTX 2080 Super GPU. They're

SPEC

CPU
3.6C0Hz AMD Ryzen 7 3700X

Motherboard
Gigabyte X570 1 Acrus Pro Wi-Fi

Memory

16GEB Corsair Vengeance Pro

RGE 3600MHz DDR4

Graphics

M5l GeForce RTX 2080 Super 8CB
Storage

1TB Seagate FireCuda 520 M.2 550D

Networking
Dual-band 802 Nax, Gigabit Ethernet

Case
Corsair Crystal 280X

Cooling

CPLU: Alphacool Eisblock XPX Aurora
waterblock, Alphacool NexXxo5 5T30
240mm radiator with 4 x 120mm fans,
Alphacool Eisstation VPP reservair,
Alphacool Eispumpe VPP755; GPU:
Alphacool Eisblock Aurora Plexi GPX-N
waterblock, Alphacool Eisblock Aurora
GPX-Nbackplate; roof: 1x 120mm fan

P5U
Corsair RM750 - 750W

Ports

Front: 2 x USE 3.1, 2 » audio; rear: 1
XxUSBE32Gen2 1xUSB 3.2 Gen 2
Type-C, 4 x USE 3.1Gen1, 3 x audio
Operating system

Microsoft Windows 10 Home 64-bit
Warranty

Two years parts and labour, followed by
three years labour only. First six months
collect and return, thenreturnto base

connected with Alphacool’'s hard tubing,

and the front of the chassis is dominated
by an Alphacool NexXxos ST30 240mm
radiatorwith four 120mm fans.

Despite all this coclinghardware,
the Ardent also uses amini-|ITX Corsair
Crystal 280X case, which means
Fierce PC has been clever with other
cooling components. The sizeable
cavity behind the motherboard tray
houses the Alphacool Eisstation VPP
resenoir, aswell asthe pumpand a
plug for draining the loop.

Meanwhile, the CPU and GPU
waterblocks are illuminated with an
attractive orange shade, along with
the DiMMs and four intake fans, with
the latter sporting some great-looking
Fierce PC grilles. Meanwhile, a row
of RGEB LEDs along the bottom of
the chassis illuminates the interior
from below. The Ardentlooks superb,
andthe case's 35Tmm height and
276mm width make this square-
shaped system relatively easy totake
to events, Build quality is great, too:
thetempered glass and metal used
throughoutis sturdy.

As ever, though, mini-ITX
enclosures mean Compromises.
There's no real room to add extra
storage - the Corsair case has
remnovable 2.5in and 3.5in cages,

butthe Ardent’s water-cooling and lighting hardware
means they can't be fitted here, This systemisn't always
the tidiest either. There are wayward cables around the rear
and a handful of loose wires visible from the front,

The Ardent's smaller size doesn't mean areductionin power,
though. Fierce PC deploys anMSI GeForce RTX 2080 Super
Ventus OC card here, which has 8GB of GDDRE memory, 3,072
streamprocessors, and 48 RT cores. It also slighthy overclocks
the CPU boost frequency from 1815MHz to 1820MHz,

Meanwhile, an AMD Ryzen 7 3700 is left atits standard
base and boost clocks of 3.6CHz and 4.4CHz, and the
16GB of DDR4 memory runs at a superb effective speed of
3600MHz. You also get a 1TB Seagate FireCuda 520 550,
which makes use of the motherboard's PCI-E 4 interface, but
there's no secondary hard disk.

It's all plugged into a Gigabyte X570 | Aorus Pro Wi-Fi
motherboard, which has beefed-up ALC1220-VE audio,
Bluetooth 5, and dual-band 802 11ax Wi-Fi 6. It's a top tier
boardin terms of connections - at the rear, it has five full-
sized USE 3.2 ports, alongside a Type-C connector, and
there's a Q-Flash button for EFI flashing too.

There are two M.2 connectors, withthe SSDinstalled in
the socket on the rear of the board. However, the second
slot sits behind all the hefty graphics hardware, making it
tricky to access. As ever with mini-ITX, there are only two
DIMM slots and no additional PCI-E slots either. These are
the compromises you always make when buying a mini
machine, butit's great to see Corsair RM750x PSUincluded,
whichis fully modular and has an 80 Plus Gold rating.

We have no gualms about the warranty either. It's a generous
five year retum to base labour deal, with two years of parts
coverage and six months of collect and retum senvice,



BURNING BURNOUT
4+ Consistently excellent = Water-cooling gear adds cost
performance

= Mini-1TX mieans few

4+ Superbwater-cooled design upgrade paths

+ FastPCI-E455D = CPU getshot atfullload
Performance

The RTX 2080 Super is excellent for gaming. At 1080p, it's
able to handle games at highframe rates, and at 2,560 x
1,440, its minimum frame rates ranged between 44fps and
78fps. That means you'll be able to play the vast majarity of
games at smooth frame rates. It caneven handle a bit of 4K
gaming. It easily got beyond 30fps in Shadow of the Tomb
Raider and Total War: Warhammer I, and if you use DLSS,
wou can also get a 40fps minimumin Battlefield V with High
DR, althoughitcan't do it at this resolution otherwise.

The Ryzen7 3700X CPUis agood choice too. Its image
editing result of 59,800is as fast as any other consumer
Intel or AMD chip, and it returned impressive pace in our
heavily multi-threaded HandBrake test. Its overall score
of 227, 388 is only a few thousand points behind systems
based onthe pricier Ryzen 7 3800 X and Intel Core
i9-9900KS. The SSDis great too. Its read and write speeds
of 4,999MB/sec and 4 280MEB /sec are fantastic - faster
than any SSDyoullfindinan Intel PC, and among the best
results fromany consumer drive right now,

Interms of thermals, the GPU's peak delta E of 35°Cis
great, thanks to the water-cooling system. However, the
CPU's peak figure of 72°Cis only just short of worrying
temperature levels, Happily, this result was only achieved
inastress test - youre extremely unlikely to encounterit
innormal use, including gaming. The Ardent produces a
noticeable, low fan noise as well, but we've certainly heard
worse. Youjust won't hear this PCin a LAN hall or beyond
yourheadset, and the noise levels are pleasingly consistent,

SHADOW OF THE TOMB RAIDER
2560 x 1440, Highe=it detasl, TAA

Fierce PC Ardent Core TElps Afps

3,840 x 2160, Highest detal, TAA

Fherce PC Ardent Core 4.2ps S4dips

TOTAL WAR: WARHAMMER I
2560 x 1,440, Ultra detail, FXAA, DXTH

Fierce PC Ardent Core Badips 73ips

3,840 x 2160, Litra detall, FXXAA DX

Fierce PC Ardent Core 39l 45ips

BATTLEFIELD V
2560 % 1440, Uitra settings, DD, High DXR, TAA

Fearce PC Ardent Cone dedfps S3ifps

3,840 x 2150, Litra seftings, DXT2, High DXR, TAA

Fierce PC Ardent Core  1dips 24fps

2,560 = 1440, Ultra settings, DX, HighDXR. DL5S

Fprce PO Arddim Cong SEip B9ips

3,840 x 21650, Litra settings, DXT2, High DXR, TRl

Fierge PC Andent Corg

40fps || 46ips

Minimum Aversge

Conclusion

The Ardent serves up great pace, fantastic design, and
a custom water-cooling loop in a build that's small
enough to easily take to LAN parties. The mini-ITX
build means limited upgrade options, though, and
the water-cooling gear also adds to the cost. You

can undoubtedly get similar performance for less
money in a standard, air-cooled ATX PC, but this is an
excellent, well-built machine if you're looking for an
attractive, powerfulrigin asmall package.

MIKE JENNINGS

VERDICT

Superb design and great speeds inside a compact,
albeit expensive, build.
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ATX GAMING PC

CCLSABREICUE
G A M ‘ NG P C / £1,399 incvar

C

SHARP

BLUNT

SUPPLIER

Solid gaming
performance

Cheap price

Generous
warranty

Basic motherboard

CPUcould
be quicker

Mo secondary
harddisk

SPEC

CPU
3.8GHz AMD Ryzen 5 3600X

Motherboard
M5l B450 Tomahawk Max

Memory

16GE Corsair Vengeance

RGE Pro 3200MHz DDR4
Graphics

MSI GeForce RTX 2070 Super 8GEB
Storage

ADATA XPGSXE200
FrolTEM.255D

MNetworking
Gigabit Ethernet

Case
CorsairiCUE 220TRGB TG

Cooling

CPU: Corsair Hydro HE0 with

2% 120mm fans; GPU: 2 x 90mm
fans; front: 3 x 120mm fans

P5U
Corsair RBMES0 650W

Ports

Front: 2 x USE 3. 1x audio; rear:
1xUSB32Gen2, 1xUSB32
Gen2 Type-C,2 xUSE3.1Cen,
2xUSB 2,1xP5/2,6 x audio

Operating system
Microsoft Windows 10 Home 64-bit

Warranty
Three years parts and
labour collect and returmn

CL's Sabre iCUE Gaming PCis a compact
ATX rig that aims to provide akeen
balance between graphical power and
CPU grunt. Gaming ability comes from an M5
GeForce RTX 2070 Super Gaming X card, which
ups the original RTX 2070 Super boost clock from
1770MHz to 1800MHz.

Elsewhere, the M5| card has a smart metal
backplate and RGB LEDs, and CCL has added a metal
arm beneaththe card to preventit from sagqging. The
overclocked GPU s joined by an AMD Ryzen 5 3600X
CPULIt's asix-core chip with twelve threads via SMT, and it

runs atits stock base and boost speeds of
3.8GHz and 4.4CHz respectively.

CCL hasinstalled 16GB of 3200MHz
memory, which is fine, and there's also
1TB ADATA XPG SX8200 55D, The Corsair
RMB50 P5Uimpresses thankstoa
modular design and 80 Plus certification,
The only minorissueis the lack of a
secondary hard disk. The TTE 55D is
generous, but a good selection of triple-A
games will still fill it quickly.

The motherboard comes fromMSI, too.
The B450 Tomahawk Max, which we also
used inour feature on p76, has two spare
memaory slots in this configuration, as well as
modest Realtek ALCB92 audio and Gigabit
Ethemet. Inseveral departments, though, it's
basic. There arenospare M.2 slots here, and
the use of the B450 chipsetmeans there's
noSLI support. The rear /0 also only has
pairs of USB3.2Gen2andUSB 3.2Genl
connectors. There's aPS/ 2 connection and
six audio jacks, but no optical 5/PDIF,

CCL has used use the CorsairiCUE
220T chassis forthis build, It looks smart,
with tempered glass panels, andits three
120mmintake fans glow with RGE LEDs.
It'ssmall too, measuring just 395mim deep
and 450mmtall. The Corsair Hydro HE0
CPU cooler sits unobtrusively in the exhaust

---------

fan mount, which means the top half of the motherboard is
accessible. Cabling is also tidy throughout the front section.
The cables are neat at the back too, and they don't getin
the way of most storage options, although they do block
one of the 2.5in mounts. The biggest access issues revolve
around the graphics card. That supporting strut looks good,
butit blocks access tothe bottorm half of the motherboard,
Build qualityis mixed too. The tempered glass panels and
internal skeleton are strong, but the top dust filter, PSU shroud,
and 3.5indrive cages areweaker, The case’s size alsomeans
there's less scopeforupgrading to heftier cooling gear or longer
graphics cards. It willbe hard to add a240mmradiatorinthe top
without it clashing with the motherboard and memory.
Nevertheless, the Sabre stillimpresses for the money.
Its £1,399 price plants it at the bottom end of the RTX 2070
Super market, and its generous three year collect and retum
warranty also covers parts and labour.

Performance

The RTX 2070 Superisideal for 1080pand 2,560 = 1,440
gaming. At the lower resolution, its minimum frame rates
ranged between 59fps and 94fps, so you'll get beyond
60fps in virtually army game. It didn't have any trouble with
our Battlefield V ray-tracing test either, even without DLSS
enabled. The CCL performed well at 2,560 = 1,440 as well. Its
minimums here began at 42fps, whichis comfortably above
the playable threshold, and peaked at arapid 69fps.



The RTX 2070 Superin this PC will handle any gaming
task short of 4K, but most other RTX 2070 Super systems
we've reviewed have been slightly faster at 1080p, albeit
only by 2-3fps.

Meanwhile, the Ryzen 5 3600X proved itself tobe a
decent all-purpose CPLU for the money. Its image editing
score of 60,804 s fine, as is its HandBrake result of 461130
is also reasonable, if not outstanding. The latter is a fair bit
behind the scores we see from Ryzen 7 CPUs with theirextra
twio cores, butit's still fine for most people’s needs.

The 550 is good as well - its respective read and write
speeds of 3,507MB/sec and 3,083MB/sec are only
significantly bettered by PCI-E 4 drives, for which you'llneed
a pricier X570 motherboard anyway.
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The CCL's thermal performance is alsafine, with solid CPU
and GPUdelta Etermperatures of 65 Cand 45°C. It produces a
low rumble whenidle andis only alittle louder when gaming -
there's noticeable noise, butit's quieterthan most rivals,

Conclusion
TheSabreiCUE is one of the more affordable RTX 2070 Super
PCswe've seen, althoughthe relatively low price has animpact
inseveral departments. It's not quite as quick in games as other
machines based onthe same GPU, and while the mid-range
CPUis reasonable, it's not as versatile as other parts.
Meanwhile, the case looks good andis compact, but
build quality could be better in places. The motherboard
is also capable but basic, and there's no secondary
storage. Mot everyone will be bothered by these aspects
though - and atits core, the CCL offers decent gaming
performance, a solid CPU and a decent warranty for a
generous price. It's an unfussy and affordable option,
evenifitisn't outstanding.
MIKE JENNINGS

VERDICT
Decent gaming performance for the money, but some of the
supporting hardware is a bit basic.

PERFORMANCE

19/25
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19/25

OVERALL SCORE

80
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/ CUSTOM KIT

PhilHartup checks out the latest gadgets, gizmos and geek toys

OAMLIFESTYLE ADJUSTABLE DUAL e
HEADPHONE HANGER / £14.99 evar

SUPPLIER

There seem to be two approachesto attaching under-desk headphone
hangers - double-sided tape and dlamps. The BamLifestyle Dual
Headphone Hanger uses the latter. The clampitselfis smallbut strong,
with padded grips, soyouworn't mark your furniture if vou attachit tightly.
The arm screws onto the clamp using a hex key, whichis a little fiddby
butdoable, The clampis expectedto hold up to Skg, whichis plenty for
evenmassive headsets, Still, that surplus strengthis appreciated if you
knock intoit. Using a clampmeans you have to place the hanger near the
edge of your desk, and there's a small surface profile, which you don't
get with ataped stand. The trade-off is that the 6amLifestyle hanger is
reusable, and not a write-off if it gets detached by accident. There are no
frills, butit's a solid headphone hanger - you can't ask for muchmore,

SABRENT 16-PORTUSB 3.0
DATAHUB / £49.99incvar

SUPPLIER

The Sabrent USE Hubis perhaps the most aggressive attempt to cram
LISE sockets into a device we've seen. There are 16 USE 3 ports, and
while some USB hubs with lots of ports limit the use of some of the
sockets, each one of the Sabrent's ports is good forrecharging, data
transfer or plugging in other devices.

The hubis powered with amains adaptor, and eachindividual socket
hasits own power switch. The benefits of this approach become
clear as the hubstartstofillup - it's atight squeeze for standard
connectors, and devices with large plugs, or dongles, canend '
up taking up more than one space. That means switching ;
devicesin and out gets tricky, but the power switch enables "11
you to power off devices without having to remove them. -

The Sabrent is also suppliedwith abracket you can screw —
intoplace, andthen slotthe 16-porthubinand outofit. Thats ~ § =
ahandy touch, as with 16 potential USB cables, as well asthe
power cable and USB host cable, the Sabrent could easity tum
into the heart of a USB cable rat king. It's not cheap, but thisis a
salid and versatile approachto amary-port USB hub.

|

Hubcap HubbaBubba

6am life 10amlife

KIROBO WIRELESS
SPEAKER/ £15.99incvar

SUPPLIER

The Kiroba is a small speaker that can work either via Bluetooth

as aphone speaker capable of handling calls, or through a line-in
connection, It also has amicroSD card slot, so you can cram astack
of music onto acard and play it. However, good luck navigating a
substantial rmusic library with just the Next Track and Previous Track
buttons, and no visible interface.

Visually, the Kirobo looks neat. The cut-out, mostly spherical shape
givesitaMagic 8-Ball vibe, while the colourful lighting and shifting
patterns look relatively understated, creating a kind of nightlight effect.
Sound quality is fine for low-level noise needs, but you'll want more
oomph for music above alow ambient volume.

You also get a decent battery life of around
B0 hours on standby, and six hours for
playback, However, it's not the most
versatile speaker to take out and about,

It's not waterproof to any standard, and
whileit'stechnically portable, its build
quality isn't particularly solid either.

Nightmare Nightlight



/EEKERMETAL WALLET/ £17.99ncvar

SUPPLIER

Sometimes a product is such a departure from the norm thatit's
hard to imagine how it carme into being, and the Zeeker wallet fits
into this category. This wallet carries credit cards and folding money,
but it doesn't have the usual collection of pockets that folds in the
middle. Instead, the Zeeker is made from two metal plates, which
are laced together and secured at the front, with ametal lip to hold
the lace loop. Your cards go between the two metal plates, and
folding money goes into a clip on one side.

Meanwhile, two RFID blocking panels are supplied, which can
be slotted alongside your cards for protection from the rare (but
still technically possible) risk of your cards getting nefariously
scanned. Usingit doesn't feel that practical at first, though it's fine
when you getused toit, and it looks great. A metal wallet sounds
uncomfortable to have inyour pocket, but the thick string aroundit
mitigates this problem, and it keeps its contents flat too.

The money clipisn'tideal, due to the small size of the wallet -
British or EUmoney is way too big, and even US dollars need to be
folded down to a third. The weirdness of the Zeeker gives it plenty
of charm, but be aware that it has a few practical shortcomings.

Searching low and high The Zeeker

Pl FERVYIRELESS
CO N TROLLE R / £24.99 incvar

SUPPLIER amazc

The Pictek Wireless Controller not only works wirelessly over Bluetooth
with Android phones and the Nintendo Switch, but also works with
Windows 10 PCs using a USB connection. The USB connectionis
preferred onaPC, asit doesn't work properly using Bluetooth.

That's annoying, but the pad itself is lightweight, solid and
rechargeable, withits controls in an Xbox pattern. It has vibration
functions, as well as movernent sensors for Switch games, and

although some of the ancillary buttons aren't
laid out the same way as on an Xbox
pad, there are no surprises
with the design. The
ABXY buttons
are alittle
lower-profile
than usual
forapad -
when pressed,

they're almost flush to the surface. Itf's not bad, butit's an odd
feeling, and it takes a while to get used toit.

The D-pad is also aninverted dish shape design by default,
although an alternate standard button is included. Meanwhile, the
trigger buttons stand out by virtue of having an extremely light
touch, making them easy to control precisely. If it's being used fora
phone, the Pictek also includes a bracket that can be swapped onto
arear mount to hold your phone while you play. The Pictekisn't
revolutionary, but it tweaks the formula for abudget pad and does
well with it, as long as you're aware of its quirks,

Light Fantastic

Seen something worthy of appearing in Custom Kit? Send your suggestions to [ phil.hartup@gmail.com



LABS TEST /KEYBOARDS

The key
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Mike Jennings tests eight of the best keyboards that can be bought
on a budget - perfectif you want high-end gaming without the cost

How we test

soit'sworth taking some time to find out which is the best
model foryour needs. Do you need features first and foremost
oris a high-quality typing experience more important? Whatever the
case, youdon'thave to spendloads of cashin order to get ahigh-quality
device, asright now it's easy to find fantastickeyboards forunder £70.
Don'tassume that spending less will get you a basicmodel, either.
We've gone hands-on with eight different keyboards — with prices
that start at £40 - and we've discovered a huge range of quality levels,
designs, and features.
The group includes mechanical and membrane keyswitch types,
soit's possible to choose between the firmer, faster-typing action
of the latter more expensive devices or the softer, quieter, and more
affordable membrane technology. You'll get far fewer features - and

. avingthe right keyboard can make or break your gaming setup,

often fewer keys on these budget models - with mechanical keyboards
but a superior typing experience and a much longer-lasting keyboard.

Elsewhere, this collection of keyboardsis littered with RGE LEDs, spill-
resistant designs, media buttons, and macro keys. We've also tested a
tenkeyless modelthat's ideal if you need a more compact unit to travel to
LAM parties and gaming events, or you just have limited desk space.

We've tested all eight of these keyboards in abevy of popular games,
from FPS and strategy titles to the most frantic esports environments so
we can find out which can cope with the broadest range of gaming tasks.

We haven't just tested the keys themselves: we've evaluated build
quality, the range of extra keys, and the ease of programmability of RGB
LEDs and macro settings. Their fonts, finishes and extra features are all
takeninto account too, ensuring we can be certain which budget typing
toolis the best overall.

> Asus TUF Gaming K5 /p43 > Logitech G413 Carbon / p48
> Cooler Master MS110 / p44 » MSIVigor GK30 / p49

> Corsair Gaming K55RGB / p45 > Razer Cynosalite /p50

> HyperX Alloy FPSPro / p46 > SteelSeries Apex 3/ p5l



ASUS TUF

GAI\/IING K5 /£59 evar

he K5 is one of the more expensive
. membrane keyboards in this Labs -

the only pricier model, the
SteelSeries Apex 3, is just one pound more,

The Asusis also one of the loudest-looking
units inthis group. At the topis a patterned
section withthe TUF logo, andin the top-right
carner, there are five large status lights, There
are more TUF gaming logos elsewhere, and
the large wrist rest is part of the main body of
the keyboard, so can't be detached.

The bold physical designis paired with
large dimensions, thanks inlarge part to that
wrist rest, At 460mmwide and 218mm deep,
this is one of the biggest units in the Labs.

It's 40mm tall without its feet extended, too,
making it the bulkiest keyboard here.

TOUGH TEMDER
4+ Decent typing action = |Immature aesthetics
+ Spill-resistant = Poorlighting
and robust
= Alittle expensive
+ Goodfeatures
SPEC

Connection Wired, USB
Cable 1.8m, unbraided
Material Plastic

Switch type Membrane

lighting 5-zone RGE
Extras Integrated wrist rest, spill-resistant,
volurmne keys

The Gaming KS is sturdier than most of the
othermembrane, plastic keyboards inthe
Labs, butits plastic body still can't compare
to the rock-solid aluminium of the Logitech
G413 or the tenkeyless Hyperx.

The K5 has five-zone RGE LED lighting
thatincludes a handful of common effects
- s0it's immediately more versatile than the
G413, The lighting is weak and inconsistent
oneach key, though, and the SteelSeries is
better - itsillumination is stronger, and it has
twice as many lighting zones.

Elsewhere, it has dedicated buttons to
adjust the backlight strength and your PC's
volume, andituses a spill-resistant frame
thatis designed to cope with drinks and
sweat. There isn't any USB pass-through,
though, and no macro keys.

The K5 can store three different profiles
andrecord macros, and it has 24-key rollover
and anti-ghosting, and it uses membrane
switches that are designed to mimic tactile,
mechanical hardware,

The buttons strike a good balance
between membrane and mechanical
hardware. They're light, fast, and consistent,
with an action that's snappier than most
other membrane units. The keys have
a 3.7mim travel distance, which is half 2
millimetre more than the Logitech, and
almost level with the HyperX unit,

The K5's buttons have a pronounced
tactile bump - even when compared with
mechanical units - which adds to their solid
feeling. Interms of popular mechanical
hardware, the Asusis closest to Cherry MX
Brown switches.

The Asus'keys are just as fast as the keys
on the SteelSeries, although the SteelSeries
does have bouncier buttons - if you play
fast-paced games, the Apex will be alittle

better. Overall, though, the K5 has a fast,
crisp gaming action, and it's better in this
regard than the Romer-C mechanical
switches inside the Logitech G413,

Elsewhere there are only minor problems.
The keys have a good weight to them, but
they feel a little off-balance and wobble a
bit too much. The space barisn'timpressive,
either. It feels hollow and markedly different
from the rest of the buttons. The K5is very
loud, too.

Conclusion

The Gaming K5is aratherinconsistent
budget keyboard. Its buttons are just as
quick as the SteelSeries' keys without
the potentially annoying bounceback,
and they're better than the Logitech's
mechanical keys. The K5 also offers RGB
LED lighting, profile storage, and a few
extra buttons.

The decent, mechanical-style buttons
are undermined by loud operation,
underwhelming lighting, and divisive design
- as well as the propermechanical buttons
onthe similarly priced HyperX.

The Asus is hard-wearing and more
versatile than the SteelSeries, but
mechanical devices will still provide a purer
typing experience for only a little more cash.
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VERDICT
It's tough and has decent typing, but the
Asus is hampered by inconsistent design.

Eﬂﬂmzu ﬁfﬁ""ﬁg OVERALL SCORE
19,25 ;



FKEYBOARDS

COOLERMASTER

M S] ] O / E£83incvar

SUPPLIER

he Cooler Master MSNO arguably
. offers the best value in this Labs,

While other keyboards are cheaper,
this device includes a gaming mouse too.

The MS10 also features a bold design. The
keyboard itself isn't too wild, physically - its
body has neat, flared sides that barely extend
past the buttons - but Cooler Master has
added loads of lighting.

There's aring of RGB LEDs around three
sides of the unit with anilluminated Cooler
Masterlogo at the front, and the keys
themselves float above the membrane
material, whichis litin six zones,

At first glance, it looks superb, with the
matte plastic keycaps hovering above a sea of
light, but closer inspection reveals superficial
problems. The lighting underneath the
buttons is alittle inconsistent, and it's worse
on the keycaps themselves: only half of the
keys tend to be illuminated, which leaves lots
of symbals barely lit at all.

Mo software is reguired for this keyboard,
with colours and patterns instead altered with
shortcuts on the function row., It saves having

SPEC
Connection Wired, USE

Cable 1.8m, unbraided
Material Plastic, aluminium
Switch type Membrane
Backlighting 6-zone RGE
EII]'E; G..‘:In‘l'l'lg.l'.l'IDuSEil‘rEl-uﬂE'd

yet another piece of software installed, but
it's aclunky system. The MS110's minimal
physical design also means no extra buttons,
with macro and media duties also relegated
to secondary functionality. There's also no
LUSE pass-through and no wrist rest.

If you're after amembrane keyboard with
abetter feature set, the Corsairis a stand-
out option: it has a wrist rest, loads of extra
buttons, and more intuitive software options,
albeit with a lower key rollover figure.

Ontheinside, the M5110 serves up 26-key
rollover and a membrane keyswitch design
that's supposed to mimic mechanical
hardware. In practice, the Cooler Master's
buttons are likely to be divisive and offer
awildly different experience to most
mechanical units,

The buttons are solid and consistent,
and their soft-touch finishmeans they're
comfortable. Get typing, though, and they'retoo
bouncy: the buttons seem to rebound back up
before they've even bottomed out. It feels like
the MS110 is encouraging you to dance across
the keys ratherthan hammer them down.

It's no surprise when the stats are
considered: the MST0's reasonable 3.6mm
travel distanceis paired with a short 1.2mm
actuation point and a 45q actuation force,

This elastic typing makes the MS110 feel
floaty - it's like typing on atrampoline. Some
people will prefer that, especially if youwant a
keyboard that can handle lots of typing while
remaining light and comfortable - but the
MS110 is not close to amechanical unit at all.

BOILING FREEZING

4+ Lotsof RGELEDsS = Bouncy typing action

+ Includesa = Underwhelming
gamingmouse lighting

F 26-key rollover = Few extrafeatures

.........................................

The Corsair and Razer Cynosa Lite both
offer more traditional experiences: the
Corsairbuttons are firm and weighty with a
noticeable bump, while the Razerkeys are a
little softer and lighter. Meither have that off-
putting bounce,

The included mouse is a right-handed,
six-buttonunit with three RGBE LED zones,
an optical sensor, and a 3,200 DPl sensitivity
level. That latter figure won't sate keen
esports or FPS players, butit's high enough
formainstream gaming. The buttons are fast,
shallow, and responsive - perhaps atadtoo
bouncy, if we're being picky.

Conclusion

The Cooler Master MS110 offers good value

- it's the only keyboard here that also comes
with amouse, and that extra peripheralis easily
good enough to handle mainstream gaming.

The MSTO0 keyboard looks fantastic,
butit doesn'thave many features, andits
typing actionis divisive - it's comfortable
but very springy.

If you prefer a floatier typing action and
want to save some cash, this setis decent -
butlook elsewhere If youwant a weightier
and more conventional experience,

R R N R N R R R R N

It's a good value set, but the bouncy typing
action can be irritating.

DESIGN : [FEATURES
/A0 2%

VALUE

22/ %

OVERALL SCORE
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CORSAIR GAMING
Koo RLB7£A0w

SUPPLIER

he K55 RGBis one of the cheapest
. keyboards in this test, which makes

its feature set all the more
impressive. Despite its price of just £40, this
is the only keyboard here with dedicated
macro keys, andit also has buttons for
macro recording - to change the lighting
brightness and disable the Windows keys -
alongside separate media buttons.

The six macro keys are installedin a
column on the left-hand side, with the other
buttonsin the top-right comer.

The macro keys and media buttons
bolster the Corsair's main buttons, which
are excellent. Theyre membrane units
that offer more weight and a more reliable
typing action than most of the other
keyboards in this group, and they pair their
solid action with a noticeable tactile bump
and impressively quiet operation.

ELACKBEARD JACK SPARROW
+ Well-balanced = Mediocre build quality
typing action

= Somefontissues

4 DecentRGBLEDs
= Middling rollover figure

<+ Loadsof extra features

SPEC
Connection Wired, USE

Cable 1.8m, unbraided

Material Plastic

Switch type Membrane

Backlighting 3-zone RGB

Exh'i;r; wﬁstrest,maém kéya media ke-,ré

The K55's keys are fast, firm and
tactile, and they're comfortable: the buttons
have a soft-touchfinish and a concave
shape that does a great job of securing and
centring your fingers.

The Corsair has one of the better
membrane designs in this group - these
buttons are certainly faster and more
satisfying than most. They're easily good
enough for mainstream gaming and esports,
andthey bounce back rapidly without
becoming too spongy.

However, the affordable K55 still can't match
the clinical speed of the HyperX mechanical
unit, and membrane devices like the Razer
are lighter and softer, Both the Corsairand
Razer are easily better than the bouncy and
unsatisfying M5I, whichhas a similar price.

The Corsair has a good range of features
elsewhere, evenif there are compromises
throughout. The RGE LED lighting is anly
available inthree zones, butit's more solid
and consistent than the lighting on the Razer,
Theinstallation of the lighting beneath the
translucent membrane base layer also adds
an attractive, ethereal glow to the K55,

Customisation and custom effects are
available inthe CorsairiCUE app, whichis
aboon - it's far easier to use that tool than
the clumsy and restrictive shortcuts on the
keyboard itself.

The Corsair only has eight-key rollover,
whichis a low figure. Most people won't be
impacted by this, but bear it inmindif you play
complex or competitive games where you
push lots of buttons simultaneously.

The Corsair's font could be anissue, too -
it's very small onmany of the supplementary
keys, whichmakes them tricky to read.

The Corsairlooks good, with
adetachable, rubberised wrist rest and
smart plastic throughout, but build quality is
middling. The media keys feel a little flimsy,
and they're not backlit, and it's too easy to flex
the plastic chassis back and forth. Units like
the HyperX Alloy FPS Pro, which bolster their
plastic designs with metal, are stronger,

The glossy band of plastic above the
keyboard looks slightly incongruous, too,
andit's a fingerprint magnet.

Conclusion

The Corsair is an excellent membrane
option. It has a weighty, consistent, and fast
typing action that isn't far away from the
best mechanicalunits - you'll anly want to
head to a keyboard like the Razer if you want
alighter, softer feel.

Elsewhere, the Corsairhas more features
thanits rivals and good software, evenifits
rollover and build quality isn't particularly good.

Still, those are acceptable compromises
at this price. The Corsairmay be one of the
cheapest keyboards in the Labs, butit's one
of the best too.

R R N R N R R R R N

VERDICT
Loads of features and great typing make
this a tempting bargain.

DESIGN  :  FEATURES
SR S
VALUE

23/

OVERALL SCORE




/KEYBOARDS

HYPERX ALLOY
RN

SUPPLIER amaz

he Alloy FPS Prois a unigue product
. inthis Labs, on two accounts. First,

it's the only tenkeyless model, but
perhaps more importantly, it's also the only
mechanical keyboard here that uses the most
popular Cherry MX switches,

The tenkeyless design means this
keyboard has no numberpad. That cuts
down on versatility, but it means this unit
is smaller and lighter - soit's ideal for
frequent transport - plus the fewer keys
keeps the cost below our £70 cut off for
this test. HyperX goes a step furtheron the
portability front by including aremovable
power cable, which makes it far easier to
pack away safely. Again, this is a feature
unigue to this keyboard in this Labs.

The compact Alloy FPS Prois bolstered
with a solid steel frame, which means this
unitis extremely robust - just as strong as
the aluminium on the Logitech, and sturdier
than the all-plastic designs used for the
membrane products in the Labs.

The Alloy may be compact and sturdy, but
it does lack features elsewhere, There's no
room for dedicated media or macro keys, and

PROFESSIONAL AMATEUR
4+ Excellent = Tenkeyless layout
mechanical keys
= MNoextrabuttons
<+ Robust, compact design
i " = MoRGELEDs

<+ Detachable USE cable

SPEC
Connection Wired, USE

l;:abh”'l.ﬂm,brail:led

Material Steel, plastic

Switch type Cherry MX Blue, Cherry MX Red
Backlighting Red

Extras Tenkeyless design, detachable USB cable

there's no USE pass-through and no wrist
rest. There isn't any RGE LED lighting, either
- just a red backlight, like the Logitech. The
lighting is good here, though, with consistent
and bright illumination. Those rivals with
membrane keys tend to have roominthe
budget for RGE LEDs though.

There are no unnecessary aesthetic extras
whenit comes to the design. The Alloy has
its metal and plastic base, its red-lit keys, and
nothing else,

Instead, this keyboard's features
concentrate on practical gaming
performance. It's the only unit here with n-key
rollover and 100 per cent anti-ghosting, plus
of course, you get the excellent feel of those
mechanical switches.

Ontheinside, the Alloy is available with
Cherry MX Blue, Brown, or Red switches. The
former switches are heavy and tactile, with
anoticeable bump and audible click - they
hawve a 4mm travel distance, a 2mm actuation
point, and require 6049 of force to actuate,
Cherry MX Red switches are linear and
noticeably lighter, with a 45q force alongside
the same travel and actuation distances. The
Browns also have a 45q activation force and
have a bump but not click.

All three are excellent, though we tend
to find Browns the best averall for typing
and either Browns or Reds best for gaming,
The Blue switches are for fans of loud
keyboards only.

The Logitech G413's buttons have shorter
actuation distances, but that keyboard's
switches still pale in comparison to the
Cherry MX hardware here, The Alloy's
buttons are faster and firmer, with amore
clinical action. The Cherry MX also have
the advantage that you can buy thousands
of different custom keycaps for them,
whereas the Logitech's keycaps aren't
widely available,

The Cherry MX switches also compare

well to the best membrane keyboards,
The Corsair is excellent, for instance, but it
doesn't quite have the speed and precise
feel. Razer's unit is fast, too, but that
keyboard is noticeably lighter, without the
weight of a good mechanical switch.

If you're not a competitive player, then
alternatives like the Corsair offer more
features, and the Logitech G413 is a full-size
keyboard rather than a tenkeyless model yet
still has mechanical switches.

If youwant to stick with HyperX but
have a full-size keyboard, expect to open
your wallet: the Alloy FPS RGB uses faster,
shallower Kailh Silver Speed mechanical
switches and costs £70, while the Alloy Elite
RGB sticks with Cherry MX Blue, Red, and
Brown switches but costs £100,

Conclusion

The Alloy FPS Pro offers the best typing
experience in the Labs thanks toits crisp,
reliable, and fast Cherry MX switches, and it
has top-notch build quality.

However, this model also has compromises.
It's tenkeyless; it has no extra buttons, few
additional features, and no RGE LEDs.

If you want a smaller, focused unit for travel
and caompetition, though, it's superb, offering
great quality and easy portability.

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

VERDICT

It lacks features, but this tenkeyless
model has great quality and is ideal for
travel and competition.

DESIGN  ©  FEATURES
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VALUE
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L OGITECH G413
CA RBO N / £70 nevar

SUPPLIER

he G413 Carbonis one of the priciest
. peripherals inthis group test, but
there's goodreason forit. Along with
the HyperX Alloy FPS Pro, it's one of only two
keyboards to have long-lasting, more precisely
engineered mechanical keyswitches, rather
than cheaper rubber membrane switches.
What's more, unlike the HyperX madel, you
don'tmiss out ona numberpad here, instead
getting a full-sized keyboard with the usual
105 keys. Suchis the advantage of using the
company’s own Romer-G keyswitches.
It's a great-looking keyboard too, with a
far more mature feel than many of its rivals,
thanks to a brushed aluminiumplate onits
top surface, Underneath, it's all plastic, but

4+ Decentmechanical = Few extrafeatures
switches

= Bettermechanical

4 Sturchy build quality options elsewhere

¢ Includes replacement = NoRGE LEDs
keycaps

SPEC
Connection Wired, USE

Cable 1.8m, braided
Material Plastic, aluminiurm
Switch type Romer-G Tactile

Bacldlighting Red
Extras USE pass-through, additional keys, key puller

build gquality is superb, with the whole thing
having a solidfeel. That said, the relatively thin
aluminium top plate overhangs the edge of the
plastic belowin away that looks good but does
make for a slightly sharpedge.

The G413 has cable management channels
undemeath, and in the box, you get twelve
faceted keycaps that offer a little more grip
thanthe conventional buttons, which are only
slightly concave as on mostkeyboards.

This is also the only keyboard in the Labs to
have USE pass-through, although it's aUSB
2 connection - not faster USB 3.1. Unlike the
Hyperx, the cable isn't removable.

There are no dedicated macro or media
buttons on the G413, althoughmacros can
be recorded to the function row and media
controls are also available here. No wrist rest
isincluded soyou'll have to make do with an
aftermarket one, whichinfairmessis generally
preferable amyway as mostincluded wristrests
pale in comparisonwith proper padded ones,

There's no RGE lighting on this keyboard,
either, with the G413 sportingred backlighting
throughout. The brightness canbe set to four
levels via one of the secondary functions of the
F keys. It's bright and even, but only a couple of
basic effects are available.

The G413 doesn't have extraneous features
or RGBLEDs, then. Instead, Logitechlets
theintermals do the talking. Those Romer-G
switches are rated for a superb lifespan of 70
million keypresses, andthe keyboard has 26-key
rollover and anti-ghosting. These tactile variants
of the switches have a slight tactile bump but
no audible click (linear and clicky versions of the
switches are available but not onthis keyboard).
They have anoperating force of 45g,a 3.2mm
travel distance, and a1.5mmactuation point

The G413 squares up against the HyperX
Alloy FPS Pro as the only other mechanical
unitin the Labs. The HyperX uses Cherry MX
switches whichwe do find slightly nicerinuse

butit's a close-run thing, and both far exceed
the responsiveness of the other keyboards on
test, and they'lllastmuch longer too. Potentially
crucial for some users, the Romer-G switches
have shorter travel and actuation distances
thanthe Cherry MX switches,

Unusually for amechanical keyboard, the
G413's buttons are surprisingly quiet, creating
less din than most of the other keyboards on
test, whether mechanical or membrane.

The Romer-G switches do still feelighter and
softerthan mostmechanical designs, though
- including both of the faster, firmer Cherry MX
switches inside the HyperX. The affordable,
membrane Corsair feels alittle weightier, too,
evenif those switches are also slower.

Conclusion

The G413 smechanical switches are abig boon
atthis budget, putting the G413 comfortably
ahead of the membrane keyboards on

test whenit comes to typing speed and
consistency. Plus, they'lllast longer too.

We prefer the switches on the Hyperx Alloy
FPS Pro, but you pay a premium for those
switches, with that keyboard missing out ona
numberpad. Both mechanical keyboards also
have minimal designs and feature sets, withno
extra switches or RGE LEDs.

TheLogitech G413 is a sturdy. robust
mechanical unit, that while not flawless, offers
alotof value forits price,

R R N R N R R R R N

VERDICT
Solid mechanical keys and robust design, but
other options are better and more versatile,

s
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MSIVIGOR
GK30/£40

SUPPLIER s

he Vigor GK30 only costs £40,which
. makes it one of the cheapestunitsin

the grouptest, along with the
excellent Corsair K55 RGB. The MSl punches
aboveits weightwhenitcomes toits RGBLED
lighting, thowugh. It has six lighting zones, which
is twice as many as the Corsair, and the use of a
translucentmembrane layer lends the whole
unitasmart, attractive glow.

There are none of theissues surrounding
inconsistent or weak lighting here - unlike on
the £45 Razer device - and MSI's Dragon Center
app has areasonable range of effects available.
Crucially, though, only sevencolours are
available, soyou can't pick any RGE LED shade.

The biggest lighting issue is the band of
RGE LEDsinstalled on the right-hand side
of the wrist rest, It's far brighter than the rest
of thelighting, andit's often distracting. And,
while the MSI does technically have a wrist
rest, it's so small that they may as well not
have bothered.

Elsewhere, the feature setis slim: there are no
mediaormacrokeys and no USB pass-through.
It's similar here to the Razer, but the Corsairis a

SPEC
Connection Wired, USE

Cable.l.ﬂm,mbralded
Material Plastic

Switch type Membrane
Backlighting 6-zone RGB

far better optionif you wantthose extra buttons
and alarger, more cormfortable wrist rest.

The Vigor is made from underwhelming
plastic, and build quality is not great. Its chassis
is flimsier than the Corsair and noticeably
weaker than pricier mechanical keyboards that
are bolstered with metal. It's spill-resistant, like
the Razer and Asus units, which bodes well for
gaming with drinks around.

M5I's switches indude a plunger mechanism
that's designed to provide amore controlled,
precise feelthan conventional membrane
switches. They're also rated to 12 million
keystrokes, whichis roughly double typical
membrane switches, though along way off the
over S0 million keystrokes of true mechanical
switches. The Vigor's switches do offer acrisp
initial feeling, and they have a pronounced
bumip, just like Cherry MX Blue keys - and
they'rejust as loud, too.

They'renot nearly as satisfying, though. The
buttons have decent speed, but they're lighter
andless comfortable thantheirmechanical
inspiration and evenwhen compared with the
keys onthe Corsair, The buttons bounce when
they bottom out too, whichmakes the typing
actionfeeltoo spongy.

The MSI's keys aren't awful, but neither
are they markedly betterthan decent-quality
membrane switches. They're light, spongy
and aren't cormnfortable when compared with
the Corsair, which also costs £40.Stepupa
little to the £45 Razer Cynosa Lite and vour'll

VIGOROUS LETHARGIC
4+ Bold, versatile lighting = Springy, disappointing
typing

+ Low price

= Few extrafeatures
4+ Compactdesign

= Poorrollover figure

R N N ANy

getamembrane keyboard that's light, fast, and
consistent without theimritating spongy feeling
that you'll find on the Vigor.

Elsewhere, the MS1has 6-key rallover, which
is only good enough for mainstreamgaming -
even the cheap Corsair was better here. It's the
lowestrolloverfigureinthe Labs.

Conclusion
The MSIVigor GK30 has good RGB lighting,
with a caonsistent and bright glow across its keys
andunderneath all of those buttons, but that's
the only areawhere this unit outpacesits rivals.
Thewrist restis sosmall as tobe pointless,
and there are no extra buttons. It has mediocre
build quality, andits loud, fast buttons suffer
becausethey're light and bouncy — not
comfortable compared with the more solid
Corsair options and the rapid units onthe Razer,
Whenthose rivals offer better typing and
more features for hardly any extracash, it's
tricky torecornmend the M3l - unless you're
really committed to having a keyboard with
bold, bright lights.

R R N R N R R R R N

Good lighting, but few features and
underwhelming typing hinder this unit.

DESIGN  ©  FEATURES
/A0 2%
VALUE

11/%

OVERALL SCORE
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RAZER CYNOSA

LI TE /£45 nevar

azeris usually associated with its
more expensive and outrageous
gaming products, but the Cynosa
Lite is a simple membrane keyboard with
modest looks and a £45 price. The plastic
Cynosa has anilluminated Razerlogo onits
slanted front edge, but that's it whenit comes
to ornamentation. Elsewhere, this device is
smart and subtle.

Build quality is decent, too. This unit
can't match the strength exhibited by more
expensive keyboards that are bolstered with
metal plates, but it's just as sturdy as the £40
Corsair KS5 RGB and noticeably more robust
than the MSI Vigor GK30.

The Razer is one of the most compact
keyboards in the Labs. Its minimal design
means there's not much plastic to be found
beyond the keys, and the buttons themselves
are recessedinto the chassis so they don't
stand proud like on so many mechanical
keyboards in particular.

The Cynosa has subtle lighting, with
just one backlit Razer logo along with the
backlighting. This makes for a smart look,
but you do miss out on the more impressive
displays of some keyboards. The membrane
layer on this keyboardisn'tilluminated like
itis on some rivals, thoughit's a feature that

R N

YES, SIR NO,SIR
- Fast, light, and = Poorlighting
consistent typing
= Few extra features

+ Spill-resistant
= Alittle more expensive

Robust build quality thanrivals

SPEC
Connection Wired, USE

Cable 1.8m, unbraided
Material Plastic

Switch type Membrane
Backlighting 1-zone RGE
Exh'i;s Wiist rest .

you can find in the pricier Cynosa models.
You also don't get glowing lights around the
chassis that can light up your desk.

As well as limited lighting zones, you also
getlimited lighting colour options, with the
only aption being the green seen here. This
makes the Razer's lighting far less versatile
than the RGB LEDs on other models, and
even more disappointingly the lights aren't
particularly impressive either: they're not
very bright or consistent. You do getloads of
customisation options inthe Razer Synapse
app, but this keyboard will never be as bold or
as attractive as its rivals.

Elsewhere, the Razer has no dedicated
mediaor macro keys, although on-the-fly
macro recordingis possiblehere. Ithas a
middling 10-key rollover designation, and it's
spill-resistant. The Corsairis better here, thanks
toits dedicated media and macro buttons.

Razer's sunken keys strike a decent
balance between the superb Corsair buttons
and the lighter, weaker MSI design. The
Cynosa's buttons are alittle softer and
lighter than the Corsair buttons, but they
respond quickly and precisely - almost as
quick as the best mechanical devices. They
have a relatively linear motion with less of
a pronounced bump than some keys. The
keycaps have anice comfortable soft-touch
coating that provides a secure grip.

The Razer's buttons still can't compete with
mechanical hardware, and especially with the
HyperX Alloy FPS Pro. However, the Cynosa
Lite is easily good enough for gaming, and it's

a solid alternative ta the Corsairif that unit will
prove too heavy and tactile.

We only have one concern about the Razer's
layout, whichisits single-height Return key. It's
quite common to find this with smaller brands
that can't afford a full LIK-style key layout
variant of their keyboard, but we'd expect
Razertohave a proper full-height Retum key,

Conclusion

The Razer Cynosa Liteis agood alternative to
the Corsairwhenit comes to typing: its buttons
arelight, soft, and almost as predise and snappy
as the bestmechanical devices. Plus, they're
linear rather than tactile, soif the Corsair's
heavier and more tactile buttons aren't suitable,
the Razeris the best alternative at this price.

It's ashame that the Cynosais inconsistent
elsewhere:it's robust and spill-resistant, butit
doesn't have extra buttons, andits lightingis poor.

Thisis a good option if you want an
affordable keyboard withlight, fast, and
reliable buttons, but remember that sturdier
units with more features are easy tofind.

R R N R N R R R R N

Fast, light, and reliable typing are
undermined by poor lighting and features.

DESIGN :  [FEATURES
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STEELSERIES
AP EX3 / £60 incvar

SUPPLIER

he SteelSeries Apex 3 is the most
. expensive membrane keyboard in

the Labs, withits E6D price tag
sitting just one pound above that of the Asus
TUF Garmning K5 and one pound less than the
tenkeyless, mechanical HyperX Alloy FPS Pro.

SteelSeries has tried to justify the price by
loading the Apex upwith features, It has ten-
zone RGEB LED lighting, which means you get
more versatility than on virtually any other
keyboard inthe Labs. The lighting is bright
and bold, andthe translucent membrane
beneath the floating keys gives the whole unit
anice eyven glow. The font on the keysis also
big and bold, and the lighting hereis alittle
more consistent than onmost of the other
membrane keyboards in the Labs.

The Apex has avolume roller alongside a
single media button that can pause and play
music, skip tracks, and reload the previous
song depending on how many timesit's
clicked. It's a little awkward when compared
with having separate keys for different tasks,
butit's still a welcome addition.

.........................................

STEELY FLIMSY
# [Fast, reliable = Typingis a little bouncy
typing action

= Few extrafeatures
+ Excellentlighting NoG Mod
= MoGame e

<4 Smart, compact design

SPEC

Connection Wired, USE
Cable 1.8m, unbraided
Material Plastic

The Apex
is also spill-resistant,
andit has cable-routing options

underneath. Animpressively deep and
comfortable (though not padded) wrist rest

is alsoincluded, and it conveniently attaches
to the front via magnets. The keyboard has
24-kevy rollover, whichis better thanmost
membrane models, and the switches are
rated for 20 million keypresses, whichis again
comfortably better than most membrane
rivals, evenif notup to the level of true
mechanical keys,

Onthe missing featurelist, the Apex 3
doesn't have a Game Mode, for disabling
Windows key functions, and there’sno USB
pass-through, either. The Asus has a similar
feature set, with 24-key rollover and media
buttons, butit's also much larger than the
Apex, with a more divisive design.

Build quality is a touch disappointing. This
relatively expensive membrane unit looks the
part, despite the use of plastic throughout, but
the chassis flexes back and forth far too easily.
The Asus and HyperX units are far sturdier,
and more suitable for frequent transport.

The Apex's membrane buttons have nearty
grmmof travel, and they certainly feel tall. The
buttons have a solid, weighty quality to them,
though, and provide consistentmovement
and almost no wobble, This keyboard is also
extremely quiet as befits SteelSeries calling
these Whisper-Quiet switches.

The buttons have afast, snappy response
and bounce back very quickly once they've
bottomed-out - they almost feel too springy.
The buttons also have amore substantial
burnp than anything elseinthe Labs. The
Asus has atactile bump, too, butit's alittle
more gradual. The HyperX has a similarbump
if vou opt forits Cherry MX Blue or Brown

N

switches, but linear Cherry MX Red switches
are also available.

The springy, speedy nature of these buttons
will be aboon for fast-paced gameplay and
for people who alsowantto type atspeed.
However, theyre definitely divisive thank
to their height and that springy return. All
of its rivals are betterin this regard, with a
more definitive feeling when the buttons are
pushed down,

Concdlusion

The SteelSeries does have some areas where
itmatches and beats rivals: it has similar
rollover settings, very good lighting, and a
more subtle and compact design, espedally
whencompared with the Asus.

Its typing actionwon't suit everyone though,
thanks toits pronounced tactile bump and
springy kick-back. If that's the case, the Asus
is more conventional, and the mechanical
HyperX is faster and has more weight.

Ifyouwant afast, springy keyboard with good
lighting, the Apex is a reasonable option. Just
be aware that rivals have more conventional
typing actions and better build quality. re

E R N E T N

VERDICT
It's fast, attractive, and compact, but not
everyone will like the slightly springy typing.
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Panel show
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With a fresh new crop of high-quality 27in, IPS gaming monitors
now on the market, Edward Chester puts five of them to the test

How we test

e've long considered 27in IPS 144Hz+ monitors to be the ideal
. all-round spec for gaming, thanks to their balance of size,

resolution,image quality and gaming performance, and some
of these latest models have another ace up their sleeve,

Previous 144Hz+ IPS screens have been limited to a response time of
around 4ms, whereas these new panels can all achieve a Ims response
fime, putting themin line with TN LCDs for responsiveness. At leastin
theory. They all also include G-5Sync-compatible adaptive sync, so they
can provide tear and stutter-free gaming on both AMD and Mvidia cards.

Less welcome is the fact that all these displays also include extended
colour gamuts in a nod towards HDR. However, none of them really
produces proper HDR, so the extended range - which makes colours
look oversaturated and unnaturalin non-HDR content - is a hindrance.

As such, we're changing our testing slightly. Instead of reporting
image quality before and after calibration, we've recordedimage quality
inthe default extended gamut mode andinthe sRGB mode. Opting for
the latter mode (whichis how we'd run these displays) generally locks

out the ability to adjust any other image quality settings, sothere's no
pointin us trying to calibrate them further.

Wetestimage quality with an X111 Display pro colorimeter and
DisplayCal software, with the brightness set to a sensible 150 nits
(generally around 25/100 on adisplay’'s brightness scale). We also test
the maximum brightness, and then tum on the sRGE mode to test how
this crucial setting performs.

The colorimeteris also used to check uniformity, to seeif the whole
panel produces consistentimage quality across its full area. We also
check for any backlight bleed, viewing angles, excessive IPS glow and
any image quality factors that can't be gauged by a colorimeter.

Mextup, we turn to gaming. Here, we mainly concentrate on FPS
games, where afast response time, high refresh rate and adaptive
sync are hugelyimportant. We test subjectively and then also use
BlurBuster's excellent ghosting UFO test to check for the sharpness
of the display in high-speed motion. Finally, we also assess the
connections, features, design and build quality of each display.

> AOC27G2U /p53 » LG UltraGear27GL850 / p56
> Asus TUF Gaming VG27AQ / p54 > ViewSonic Elite XG270 /p58
> Gigabyte Aorus FI27Q /p55 > Resultsgraphs / p59



SUPPLIER cclonlin

0C's 27G2U might nothave the
. 2,560 x1440resolution of the

other displays on test, but it offers
amazingly good value for money. Youget a
27inIPS panel, 144Hz+ refresh rate, fully
adjustable stand, and even FreeSync and
G-Sync support, all forunder £200.

Of course, there are other areas where
costs have been cut, such as build quality.
While the stand offers height, tilt, rotation and
pivot adjustment, it feels noticeably less sturdy
than the other displays on test, although all the
adjustments are easy to perform. The back of
the displayis also abitthinner and less robust
than the others, and youmiss out on some
extrafeatures, with no flip-down headphone
stands or RGB lights (oh the humanity!)

However, youmiss out on little else. You
evenget afancy 'frameless’ design, where
the bezels merge with the panel, making for
aslim and sleek appearance. You also geta
USE hub with four USE 3 ports, along with
one DisplayPort, two HDMI ports and even
aVGAinput.

SPEC
Screen size 27in

Resolution 1,920 x 1,080
Paneltechnology IPS
Maximum refresh rate 144Hz
Responsetime Ims
ml,ﬂﬂﬂ.:l -

Display inputs 1x DisplayPort
12, 2x HDMI14, 1xVGA
Audio 2 x 2W speakers, line in, headphone out

Stand adjustment Height, rotation, pivot, tilt

Extras 100 x 100mm VESA
mount, 4-port USE 3 hub

One disappointment,
though, is the menu systerm.
Thebuttons for navigating it
aretiny, and theirlabelling is
all but invisible in poor lighting.
Themenu layout isn’t the worst,
but the overall navigation experience
is bad - you'llwant to set up this display
once and forget it

As forimage quality, having 21920 x1,080
resolution on a 27indisplay makes for a fairly
chunky-looking image and a slightly cramped-
feeling desktop. However,it's aboon for
gaming, where the lower pixel count reduces
theload onyour GPU. Theimage also looks
fantastic right out of the box, with a decent
maximum brightness of 335 nits, aLabs test-
topping contrast of 1,447:1and excellent colour
balance and garmma. There's also no egregious
backlightbleed orlPS glow: Uniformity is okay
too, with an average variance in brightness of
3.5percentand apeak dropof13.6 per centin
the bottomleft cormer.

This display does have a slightly extended
colour range, though, hitting 123.4 per cent
sRGEB colour space coverage, so it won't
be ideal for colour-critical work. There's a
dedicated sRGB made that carrects this, and
alsa makes for even better overallimage
quality, but it's fixed at 250 nits brightness,
whichis too bright. Thankfully, the gamut isn't
extendedtoo farto be unusable for desktop
work, and the sSRGB mode may alsobe usable
in some bright environments.

The AOC held up wellin gaming too.
G-Sync compatibility is a huge boon at this
price, meaning you can get tear- and stutter-
free gaming on Myidia GPUs without the
extra cost of atrue G-Sync display. However,
the other monitors on test felt snappierin
terms of response. The ADCis stilldecent
for competitive gaming, but a little way back

HD MONITOR HD FLOPPY DISK
+ Astonishingly good = Resolutionlimits
value for money sharpness

= Standfeels cheap
= Termible 050 buttons
= sRCE mode too bright

+ Greatgaming
performance

+ Ideal resolution for
sloweer GPLUs
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from the rest - and further back stillfrom TN
displays, which still feel snappier, despite
matching the Ims response time on paper.

Conclusion

The AQC 27G2Uis the single finest budget
gaming display we've seen. Getting a144Hz
IPS panel with G-Sync support and full stand
adjustability forunder £200is astonishing,
and the drop to 1080p is a small price to pay.
The low resolution and lack of ausable strict
sRGE mode meansit's not quite anideal wark
and play all-rounder, but otherwise, we can't
praise this monitor enough.
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VERDICT
A 1080p resolution is all that holds back this
otherwise fantastic budget gaming display.

IMAGEQUALITY ©  GAMING
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ASUS TUF CAMING
\/GZ7AQ / 449 i

SUPPLIER

sus’ TUF Gaming VG27AQ packs
. mostof the same core essentials as

the othermonitors ontest - aside
from the lower-resolution AOC model. That
means the VG27AQhas a 2,560x%1,440
resolution, a maximum refreshrate of 144Hz
(that's overclockable to 165Hz) and adaptive-
sync suppaort with G-Sync compatibility. That's
atempting list of features by any measure, and
the VG27AQ has an ace up its sleeve, though
elsewhere it's alittle more mundane.

You doget a fully adjustable stand, with

height, rotation, pivot and tilt movernents
(plus of course, 100 x 100mm VESA mount
support), but otherwise the design is smart but
decidedly drabber than all the others on test,
barthe AQC. The plastic has a slightly cheaper-
locking finish toit, the stand is just plain steel
with a plastic outer and the bezels around the
screen are clearty visible.

+++++++++++++++++++++++++++++++++++++++++

TUF FLUFF
+ Fantastic gaming = Few extrafeatures

performance

= Plasticky design

4+ Creatoverall _

image quality = Molow-profile bezel
+ Decentvalue

SPEC

Scneenmz?un

Hesnluﬂnn 2, Sﬁﬂx 1440
Fﬂultel:l'nulng'; IPS

Maximum refresh rate 144Hz
!qurclocka I::le to155Hz}

Re-.;punse hmelms

tontrast 'I.EI'CIO 1 B

A.dapthre SYnC Freeﬁvnc andG Smc cumpatlble
Display inputs 1x DisplayPort 12, 2 x HDMI 2
Audio 2 x l‘.WspEakers. headphone out

Stand adjustment Height, swivel, pivot, tilt

Extras 100 x 100mm VESA mount,
HOR 10 compatibility

Allthe other displays
herehave those tiny Tmim
bezels that sit flush with the
screen's surface, with a smaill
border that sits under the edge of
the screen, creating areally slick, slim
look. The Asus, though, has aSmm
wide bezel that sits atop the screen. It's still very
slimbutisn't quite as neat asthe others. You
alsomiss outonany extrafeatures, suchasa
headphone stand, RGB lights or evena USB hub.

Whenit comes to the important stuff,
though, the VG27A0 doesn't disappoint,
Owverallimage quality is very good, with decent
colour balance, contrast and gamma inthe
default mode. However, like the other displays
here, the colour gamutis larger than sRGE,
making it unsuitable forimage and video
editing - it's no good for HDR editing either,

You do get an sRGB made that's fixed to a
sensible 140 nits brightness, but the contrast
dropsto awoeful 504:1.It's agood setting
for general desktop work - low contrastis
actually easier onthe eye, butitisn't good for
gaming, watching video or photo andimage
editing. Thankfully, the T per cent sRGB
coverage in the defaultmode isn't too far
above 100 per cent, so you can get away with
using it the vastmajority of the time,

It's when you fire up a game that the
VG2TAQ's secret weapon comesinto play.
This otherwise modest display includes Asus'
extreme low motion blur (ELMB) technology,
which combines Mvidia's backlight-strobing
motion blur reduction technology (ULMB)
with adaptive sync support. Previoushy, ULMB
hasn'tbeen compatible with G-Sync buthere
itis, and the resultis fantastic.

We've included a screen grab fromthe
Blur Busters ghosting testto demonstrate
the difference in clarity between ELMB and
no ELMBE. The upshotis that this display
romps home with by far the best gaming
performance on test, producing a crisp and
clearimage, without having to sacrifice
G-Sync support.

Conclusion

If voujust want excellent gaming
performance, the VG27AQ is a great option
atadecent price, Itlacks frills, but there are

na serious compromises, and the gaming
performance is superb. The only caveatis the
lack of ausable sRCB mode. For most users,
the slightly extended gamut won't be anissue,
but there are better monitorsif you'reinto your
image and video editing.

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

VERDICT

The addition of ELMB transforms this display
into a gaming powerhouse, and its image
quality is solid too.

IHF.GEN!.I.II"I’E GAMING
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GIGABYTE AORUS

H12/(Q) / £460 wcuar

SUPPLIER ebuyer.com

he Gigabyte Aorus FI270) packsina
. huge number of features forits price,

hitting the same £450 price as
several other displays ontest this month, yet
including markedly more extras. For astart, you
get RGBlighting (we know you'd been missing it
sofarl), with a couple of multi-coloured backlit
wings onthe back of the display, and an
illuminated Aorus logo onthe rear of the stand.

The standitselfis also a hefty premium

metal contraptionthat gives this display a
far firmer footing than the likes of the Asus
VG 27A0D, The full complement of adjustment
movements are reassuringly smooth, yet firm,
althoughthe tilt mechanismis slightly too stiff
for making quick and easy adjustrments.

DYNAMIC RANGE

+ Loads of features

DYNAMIC RAGE
= s5RGB mode too bright

= Pointless HDR
certification

4+ Great overall
image quality

4+ Excellent gaming
performance

= MoELMEB support

SPEC
Screensize 27in

Resolution 2,560 x 1,440
Paneltechnology IPS
Maximum refresh rate 144Hz
(165Hz overclocked)

Responsetime 1ms
Contrast1,000:1

Stand adjustment Height, rotation, pivot, tilt

Extras DisplayHDR 400 compatibility,
RGElighting, 2-port USB 3 hub

Aroundthe back of
the display you'll find
the same three digital
videoinputs as therest of
the displays ontest, as well
as aZ-port USB 3 hub and the connection for
the internal power supply. The backis where
the control for the on-screen display (05D)
menuresides. It's amini-joystick affairthat
againfeels acutabove the restinterms of
build quality. It's not quite as good as the LG's
system, butit’s the second best on test.

The menus themselves are clearly laid
out and offer awealth of options too. Like all
the other displays on test, though, the crucial
sRGB mode that's required to use these
displaysin a conventional, non-pseudo-HDR
mode locks down all the otherimage quality
adjustment controls,

Speaking of HDR, this is the only displayin
the Labs to actually offer compatibility with
any of the DisplayHDR standards, in the form
of the most basic DisplayHDR 400 standard,
This requires aminimumof 400 nits maximum
brightness, which only the Aorus and the
ViewSonic display manage, although the
ViewSonic hasn't obtained DisplayHDR 400
certification. It's rather by the by, though, as
none of these displays delivers meaningful
HDR - it's a pointless pursuit slapping a high
colour gamut on these monitors,

It's good, then, that the sRGB mode offers
very good image quality. Right across the
board, it's all but perfect where it counts, and it
doesn'tdrop contrastlike some of the displays
inthe Labs. The only caveat is the fixed
brightness. It's set to 180 nits, whichis a bit
higher than the -150 nits target of most sSRGB
displays. This extra brightnessis manageable
butnoticeable in general use, to the point
where you feel a bit dazzled using this display
fortoolongin adark room.

Switch to any of the other colour profiles,
and you can tweak to your heart's content, but
you'll be stuck with a 143 per cent sRGB colour
gamut, making for overly bright, unrealistic-
looking colours - it's fine for some games and
video but not for desktop use.

Gaming performance is helped out by the
option to overclock the display to 165Hz and
amaximum overdrive setting that doesn't
noticeably introduce any inverse ghosting,
making for a responsive, clearimage. Gaming
performanceis excellent, and it's also goodto
have support for both FreeSync and G-Sync -
the only notable omissionis the EMLB support
you get onthe Asus VG2Z7AQ.

Conclusion

The Aorus FI27Q) is a fantastic, feature-rich
gaming display for a great price, althoughit's
ashame aboutits pointless HOR pretentions.
If Gigabyte added an option to switchto sRGB
colour space, or allow brightness adjustment
inthe sRCB mode, this display would have it
all - other than ELMB.
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VERDICT

A great price and plenty of extra features
make for a decent gaming display, but don't
get excited about its HDR certification.

IMAGEQUALITY ©  GAMING
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/27N CAMING MONITORS

twas the LG 27GL850 that kicked off
. this latest wave of improved 27in, IPS

gaming screens. This monitor
intraduced usto LG's new 1ms IPS panels, which
also power some of the other screensontest
this month, sowe wereinterestedto seeif LG's
implementation could better the competition.

What youfirst notice about this display, upon
placing it onadesk, is the strange lack of rotation
inthe stand. That oddity aside, firstimpressions
are good. The stand doesn'thave a particularty
premium feel, andthe red plastic highlights aren't
to ourtaste, butit's stillreasonably smart. The
display itself also has the requisite tiny bezel and
general slimness thatwe expect from this latest
generation of displays.

Connection options are good too, with a
2-port USB 3 hub joining the DisplayPort
socket and two HDMIinputs. You also
get a headphone output but no speakers.
One particularly impressive aspect of this
maonitor is the on-screen display (05D)
menu, whichis responsive, neatly laid out
and governed by a single joystick controlon
the underside of the display, which is very
easy touse.

Thenwe gettothe overall feature list. Likethe
otherdisplays here, you geta144Hz IPS panel
with a Ims response time and adaptive sync
support with G-Sync compatibility. You even get
HOR10 support, although HOR hereis basically

-----------------------------------------

LUCKY UNLUCKY

4+ Highercolour gamut = Low contrast

< Good gaming = PoorQ0B
performance colour balance

F Generally good- = Morotation en stand
quality display

SUPPLIER Owe

pointless, as on all the other displays in this test -
an extended colourgamutisntHDR.

Sadly, firing up this display revieals that
contrastisn'tits strong suit Ithas a noticeably
grever look towhat should be pure black (LCDs
can never show true black) and, sure enough,
inourtests, with the backlight calibrated to 150
nits, this display producedablack level of 0.27
nits compared to 0.15 or below formost of the
other displays ontest This resultedinacontrast
ratio of just 726:1, afigure we couldn'timprove by
tweaking any of the monitor's settings.

That's not a disastrous contrast level, and
you may not pick it up as being low when
viewed inisolation. However, it's plainto
see when you're sitting next to the other
displays ontest this month. We were atouch
disappointed by the colour balance too.
£,939K isreasonably close to the ideal of
6,500K butit's still the second worse result
ontest, andit gets even worseinthe sRGB
mode, This resultsin abluetinge to the
display that particularly makes reading text
atouch harsh on the eyes (this mode locks
out any calour adjustment).

Evien more problernatic is the high colour
gamut. This display stretches all the way to 141
percent sRGB coverage, making colours look
far brighter and more unnatural than normal.
You can fix this problem by enabling the sRGB
muode, but then youhave the evenworse
colour balance.

Jumpinginto our game tests, though, saw the
27GL850 performing well Its sharpnessinour
motion blurtest evenrivalled the ELMB setting
onthe VG27AQ. This carme acrossingames too,
with a generally snappy feel throughout, plusit
will also actively sync with both Nvidia and AMD
GPUs, eliminatingtearing artefacts.

_LG 27GL85 0/ £499 vevar

SPEC

Screen size 27in
Resolution 2,560 x 1,440
Panel technology IS (nano IPS)

Maximum refresh mte 144Hz

Responsetime Ims
Contrast1,000:1

Adaptive sync FreeSync and G-Sync compatible

Audio Headphone out
Stand adjustment Height, pheot, tilt

Extras 100 x 100mm VESAmount, HOR
10 compatibility, 2-port USE 3 hub

Conclusion

The LG 27GLB50 may have been at

the farefront of the new wave of Tms

IPS gaming displays, but it no longer
maintains a clear lead over its rivals.
Competitors now offer more features
and better image quality for less money.
There's alot tolike about this monitor for
gaming, but its price needs to drop a little
to continue to compete.
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VERDICT
A high price and a few niggling issues put
this trailblazer behind its usurpers.

IMAGEQUALITY ©  GAMING
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VIEWSONIC ELITE
XG2/700Q0 /£708 v

SUPPLIER alza.ci

ike the Gigabyte Aorus FI270Q, the
. ViewSonic XG2700Q0 setsitself

apart with a host of extra features.
You get RGE lighting, a USE hub, a headphone
stand, mouse cable bungies and even sight
shields for the sides.

It's also one of the smarter-looking
displays on test, with a very stark, plain black
look accented by subtle RGE lighting zones.
There's afetching hexagonal ring of light
on the back, and the outer two quarters of
the underside emit a glow too. Both lights
combine to provide a gentle background
glow that can genuinely help to reduce
evestrainif you're inan otherwise dark room.

Allthis elegance is rather nullified if
you attach the side sight shields though.
They supposedly help you concentrate by
blocking out distractions, while preventing
others from seeing your screen. Unless
you're regularly rocking up to LANS, though,
thisis a niche feature.

SPEC
Screen size 27in

Resolution 2,560 x 1,440
Paneltechnology IPS

Maximum refresh ate 144Hz
loverclockable to 165Hz2)

Responsetime Ims

Contrast1,000:1

Adaptive sync FreeSync and G-Sync compatible
Display inputs 1x DisplayPort 1.2, 2 x HDMI 2
Audio Headphone out, audio n, speakers
Stand adjustment Height,rotation, pivot tlt

Extras RGE lighting, 3-port USE 3 hub,
headphone stand, mouse bungie, side shields

The headphone and mouse bungie
additions are really welcome though. The
former flips down from the left and provides
anample length of plastic onwhich to hang
your headphones without them encroaching
onthe screen. Meanwhile, the bungies are
littler rubber arms that flip down from the
underside of the screen, providing abungie
for either left orright-handed users. The
positioning seems too central at first, but it
actually works well, and they fit a handful of
differentmouse cords we tried.

The included stand is a hefty, sturdy affair
as well. Its movements are a little stiff, butits
sheerweight means the stand stays firmly
planted whichever way you're trying to twist
andturnthe display.

The XG270QGC has impressed sofar, then,
but the 0SD menuis a problem. tusesa
mini-joystick control on the underside that too
easily tips to the side, making it tricky and fiddly
to push directly inwards, and not off to the
side at the same time. The menulayoutis also
decidedly unintuitive, making it a chore touse,

The second problemis that, although the
XG2700Q0has an sRGE colour balance mode,
it doesn't have an sRGB colour gamut maode,
soyou're always stuck with the extended
colour gamut. That said, the extended range
here didn't stand out as obviously as on the
other displays, with colour largely looking
quite natural, despite the 140 per cent sSRGB
colour space coverage.

Looking more generally atimage quality,
the XG270Q0 has a slightly disappointing
contrastratio of 882:Tinits default mode,
and 908:1in sRGB colour mode, That's alittle
behind some of the better displays, andit's
noticeable in general use. Otherwise this
display performs well, with a decent colour

SONIC EGGMAN

+ Packed with features = Below-par contrast

+ Smart design = Poor0SDcontrols

+ GoodsRGBmode = Middling gaming
image quality performance

balance and gammain both the colourmodes
wie tested, as well as a plentiful maxinmum
brightness. Average uniformity was decent
too, although the top and bottom left corners
showed guite noticeable drops in brightness
of 8.2 per centand 1.8 per cent respectively.
Whenit comes to gaming, you getthe option
to overclock the refreshrate to 165Hz, and the
display alsoincludes ULMB support, although
not ELMB, soit sadly can't be enabled atthe
sametime as G-Sync. Largely, performance
was onapar with the other displays here,
althoughyouneedto crank up the overdrive
setting tomake it as responsive as the others.

Conclusion

The ViewSonic XG2700QG packsin loads of
features but demands a high price for the
privilege. The extras are all welcome and
wellimplemented, but they don'taddup to
justifying the extra cost, At this price, it could
do with a proper sRGB mode as well. o

VERDICT

A cracking monitor, but it struggles against
considerably cheaper competitors.

IMAGEQUALITY :  GAMING
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DEFAULT / HDR MODE

COLOUR TEMPERATURE (KELVIN)

Deeviation fram bdeal result {5, 5008)
ViewSonic Elite XG270 34
ADC 27630 aay
LG UitraGear 27GLASD 433
Gigabyte Aonss FIZTG 453
Asus TUF Gaming WG27A0 61
v 200 400 E00 800
Lower ts better
AVERAGE GAMMA
Dewviation from ideal result 2.2}
LG UitraGear 2760850 O
AOC 27620 003
ViewSoric Elite XG270 0.04
Asus TUF Gaming WG27TAQ [ i:]
Gigabyte Aonus FIZA0 009
o 0.05 0.4 k3 02
Lower is better
CONTRAST RATIO
Ratio of white-to-black luminance
AOC 2TG2U 1417
s TUF Gaming WG2TAQ 1205
Gigatvyie Aonus FIZQ LREC
ViewSonic Elite XG270 2oz
LG UlraGear 27GLASO 76
v S00 1,000 1,500 2,000
SRGE COLOUR SPACE"
Percentage of SRGE colour space covered
Cigabyte Aonuss FIZTG 143
LG UitraGear 27GLAS0 19
ViewSoric Elite XG270 140
ADC 27620 123
Asus TUF Gaming WG2TAQ 12
o 50 100 150 200
COLOUR ACCURACY
Average delta E 2000
s TUF Gaming YG27AQ 024
AOC 27620 026
ViewSonik Elite KG270 027
Cigatyyte Aonss FIZIGQ 028
LG UitraGear 27GLASO 028
D 0 0.2 03 0.4
Lower is better
MAXIMUM BRIGHTNESS
Brightness in cd/m” nits)
Gigatsyte Aanss FIZA0 247
ViewSonic Elibe XG2T0 1z
Asus TUF Gaming VG27A0
KOC 27620 335
LG UitraGear 27GLASO 327
o 150 300 450 800
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SRGBE MODE

COLOUR TEMPERATURE (KELVIN)

Deviation from ideal result (6.500K)

Gigabwte Aorus FRTQ 36
ADC 270U
Asus TUF Carming VGITAQ
WhrwSonic Ebte XG270
LG UtiraGear 27CLES0

AVERAGE GAMMA
Deviation from ideal result 2.2}

WiewSonic Ele XGI70 O
ADC 202U
LG URtrarGegar 27CLES0
Asus TUF Garming VG2TAG
Gigalvte Aorus FIZTQ

am

0 Dos

CONTRAST RATIO
Ratio of white-10-black lurninance

AQC 2700

Gigabryte Aorus FLII0
ViewSonic Eite XGI70

LG UntraGear 27CLES0
Asus TUF Gaming VGITAQ

4 500

SRGBE COLOUR SPACE"

Percentage of SRGE colour space covensd

LG WttraGear 27CLE50
AQC 276U

Gigabyte Aorus FIZTQ
Asus TUF Gaming VGITAQ
WiewSanic Elte XG270

0 S0

COLOUR ACCURACY
Average delta E 2000

ADC 27G2U
Gigabyte Aorus FLTG

LG UntraGear 27CLESD
ViewSenic Elte XG270
Asus TUF Garning VGETAD

[0

SRGE BRIGHTNESS DEVIATION
Ceviation from ideal 150cd/m” (nits)

LG UeiraCear 270LE50 O
ViewSonic Eite X0270 2
Asus TUF Gaming VG2TAQ 10
Gigabyle Aorus FIZ70 30
AQC 27020

0.1

50

324
384
515
400 B00 800
Lovwoer i belter
007
oog
013
04 0I5 0.2
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1287
1,154
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b
1,000 1,500 2,000
1006
4.8
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* A higher colour space percentage is better in HDR, but as close to 100 per cent as possible is better for sSRGB maode
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MOTHERBOARDS

"

/HOW WE TEST

TEST PROCESSORS

* Intel LGATI51Intel Corei9-9900K g
# Intel LGA2066 Intel Corei9-7900X
> AMD AM4 AMD Ryzen 93900X
* AMD TRX4 AMD Threadripper 3970X

Our test gear comprises a GeForce RTX 2070 Super Founders
Edition anda2TB Samsung 970 Pro SSD (or aPCI-E4 1TB
CorsairMP&00 S5D on X570 and TRX40 boards). We also
use Corsair Vengeance RGB 3466MHz DDR4 RAM - a16GB
dual-channel kit for mainstream systems, and a 32GEB quad-
channel kit for HEDT systems.

We use Custom PC's own RealBench suite, and Far
Cry 5 installed on Windows 10 Home 64-bit to test basic
performance. We also test the board's SATA and M.2 ports,
and record the noise level and dynamic range of the
integrated audio using RightMark Audio Analyzer. We try to
overclock our test CPU toits maximum air-cooled level on
each motherboard, and record the performance results.

" CPU COOLERS

PROCESSORS -

TEST MOTHERBOARDS
? Intel LGATISTMSIMEG 290 ACE

» Intel LGA2066 MSIMEG X299 Creation
> AMD AM4 Cigabyte X570 Acrus Master
> AMD AM4 (APU) MSI X470 Gaming Pro Carbon
* AMD TRX4 Asus ROG Zenith || Extreme

We otherwise use the same core spec to test each CPU.

Our test gear comprises an Mvidia GeForce RTX 2070 Super
Founders Edition (or an APU's integrated GPU for gaming tests)
and a 2TB Samsung 970 Pro S50, We also use Corsair
Vengeance RGE 3466MHz DDR4 memory — a16GB dual-
channel kit for mainstream systems, and a 32GB quad-channel
kit for HEDT systems. We use Windows 10 Home 64-bit,

We use Custom PC's RealBench suite (see opposite), as well
as Cinebench for 3D rendering and Adobe Premiere Pro for
video export times. We also use Far Cry Mew Dawn and Metro
Exodusto test gaming performance. Finally, we record the total
power draw of the test PC. We run all tests at both stock speed
and at the CPU's highest overclocked frequency.

We testimage quality with an Xrite
iDisplay Pro colorimeter and
DisplayCal software to check for
colour accuracy, contrast and
gamma, while assessing more
subjective details such as pixel
density and viewing angles by eye. We alsorun games on
them to assess their responsiveness, and to see how well any
adaptive sync tech works, and to gauge their performance at
high refresh rates.

We measure the CPU temperature with CoreTemp, and
subtract the ambient air temperature to give a delta T result,
enabling us to testin alab thatisn't temperature controlled.
We load the CPU with Prime95's smallfft test and take the
reading after ten minutes.

TESTKIT

Fractal Design Meshify C case, 3000MHz Corsair Vengeance
LPX memaory, 256GE Crucial MX100 55D, be quiet! System
Power 9 500W P5U, Windows 10 64-bit.

INTELLGATI51
Intel Core i5-9600K CPU overclocked to 4. 8GHz with 1.2V
veore, Asus ROG Strix Z370-E Gaming motherboard.

INTELLGA2066
Intel Core i9-7900X overclocked to 4.2CGHz with 1.15V vcore,
MS5I X299M Gaming Pro Carbon AC motherboard.

AMDAM4
AMD Ryzen7 1700 overclocked to 3.9CGHz with 1.425V vcore,
MSI X470 Gaming Pro Carbon AC motherboard.

AMDTR4

AMD Threadripper 2950X overclocked to 4.10Hz with 1.425V
vcore, AMD Threadripper 2990WX overclocked to 4GHz with
1.3375V veore, ASRock X399M motherboard.



" GRAPHICS CARDS

We mainly evaluate graphics
cards onthe performance they
offer for the price. However, we
also consider the efficacy and
noise of the cooler, as well as
the GPU's support for new
gaming features, such as ray
tracing. Every graphics cardis tested inthe same PC, so the
results are directly comparable, Eachtestis run three times,
and we reportthe average of those results.

Wetest graphics cards at1,920x 1,080, 2,560 x 1,440 and
3,840 x 2,160, although we omit the latter resolution on cheaper
cards that can't produce playable frame rates at this setting.

TESTKIT

Intel Core i7-8700K overclocked to 4.7GHz on all cores, 16GE
Corsair Vengeance LED 3000MHz DDR4 memory, Gigabyte
Z370 Aorus motherboard, Cooler Master MasterLiquid 240
CPU cooler, Corsair HX750 PSU, Cooler Master MasterCase
HS00M case, Windows 10 Home 64-bit,

GAMETESTS

Red Dead Redemption 2 Tested at custom high settings. We
run the game’s built-in benchmark, and use FrameView to
record the end portion, which is based on real gameplay. We
reportthe 99th percentile and average frame rates.

Battlefield V Tested in DirectX 12 at Ultra settings on every
card. If a GPU also supports real-time ray tracing, we then test

it with DXR enabled on High settings with TAA, and also with
DLSS if it's supported, We run through a one-minute custom
benchmark in the 'Under No Flag' War Story, recording the 99th
percentile and average frame rates with Frame\View.

Shadow of the Tomb Raider Tested at the Highest settings
preset with TAA. We runthe built-in benchmark and record the
99th percentile and average frame rates with FrameView.

Total War: Warhammer [l Testedin
DirectX 1, as the DirectX 12 beta
currently causes stuttering issues
on some GPUs, We test atUltra
settings with FXAA, and runthe
built-in‘Battle’ benchmark. We
record the 99th percentile and
average frame rates with Frame\View.

POWER CONSUMPTION

We run Unigine Superposition at 4K Optimized DirectX settings.
We measure the power consumption of our whole graphics test
rig at the mains during the test, and record the peak power draw.
This resultis for the whole system, notthe graphics card alone.

GUSGOMPG AWARDS

EXTREME ULTRA

+ Some products are gloriously over the top. They
: don't abways offer amazing value, but they're
outstanding if vou hawve money to spend.

: PREMIUM GRADE

* Premium Grade products are utterly desirable,
offering a superb balance of performance and
+ features without an over-the-top price.

PROFESSIONAL

¢ These products might not be appropriate fora
: gaming rig, but they'll do an ace job at

: workstation tasks.

APPROVED

«+ Approved products do a great job for the
© money; they're the canny purchase for a
great PC setup.

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

CUSTOMKIT

¢ Forthose gadgets and gizmos that really
¢ impress us, or that we can't live without,

: there's the Custom Kit award.

CUSTOM PC REALBENCH

Qur own benchmark suite, co-developed with Asus, is
designed to gauge a PC's performance in several key areas,
using open source software.

GIMP IMAGE EDITING
We use GIMP to open and editlarge images, heavily stressing

one CPU core to gauge single-threaded performance. This
testresponds well to increases in CPU clock speed.

HANDBRAKE H.264 VIDEQ ENCODING

Our heavily multi-threaded Handbrake H.264 video encoding
test takes full advantage of many CPU cores, pushing them to
100 per cent load.

LUXMARK OPENCL

This LuxRender-based test shows a GPU's compute
performance. As this is aniche area, the result from this test
hasjust aquarter of the weighting of the other testsinthe
final system score.

HEAVY MULTI-TASKING

This test plays a full-screen 1080p video, while running a
Handbrake H.264 video encode in the background.



El.t
I e Our choice of the best hardware available

Core component bundles

The fundamental specifications we recommend for various types of PC. Just add yvour preferred case and power supply, and double-check there's
room in your case for your chosen components, especially the GPU cooler and graphics card. We've largely stopped reviewing power supplies, as
the 80 Plus certification scherme has now effectively eliminated unstable PSUs. Instead, we've recommended the wattage and minimum 80 Flus
certification you should consider foreach component bundle. You can then choose whether you want a PSU with modular or captive cables.

"-H‘_-,:.

Quad-core CPU, 1080p gaming

Needs amicro-ATX case. We recommenda
450W 80 Plus power supply. See Issue 191,
p78, for an example build quide.

Quad-core CPU, basic gaming &

Needs a micro-ATX or ATX case.
We recommenda 350W 80 Plus power supply.

Intel Core w191
AMD Ryzen5 _ : #104, CPU 22100 colonline. com 078 £107
CPU 3400G novatech.co.uk p20 £129
e Raijintek Juno : #191
AMD Wraith air 4176 CPUCOOLER Pro REW overdlockers.co.uk 078 £
CPUCOOLER cooler included MAA 80 £0
with CFU B
Zotac Gaming 199
AMD Radeon CRAPHICS CARD  GeForce GTX ebuyer.com 46 £205
RXVegal #1894 1660 Super
GRAPHICS CARD Integrabed MR p20 £0
into CPU 16GB (28
GEB) Corsair
Vengeance #191
4
ESE_,EF“ = ot LPX 3000MHz SCLENI p78 -l
(CMETIEGXA
Vengeanos LPX #176 s
MEMORY 3000MHz scan.co.uk P80 £48 M2AZEE6CIG)
[CMEBCAAM2A
3000C16) Gigabyte B360M #191
MOTHERBOARD D53H sCan.couk 78 E80
(nicro-ATX) P
MSIB450M #182
MOTHERBOARD  Mortar scan.co.uk 0 £90 50008 WD Blue #191
{micro-ATX)® p5 STORAGE SNE00 ebuyer.com 25 £69
(M2 NvMe) P
Total £519
S00GEWD #1091
STORAGE Blue SN500 ebuyer.com £69
(M.2 NVMe) pr8 _
UPGRADES
Mvidia GeForce
RTX 2060
Total £336 SWAP (10B0p gaming #199
GRAPHICSCARD  withray tracing SIS pso | =0
and same 2,560
* 1,440 gaming)
"This matherboard may require a BIOS update in arder to recognise the new
CPU, which can be perfarmed without needing an old CPU, downloading the Kingston A2000 4196
latest BIOS to a USB flash drive and pressing the Flash BIOS button SWAP STORAGE ﬂ-rl;q boxcouuk p30 £160



6-core CPU,2,560x1,440 8-core CPU, 2,560 x 1,440 gaming with
gaming, real-time ray tracing | 2 : 2
at1080p real-time ray tracing, and some 4K gaming

Needs an ATX case with room for a 240mm all-in-one liquid
cooler. We recommend a 600W 80 Plus Bronze power supply.

Needs an ATX case. We recommenda 550W 80 Plus
Bronze power supply. See p/6 for an example build guide.

AMD Ryzen5 #1895
cPuU ebuyer.com £155 AMD Ryzen 7 #200
3600 plG CPU 3700X SCan.co.uk D51 £270
ARCTIC Liquid #7196
CPU COOLER Ereezer || 240 scan.co.uk p26 £60
ARCTIC Liquid #1096
CPUCOOLER Freezer 1240 sCan.co.uk 026 £60
Zotac GeForce RTX #199
RAPH RD £
G ICSCA 2060 Super Mini ebuyercom 053 338
16CB (2 X 8GE) GRAPHICSCARD | vidia GeForce scan.co.uk 192 | caee
(2% RTX 2070 Super o pl6
ADATA XPG
Spectrix DEOG : #1099
MEMORY 3600MHz2 celonline.com pS7 £109
Bﬁgﬁmmaw' 16GE (2 x 8GE)
ADATA XPG
i #1959
MEMORY e s eclonline.com s | £
MSIB450 #201 (AX4U3600
MOTHERBOARD  Tomahawk Max ebuyer.com 076 £99 38G17-0TED)
(ATX)
500GE WD Blue #191
STORAGE SNS00(M.2 ebuyercom £68 Asus ROG Strix 193
NVMe) p78 MOTHERBOARD  X570-EGaming  overclockers.co.uk £300
(ATX) pa4
Total £830
1TE Corsair #1793
STORAGE g1a7
MPE00 amazon.co.uk p26
Mvidia GeForce
APH RTX 2070 Super
SWAPCR IS (2,560 x1,440 scan.co.uk #193 468
CARD gaming with real- piG
time r:|"!.r tracing) Total £1,404
ADDSECONDARY ‘Western Digital #166
Lk
STORAGE Blue4TB averclockers.co.u p54 £90
;‘TDQDHSECME" DX E?;':'Trémgita' overclockers.co.uk “p'?f £90
Kingston A2000 #196 Corsair H100i
SWAP STORAGE bosco.uk £160
18 e p30 SWAP CPU RGE Platinum — i,
COOLER 240mm AID PR p82
liquid cooler)



ELITE /THE BEST KIT

Core component bundles cont ...

12-core CPU, _OIO ?,,éq 42\
4K gaming with real-time - Serious multi-threaded power, \ '&;.:ai e /

ray-tracing abilities 1080p gaming
MNeeds an E-ATX case with room for a 240mm all-in-one liguid

Needs an E-ATX case with room for a 240mm all-in-one liguid
cooler. We recommend a 650W 80 Plus Cold power supply.

cooler. We recommend a 750W 80 Plus Cold power supply:

cPU read lock x 97 g3s0
readripper overclockers.co.u B
CPU AMD Ryzen9 overclockers.couk *200 £420 3960X P8
3000X% P51
Enermax
Ligtech Il #186
CPUCOOLER TR4 240 overclockers.couk 44 £F10
Corsair H100i (240mm AID :
RGE Platinum #1715 liquid cooler)
CPU COOLER (340mm AID scan.co.uk 020 £120
liquid cooler) Zotac Gaming %199
GRAPHICSCARD CeForce GTX ebuyer.com £205
1660 Super p46
32GB Corsair
GRAPHICS CARD E;’;’;?g;g e scan.co.uk ':E:? £1,040 Dominator
I Platinum RCB #1497
MEMORY 3466MHz scan.co.uk 020 £315
(CMT320X4
MACIA66C16)
16GB (2 x BGE)
P 198
Eoechit Dsog _ — MOTHERBOARD  1-r0¢ TR0 overdlockers.co.uk Taa | E470
MEMORY 3600MHz celonline com pS7 £109
(AX4U3600
3I8G17-DTEO) i
1TE Corsair £ #193
STORAGE MBEOD amazon.co.uk 026 £197
) Total £2,507
M3l Prestige #193
MOTHERBOARD X570 Creation overclockers.co.uk £420
p4a
(E-ATX)
Mvidia GeForce
RTX 2070 Super
12,560 % 1,440
SWAP GRAPHICS ! ! #193
178 Corsair #193 gaming with ray scan.co.uk £468
STORAGE k £197 : ;
MP&00 oLt ple CARD tracing, and pi
some 4k
gaming)
Total £2,306
AMD
Threadripper
3970% #197
SWAPCPU 37 corps overcdockers.co,uk p19 £1.890
ADDSECONDARY 4TE Westem - i 166 . '_:“‘":“ T“;“"’"’ }
STORAGE Digital Blue overclockers.cou 054 threaded power
AMD Ryzen9 y #197 ADDSECONDARY GTE Seagate #166
AP kers.couk
Doz 2050 (16 cores) | O o oo Ol oy | 2599 STORAGE BarraCudaPro ~ Pcfamellcom o £216



Qur favourite components for building a micro-ATX or mini-ITX PC. Always double-check how much roomis available in your chosen case
befare buying your components. Some mini-ITX cases don't have room for large all-in-one liquid coolers, for example, or tall heatsinks. You'll
also needto check that there's room for your chosen graphics card. We've also recommended a small PSU and a low-profile CPU cooler, if vour
chosen case reguires them. .

Motherboards Motherboards
ASRock 2390 Asus ROG
Intel Z390 #185 1
(LGATIST Phantom scan.co.uk 50 £193 !mgtﬁ?:: Maximus X overdockers.couk a3 £285
Gaming-1TX/ac P (LGATIS GCene p2a
AMD X570 Cigabyte X570-1 lock K #195 £397
(AM4 budget) AorusProWWiFl | OVETCIOCKEMS.COM p24 AMD X399 ASRock X3895M #179
(TR4) Taichi L p28 £314
AMD X570 Asus ROG Strix lock " #198 £370
(AM4 mid-range) X570-] Gaming ek e p20
AMD B450 MSIB450M #7182
Cases {AM4) Mortar Stan.co.uk pS0 £30
Cases
BUDGET :f:;ﬂ:iii‘fear amazon.co.uk ?:192';5 £73
Phanteks Enthoo #195 ;
MID-RANGE st overclockers.couk £95 Fractal Design #180
Evaly Shift Air pag BUDGET Focus G Mini Scan.co,uk pd6 £45
PREMIUM MNEZXTH1 SCan.co.uk ::-2231 £299
F: i 161
MID-RANGE Fractal Design scan.co.uk % £70
CPu C00 lEI‘S Define Mini C p26
L ] p
LOW-PROFILE Mactua NH-DOL amazon.co.uk F:;;B £46 N etwork I n g
Power supplies
SilverStone #185
BOOW SFX Strider SXB00-LTI SCan.co.uk P82 £165
ROUTER TP-Link Archer #196
{(WI-F1 6) AXEDO0 AMAZ0N,Co. Lk p57 £269
MESH ROUTER Metgear Orbi #172
(WI-FI5) 3-Pack (RBKS0) AMAZON.Co.uk 057 £250
PREMIUMMESH  Asus AiMesh #196
ROUTER (WI-FIE) AX6100 SRR = | e
Phanteks Eclipse #176 g
BUDGET P300 Glacs overclockers.couk p28 £55 WI-F1 ADAPTOR :;-BIE;:&IBAErcher e ol #196 €60
pS8
it
BUDGET QUIET gisqél gég“re aquatuning.co.uk ﬂp'lzﬂf Fe8
L o174
#2301 SINGLE-BAY NAS Synology DSNE ook £161
SUB-E100 LianLiLancoolll  overclockers.co.uk 02 £83 BOX p34
. Phanteks Eclipse i #187
MID-RANGE PEODS overclockers.co.uk p24 £135 Eg:L—BM" NAS Synology DS220] W—— ::s;]z{). £156
HIGH-END NZXTH700i overclockers.co.uk “p'?f £170
DUAL-BAY Symiology #174
box.co.uk £203
PREMIUM PhameksENo0 | gverdlockers.couk ’;1234? £200 MEDIANASBOX  DS218play e p34
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24IN BUDGET
1,920 X 1,080

241N MID-RANGE
1,520 X 1,080

241N 240Hz
ESPORTS
1,920 X 1,080

27IN
2,560 X1,440

241N BUDGET
1,920 X1,080

27TINIPS
1,920 X 1,080

27TINVA
2,560 X1,440

ZTINIPS
2,560 X1,440

MEMBRANE

EUDGET
MECHANICAL

MECHAMICAL

MECHANICAL
MMO

PREMIUM
MECHANICAL

LUXURY
MECHAMICAL

ADC G2460V06

AQCC24G1

AQCAGON
AG2SIFL

Samsung
C2THGTO

ADCG2590FX

ADC27G2U
MSI Dptix
MAG272COR

Asus TUF
Gaming VG27AQ

overclockers.couk

cclonline.com

laptopsdirect.co.uk

ebuyercom

overclockers.couk

cclonline.com

ebuyer.com

overclockers.couk

Monitors

#174
p52

#191
pd8

#187
p48

#1M
p28

#190
p53

#201
p53
#201
p28
#201
PS4

£129

£170

£290

£445

£170

£199

£280

£449

24IN
2,560 X1,440

27IN2,560 X
1,440

35IN
ULTRA-WIDE
3,440X1,440

271N 4K
PREMIUM

35IM ULTRA-
WIDEHDR 3,440
X1440

27IN 4K

27IN
5120 X 2,880

ADC AGON
AG2AN0G6

Asus ROG Swift
PG2790

AQC AGON
AGIS2UCOE

Asus ROG Swift
PG27UG

Asus ROG Swift
PG3ISVQ

AQCUZT90PQU

Inyarma PraLite
XB2779005

AMAZTON.Co.uk

ebuyer.com

overclockers.couk

scan.couk

sCan.co.uk

box_com

scan.co.uk

Peripherals and audio

CorsairkK55RGB

HyperX Alloy
FPSPro

CorsairKés RGE

Corsair k95 RGB
Platiniir

Corsair K70
Mk.2 Low
Profile

Razer
Hunstman Elite

game.co.uk

amazon.couk

ebuyer.com

scan.couk

scan.couk

scan.co.uk

#201
P45

#2001
pa6

#181
ps3

#164
p26

#193
p56

2193
paso

£40

£61

£10

£140

£150

£189

BUDGET GAMING

FIRST-PERSON
SHOOTER

MMO

AMEIDEXTROUS

ULTRA
LIGHTWEIGHT

Corsair M55 R0EB
Pra

SteelSeries Rival
600

RazerMaga
Triniby

Razer Lancehead
Tournament
Edition

Cloripus PC
Caming Race
Model O

CUITyS.CoLLk

box.co,uk

sCan.couk

currys.co.uk

overclockers,co.uk

“F:f: £395
';:5;‘ £729
”;:20 £670
”p';' £1,849
’:3: £2.499
:;; £286
:‘;f £695

m
“D'E?g"‘ £63
“p'.?zﬁ £79
:‘5?3:" £60
?5935 £42



STEERING WHEEL
&PEDALS

GAMEPAD

STEREOQ

Peripherals and audio cont ...

Logitech G920
Diriving Force

Microsoft Xbox One
Wireless Controller

Edifier R12800E

BUDGET PC WITHINTEGRATED
GRAPHICS

SUB-£1,000 GAMING

8-CORE GAMING

GEFORCE RTX 2080 SUPER GAMING

WATER-COOLED MI

PREMIUM MINI-ITX

16-CORE GAMING

WATER-COOLED 16

THEADRIPPER PC

DREAMPC

MNI-ITX

~CORE GAMING

#1539

CLIMTYS, o uk P55
#191

Argos.co.uk 056
m n 1k iy
AMAZON. 0oL n57

Sennheiser GSP

AMAZ0N. 0o,k

cclonline.com

currys.couuk

overclockers.oo,uk

£180
STERED 300
£40 _
SURROUND AsusROG
Centurion
SteelSeries
i Arctis7
PREMIUM Corsair Virtuoso
€10 WIRELESS RGE Wireless SE

PCs and laptops

Falcon Raptor RX

AlphaBetaiSRTX

Wired2Fire Predator

CyberPower Ultra 7 RTX

Fierce PC Ardent Core

Corsair One g0

Scan 3X5 Vengeance
RTXTI

Scan 3X5 Vengeance
RTX TiFluid

Chillblast Fusion
Conquerar

Scan 3X5 Barracuda

AMD Ryzen 534000 stock
speed

Intel Core i5-9600KF stock
speed

AMD Ryzen 7 3700X stock
speed

AMD Ryzen 7 3800X stock
speed

AMD Ryzen 7 3700X stock
speed

Intel Core i9-9900K stock
speed

AMD Ryzen 9 3950X
stock speed

AMD Ryzen 93950X OC
tod.30Hz

AMD Ryzen Threadripper
3970X stock speed

Intel Core i9-10980XE OC
tod4.3GHz

GEFORCERTX
GAMING

PREMIUM GAMING

Chillblast Phantom 17

Asus ROG Zephyrus 5
GXTOIGK

Intel Corei7-9750H
stock speed

Intel Corei7-9750H
stock speed

Mvidia GeForce RTX
2070

Mvidia GeForce RTX
2080 Max-0

AMD Radeon RX Vega
1

Nvidia GeForce RTX
2070 Super

MNvidia GeForce RTX
2060 Super

MNvidia GeForce RTX
2080 Super

Nvidia GeForce RTX
2080 Super

Nvidia GeFoarce RTX
2080Ti

Nvidia GeForce RTX
2080Ti

Nvidia GeForce RTX
2080Ti

MNvidia GeForce RTX
2080Ti

2 % MNvidia GeForce RTX
2080Ti

17.3in 1,920 x 1,080
IF>144Hz

17.3in1.920x 1080
IPS144Hz G-Sync

falconcomputers.couk

alphabetap.com

wired2fire.co.uk

cyberpowersystemn.co.uk

fiercepc.couk

Corsaircom

SCan.couk

SCan.Couuk

chillblast.com

scan.co.uk

chillblast.com

AMAZoN. ok

#104
pSG

#1563
pda

#178
pSE

2195
p30

#176
p52

#197
pd40

#196
p40

#199
p34

8201
p34

#190
p32

#200
p32

#197
pd2

#199
p3z

#145
psS8

#197
pS3

#1890
p28

£75

£216

£130

£180

£454

£999

£1290

£2.055

£2.399

£3250

£3.200

£4,499

£6,600

£13.264

£1949

£3300



e

RICK LANE / INVERSE LOOK

CAPITALIST PUNISHMENT
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Some games love anti-capitalist satire, but Rick Lane asks if such a
fundamentally corporate industry can say much of note about capitalism

ince the days of Syndicate and Fallout, games have
. loved to have a dig at capitalism. Our corporate

societyisoneofthefive possibletriggersforavirtual
apocalypse, along with zombies, aliens, Nazis and viruses.
Communism might occasionally threatentodestroytheworld,
but it never succeeds.

Lately, capitalism has been in for a right kicking. The past
few months have seen the release of The Outer Worlds and
Journeytothe Savage Planet. Botharefirst-personsci-figames
aboutexploring distant planets,and both have
got it in for large, oppressive corporations.

In The Outer Worlds, one planet is run by a
company called Spacer’s Choice,andits policies
includes forcing employees to lease their own
grave plots, and forcing their friends and
colleagues to cover their funeral costs when
they die. Meanwhile, Journey to the Savage Planet’s Kindred
Aerospacetreatsitsemployeesasexpendable property,sending
youout ondangerous missions with almest noequipment,and
forcing you to cobble together your own survival plan.

Inaddition tothesesimilarities, both games’satirical humour
islargelyineffective, withonly surface-deepcriticism.In Savage
Flanet, the hyperactiveadvertsfor rubbish productsand vaguely
sociopathic messages from your CEO all happen at a distance
from the actual meat of the game; you could ignore it entirely
and your experience really wouldn't change.

The Outer Worlds, meanwhile, is keen to point out all the
horrible eventsthat occur inits society as aresult of its runaway
capitalism-the Spacer’sChoicemascotforced towearasuffocating
helmetforhisentirelife, and the colonists beingslowly poisoned

It's all definitely the fault
of capitalism, but nobody
IS able to say why

by the only food available tothem. However, it never delves into
the root causes of all the suffering. It's all definitely the fault of
capitalism, but nobody’s able to say why.

Thenagain,the game industry routinely forcesitsemployees
to work 8o-hour weeks for months onend, then lays them off
once a project is complete. It's hardly surprising that games
can't produce a coherent argument for why a corporatised
society might not be good. Designers are routinely gagged by
punitive non-disclosure agreements intended to prevent them
fromleakinginformationabout new games,but
which also make it difficult for themtodiscuss
working practices in a particular company.

For large studios, this often involves doing
months of ‘crunch’-long periods of additional
hoursthatoftenleadstomental and sometimes
physical health problems.

Somerecentindie games offerbetterexamplesofhow games
can criticise capitalism. Kentucky Route Zero shows us how
companies exploit social and religious work ethics, mandating
thatabasicstandardofliving must beearned while alsoeroding
existing employment structures from local communities.

The fantastic Disco Elysium, meanwhile, shows us how
capitalism feeds on hope. One of the buildings you explore is
a gravesite for almost a dozen failed businesses, all of which
were created with the best of intentions and failed because
of circumstances beyond their control.

Forany satire to work, it needs to be specificaboutits targets,
and the reasons why they should be the object of criticism or
derision. Otherwise, such jokes ring hollow, and come off as
paying lip service to ideas the creators don't really believe.

Rick Laneis Custom PC's games editor B @Rick_Lane



" Elderborn / £1.39 v

DEVELOPER Hyperstrange / PUBLISHER Hyperstrange

onanthe Barbarian has a surprisingly large gaming
- footprint, being the face of online survival games
andtower-defence strategy experiences, all of
which miss the razor-sharp point of Robert E. Howard's
fast and furious short stories. Elderborm doesn't feature
Conan, but this taut and breathless first-person slasher is
nonetheless the best Conan game we've played.
The plotis classic sword and sorcery fare, You play a
barbarian who ventures into an ancient city, which was
once the terror of its fantasy realm, but fell silent after it
was besieged by amassive rebel army. Dispatched by your
tribe to investigate rumours of a greattreasure hidden atits
heart, you discover that the soldiers who attacked the city
centuries ago are now defending it as cursed husks.
Elderbom's combatis inspired primarily by Dark Messiah and
Dark Souls. The controls are like the former, with a combination
of light and heavy attacks forming the foundation of fighting.
There's also a powerful kick that can boot enemies off ledges or
into corveniently placed spike traps, muchlike Dark Messiah.

The braader rhythims of the fighting, howewver, are more
like Dark Souls, Combat is fierce and uncompromising, with
death always hovering a few inches from your face. It's
possible to fight defensively using weapons that prioritise
blocking attacks, butit's more efficient to use parrying
weapons such as spears and sickles. If timed correctly,
parries open up enemies to devastating counterattacks that
often separate their heads from their shoulders.

This thrilling combat is bolstered by animpressive variety
of enemies, although a few, such as scorpions, are less fun
to fight than their human counterparts. Weapon variety
is more of a problem. Of Elderborn's eight weapons, only
four are really worthusing. The effectiveness of parrying
weapons renders blocking weapons, such as swords
and hammers, useless. Part of the fun of these gamesis
experimenting with different weapons, so half your arsenal
being ineffective is a problem.

Fortunately, the adventure makes up for this shortfall.
Your journey begins in the city's undercrofts, tombs and

. dungeonsfilled with deadly traps. During the mid-
| game you battle through the city itself, whichis
one huge level that can be attacked from multiple
angles. Inits final act, Elderborn takes a tum for
the surreal, as you venture into an astral plain that
defies conventional Euclidian laws,

Clocking in at around five hours, Elderborn
is short, and the deceptive lack of breadth to
the combat causes problems in the latter half.
However, it's one of few games that understands
the spirit of old-school sword and sorcery, which
means it's still worth playing regardless.

RICK LANE

ELDER
#+ Thrilling combat

+ Solidfantasy
adventure

JUNIOR
= Lackof
weapon variety

= Someenemies
aren't fun to fight

/VERDICT
An unofficial
Conan the
Barbarian story
in game form,
Elderbomis a

thrilling hack-and-
slash game,
although it's
slightly let down
by a lack of
weapon variety.
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SAINT
+ Creal presentation

+ Superbly designed
melee combat

+ Underlying
systems cleverdy
drive tension

= Moralchoice
systemdoesn't
realby work

= Crafting could
be better
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The Walking Dead:

Saints and SiNNEers / £30.99

DEVELOPER Skvda nce Interactive F PUBLISHER SHvdancelnleracmre

et's getstraight to it. The Walking Dead: Saints
. and Sinners is one of the best VR games

currently available, This might come as a
surprise, given that it belongs to one of the most
exhausted sub-genres in gaming - zombie survival.
However, Skydance Interactive uses VR to breathe new
life into this weary premise, producing a thrilling VR
survival experience,

Saints and Sinners puts you in the role of a survivor
seeking sanctuary in zombie-infested New Orleans.
Making your way through the flooded city, you establish
contact with another survivor hiding in the Reserve, a
nuclear bunker filled to bursting with food, medicine
and weapons - everything you need to wait out the

apocalypse. Unfortunately, the Reserve is slowly flooding,

while the only key to get into it is hidden somewhere in
the city. Yourjobis to track down the key, and figure out
away to pump out the Reserve's flood water,

Structurally, Saints and Sinners is unusual. New
Orleans is split up into several different districts. With
eachin-game day that passes, you can choose to explore
one of these districts. Once you've arrived, you're free to
approach the level how you wish.

You can chase the main story, which amounts to
around 12 missions dotted around the city, or you can

scavenge the area for resources, plucking bits of wood
and other junk off the street, or venturing into houses for
more valuable supplies. When you return to your base,
these supplies can be broken down and crafted into new
weapons and equipment, giving you a better chance of
surviving the next time you venture out.

Meanwhile, of course, you'll have to contend with the
undead. Zombie fightingis at the heart of Saints and
Sinners’ systems, and it's both fascinating and grisly.
Because guns are noisy, most of your zombie fighting
involves hand-to-hand combat, and | mean that quite
literally. To kill a zombie with a melee weapon, youneed
to ‘brain’ it, by holding the weaponin your virtual hand,
and swinging your arm with enough force to pierce the
walker's skull.

It's an incredibly visceral system, to the point where it
can be quite harrowing. Blades can stick inside a zombie's
body, requiring you to either yank them out with force, or
leave the blade stuck in the corpse if you're inimmediate
danger. Equally, a weak strike might simply glance off the
zombie’s head. This isn't much of a problem if it's just one
zombie, as you can hold them at bay with your off-hand
quite easily. However, if there are others encroaching
on your position, then a poor strike can be the difference
between life and death,
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Saints and Sinners’ melee combatis among the best we've
seeninany VR game, but the VR systems are also well refined
across the whole experience. Every ranged weapon handles
differently. Revolvers, for example, need to be reloaded with
individual bullets before you flip the chamberback into place.

Whenwounded, you heal by manually wrapping abandage
around yourwrist. You can grab your backpack by reaching
overyour left shoulder, thenremove orinsert objects you
find, making for awonderfully intuitiveinventory system, The
only slight disappointmentis the crafting, whichis more about
picking iterns off a menuthan physically building objects.

It allamounts to afine VR experience, butit's the broader
systerns that make Saints and Sinners such acompelling
survival game. With each day that passes, the numberof
available supplies in the dity dwindle, while the number of
zombiesinthe streets increases, This means youneedto
balance completing your objectives with ensuring you're
sufficlently equippedto stay alive. Shouldyouwaste an entire
day justlooking forresources, oris it worth upgrading your
weaponsto make zombies easiertokill?

Youdon'tjust need toworry about the long-termproblems
either. Alongside the zombies, there are two human factions.
One of theseis known as the Tower. Eachtime youenter the
city to explore, you have just half an hour before the Tower
rings every church bellinNew Oreans, causing the zombies
to swanm onto the streets. Ideally, you want to be gone before
this happens, so youhave to think carefully about how you
approachyour chosen objective.ls it worth scouring the streets
for scraps, or should youtry to sneak into one of the faction
bases where resources are more plentiful ?

Theresultis a highly dynamic survival experience that
constantly requires you tomake difficult dedisions, and where
small actions can have muchlargerramifications down the
line. The production values are also superb, particularly fora VR
game. The comic-book art style works wellin a VR headset and
the story, while not massively original, is sharply written and
comvincingly acted.
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Strangely, Saints and Sinners’ only real shortcomingis the
one hinted atinthe title. There's amorality system at play, but
the gamedoesn't explicate it very well. As youexplore, you'll
come across survivors who you can help by giving them food,
orkill to steal theirloot. However, the effect of this isn't clear. /VERDICT

Similarly, the game doesn't explain whether killing faction
members (whichis oftennecessary to complete missions)
affects your moral standing. There are also several side-quests
that offer more clear-cut moral choices, but they're entirety
optional. The whole system seems tacked onto the end, which
is odd consideringit's one of the game's main selling points.

Fortunately, Saints and Sinnersis otherwise sowellmade
that one weak system hardly matters, Half-Life: Alyx may be
touted as the do or die moment for VR gaming, but Saints and
Sinners has pippedit for demonstrating that VR can support
quality full-length games.

RICK LANE

Saints and Sinners
likely won't get
the creditit's due,
but its zombie
survival simulation
is a watershed
moment far VR,
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ZERO
+ Stellarwriting

+ Lotsof memorable
maoments

SUB-ZERO

= Narrative shyle
becomes self-
indulgent

= Mechanically
wvery lightweight

/VERDICT
An admirable
attempt to take
adventure games
in a different
direction, but at
times it's a little
too smart for its
own good.
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Kentucky Route Zero / £18.99 v

DEVELOPER Cardboard Computer / PUBLISHER Cardboard Computer

entucky Route Zerois a point and click adventure This game delights in the strange and eerie. As Conroy
. game inspired by American literary fiction. It searches for and then travels along the Zero, he encounters
began life in 2013, when developer Cardboard asmall boy who lives with a giant eagle, discovers a

Computer launched the first of five planned episodes. museum of housing in which people still live inside the
Sevenyears on, it's finally complete. exhibits, and stumbles upon a subterranean distillery where

The storyinitially centres around adelivery driver named the employees have all transformed into glowing skeletons.
Conroy, who pulls up his rusty old truck ata gas station The first couple of episodes are arresting slices of
named Equus Qilsto ask for directions to 5 Dogwood Drive. interactive fiction, although the next two episodes
He discovers that getting to Dogwood Drive requires him are much longer, and the game's penchant for yarn-
totravel along the Zero, amysterious highway that runs spinning shifts from being interesting to self-indulgent.
through a cave system beneath Kentucky's Interstate 65. There's one scene where half the characters take

Sobegins asurrealist adventure through the forgotten tums talking on a phone, which easily could have been
comers of American society. The gameis heavily cutout without making a difference to the story.
inspired by famous American prose stylists, such as There's also aninterminable interude betweenthe
Jlohn Steinbeck or William Faulkner, andthe game's own second and third episodes, which takes the formof an
wrriting is rarely less than excellent. While you can't alter entire three-act play. It gets lostinits own meandering
the overall direction of the story, your respanse choices imaginings, losing sight of the key character relationships
during dialogue can affect how the storyis told. that hooked your interest in the early game.

Kentucky Route Zero's broader approach to narrative There are still great moments within these later acts,
storytelling is intriguing, revealing its story by and the whole game generally exudes style

telling dozens of other, smaller stories.
Every characteryourneet has their
owntale totell Over ime, it becomes
apparentthatthe community that

and melancholy soul. However, with little in
the way of otherinteractions, Kentucky
Route Zerois entirely reliant onits

C;l v storytelling. When that storytelling

formsthe Zerois under threat falters, the foundation is shaky,
fromalocal power company that's and it falters a little too often
slowly erading the infrastructures for us to recommmend.
uponwhichthese people rely. RICK LANE



The Pedestrian/
£15-49 inc VAT

DEVELOPER Skookum Arts/ PUBLISHER Skookum Arts

he Pedestrianis a puzzle-platformer where
. the platforms are also the puzzles. You control

ahuman silhouette that you'd typically see on
road signs and pedestrian crossings, quiding it through
the signs and notices of a bustling city.

There are two key layers to puzzling. The firstisinside
the signs themselves. Here, The Pedestrian is a standard
jumping game. You must navigate between platforms,
push around boxes, collect keys and avoid hazards
typically found on city signs, such as, er, lasers and
circular saws. There's nothing wrong with this side of the
game, although there's little remarkable about it either.

The secand layer is outside the signs, and that's where
The Pedestrian works its magic. Your pedestrian can
move seamlessly between different signs using the
doors and ladders painted onto them, but only if they're
connected in the right way. Press F and the camera will
zoom out, s0 you can move any signs on the screen and
draw connections between their doors and ladders. Once
aconnection has been drawn, it can't be disconnected
without resetting the entire puzzle.

It's a neat mechanical gimmick, and The Pedestrian
constantly iterates upon this central concept. Early on, it
introduces plugs with spools of wire that your pedestrian
can carry and connect to sockets to form circuits, Later,
it turns the signs themselves into electrical conduits,
letting you move them around to complete circuits. It's
constantly finding new ways to get you to play on two
levels at once.

The Pedestrian excels visually as well. Your journey
through the city is presented as one long take, with
seamless transitions between each location. Starting
in anindustrial warehouse, your first jobis to locate the
elevator and activate it, which takes you down into the city's
underground. Here, you needto find a train and complete
the circuits to activate it, soit can transport you to the city
centre. This is all communicated via elegant camera pans
through stunningly detailed 3D environments.

The Pedestrianisn't short of greatideas, although
ironically, it doesn't always communicate them well, On
some puzzles you have to deliberately trigger aresetin
order to progress, but the game never explains this. With
only five hours of gameplay, it's also shorter thanit deserves.
The game throws ideas at you so quickly that you suddenly
move onto anotheridea whenyou've only just got the hang
of the previous one. The ending is also rather abrupt.

That said, those five hours represent some of the most
enjoyable puzzling since the fantastic Gorogoa. The
Pedestrian may not always be a walk in the park, but it
definitely puts its best foot forward.

RICK LANE
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MAN
= Bitshort

= Someconceplts
poorly explained

/VERDICT

Combining
cleverly designed
puzzles with slick
presentation, The
Pedestrianis a
splendid, if short,
puzzle game.
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Rick Lanetries
tetheringan Oculus
Questto his PC,and

throws himselfinto
the Half-Life-inspired
world of Boneworks

NEWS

Fireproof games’ The Room series has
brought the studio enormous success, first
on mobile and then on PC. Now Fireproof
is bringing its escape room-style puzzling
to VR, with The Room: A Dark Matter.
Setin1908, A Dark Matter puts you on
the trail of a missing Egyptologist who
disappeared at the British Institute of
Archaeology. It's atypical Room scenario,
setin a single location filled with clever
puzzles and lots of objects with which
you cantinker. You'll be gazing into crystal

19

ROOMFORIMPROVEMENT?

balls, following footprints and fiddling with
strange mechanisms, all with VR-enabled
touch controls.

First-person puzzling can be tricky to
pull offin VR. Being stuck on a puzzle is
frustrating in a normal game, and being
stuck with a box strapped to your face onlby
compounds the frustration. The bods at
Fireproof know their onions whenit comes
to puzzle games, however, so hopefully
they can build a game that has just the right
amount of complexity for VR.

REVIEW

BONEWORKS /
£23.99 incvar

DEVELOPER Stress Level Zero /

PUBLISHER Stress Level Zero

Boneworks has been described as VR Half-
Life, although that description doesn't work so
well when Half-Life: Alyx exists (full review
coming next issue). It's also not entirely
accurate, Stress Level Zero's physics-based
FPS owes alot to Valve's masterpiece, but a
better summation would be 'VR Garry's Mod'.

Boneworks' story takes place inagame
that's half-finished, a deliberate choice that
lets the developers bring together
Boneworks' broad range of mechanics. You
play as Arthur Ford, head of security for
software developer Monogon. Somehow,
Ford becomes trapped in the company's
digital city MythOS and must make his way to
the city’s clock tower to reset the program.

Boneworks' Half-Life inspirations are clear
early on. Not only is one of the first weapons
you pick up a crowbar, butthe game's looming
concrete buildings and distantly blaring
alarms also feel like Black Mesa and City 17
blended together. There are even creepy
spider-bots that leap at your face, essentially
robotic headcrabs.

More broadly, the game blends exciting
gunplay with physics-based puzzling, such as
using planks of wood to create bridges or
pulling levers to manoceuvre a crane. Most of




the core mechanics - shooting, throwing,
climbing and so on - have beenseenin VR
before. What makes Boneworks differentis
the physicality of the world around you.

Ahuge amount of work has goneinto
making basic interactions feel satisfying.
Boneworks' guns are incredibly tactile
objects, possessing an inherent weight and
power that their equivalents in other VR
games lack. You can almost feel the recoil
when you fire an assaultrifle, and hear the
impacts as bullets strike Boneworks' kooky
enemies. The same goes for interactions,
such as throwing a crate off aledge to break
it, or swinging a sledgehammer through a
sheet of glass.

When it all works, Boneworks is one of the
best VR experiences available. The gunfights
are fantastic, and the puzzles enable a lot of
creative ingenuity, such asusing a
breezeblock to prevent an automatically
locking door from closing. Unfortunately, the
physics simulation doesn't always work. If
you're climbing, for example, it's easy to get
your arms trappedin the geometry. Watching
a physics ragdoll flip outin VR is a deeply
unpleasant experience. Boneworks can also
be quite frustrating. The save systemis

awloward, as youneed tounload all your gear
into a box before you activate a save point,
then pick it all up again afterward. Moreover,
some of the early puzzles are poorly
signposted, and being stuck on apuzzlein
VRisnofunatall.

Bonewaorks isn't for new VR players either.
Itinvolves a lot of jumping, fast movement
and falling fromlarge heights. Unless you're
acclimatised to VR, there's a good chanceit
will turn your stomach inside out. That said, if
you can deal with the nausea and/or the
game's more obtuse moments, Boneworks
is athoroughly entertaining VR action game.

BONEWORKS
+ Highly tactile

BONEMEAL
Phiysics can go haywire

4+ CGreatguns Puzzles can frusirate

+ Imaginative story mode Requires strong VR

sed legs

VERDICT

Jespite some annoaying
puzzles, Boneworks
nuanced physics
simulation results in
one of the best-feeling

LY =,
VR games yet
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FIRST LOOK

OCULUSLINK

The Oculus Quest's wireless capabilities
make it one of the best VR headsets, butits
limited on-board hardware means games
must be built specifically forit, resulting in
areduced games library compared to the
Rift. Oculus Link is designed to solve this
problem, letting Quest owners tether their
headsettoa PC viaa USB-C cable, and use
the Quest like a Rift or Rift-5. Having tested
the Link, we cansay thatit's a fantastic
upgrade tothe Quest's versatility, although
it does have afew stability issues.

To useit, you need alow-latency USB-Cto
USB 3 cable withadecent length (the charging
cable bundled with the Questisn't suitable).
Togetthe Link running, youmust have the
Oculus app installed on your PC, then tick the
‘Enable Oculus Link’ optiononthe Quest's
headset settings menu. After that, the Quest
mustbe connected to alUSE 3 port on the PC.

At this point, the Quest's headset menu
is replaced by that of the Rift, and the Quest
can be used like a tethered VR headset.
Mot only canyounow play Rift games,
but Steam VR exclusive games such as
Bonewarks can also be played through the
Link with no obvious disadvantages. Being
tethered to a PC also gives you higher visual
fidelity, as the Quest's on-board hardware is
bypassed infavour of vour PC,

From a software perspective, Oculus Link
wiorks great. There's no discernible difference
between using the Quest + Link and using
adedicated tethered headset. However,
the bespoke Oculus Link cable (whichhas a
mechanism tolockitinplace) isn't available
inthe UK, and most compatible third-party
cables aren'treally ideal. We tested with an
Anker PowerLine+ cable, which needed
to be pluggedinto the headset aspecific
way around, otherwise the connectionwas
constantly disrupted. There's also always the
risk you might accidentally tug out the cable,
Some games can handle being temporarily
disconnected, while others will simply crash.

Hopefully, Oculus will release its
bespoke cable in the UK soon. However,
as long as you're careful,it's perfectly
passible to play Rift or Steam VR games
with minimal disruption. ore
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GAMINGF

ANTONY LEATHER SHOWS YO .
TO ASSEMBLE AND OVERCLOCK A | N
SERIQUSLY POWERFUL GAMING
PC FOR UNDER A GRAND
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ow that AMD has well and truly

kicked its competitive streak

back into action, there's some

seriously good-value hardware
available, with both Intel and Nvidia having
toreact. As a result, now is anideal time to
assemble a budget-conscious PC,
especially with COVID19 potentially
threatening future supply shortages and
price hikes

Evenifyour budget can't stretch past
the £1,000 barrier, you can still build aPC
capable of high-end 1080p gaming, and
even 2,560 x 1,440 gaming. Our example
PC doesn't compromise either. It's equipped
with a 6-core, 12-thread Ryzen 5 3600, '
500GB of NVMe storage and a GeForce RTX g
2060 Super graphics card with real-time !
ray-tracing support.

Over the next few pages, we'll take you
through all the necessary steps to choose
your components and build your PC, while
throwing in plenty of tips and tricks for good
measure. As this is Custom PC, we'll be
overclocking the 3rd-gen Ryzen CPU as
well, and showing you how to doit.
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THE £993 PC

SHOPPING LIST

f/ cPu
AMD Ryzen 53600
155 inc vaT

ebuyer.com

Tokeepcostsas
low as possible,
andtofocus on
gaming, you have
two options whenit
comes to CPUs. Intel's Core
i5-9400F is worth considering, as
it offers decent gaming performance
forthe cash, and actually costsless than
the Ryzen 53600 too. Infact, no AMD 3rd-gen
Ryzen CPUs are available for a cheaper price.
However, even at 1080p with a powerful
GPU, the Intel CPUis rarely much fasterin
games, if at all, thanthe Ryzen 53600, Plus,
with the latter CPU's dominance incontent
creation and multi-threaded workloads, it's
the more sensible optionif you need a PC that
packs a punch outside of games too. It's also
much betterin games than2nd-gen Ryzen
CPUs, so while the Ryzen 7 2700 costs around
the same price, it's only warth considering
if multi-threaded performance s a bigger
priority for you than gaming performance.

Alternatives
The CPUmarketis crowded, with numerous
options above and below the Ryzen 53600
interms of price - it's great to have so much
choice, of course, butit can make the situation
confusing. The Ryzen 53600Xis alittle
faster, with higher single and all-core boost
frequencies, and our sample overclocked
slightly further too. However, that’s not
enough tojustify the price difference - you'd
be better off ploughing the extra cash into
more 55D storage or a beefier cooler,

As we've already said, if multi-threaded
performanceis a bigger priority for you than
gaming, AMD's older Ryzen 7 2700X costs the
same price as the Ryzen 5 3600 and offers
an additional two cores and four threads. If

gamingis yourmain concern, thenntel's Core
i5-9400F is also worth considering, as it

costs less money and jsjust as fast or

faster in games. However, the
AMD CPU s significantly
quicker than the Intel
one when it comes
to multi-threaded
performance. Intel
maybe looking to change
this situation with its 10th-gen
desktop CPUs later this yvear,
but fornow; the Core i5-9400F is
Intel’s best optionin this price bracket,

'/ MOTHERBOARD

MSIB450 Tomahawk Max
£99 incvar

ebuyer.com

Despite their comparatively low prices,
MSI's B450 Tomahawk AMD Socket
AM4A motherboards have performed
consistently wellin our tests. They can
handle overclocked 8-core CPUs with ease,
s0 this one won't have any trouble handling
our overclocked 6-core chip. The latest
model is the B450 Tomahawk Max, which
boasts a full-speed Type-CUSB portand
large heatsinks, along with a PCI-E M.2 port.

While it might sound odd to pair a 3rd-gen
Ryzen CPU with a board based on AMD's
older B450 chipset, particularly as you lose
PCI-E 4 support, youvery rarely see the
performance benefits of PCI-E 4 storage
performance in everyday use, X570
motherboards are also much more
expensive than their B450
counterparts, and they're
otherwise every bitas
fast and overclockable
elsewhere, so it
makes senseto
save cash here,

There's another very
good reason to choose the B450

Tormahawk Max, though, which is that,
unlike many of its peers, itincludes M5I's
version of USE BIOS Flashback feature.
This allows you to update the board's BIOS
without a compatible CPUinstalled, so
you'll be able to get it up and running with
aRyzen 53600 with minimal faffing.
Unfortunately, many B450 boards are still
being shipped without BIOS versions that
are compatible with 3rd-gen Ryzen CPUs
such as the Ryzen 5 3600 we've chosen
for this build. Unless you have an older CPU
for flashing available, you'd otherwise be
left with a system that wouldn't boot if you
installed a Ryzen 5 3600 into one of these
boards. With USE BIOS Flashback, however,
if you receive a board with an old BIOS,
you can update it, dropin your shiny new
3rd-gen Ryzen CPU and be on your way.

Alternatives

lif you fancy a smaller form factor PC,
then M5l also offers the B450M Mortar,
which features USB BIOS Flashback as
well. Going smaller still means there are
both B450 and X470 mini-ITX boards
on offer too, including the excellent Asus
ROG Strix B450-1 Gaming. If you want
more features, such as better audio,
additional M.2 ports and PCI-E 4 support,
then M5I's X570-A Pro only costs £50
more than the B450 Tomahawk Max.




FEATURE / CUSTOMISATION

[fucwony

16GB (2 x 8GB) Corsair
Vengeance RGB Pro

3466MHz DDR4
£125incvar

sCan.co.uk

Corsair's Vengeance RGE Promemaory s still
one of our favourite RGE memaory ranges.

It simply looks fantastic, with vivid diffuse
lighting that's easily controllable via Corsair's
ICUE software, which can also be synced
with Corsair's other RGB products and some
motherboards now too,

We consider16GE to be the minimum
amount of memory youneed inarder to ensure
adegree of futureproofing, and you'll likely
see plenty of situations that use more than
B0B these days, With 3466MHz kits costing
barely any more money than 3000MHz ones,
it definitely rmakes sense to get the speedier
kit. Avoid using just one module too. ltmay be
cheaperthan a pair, but vou won't be able to
operate your memaory in dual-channel mode,
which will affect performance,

Altematives

ADATA's XPG Spectrix memoryis anoless
spectacular option for RGB lighting fans,

and it’s alittle cheaper than the Corsairkit
too, albeit with slightly less flexibility on the
lighting side. If you're not fussed by RGB
lighting, then Corsair's Vengeance LPX
memory is evencheaper, andis still available
in speeds above 3200MHz, making it ideal
for AMD systems.

// GRAPHICS CARD

Zotac GeForce RTX 2060
Super Mini
£338incvar

ebuyer.com

Graphics card prices have fallen since the
majority of current cards were launched last
wear, and one of our favourites, the Zotac

f case

Gaming GeForce RTX 2060 Super Mini, now
costs just £338 inc VAT, It's amonstrous
card for 1080p gaming, and it easily handles
2,560 %1440 gaming inthe latest titles at
high settings too.

Thenthere's DLSS and ray-tracing support,

both of which offer compelling reasons to

go with the green teamin this price league,
especially as support for the latter is growing.
Ray-traced shadows and reflections look
amazing in games that support this feature,
soif you want the best eye candy in games,
you want to pick an Nvidia RTX GPU over the
current AMD competition.

Alternatives
The Nvidia GeForce RTX 2070 Superis
amore capable option if you want faster
performance at 2,560 x 1,440, particularly if
vou're enabling ray tracing, but it will set you
back around £100 more. The AMD Radeon
RX 5700 XTis aviable alternative to the RTX
2060 Super too, outperforming itin most
titles for similar cash, but itlacks ray tracing.
If you can't quite stretch to our budget this
month, then you also have several other
options. The GeForce RTX 2060is stilla
great graphics card and can be had for
as little as £270, and if you're not
bothered about ray tracing, AMD's
RX 5600 XT shaves even more
off that price, while offering
similar performance.

Lian Li Lancoolll
£88incvar

overclockers.co.uk

LianLi's Lancool One
was one of aur favourite
sub-E100 cases when

l OUR TOP UPGRADES

If you have a little extra cash to spare,
we have a couple of recommendations
to get more out of your PC for a little
extra outlay. Firstly, we'd upgrade the
SSD to WD's Blue SN550 1TB. It costs
an extra £30 and bags you another
half aterabyte of storage space. With
games regularly topping S0GB these
days, every gigabyte counts.

If youfancy a set of custom
individually braided P5U cables, then
you'll also need a fully modular PSU.
For an extra £30, Corsair's RM550x
not only has an 80 Plus Gold efficiency
rating, but is also fully modular,
allowing you pick from a variety of
third-party cable sellers, or from
Corsair's own custom cable sets, to
give your PC's cabling an attractive
custom finish.

we reviewed it last year. It's very reasonably
priced, looks unigue, has excellent water-
cooling support and evenincludes tempered
glass and aluminium. This month, however,
we got our hands an its successor, the
Lancool Il

You can read our full review on p22, but
the gistis thatit's even better than the
original Lancool One. It has digital RCB
lighting, a trio of included fans, better
ventilation and a revamped cable-tidying
system, makingit a great choice for air and
water-cooled systems, as well as people
whowant their PC to stand out from the

crowd of other black boxes.

Alternatives
For alittle more cash,
Phantek's Eclipse P6005
gets our vote as a superb,
feature-rich and flexible
case that's equipped
with a few more creature
comforts. Alternatively, if
youneed to shave another
couple of tenners offthe
price, the be quiet! Pure
Base 500is an excellent
quiet ATX case that costs
under£70.




// cPu COOLER

ARCTICLiquid Freezer 11240
£60incvaT

scan.couk

Whether you plan on overclocking the
Ryzen 5 3600 orrunning it at stock speed,
AMD has ensured thatits 7nm Zen 2
microarchitecture is relatively easy to cool.
As such, you don't need monstrous cooling
tokeepityour 6-core CPUin check at
reasonable noise levels, evenunder load.
AMD includes its tiny Wraith Stealth cooler in
the box, but you can get much better coaling
and far lower noise levels by opting for a
decent third-party cooler,

We've managed to stretch to ARCTIC's
Liquid Freezer 1l 240 liquid cooler within
our sub-£1,000 budget this maonth. It costs
L£60Inc VAT, but offers decent cooling at low
noise levels, and will handle an overclocked
Ryzen5 3600 with ease. It sports a large
240mm radiator, two 120mm fans and it
even has a third small fan directed at your
motherboard to cool the VEMs. It's also a
perfect fit with our chosen case this month,

Altermnatives

Even adecent air cooler will offer much
better results than the included stock
cooler, soif you want to save around

£30, Deepcool’'s Gammax GT cooleris an
excellent choice. It coped easily with our
8-core AMD Ryzen CPU in our last CPU air
cooler Labs test, it looks great and sports
RGB lighting, all for just £35 inc VAT. If you
need to save as much cash as possible then
AMD includes its Wraith Stealth coolerin
the box with the Ryzen 5 3600. It won't
give you much overclocking headroom,
though, and under heavy loads you may
see a small reduction in peak boost speed,
as well as significantly higher noise levels.

/ STORAGE_

) Corsair
CX550M
£59 inc vat chosenthe 500GB version of WD's Blue
ROLyELCOm SM500, which offers space for Windows
Evenwhen and a decent helping of the latest games
overclocked,our Ryzen5  and other software.
3600 test system barely
drew more than 200W Alternatives

If youneed a little more space, but want to
stick with super-fast PCI-E NVMe storage,
WD's new SN550 550 comes in capacities
up to 1TB and only costs another £30 or so.
If you need storage space for photos and
videos thenit's also worthinvestingina
hard disk — a 2TB Seagate BarraCuda will
currently set youback anextra £51inc VAT
from scan.co.uk

from the mains, and with a
mid-range graphics card, it's unlikely our
system will ever be able to pull more than
350W from the wall. However, it's sensible
to buildin some redundancy for future
upgrades, as well as cutting the load you put
on your PSU, because overcapacity can also
mean lower PSU fan speeds. We've opted
for Corsair's CX550M, which offers 550W of
power and semi-modular cables, allowing
you to disconnect unused ones to make
cable tidying easier.

TOTAL

£993 ..s

WD Blue SN500
500GB
£69incvar

ebuyer.com

It's now the case that PCI-E
M.2 S5Ds are barely any

more expensive than their
slower, SATA-controlled 2.5in
counterparts. This means that
forunder £70, you canbag
500GB of super-speedy PCI-E
NVMe storage, which can shift
your data atup to1,700MB/
sec - that's three times faster
thana SATA 55D, Even better,
anM.2 S50 requires no power
or data cables, so it cuts down
on cable cluttertoo. We've

————— S —————— i ————




FEATURE /CUSTOMISATION

BUILDING

I}l REMOVE CPU COOLER MOUNT

The cooler we've chosen needs to be
screwed directly to the backplate behind yvour
motherboard, which means you needto
detach the standard mounting clips on the top
side. Thisis an easy job, as they're simply held
inplace using four large screws.

EJ INSTALLCPU

Lift the handle nexttothe CPU socket. AMD
Ryzen CPUs have asmall gold triangleinone
comer that matches up toatriangle symbaolin
the CPU socket, allowing you align them. Failing
that, the CPU model text on the heatspreader
sits next to the socket hinge intowhich the
socketlever sits, and you can align it that way
too. When your CPU s the right way around,
gently pushitinto place, then pushdownthe
handle to the secure the CPUInthe socket,

[El APPLY THERMAL PASTE

Some CPU coolers come with pre-applied
thermal paste, but the Liguid Freezerllhas
asmall sachet of paste that yvou'll need to
manually apply. It can be tricky to make an
elaborate shape here, as the sachet doesn't
give you much precision, sowe've optedfora
simple north-southline of paste.

EJ INSTALL CPUCOOLER

The pump section of our cooler requires four
mounting arms to be attached, so secure
thern, while remembering to remove the
protective film on the base. Now go ahead and
use the included screws to secure the pump
section to the CPU socket backplate,

[El CONNECT PUMP
AND FAN CABLE

The Liquid Freezer ll uses just one cable to
power the pump and two 120mm fans,
You'll need to connect this cable ta your
motherboard's CPU fan header, and not the
pump header, or the fans may sit at high
speed all the time, instead of winding down
underlow loads.

3 INSTALL MEMORY

Our dual-channel memory kit comprises two
modules, whichyou'llneed to placein slotstwo
andfourin order tomake sure dual-channel
memorymode canwork, Flip back theclips on
each side of the DIMM slot, then putthe
rmermory in place; itwill only fit one way around -
just line up the notch on the memory with the
notch in the socket. Push the top of the memory
down fimnly, so it goesinto the slot, andthe clips
will flipback upto secureitin place,

2 INSTALLSSD

Our motherboard only has one M.2 slot, and

it comes with a screw to secure the S5D.
However, you'llneed to move the securing nut
from the outer hole to the next one inonthe
motherboard, soitlines up with the mounting
paintanthe S50 as shown. Put the S50's edge
connectorinto the slot atan angle, then gently
push it down before screwing it into place.




3 TESTHARDWARE

Before youinstall the hardware in the case,
it's agoodideatotestit, soif any of your
parts don't work, you canidentify them now
without having to dismantle your PC. Some
B450 motherboards may have old BIOS
versions too, which will prevent them from
working with 3rd-gen Ryzen CPUs, such as
our Ryzen 53600, out of the box.

One reason we've opted for MSI's B450
Tomahawk Max is that it sports a feature
called Flash BIOS, which allows you to
update the BIOS without a CPU installed.
Thankfully, our retail-sourced motherboard
was equipped with a BIOS new enough to
support our CPU, so you shouldn't have any
problems either, butit's good to know you
have the feature as a backup.

First,install the fans to the radiator, then
put vour motherboard on top of its
motherboard box and install your graphics

card in the top 16x PCI-E slot nearest the
CPU socket. Finally, connect your PSU's
24-pin ATX plug to the socket on the right
edge of the board, the 8-pin EPS 12V plug
to the socket at the top of the board near
the CPU socket and an 8-pin PCI-E
graphics plug to your graphics card’s
power connector on the top edge.

Then, to power on your system, you
can either connect the case front panel
power connector to the appropriate pins
on the motherboard (see your
motherboard manual to find out which
cables go where), oryoucanuse a
screwdriver to short the power button
pins on the motherboard. This will power
onthe PC, allowing you to check that it all
works. If vou hook up a monitor to your
graphics card, your skeleton system
should boot up. If not, try removing and
thenreseating each component.

EJ INSTALL1/0 SHIELD

Sadly, the B450 Tomahawk doesn't have
anintegrated /0 shield. You'llneed to grab it
out of the box and installitin the hole at the
back of your case before youinstall the
motherboard. Once you're done, locate the
box of screws that come with the case, as
you'llneed them to install your hardware.

EC] INSTALLMOTHERBOARD

Leave the cooler attached to the
motherboard, asinstalling it separately
after the motherboard has been fitted
can be difficult. Install the motherboard
using the supplied M3 screws with your
case. The motherboard standoffs are
pre-installed, soyou just need to slotthe
motherboardinto the /0 panel, line up
the holes with the standoffs (taking care
notto scrape the traces onthe bottom of
the motherboard), and screwitinplace, D




FEATURE /CUSTOMISATION

BUILDING

I REMOVE TOPFAN

The Lancool Il case includes three fans, with
oneinthe roof, We need toremove the latter,
s we can fit our Liquid Freezer ll radiator, but
don't discard it, as we canmove it to the front
section to boost airflow.

EE] INSTALL RADIATOR

Youwant the fans positioned on the radiator,
sa they're exhausting air out of the case, with
the backs against the radiator. Use the small
screws included with the cooler to secure
the radiator from the top of the case, usingits
radiator mounting rails,

EE] INSTALL SPAREFAN

The spare fanis best placedin the front of the
case,in order toincrease airflow and prevent
too much negative air pressure, The two CPU
cooler fans will only spin up under heawvy
loads, somaost of the time the airflow should
be balanced. The front panel of the case pops
off easily, revealing the fan mounts beneath,
intowhich you can fit your spare fan.

Xl CONNECT CASEFANS

The motherboard has plenty of fanheaders,
two of which areideally located next to the front
case fans. Run the cables through the nearby
cable-hiding plate, then bring themback to the
motherboardto pluginto the fan header.

Bl REMOVE UNUSED PSUCABLES
The Corsair CX550M PSLU is semi-modular,
which means most of its cables canbe
detached, so you can give yourself amuch
easiertime whenit comes to cable tidying.
Detachthe cables you won't need, such as the
SATA and Molex cables, and leave theminthe
PSU box in case you need to return or sell the
PSU at alater date.

I INSTALLPSU

The PSU slides into place from the far side

of the case using the flip-down panelon the
Lancoolll. Secureit from the rear using the
included screws, and positionit so that the fan
points down. There's an air ventand dust filter
here tokeepit cool and dust-free,

& FIT GRAPHICS CARD

Unscrew and remove the two expansion slot
blanking plates next to the top 16x PCI-E slot,
and then carefully slot your graphics cardinto
place, before securing it with the two screws
you just removed atthe back.

IE] CONNECT FRONT
PANELCABLES

If youwanttouse your case’s microphone
and headphone audio connectors, locate

the audio header on your motherboard and
connectittothe case's audio connector cable.
Mow do the same for the USB and front panel
connectars. If you're not sure how to do this,
the procedure is well documented in the
motherboard manual.

EE] CONNECT POWER PLUGS

You only need to deal with four power
connectors in this build, and two of them hook
upto the motherboard. Thread the 8-pin EPS
12V connector from the PSU through the hole
inthe top comer of the motherboard tray and
then push itinto the 8-pin connector on your
motherboard above the l/0 ports. Next, do the
same withthe 24-pin ATX connector, which
sits on the opposite side of your motherboard
next to the memory slots,




EX] CONNECTOTHER
POWERCABLES

The other two power cables are a single

SATA connector forcase's RGE lighting, and

the single 8-pin PCI-E connector lead that
our graphics card. Connect these,
“anproceed to everyone’s least

favourite (Editor: or my actual favouritel)

part of PC building - cable tidying.

Bl TIDY CABLES

Thanlkfully, you don't need to spend
hours here, as the Lancool llincludes
large cable covers that do a great job of
covering the cables, Bundle your cables
together ingroups, and anchor themin
place with the supplied Velcro ties. You
canthenlet the neat cable covers dothe
restof the work, leaving you with a clean
view through your side panel window.,

BERS
3




FEATURE / CUSTOMISATION

FINAL SETUP

¥ SET XMP PROFILE

Cnce you've installed Windows, there are
some generalhousekeeping jobs tomake
sure your PCis running smoothly. Firstly,
head into the EFI, go tothe OC section and
enable the XMP profile for your memory,
which should setthe memorytoits
correct speed of 3466MHz.

EJ SETRAM VOLTAGE

The XMP profile should also set
the right timings and voltage for
wour memeory, in which case you
can skip this step. However, if you
have any stability issues, especially
once you've overclocked the PC,
it's worth manually setting the
DDR voltage and, if necessary,
nudging itup from 1.35Vto 1.37V.

[E] SETFAN PROFILE

We've also set the three casefans to
be powered using MSI's Smart Fan
Mode. This saw thermn spin down a little
quicker and slightly further than the
standard profile, which also meant the
PC was noticeably quieter whenidle,

K] STRESS-TEST

Once you're atthe Windows desktop,
download AMD's Ryzen Master
software from amd.com. This will
provide an accurate temperature
reading for the CPU, so you can
check the cooleris performing
praperly, and you can also use itto
apply quick overclocks from the
comfort of the desktop.

You can then apply your overclocks
in amore permanent fashion in the EFI
once you know they're stable (which
we'll cover in a minute).

Run the stress test in Ryzen Master
and check the temperature. We
found our system's maximum CPU
temperature was 52°C, so as long
as yours is below 65°C (the actual
temperature can be affected by
ambient temperature) then there's
plenty of room for overclocking.

STOCK SPEED

GIMP IMAGE

EDITING

HEAVY MULTI-
TASKING

)

co
(==

(

OVERCLOCKED

N

63,301

h

GIMP IMAGE
EDITING

T

HEAVY MULTI
TASKING

404999

HANDBRAKE H.764
VIDEQD ENCODING

N

172,014

SYSTEM
SCORE

HANDBRAKE H.264
VIDED ENCODING

_N

190,632

SYSTEM
SCORE

CINEBENCH RZ0 MULTI-THREADED

CPC £993 Gaming PC saz3fl 270
Slnck spdad Deeprelocind
TOTAL 5¥STEM POWER CONSUMPTION
e
CPCE993 Gaming PC | 106W | nidvw
Lzad
CPC £9593 Gaming PC mwﬁa:m
Stock Speed [ Overciocked
FAR CRY NEW DAWN
152 0x 1080, LAira cel il
CFC £993 Gaming PC B5ips Gfps
waips [N eaips

L5600 = 1440, Uitra Detadt

OPC E993 Gaming PC Bips Aps
rirps [ 88
SHADOW OF THE TOME RAIDER
190 0= V080, Highersl settiegr, TAA
O £993 Gaming PC Toips 10
Balps

2560 % 1,440, Highest Sefings, TAA

CPC 993 Gaming PC S5 Tlips

Shack speed 90 parcentile Stock wpaed avwg

Orverdocked SSith porcen i | Owerclocied 2wy

Profie | Apply Sucosss [ 241500 Fridd Mar |




PERFORMANCE AND

OVERCLOCKING

SETTiNGS

Manually set the CPU voltage to 1.325V using the
Override Mode

YOU CANAPPLY
YOUR OVERCLOCKS
INAMORE
PERMANENT
FASHION IN THEEFI
ONCE YOU KNOW
THEY'RESTABLE

Download M51 Afterburner from guru3d.
com and GPU-Z from techpowerup.
com. Fire up both programs and, in M5
Afterburner, set the temperature limit
to maximum, the core clock to #170MHz
and memory clock to +600MHz.
We found these frequencies to be
perfectly stable, and resulted in a peak
GPU boost frequency of 1820MHz
compared to 1650MHz at stock speed,
while the effective memory frequency
rose from 7000MHz to 76 00MHz.

We also found that 4 2GHz was an
easy target for our Ryzen 5 3600 with the
ARCTICliquid cooler, although you may fare
better, as it's a silicon lottery out there. We
first tried out our settings in Ryzen Master,
and then applied themin the EFI,

SETTINGS
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To getthere, we used avcore of 1.325V
- youneed to setthe CPU Core Voltage to
Override Mode, and theninput the valtage to
be specific. We then set the CPU ratioto 42 in
the OC section. This overclock saw the peak
CPUtemperature rise to 6/ C underload -
vou'llwant to be below 80°C here.

This is a manual all-core overclock, and
the Ryzen 53600's peak single-core boost
frequencyis also 4. 20Hz, so doing this tweak
won't resultin you losing any lightly threaded
performance, At stock speed, the CPU usually
hovers just below 4GHz inmulti-threaded
tests, but we've added 200MHz to that
frequency. To stress-test the CPU, download
Prime95 version 26.6 from technic3d.com
and run the smallfft test forten minutes to
check stability and temperatures,

Setting the CPU ratio to 42 will force all six CPU
cores torunat4.2GHz

3l Afterbumerto overclock your
there's plenty of headroom

Aww e @V P S
kb

At stock speed, our PC scored 172,014
overall in our RealBench test suite, but
this figure rose to 195,632 onceit was
overclocked, with a bigincrease inthe image
editing score. The Cinebench score rose from
3.423t03,741too, which is anincrease of just
under 10 per cent. Iltwas in games that we
saw the biggest benefits, though, with a 10fps
boost to the minimum 99th percentile frame
ratein Far Cry New Dawn at 2,540 x 1,440,
and 9fps at 1,920 x 1,080,

Shadow of the Tomb Raiderwasn't quite
as responsive, seeing Sfps added to the 99th
percentile result at 1520 x 1,080 andjust 2fps
at 2,560 x1,440. The gains were achieved
with a power draw that rose from 288W under
load tojust 328W, which gives over 200W of
headroom onour PSU for future upgrades. ore
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Scansentus
ahigh-end
Ryzen 3950X
system, with
several EVGA
graphics cards,
for SLI testing

ver since Nvidiareintroduced the SLI

brandin2004, adding two or more

graphics cards to a system has been
seen as the ultimate way to get the best
graphics performance possible. However,

particularly inthe last handful of years, therehas

been less andless emphasis onthe technology,
and fewer and fewer systems implementingit.
In fact, with its latest Mavi-based graphics
cards, AMD dropped support forits rival
CrossFiretechnology, killing stone-dead any

chance of tying multiple AMD GPUs together
with full support from AMD. Technically, you
ISSLISTILLAVIABLE OPTION FOR GAMING PCS?  canstilgettwo AMD GPUs towork togetherin

some games using the API's ownmulti-GPU

EDWARD CHESTERAND BEN HARDWIDGE g ygem, butyouwonttgetany officialcriver
INVESTIGATE WHETHER IT'S STILLWORTH  supportromAMd

S50, is multi-GPU gaming still a going concemn,
PAIRINGUPTWO GPUS IN GAMES  andifitis,justwhatare thebenefits, andshould
youinvestin such asetup? We'll answer these
questions and more over the nextfew pages.




3dfx’s Voodoo5 5500 card
featured two chips, which
communicated using SLI, when
itstood for Scan Line Interleave

After buying much of 3dfx's
assets, Nvidia relaunched SLI
as Scalable Link Interface,
withthe GeForce 6800 series

HO
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Scalable Link Interface
The very firstiteration of SLI actually dates
back to 1998 when 3dfximplanted a
technology thatused two GPUs torender a
3D scene. Here, while the acronymwas the
same, the technology was called Scan Line
Interleave. You linked up two matching 3dfx
Voodoo 2 cards with aribbon cable, and they
would spliteach frame into lines, with each
card handling altermate lines. In some games
vou could even see the split between the
lines as the two cards worked on them.

This didn't just get you higher frame rates
- it also enabled you to hit higher resolutions.
Voodoo2 cards were generally limited to
800 x 600 ingames, but you could push
wour system to 1,024 x 768 with an SLI setup.
Sadly, the technology proved too tricky and
expensive to obtain widespread use.

The last gasp for this form of SLIwas seen
on the VoodooS range, with the Voodoo5

5500 featuring two chips on the same card,
workingin tandemin SLI. There were even
plans for afour-chip SLI card, the monstrous
Voodoo5 6000, butitdidn't getreleased
before 3dfx folded, with much of its assets
bought by Nvidia.

Six years later, Nvidia repurposed the now
defunct brand name, refashioning it to stand
for Scalable Link Interface. This new version
of SLI achieved essentially the same job,
splitting up the workload of rendering a 3D
sceneinto as many chunks as there were
GPUs (some graphics cards, such asthe
CeForce 7950 GX 2, alsoimplemented SLIon
a single card) to provide double, triple or even
quadruple the theoretical processing power.

Atits core, the technology is quite simple,
with the graphics driver deciding which
chunk of the scene should be handled by
which card and the card then going off and
doing the number crunching. The results

are then addedtogether to produce the final
stream of frames that we see.

As has long been established,
performance with multiple GPUs doesn't
scale linearly, but with the right games, a quad
SLI setup was the ultimate gamingrig fora
while, until Nvidia abandoned support for any
SLI setup with more than two graphics cards.

SLImodes

At the heart of the way SLIworksis the choice
between two different rendering modes:
Altemate Frame Rendering (AFR) and Split
Frame Rendering (SFR). As their names
suggest, AFR simply sends each frameto
alternate GPUs; for SFR, the driver splits the
scene into multiple parts, with each one sent
to a GPU and combined again at the end.

As you might expect, AFR is the far simpler
version, and requires less overheadinterms
of communication between the two GPUs, so
it's preferred by developers and Nvidia alike.
However, it also has the higher potential for
introducing lag, as the systemmay need to
wait a split second for aframe to fully finish
beingrendered. SFR requires muchmore
communication and some of the work is
duplicated, although it canresult inbetter
performance whenimplemented properly.

This also hints at the reason why SLIsetups
with three or four cards produce diminishing
returns. With AFR, you potentially have one
GPU sittingidle for sometime whileit's waiting
forall three other GPUs to finishrendering their
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AFR mode simply sends each frame to alternate GPUs

SFR mode sees each GPUworking on the same frames together

IT'S ONLY WHEN WE REACH THE UPPER ECHELONS
OF PERFORMANCE THAT MULTI-GPU SETUPS

START TO MAKE SENSE

frames, creating ineffidency. Meanwhile, for
SFR, there’s ever more overhead inmanaging
the splitting and restitching of frames. Quad SLI
did introduce an alternative rendering mode that
had each pair of GPUs work on alternate frames,
with each frame then splitusing SFR between
those to GPUs. However, this is all by the by, as
quad SLlis nolonger supported.

What do youneed for SLI?

Since its launch, SLIhas remained a
remarkably unchanged technology, atleastin
terms of its fundamentals. You require two or
mare graphics cards thathave identical GPUs
and memory configurations, although they
canbe amix of card vendors. You'll also need
a hefty enough power supply with sufficient
cables to power all the cards. With SLI now
limited to only the highest-end GPUs (from
the RTX 2070 Super upwards), you'll likely be
looking at needing either two each of 6-pin
and 8-pin graphics power connections, or
four 8-pin connections.

Next, you need an SLI-compatible
motherboard, which are usually based on
the latest high-end chipsets from AMD or
Intel, although not all of these boards support
5LI. Look for an SLI badge onthe box, or
check the manual or online specs list of your
board first. You'll also want two appropriately
positioned 16x PCI-E slots on your board for
SLIoperation, with at least space for three
slots between them. That way, there's still
room for a dual-slot card to get air throughits
cooling system.

There were also considerations for PCI-E
bandwidth back when three and four-card
SLIwas an option, but with a maximum of
two cards, it's no longer anissue. Generally,
amainstream desktop board will split its two
16x PCI-E slotsinto two eight-lane slots for
5Ll operation, while some HEDT boards will
letyou getthe full 16 lanes of bandwidthin
both slots. It rarety makes much of a difference
though - eight PCI-E 3 lanes is still enough for
5Ll evenonatop-end RTX card.

One reason why PCI-E bandwidthis
less of anissue than you might expect
is because much of the communication
between cards isn't done over PCI-E but
the 5L bridge. This is a separate physical
connection between cards, which plugs into
the top ridge of the cards. These bridges
have taken various forms over the years,
including generic flexible ribbon cables,
more rigid PCBs and even illuminated
plastic doohickeys, but fundamentally
they've remained very similar, allowing SLI
bridges to span multiple generations of
GPU, at least until recently.

HB-SLI and NVLink

While the fundamentals of SLI have
remained very similar over the years, there
has been a couple of recent tweaks to the
formula. For a start, with the GTX 10-series
Pascal line-up, Nvidiaintroduced a new
high-bandwidth SLI bridge, which doubled
the width of the bridge and in turn doubled



The evolution of the SLI
connector. From leftto
right, an Asus HB-5LI
connector, an EVGA
NVLink bridge and the
very first SLI connector

the bandwidth. This move was mainly
necessary due to the ever increasing take-
up of 4K and higher resolutions.

Even maore recently, with the launch
of RTX, Nvidia brought over its NVLink
technology that had previously featured
only onits Quadro cards. NVLink brings a
massive leap in bandwidth, from the 2CGB/
sec of HB SL1to 900GB//sec, plus it works
in a fundamentally different way. While SLI
purely sets up a master/slave relationship
between the first graphics card (which
handles all your video connections) and
any other cards, with NVLink, the data
communication is bi-directional and the
cards operate in a mesh fashion, with no
master/slave relationship.

That's all great for computational
workloads, but it doesn't actually translate
that well to GPU workloads where latency
is so crucial. Moreover, Nvidia simply hasn't
enabled true NVLink compatibility onits
consumer graphics cards. While you get the

connector fingers on the top of RTX cards
and you'll have to buy an MVLink bridge,
the connection still actually operates in the
same SLI mode as before.

This master/slave relationship Is also
part of the reason why 5LI (and CrossFire)
doesn't see a doubling of your VRAM when
you add two cards together, unlike with
true NVLink. That's because all the datain
VRAM is basically managed by the master
card and then duplicated on the other cards,
rather than being an independent data set.

Which cards will work?
As both consumers and manufacturers alike
have shownless and less enthusiasm for multi-
GPU setups, sohas support for the technology
steadity dwindled. Aswe mentioned earlier,
AMD simply no longer supports CrossFireinits
latest GPUs, while Nvidia has limited support to
onty some of its newest models.

Out of its latest raft of RTX 20-series
cards, only the 2070 Super, 2080, 2080

Super and 2080 Tisupport SLI. That
means the likes of the RTX 2070 and
2060 aren't supported, and neither are
any of the company’s Turing-based

GTX cards. On a certain level, this makes
alot of sense. If you're seeking better
performance when you only have a GTX
1660, it's unequivocally a better bet to just
upgrade to afaster card. There are plenty
of much faster cards available that aren't
ludicrously expensive.

It's only when we reach the upper
echelons of performance that multi-GPU
setups startto make sense. Here, there's
either nowhere to go in terms of faster
single cards if you already have an RTX
2080 Ti. Or,if youhave an RTX 2080
Super, that's just one rung down from the
best interms of performance, and doubling
up this card's performance would put it
significantly above the fastest single card.

There are occasionally circumstances
where you're rocking a three or four-



You need at leasta pair
of GeForce RTX 2070
Super cardsif you
want to enable SLI

IF YOU'RE LOOKING TO PLAY MORE OBSCURE OR
INDIE TITLES, THERE’S LITTLE CHANCE SLI WILL
ADD MUCH TO YOUR GAMING EXPERIENCE

year-old card, and you can pick up a second
one very cheaply second-hand, so it

would be good to at least have the option
of SLI. However, it's still much more likely
that simply upgrading to a faster card will
be a better bet.

Game compatibility
If there's a single reason why multi-
GPU has struggled to take off and stick
with us, it's simply game compatibility.
Unfortunately, SLI can't just work silently
inthe background and accelerate every
single game that's thrown at it. Instead,
each game needs an SLI profile to tell the
graphics driver how to best manage the
game's renderer.

What's more, some games simply don’t
work either very well or at all with SLI. This
canbe for all manner of reasons, but the

reality is that many games either just crash,
will only run on one GPU or will have stutter
or visual artefacts. We tested a handful

of the most popular modern games and
several had majorissues. If you're looking
to play slightly more abscure orindie titles,
there's little chance SLIwill add much to
yourgaming experience,

Otherdownsides

While the potential positives of SLI are fairly
clear, with up to a doubling of performance on
the cards, the negatives aren'tjust confined
to game compatibility. First, there's the cost.
Even when dealing with high-end cards, it
can still sometimes be worth spending the
extra on afull single-card upgrade instead,
even if you do get good compatibility and
performance improvement using SLIin many
of the games you play. More expensive cards

canpotentially provide a larger VRAM pool as
well, and provide more consistent framesin
many games as well.

Thenthere's heat and noise to consider.
While some motherboards and SLI bridges
may allow for alarge gap between cards,
in most setups one card will be right next to
the other, which can severely restrict airflow,
in turn boosting temperatures and noise
levels. In fact, you could potentially even see
thermal throttling hamper performance if
airflow isn't keptin check.

This leads onto the third consideration,
which is power consumption. With modern
graphics cards being very sophisticated
with their power management, the drain
of an extra card while idleis potentially
quite modest. However, once two cards are
cranked up, you'll see a serious increase in
power draw.



PERFORMANCE
ANALYSIS

ith dwindling game support and
expensive hardware reguirements, is

it still worth setting up an SLI systemn?
To find out, we enlisted Scan (scan.co.uk), which
kindly loaned us atop-end SLrig for testing.
Carefully builtinside a smart and subtle NZXT
H710 case, the Scantestrig features a Ryzen9
3950X CPU cooled by a Corsair all-in-one liquid
coolerwith a360mm radiatorinthe front.

It also comes with a 2TB PCI-E 4 550 and
apair of EVCA GeForce RTX 2080 Tigraphics
cardswith alight-up EVGA NVLInk connector,
Inaddition, Scan sentus a pair of EVGA GeForce
RTX 2080 Supercards, sowe could test two SLI
configurations. it all plugs into an Asus ROG Strix
X570 motherboard, which has an SLI-friendly
design, putting a slot space betweenthe two
dual-slot graphics cards, giving thenn a bit of
space to breathe. It's a good-lookingmachine,
with well-tidied cables and smart lighting.

Problems

It's fair to say that our experience with SLI
wasn'tentirety smooth from the outset. The first
issuewe spotted was that Nvidia FrameView
wasn't property recording the frame rates,
whichis alittle ironic, given that both FrameView

There’s aslot space between the two EVGA RTX
2080 Ti cards, so they can breathe

=

and SLI are Nvidiatechnologies. Basically, the
frame rates reported in FrameView in DirectX
were significantly lower than the frame rates
reported by FRAPS and in-game frame rate
counters. You could also visibly see that the
FrameView results were incorrect - some
games were running smoothly, while
FrameView was reporting results that should
have meant they were unplayable.

As aresult, we've had to go back to reporting
the minimum and average for this test, rather
thanthe 99th percentile, for DirectX games.
FrameView stillworked fineinVulkan, though,
sowe've reported 99th percentile results for
our Red Dead Redemption 2 test.

The other problerm we had was that not all of
ourusualtestgames support SLIas standard.
QOur standard ray-tracing test game, Battlefield
V,isrestrictedto single-GPU rendering. Inthe
past, therewereways aroundthis problem, as
with other games, by making a custom profile.

ProfileInspectoris downloadable from
nvidiaprofileinspector.com, and enables you
toforce some game executablestouse a
custom SLIprofile - this sometimes improves
performance over the default profile, and
canalso force games limited to one GPU to
use two GPUs. Ifyouhave an SLI setup, it's
worth Googling to see how other people have
optimised their games with custom profiles.

InBattlefieldV, youusedto be able to setitto
use the Battlefield 4 SLIprofile and then force
itto use AFR. However, a later patch for the
game knockedthis onthe head. You canstill get
itworkingin SLIif you're preparedto do alot of
faffing, which alsoinvolves disabling several
graphical settings, but for this feature we instead
decided to concentrate on games that could
runwith SL1out of the box, so we'vetested ray
tracing with the ray-traced shadows featurein
Shadow of the Tomb Raider.
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Scan sentus an air-cooled SLI rig for testing,
although mostof its customers sensibly prefer their
SLI gear to be water-cooled

Likewise, Unigine Superposition, which we
usually use to testload power consumption,
also doesn't work with 5L, so we've instead
tested load power consumption with Shadow
of the Tomb Raider.

As we expected, SU performanceis variable
across titles, but the scaling you can expect also
varies wildly between cards and resolutions.
Inseveral of our games, we saw better scaling
from ourpair of RTX 2080 Supers thanthe RTX
2080 Tis, and vice versa.

This makes it hard to make claims for
any hard and fast rules. Intheory, you
might expect SLI scaling to be better at one
resolution than another, butit also depends
onthe drivers and compatibility issues. For
example, Shadow of the Tomb Raider at 4K



flickered a lot for the first few seconds when
using the RTX 2080 Super SLI setup with
ray tracing, affecting scaling performance. It
didn't do this onthe RTX 2080 Ti setup.

We sometimes sawthe same flickering
when starting Red Dead Redemption 2 with
both setups as well, and had to runthistest
anumber of times to get reliably repeatable
results. We naively thought that SLImight bea
mature and largely problem-free technology
by now, but with declining interest from game
developers (and Nvidia to an extent too), there's
still plenty of problems. Be warned that if you do
go downthe SUroute, youllhave to put up with
sorme compatibility issues, aswell as faffing with
graphics settings, drivers and profiles,

Performance and scaling
So,whenitdoes work, is 5Ll any good?Let's
startwiththe good news, whichis thatwhen
youhave a game and driver that properly
suppaorts 5L, the performance and scalingis
superb. We saw thisin Shadow of the Tomb
Raider when using the RTX 2080 TiSLIsetup.
With 97 per cent scaling at 2,560 x 1,440, we
saw an average frame rate of 211fps, and a
164fps minimum - superbresults that could
enable you to run this game at asuper-high
refresh rate if your monitor supportsit.

Enabling ray-traced shadows (at the High
setting) also resulted insmooth performance at
2,560 x1,440, with a120fps average and 80fps
minimum - scaling /6 per centover using a
single card. You could even runthe game at 4K
with these settings, withthe RTX 2080 TisLI
rignever dropping below 45fps, compared to
a24fps minimum with a single card.

Aswe mentioned earlier,the RTX 2080
Super had problems inthis game, but it worked
fine once you got past the initial few seconds
of flickering. An RTX 2080 Super SLIsetup
can'treally cope with highray tracing at 4K, but
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You'll want a hefty PSU for an SLI build, such as this
B50W Corsairmodel

¥ou can use Profileinspector to create custom SLI profiles and optimise SLI performance, as well as force
some non-5L1 games to support it

itcandoitwell at2,560 x 1,440 (with a6 /fps
mininum). This setup had the same 67fps
minimum at 4K without ray tracing too.

While theseresults aren't problem-free, they
show the potential for SLwhen it works well. If
you want all the ray-traced eye candy turned on
at 4K, an RTX 2080 TiSL setupis pretty much
the only way to achieve it at the moment.

Most of the other games we tested didn't
scale anywhere near to the 97 per cent we
saw in Shadow of the Tomb Raider, but SLI
usually had at least some benefit. For this
feature, we alsotested some older games, so
we could get alarger picture of SLI support,
and to see if we could finally turm up every
single graphics setting onthese games now.

One example is The Witcher 3, which we
tested at Ultra settings with Mvidia HairWorks
maxed out. Running this game at 4K showed
reasonable scaling with SLI, showing a 67
per cent average frame rate increase withthe
RTX 2080 Ti5LlI setup, and 70 per cent with
the RTX 2080 Super cards. On its own, an
RTX 2080 Superdrops down to 49fpsin this
game at 4K, whichis perfectly playable, but
this minimum goes right up to 84fps when
youadd a second card.

Wie also tried out Deus Ex: Mankind Divided
on Ultra settings for the same reason. We didn't
have high hopes for big SLI performance in
this game, asit’s an AMD Gaming Evolved itle,
and sure enough, the SLIscaling was pretty
uninspiring, particularly at 2,560 x1,440. At
4k, the results were a bit better, with the RTX
2080 Tis5Ll setup averaging 72fps with a 58fps
minimum, compared to a 48fps average with

one card. Adding a second RTX 2080 Superalso
makes this game properly playable, taking the
minimum from 33fps to 45fps. The scaling might
notbehuge, but there's still a definite benefit.

Back tothe newergames, Red Dead
Redemption 2 wouldn'tscalewith SLI at allin
DirectX mode, but it scaled abit with Vulkan.
Therewasn'tmuchdifference betweenthe
99th percentile frame rates here, butadding a
second card did boost the average frame ratea
fair bit, with scaling varying from 40-48 per cent.

Scalingin Total War: Warhammer Il at 2,560
%1440 was barely worth mentioning either,
particularly onthe RTX 2080 TiSLI setup.
Although, to be fair, a single card already
averages 94fps inthis game, whichis plenty
for a strategy game. We saw better scaling in
this game at 4K, with 5LI bringing the minimum
frame rates above 60fps on both setups.

Noise and power

Aside from compatibility issues, the other main
concems are power draw and noise, With two
cards running at full pelt, the Scan machine
made anawfullot of noise. It's notjust that you
have fans from two graphics cards making
noise, butthere alsoisn'tmuch room for the
fansto draw air throughtheir coolers.

Evenwith aslot space between them, there's
still little room for the cards to breathe, and the
second card ends up being quite close to the
PSUshroudtoo. The Scanwas significantly
quieter with just one of either card installed
{much quieter than you would normally expect),
asthefans don'thave to work as hard to draw
airinto the cooler,
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When we discussed this feature with Scan,

the company told us that very few of the SLI
systemsit sells use air-cooled CPUs, with
maost SLIbuyers looking for awater-cooled
system. This makes alot of sense, and not

just because people who can afford SLI can
probably afford water cooling too. Water-
cooling the GPUs means you can direct the
cooling to the radiators, with no concems
about airflow between the two cards. A
water-cooled SLIsystem will be massively
quieterthanan air-cooled one, and the GPUs
will be less likely to throttle too.

Don‘tunderestimate the power
requirements either. With both the RTX 2080
Tiand Super, our system went from drawing
around 400W from the mains at peak load,
towell over BO0W (and nearly 7O0Win the
case of the RTX 2080 Ti SLI setup). The Scan
testrig had an 850W PSU to cope with this
load, and you'll want the same or higher if
you're planning to do it too.

Condlusion

Is it still worth using SLIin games? The answeris
avery hesitant yes fromus, with the caveat that
itvery much depends onyour circumstances. If
you have the money, and you want to be able to
play thelatest games at 4K with allthetop eye
candy and ray tracing, then SLIis the onby way to
doitatthe moment. Even then, though, we'dbe
tempted to wait and see what Nvidia and AMD
might have waiting inthe wings for later this
vearinstead, as asingle-GPU setup willinvolve
much less siress.

Throughout testing, we encountered
compatibility problemns, fromvisual artefacts
to games without SLIsupport, as well as
occasional stuttering and poor scaling. A lot of
thesetests had to be run several times before
we could get reliable results. What's more, you
may well have to spend a lot of time faffing
in Profile Inspector just to enable SLIn some
garmes, let alone optimisingit to run faster.

If you have themoney, time and patience, and

youwant the best performance now, then go
ahead and build yourself a (water-cooled) RTX
5L systemn. For anyone else, though, we advise
sticking to a single GPU and lowering your

graphics settings a bit. With dwindling dual-GPU

game support, AMD dropping CrossFire and
Mvidia only enabling SL1 on four GPUs, it's clear
that the concept of multi-GPU may alsobe on
the way out. We'd be surprised if MNvidia canned
5Ll entirely any time soon, but don'texpectitto
still be herein a few years.
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CUSTOMISATION /HOBBY TECH

GARETH HALFACREE 'S

Hobby tech

The latest tips, tricks and news in the world of computer hobbyism,
from Raspberry Pi, Arduino, and Android to retro computing

PREVIEW

Mooltipass BLE

ecurity in the early days of computing
was physical: a locked control panel

onamachine housed ina guarded
building at the centre of amilitary base. The
birth of multi-user computing, thenthe
Internet, saw that change. Now, electronic
security is the watchword, and it's ever-difficult
to guarantee, owing to the sheer volume of
sites and senvices with which modem
computer users are obligedto register,

There are innurnerable software packages
that take aim at the central problem. Password
managers, from open-source tools such
as KeePassX, to subscription services such
as LastPass, generate highly-complex
passwords unique to each site and service
and rermember them for you in encrypted
databases. There are attempts at doing away
with passwords using hardware too, with
Microsoft's Windows Hello offering facial
recognition for authentication, and Google
now offering its own Bluetooth-connected
security dongles with which to authenticate
accesstoitsservices.

Thenthere are devices such as the
Mooltipass Mini (reviewed in Issue 168),

The Mooltipass
BLE features a
built-in battery
and Bluetooth

Low Energy radio

an open-hardware gadget that stores all

your passwords in a physical device. The
passwords themselves are, of course,
encrypted; the key for this encryptionis

stored on a smartcard and protected with a
four-digit hexadecimal PIN. Get the PIN right,
you can access the passwords; getitwrong
three times in a row and the encryption key is
permanently wiped. As such, step one of using
the device should always be to back up the key
to asecond smartcard.

The Mooltipass Mini, amore compact
successor to the original Mooltipass, is a
cross-platform device. People running
Linux, macOS, or Windows canuse the

Moolticute software tool to manage the
passwords on the device, alongside browser
plug-ins for auto-filland credential capture.
On other hardware, the Mooltipass shows
up as a USB keyboard - and, if all else fails,
connecting a USE power bank will allow you
to recall passwords that can be displayed on
its built-in OLED panel.

For desktop users, that's plenty. For
mabile users, though, having to pull out a
micro-USB cable and USB OTG adaptor
every time youneed to log in to somewhere
is achore, That's where the Mooltipass BLE
comesin. It's a wholly new variant of the



Mini that's still under active development
andincorporates a Bluetooth Low Energy
radio for wireless communication with
compatible host devices.

Theoretically, there's no change to the
security model despite the presence of the
radio. Passwords are stillencrypted using a
key located on asmartcard, and a PIN is still
required tounlock the key. Also, unless a
new 'simple’ mode is enabled - amode that
auto-fills passwords without requiring the
user to confirm the validity of each request
= every password request requires physical
confirmation by pressing the multi-function
wheel onthe side of the device.

Ahidden tab in Moolticute offers features for
Mooltipass BLE beta testers

L L e g

BA 20 eatn g v m b

The BLE variant is slightly langer than the original
Mooltipass Mini, with a higher-resolution display

Formore cautious folks, the Bluetooth feature
canbe quickly disabled and enabledusing the
newicon-based menu system. This pops up on
the higher-resolution OLED, and it's controlled
inthe same manner as the Mini, using arocker
wheelonthe side of the device body.

Forthemobile user, Bluetooth will likely prove
tobe amust-have feature. An intemal batteny,
chargedusing the sarme USB Type-C connector
used forwired data communication, lets the
Maooltipass BLE runentirely wirelessly, with
each password being ‘typed overanencrypted
connection as though itwere a Bluetooth
keyboard. Work is also underway on amobile
version of Moolticute, which will allow for full

device management from
e Pmme | o anhones andtablets,

Forthe desktopuser,
it's handy but not quite so
important - whenconnected
via Bluetooth or USB,
the device is handledvia
Moolticuteinthe same way.
That's notto say, howwever,
that there's noreasonfor
Mooltipass Miniusersto
upgrade. The Mooltipass BLE
stores more data, supports
passwords beyondthe
original device's 31-character
limit, and anin-development
firmware upgrade will allow
itto act asaFIDO2Z second-
factor authentication token.

There's alot of future-
gazing here, though. At
the time of writing, the
Mooltipass BLE was still
under heavy development.
While the hardware -
impressively swish and,
as with its predecessors,
OpEn-source - is

wiegery, | syt mrgeny | gy 4

The Mooltipass BLE is supported by the same
Moolticute software as earlier versions

functionally complete, the
software and firmware
side has yet to be finished.

ZX Spectrum
Ne

t finally ships

The crowdfunded ZX Spectrum Next
project (reviewed in board-only format
inlssue 176) has finally reached a
successful conclusion, with fully-finished
units shipping two years after the original
target. Recreating a souped-up Sinclair
ZX Spectrumonan FPGA, the Spectrum
Nextincludes impressive compatibility
along with upgraded memaory, Wi-Fiand
even a Raspberry Pi coprocessor, housed
inakeyboard casing that proved to be
late industrial designer Rick Dickinson's
last project. Areview of the top-end ZX
Spectrum Mext Accelerated will follow in
Haobby Tech nextissue.

The Bluetoath feature, in particular, is
proving a toughnut to crack, and one that may
push the device’s launch date beyond the
targeted |ate-April/early-May slot. During
testing, it absolutely refused to fillin any
passwords on aMNokia 7.2 running Android
9, despite other beta unitusers reporting
success with similar Android 9 devices.

Forthe latest on development, follow the
developers at twitter.com./themooltipass;
whenit's on sale, the Mooltipass BLE will be
available from themooltipass.com

As before, the Mooltipass BLE is
protected with a smartcardand
PIN combination
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raditionally, thermal anabysis of
electronic components has been

rather unsdentific. You wouldrun a
device at full-tilt for abit and poke it with your
finger; if it hurt, that component would probably
needa heatsink. Bumtfingers gavewayto
temperature probes; temperature probes gave
way tonon-contact thermometers; finally, non-
contact thermometers gave way tothermal
imaging equipment, capturing thermal datain

the same way atraditional camera captures light.

Over the past few years, the cost of
thermal imaging devices has been steadily
dropping (see lssue 146). It has now
reached the point where it's possible to
buy smmartphone add-ons for only a few
hundred pounds, orimaging modules that
allow the suitably clever to build their own
thermal cameras.

Regular readers will be aware of the
frequent use of thermalimaging analysis
inHobbwy tech, using a relatively entry-level
FLIR C2 handheld camera. While functional,
the device is used outside its designed
environment here. The C2is a semi-nugged
and compact camera aimed at people such
as site surveyors, typically targeting the
investigation of buildings and infrastructure
rather than compact electronic components.

The FLIR ETS320, by contrast, is designed
spedifically for the analysis of electronic

Unlike the handheld C2, there's
no touch-screen on the ETS320

———

components. It's bundled
with a stand, complete with a
clever non-IR-reflective textured base
and grounding clip to protect the piece under
analysis from electrostatic discharge (ESD)
damage. It also features hands-free operation
through either the FLIR Tools+ software
package or, cleverly, by showingupas a
standard webcam via its micro-USB port. It's
FLIR's attermpt at really selling detailed
component-level thermal analysis to
the electronics industry.
Compared with the C2, the
ET5320is amajor upgradein
terms of its sensor. Where the C2
offers alimited 80 x 60 thermal
resolution for 4,800 measurement
points perimage, the ETS320 has a
320 x 240 resolution. As such, each
capture includes 76,800 individual
measurements, each of which is accurate
to £3°C as calibrated at the factory.
That resolutionis enoughto pick

WM. outindividual component-level

The FLIRETS320

is animpressive
machine, but built for
one very specific task

details from a part ontest, as the promational
imagery for the device showcases, but there
are acouple of catches. The firstis specificto
the ETS320. Asit's designed for close-up detail
work, the cameraisunable to focus at distances
further thanaround 70mm from the object on
test. That translates to a workable viewing area
ofjust 49 x 37 Smm atits largest - that's enough
to focus on specific sections, but not enough
to get an overview of an entire board's thenmal
footprint forany but the smallest of devices.

&

A ground connector is included
toprotectdevices from



max 23.8 °C,{ Calibrating...

Captured directly from the device,
images show plenty of detail

The second caveatis shared by allIR-based
themmal cameras - the need for carefulhandling
and pre-imaging treatment of the part ontest.
Placing a common single-board computer
beneath the ET$320's thermal lens and
focusing brings up anincredibly detailed picture,
where each individual component stands out
in stark contrast. However, it s all false detail -
the'hot' areas of the board are polished metal,
reflecting the sensor's heat back on itself - these
parts are in fact the same temperature as every
other part atthe time of capture,

The solution is to coat the boardin aless
reflective material - a suspended powder
used for crack detection in metal works
well, as does matt-finish paint if you don't
care about cleaning it off afterwards. Once
painted, though, most of those fine details
are lost. Plus, unlike the C2, there's no sign
of FLIR's MSX image blending, where the
thermal datais overlaid on a visible-light

image to bring out otherwise invisible details.

Once a part has been properly treated,
the image may look less impressive, but

Copy and paste pioneer dies aged 74

Computer scientist Larry Tesler, who with colleague

Tim Mott developed the concepts of cut, copy, and
paste incomputing, has passed away aged 74. Tesler
migrated from the Stanford Artificial Intelligence
Laboratory (SAIL) to Xerox's infamous Palo Alto
Research Centre (PARC) in1973. Here, work on a word
processor and the Smalltalk programming language
would give rise to the ability to cut and copy chunks of
text or program code and paste them elsewhereina
file. This was a common task in physical print layout,
but at the time unheard of in computing. Tesler was a
key proponent for ease of use, and his contribution to the field cannot be understated.

Image credit: YAHOO! BLOG, CC-BY 2.

Attempting to ‘zoom out’ shows the
thermal sensor's narrow depth of field

Without pre-treatment, components will show false
detail; everything in this pic is room temperature

the data is a lot more useful. Connecting the
ETS320 to a Linux desktop to capture a live
video feed from the sensor, and booting a
Raspberry Pi Zero, not only revealed how the
system-on-chip spreadsits heat throughout
the board, but the image was even detailed
enough to spot the cadence inthe read
operations onthe connected microSD card,
which were visible as pulses of heat. Raw
thermal data can also be captured live, but
only using the exclusively Windows and
macOS FLIR Tools+ software bundled with
the camera,

The ET5320 is animpressive device,
and a specialised one. It's cheaper than
more general-purpose FLIR cameras of a
similar resolution, but more limited. It offers
considerable detail, but only over avery
small physical space. Plus, if you want to use
the autormatic hot/cold spot measurement
system, that space becomes smaller still.

It's also priced well out of the reach of
hobbyists, at least for now. The camera,
including the FLIR Tools+ licence, which allows
for post-capture analysis, live radiometric
data streaming and detail report generation,
is priced at £3 MN9inc VAT, with atwo-year
device and ten-year sensor warranty, With the
admittedly lower-resolution FLIR C2 costing
around £480inc VAT, that's a hard sell for
any but the most dedicated thermal imaging
enthusiast. More information on the FLIR
ETS320 s available at custompc.co.uk/FLIR
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Raspberry Pi4

2GBpricedrop &

M henthe Raspberry Pi4 single-
board computer launchedlast year
(see lssue 193), it had multiple RAM
capacities. For the standard target
recommended retail price of $35 US, afigure
towhich Raspberry Pi Trading has stuck with
remarkable tenacity over the years, despite
the specifications climbing and inflation
pushing the real-world value of $35 down
closerto $30, buyers gotthe same 1B
capacity as the previous Raspberry Pi3
Model B+, albeit in faster LPODDR4 form.

Anyone needing more memaory had the
choice of 2GB or 4GB models, the first time
any Raspberry Fi broke the 1GB barrier, albeit
at additional cost. Now, eight or so months
on, there's been a rethink. It's resulted in the
retirement of the 108 model, with the 208
model being pushed down to take its place at
that headline $35 price,

'20Bis amuch more viable desktop
platformthan 1GB,’ Raspberry Pi Trading chief
EbenUpton explains of the move. "1GB is great
forembedded, but for a desktop platform
it's just a little bit too tight. What itmeansis
that we're now back tohaving areally viable
desktop machine at our signature price point.

Ifyoulook at the last eight years, you've now
got eighttimes as much memary, about 40

There's effectively no difference between the
1GE and 2GB models, bar the DRAM module used

times as much processing power, and about ten
times as much /0 bandwidth. You've got four
times as many pixels on-screen, two screens
and you've added Wi-Fi and Bluetooth,”

While the news may disappoint people who
had already splashed out on the 1GB model,
this couldn't have happened at launch - only
the falling price of the required DRAM module
has made it possible now. It's not just doubling
the R&M that makes the Raspbermy Pid Model
B2GB ausable desktop platform either - it's
an entirely different approach to development
thanyou findin the desktop or laptop markets.

'Compared to either a Windows platform,
orevento atraditional Linux platform, there's
been asortof relaxation, says Upton,'As there's
beenmore memory people have loosened
their belts a little bit, and sort of flumped down

The Raspberry Pi 4 Model B 1GB is dead:
long live the Raspberry Pi 4 Model B 2GB!

and started consuming more memaory - when
wee really haven't. We're still using an LXDE-
derived desktop environment. We do care
aboutevery 10MB; that's the reason wihy the
2GBis our really, really useful desktop.'

There have also been other changes since
launch, which evenearly adopters canenjoy.
Updates to the Debian-derived Raspbian
operating system and the firrmware for the
Raspberry Pi 4 have slashed power draw and
heat output - both undeniable issues with the
full Raspberry Pid family at launch, The very
latest firmware revisions have been tested as
droppingidle power draw from 2. 89Wto 2.1W
andload fromahair-raising 7.28Wto 6.41W.

Forthose upgrading from earlier devices or
coming fresh to the ecosystem, the cheiceis
simple: 2CGB or4CGB? The formeris nowthe
cheapest Raspberry Pi 4 around, and has more
than enough power for everything frorm basic
desktop and educational use to retro garning.
The 4GB board will setyou back alittle maore,
but offers achunk more headroom - the sort
of space you might need if using a Raspberry
Fi4 as afile server, database server, orif you're
fiddling about with machine leaming.

Both models are available now from the
usualresellers, If you think you can get away
withjust 1GB of RAM, youmay also find old
stock steeply discounted, though this is likely to
run out relatively quickly. cra

Gareth Halfacree is a keen computer hobbyist, journalist, and author. His work can be found at freelance.halfacree.co.uk

@ghalfacree



FOR THE WIN /COMPETITION

A BE QUIET!
PURE BASE 500 CASE

In your choice of colour
We've teamed up with the lovely folks at be quiet! to airflow performance, with space for radiators up to
offerabrand-new Pure Base 500 ATX case to one 360mmiin size. The sophisticated design of the Pure
lucky Custom PC reader. Available with and without a Base S00 means you can hide nearly all your cables,
side panel window, the Pure Base 500 providesample  and highlight up to two SSDs, helping you to build a neat
space for high-end graphics cards and CPU coolers. system with greatillumination.

Meanwhile, the switchable top cover and two The caseis available in a window and non-window
preinstalled Pure Wings 2 140mm fans give you the version inthree colours each: Metallic Grey, Black and
option to focus your system build on low-noise or White. You can pick the model you would like to win.

SUBMIT YOUR ENTRY AT . I°
custompc.co.uk/win D€ quUiEt!
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MODDING / OPINION

Case mods, tools, techniques, water-cooling gear
and everything to do with PC modding

ike many people warking
fromhome inthe UK, I've
had to contend with a fairly

limited amount of space until recently,
resulting in me reducing the size of my
PC. However, this hasn't resulted in
slower frame rates or lack of power

in other departments. Thanks to the
small form factor scene really taking
off over the last decade, the choice of
PC cases, motherboards and other
campact hardware has grown, and |
honestly haven't missed the giant PCs
lused to own at all.

Mini-ITX has meant that, despite
owning a PC with a smaller footprint
than ashoebox, it's been easy tofind
ways of using high-end desktop
processors and graphics cards, along
with the latest storage technology.

My current PCis more than capable of
handling the latest games onmy ultra-
wide 144 0p monitor and, asit’'s mine, it's
water-cooled and super-guiet too.

Building asmall form factor machine
might mean an extra hour or two dealing
with cable tidying inthe tight confines of

amini-ITX case, butit's definiteby worth
it and saves ahuge amount of space.
The sacrifices are, formaost of Us, non-
existenttoo, aslongasyouonlyneed a
single PCI-E card. Many mini-ITX cases
can house full-length graphics cards,
ATX power supplies andhard disks too.

Maore recently, though, lmoved
house and now hawve a muchbigger
roomwhere my PCis based. Withthe
launchof AMD's fantastic 3rd-gen
Threadripper CPUs and the power that
can be hadinside an ATXPCnow, 've
been seriously temptedto goback to
afull-sized systern, Admittedly. Iwas
hoping there would be amicro-ATX
TRX40 motherboard, as 've had my eye
onseveralmicro-ATX cases recently,
but sadly it looks as though ASRodk isn't
planning a follow-up toits spectacular
*399M Taichiboard,

Building the front cover water-
cooled Threadripper PC a few issues
agoinside Phanteks' gorgeous Evoly X
case made this proposition evenmore
tempting. The PCwas quieter than
rmy current mini-1TX PC, and it fitted

ASRock's X570
mini-ITX boardis
mare than capable
of handling AMD's
Ryzen93950X

snugly under my desk without taking
up too much space, thanks to my new
house’s extraroom.

However, even though a bigger PC
is easier to maintain than a small one
{my current systermneeds half aday
to strip down and rebuild if something
goes wrong, whichis certainly not
ideald, 'm still as obsessed as ever
with rmini-ITX. For me, it's by far the
mostinteresting formfactor of cases
and motherboards, and for one clear
reason, It forces manufacturers to



think differently. Space isusually 2
huge premium, and this means they
can'tapproachdesigninthe same way
aswith ATX cases ormotherboards.

Thelatter, for example, have seen
manufacturers placingM.2
ports onthe rear of the PCB,
large VRM daughterboards
and, morerecentty with the
X570 chipset, all manner
of ways of cooling the
toasty chipset and placing
the necessary heatsinks
andheatpipes around the
motherboard. There's so
muchmore innovationand
variation here thanyou see
between similarty priced
ATX motherboards, which
is partly why mini-mx
maotherboards cost alittle
more thantheirequivalent
ATX counterparts.

It'swith cases that
thereallyinteresting

NZXT'sH1shows
just how much RE&D
is required tocram
high-end hardware
into small spaces

ideas occurthough. Again, the variation
betwien the current stack of mini-ITX
cases dwarfs that of ATX and micro-
ATX models. | still get abuzz looking at

them, simply because manufacturers

Corsair's XD3 pump s
ideal for smaller cases

Corsair's entrance into the custom
water-cooling scene went fairly
smoothly, and I've been impressed

by the quality and flexibility of

its products, especially the XD5

pump and reservoir combination.
However, while Corsair offers 120mm
and 240mm radiators, as well as

waterblocks, which are compatible
with smaller cases, the XDSres/
pump combois alarge product that

struggles to fitin many cases.

Thankfully, the company has this
month launched the XD3 - acompact
pump and reservoir combination. It
canfitinto 120mm fan mounts and
uses a PWM-controlled DDC pump.
This means you get the power and
low noise of a custom water-cooling
pump, as well as a 180ml reservoir
that can be mounted in practically any

often start from scratch, whichisrare

with theirlargermodels. The

SilverStone LD03 and Phanteks
Evaly Shift, for example, are two
completely different examples

of towermini-ITX cases.

This monthwe also looked
atNZXT'sHlisee p24), which

is yet another very different
take onthis shyle of mini-ITX
case and lloveit It's even
smaller thanmy Phanteks
Shift butis incredibby well
thought-out and premium-
feeling. Going evensmaller,
Kolink's Rocket might not
have space for liquid cooling,
butit can house ahigh-end
air-cooled PC. Raijintek has
several takes onthis style of

case with a 120mm fan mount.

Thesekinds of contraptions make
building a small water-cooled PC
possible, and without needing to cut

Corsair's new XD3
pump can fitinto a
120mm fan mount

away large areas of your case with a
Dremel, or spending weeks figuring

Antony Leather is Custom PC's modding editor

super-small casetoo, and the Ophion
Evo evenhas space forliquid cooling.

The fact is that, even though | was
temptedto go down the ATX route
again, | can't see me ever getting there
when companies are still chuming out
so muchgreat small form factor kit.
I'm still working on a Raljintek Ophion
Evo case mod, and | can see myself
turning my attention to NZXT's H1
before long too.

Oneissueisthat ASRock's X299E-
ITX/ac motherboard seerms to nowbe
atthe end of its shelf life, meaning that
using Intel's HEDT CPUs is no longer
possible on mini-ITX boards, Thankfully,
there are numerous options forusing
AMD's Ryzen 9 3950, though, so
whetheryouneed serious multi-
threaded grunt or fast frame rates, there
are still loads of options. So, despite me
getting abigger place, mini-ITX is still way
moreinterestingtome than any other
form factor - |can't see myself upsizing
any time soon.

out how to fit all the necessary cooling
hardware inside. I'll be taking a look at
the X03 soon - check out Customised
PCin our nextissue tosee how l get
onwith it. ere

@antonyleather
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Howto
Spray-paint
motherboards

Antony Leather shows you how to
jazz up your motherboard's shrouds
and heatsinks with a coat of spray paint

35 TOTAL PROJECT TIME / 48 HOURS

- our motherboard might sport RGB lighting, but that's usually

the only way you can customise it to add a splash of colour,

However. it's quite easy to spice up your board further using
spray paints, Traditional spray paints are easy to use and, as we're only
talking about small areas, you don't need to be a rattle-can expertto
get agood finish, nor doyouneed a huge amount of space.

Aslong as you have a well-ventilated area, you can spray the various
removable parts of your motherboard in a host of different colours, and
even spray the motherboard itself. If vou want to be able to sell your
board laterthen you can still have some fun, Plastidip might not be as
good-looking as glossy acrylic spray paint, but it's easy to apply and
removable too.

Microfibre cloth
AMaZonN.Co.Lk

Frogtape
Maost hardware stores

Plastidip
plastidip.couk

ol
=
(=

Wet and dry sand paper nﬁn s %
Maost hardware stores ? E = ) i
: Mini plasticgreenhouse : ::
: E 3 _ amazon.co.uk fit
i Liquid electrical tape
' amazon.co.uk
. g W
Acrylic spray paint
and primer Mask and goggles

fatbuddhastore.com Mosthardware stores
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USING ACRYLIC PAINTS

1/ IDENTIFY PAINTABLE ITEMS

Most large iterms on your motherboard can be painted, but you'll need
to check whether there are fans lodged inside heatsinks, or if there are
displays on 1/0 shrouds, which you'llneed to mask later.

2/ USE SPRAY BOOTH AND PROTECTIVE GEAR
Wear a face mask and goggles in a ventilated areawhile spraying, and
it's also worth donning some gloves. We recommend creating a booth
to containfumes, and also to protect your objects while they dry. A mini
plastic greenhouseis ideal and also relatively cheap.

2/ REMOVE HEATSINKS
Remove your heatsink screws, taking care to support the heatsinks
from the top side. Sometimes the heatsinks can be tricky to remove,
as the thermal paste acts like glue. Use a hairdryer on full power from
close range in 15-second bursts until the heatsink warms enough to
dislodge the paste.



4/ REMOVEI1/0 SHROUD

The /0 shroudis another easy item to paint, but some premium
motherboards have fans and OLED displays lodged within them, so take
care whenremowving it, disconnecting any cables undemeath it.

5/ REMOVE THERMAL PADS

Heatsinks, especially those on VEMSs, often use thermal pads rather
than paste for heat transfer. Keep these pads ingood condition, so you
can replace them later. If you're just spraying the heatsinks, place the
pads intheir corresponding positions on the motherboard.

&/ CLEAN THERMAL PASTE

Any thermal paste needs to be cleaned off the chips or VRMs, as well
as the heatsinks, using a microfibre cloth and either TIM cleaner or
isopropyl alcohol. This saves you getting covered in paste while you
handle the parts, and replacing the stock paste with high-performing
paste canimprove heat transfer too.

7/ CLEAN OBJECTS

Once you've removed the components, clean them up. They might
look fine, but they'll likely be covered in dust and any other small
particles that have been blown through your PC. You can use diluted
washing-up liquid and warm water, rinsed thoroughly with a cloth, or
isopropyl alcohol.

© /MASK OBIJECTS

You might notwant to paint all the heatsinks and components. For
example, there may be manufacturers’ logos or LED displays you
want to avoid spraying, as well as thermal contact areas. Cut frog tape
to size, so you can mask these parts and, if necessary, use edging
tape forlarge curved areas.

-

ey
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2/ USE PLASTIC PRIMER

Some plastics don't offer a great surface for spray paintto adhere to,

but thereis a way around this problem by using plastic primer. This

primer bonds to the plastic and gives the spray paint a textured matt

surface towhich the paint can stick. ﬂ

102
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10 / SPRAY UNDERCOAT

Use anormal primer or undercoat on metal objects. This creates an
even surface and uniform colour before you add the colour coat. Apply
itinthin coats, sprayinag two or three times across the object from 8in
away, and applying as many coats as necessary to cover it, turning the
objectto getinto crevices.

12 / CONSIDER CLEAR COAT

Muost gloss coats offer enough shine themselves and, as you won't be
banging into the motherboard on a regular basis, clear coator lacquer
isn't strictly necessary. However, for more protection and the ultimate
shine, it's worth adding, and you only need two or three light coats.

14 / ALLOW TO DRY

Once you've applied all your paint, allow the objects to dry naturally in
awell-ventilated area for 48 hours before you handle them and
reinstall them on your motherboard.

11/ USE WET AND DRY SANDPAPER

Allowe the primer to dry for an hour, Then, so you can achieve the
smoothest surface as possible for your colour coat, tear off small sections
of 1,000-gritwet and dry sandpaper and use water tolubricate therm.
Rulb them lightly for just ten seconds or soon each area of the object.

12/ SPRAY COLOUR COAT

Colour coat has a tendency to run, which can be made worse on
angled heatsinks, so apply it inmultiple light layers, spraying from
different angles and allowing each one to dry thoroughly. Once you're
done, remove the masking, as doing this job later can tear the paint. If
necessary, reapply the masking prior to adding a clear coat.

15/ MASK POWER SOCKETS

To spray your motherboard, you'll need to mask all the important bits.
Start by masking the port openings, although you canleave the covers
of items such as SATA and USB 3 ports, if you want them to receive a
coat of paint too.



16 / MASK SLOTS

You'll need to paint M.2 heatsinks separately, and you'll also need to block
off the M2 ports themselves. To do this, wrap the entire connector in frog

tape from the base up. Don'trisk paint running into the portitself. Similary,
you will also need to cover any PCI-E slots.

17/ MASK HEATSINK CONTACTS

lust as with the heatsinks themselves, cover any VRMs, chipsets or other
hotspots that need good thermal contact with the heatsinks, sothey don't
get paint on them.

12 /USESEALANT

You alsoneedto avoid painting pins and open ports. You can either wrap
themup infrog tape or, if that proves haphazard, use silicon sealant or
liquid electrical tape. This can be peeled off afterwards.
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12/ SPRAY MOTHERBOARD

Lay your motherboard flat, and follow steps 10,11 and 12, to apply
both the primer and colour coat. You'll also need to follow step 13
to apply the clear coat, asit's easy to chip the paint wheninstalling
your hardware.

20 / REMOVE MASKING

With the paints applied, remove the masking as soon as you finish
spraying the last coat of lacquer. This will ensure you don't tear it
onceit's dry.

s . ¥ '*
21/ REASSEMELE MOTHERBOARD

Leave the motherboard for 48 hours to dry, then reassemble the
heatsinks and any other parts you removed, remembering to reinstall

any thermal pads or reapply thermal paste to heatsinks. You'll also
need to reconnect any fans and LED cables.
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USING PLASTIDIP

1/ WHAT IS PLASTIDIP?

You can also consider using Plastidip to paint your components. This
creates a thin, rubber-like film over the surface, which can makeiteasier to
achieve adecent finishthan acrylic spray paint. What's more, it can easity
peel off, allowing youto sell yourmotherboard at alater date,

2/ USE PRIMER

If you intend to use Plastidip on a long-termbasis, it's beneficial to use
Plastidip primer. Like normal primer, it allows the Plastidip to adhere
more securely to surfaces and prevent it from peeling.

= / SPRAY ON COLOUR COAT

Plastidip otherwise doesn't need primer and is very forgiving. Once
you've masked your motherboard, as inthe previous acrylic paint section,
spray it liberally from 12in away, applying three passes over each object.
After that, allow it to dry for five minutes before repeating the process
until you can't see any colours beneathit.
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</ ADDMETALLICEFFECT

There's ahuge array of Plastidip colours fromwhich to choose, and
you can even add ametallic effect. It comes in a separate spray can and
needs to be applied after you apply the main colour coat.

-

5/ APPLY CLEAR COAT

Plastidip can look quite dull compared with glossy acrylic paint, but there's
aclear coat available to add some shine. After the colour and metallic coats
are dry, apply the clear coat using three or four thin coats, in the same
manner as the colour coat, allowing each coat to dry for five minutes.

&/ REMOVE PLASTIDIP

To remove the Plastidip, simply pick at an edge and then lift it away.
You should be able to peel most of a large area off in one go, making
its removal simple if you want to change the colour or go back to the
stock colour. GPE
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HEhlon B4

K.G. Orphanides looks back at AMD's K8 years, when Athlon
04 CPUs were smashing Intel's NetBurst chips into a pulp

t's September 2003, and AMD s aboutto swing a
n 64-bit wrecking ball straight into Intel's desktop

CPU stronghold. The company’s Athlon XP chips
have already been giving Intel's Pentium 4 CPUs a run for
their money, but AMD's new K& chips are about to change
everything. Not only will they bring 64-bitinstructions to the
mainstream desktop for the first time, but they'll also bring
anintegrated memory controller with them

The first consumer 64-bit processor, the AMD Athlon
64 3200+, was unleashed on the world on 23 September,
2003, with two 130nm product lines launching at once, The
rmainstream Athlon 64 design, codenamed Clawhammer
had an integrated single-channel memory controller and
used the Socket 754 motherboard socket, with the very first
3200+ model being clocked at 20Hz
Then, at the top of pile was the Athlon 64 FX line-up, starting

with the FX-51, which was quite different. Using the same
Sledgehammer core and Socket 940 motherboard socket as
AMDYs Opteron server-orentated CPUSs (released in Aprilthe
same year), the FX-51required registered memory, buthad
two 64-bit channels to transfer data between the RAM and
CPU. This meant that two registered DDR DIMMSs (or RDIMMs)

ofidentical size, frequency and CAS 2 latency could work in
concert, using a pair of 64-bit data connections to read and
write to twomodules atonce, boosting memory bandwidth.
Both processor families had 64KB of L1 cache for data and
64K B of L1cache forinstructions, and an exclusive TME of
L2 cache. However, some later processorsin the series, as
it expanded into more budget-conscious price categories,
would have ST2KB of L2 cache. The FX-51also had an unlocked
multiplier for overclocking, taking firn aim at enthusiasts.
AMDE4 CPUs weren't the first 64-bit processors, of
course, Their many notable precursors include Silicon
Graphics' 1991R4000 and its successors, and the RISC-
based DEC Alpha, introducedin 1992, while IBM's PowerPC
G5 processors were usedin Apple's Power Mac G5
workstations starting inJune 2003, Intel’'s 64-bit ltanium
server CPUs were also around at thistime, although they
were extremely expensive.
Butit was the Athlon 64 that pushed the boundaries
of what was expected from a standard x86 desktop PC,
because it not only worked perfectly with 32-bit operating
systems and applications, but also outperformed Intel's rival
32-bit CPUs when running them.

Remember this?

The best-known advantage of a 64-bit processoris the
ability to address more memory than the 4GB maximum
of 32-bit CPUs, and AMD put a great deal of attentioninto
memory handling.

While contemporary Intel and previous AMD CPUs had
relied on a dedicated memory controller in the motherboard
chipset's northbridge, AMDB4 CPUs introduced an on-CPU
memory controller with a direct link to the RAM. This meant
there was no front side bus (FSB) - or EV6 bus in AMD's case
- involved in shuttling data between the CPU, northbridge
mermory controller hub and RAM.

Having the memory controller on the CPUmeans that
RAM speedis afixed fraction of the CPU speed, rather than
being pegged directly to the FSB speed. Early Athlon 64
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The top-line

FX models

had unlocked
multipliers, and
were aimed
squarely at
enthusiasts

In 2005, the
Athlon 64 X2
introduced a
second core to
the package

processors typically supported up to 166MHz (333MHz
effective) buffered - thatis, registered - and 200MHz
(400MHz effective) unbuffered DIMMs,

Although the Athlon 64's physical address space supports
up to 1TTB of RAM, breaking the 4GB barrierimposed by
32-bit instruction sets, initial Socket 754 and Socket 940
motherboards typically supported up to four 1GB sticks
of RAM. Support for 8GB of memory also bypassed
the improved Socket 939 motherboards and wouldn't
become commonplace until 2006, onthe new Socket AM2
motherboards and processors with support for DDR2 RAM.

However, bear in mind that it's not just system RAM that
comes under the 32-bitlimit. That 4GB of addressable space
hasto be shared with graphics memory, cache and any other
addressable memoryinyour PC. As such, if you were lucky
enough to have 4GB of RAM and a 64-bit operating system
atthe time, yvou could use all your memory.

As well as reducing the distance travelled to communicate
data between memory and the processor, reducing latency,
the dedicated memory connection also eliminated the
potential for bottlenecks suffered by the motherboard
northbridge. This chip also handled communication between
the CPU and other components, such as graphics cards and
the southbridge (controlling IDE channels, the ISA bus, USE,
storage and so on), as well as memory.

Like many features introduced by the K8 series, on-CPU
memory controllers would become standard across the
industry, with Intelintroducing its own integrated memory
controller four years later inits first Nehalem Core i7
processors. The K8 CPUs also included an integrated
HyperTransport interconnect to create a low-latency, point-
to-point link for direct communication betweenthe CPU
and all other components on the motherboard. It operated
at 800MHz on Socket 754 processors and 1000MHz on
Socket 940,939 and AM2 CPUs,

Thisis apipe

Aless headline-grabbing advantage that made AMD's K8
processors top-of-the-line choices for many tasks was their
comparatively short 12 -stage integer instruction pipeline (17-
stage for floating pointinstructions), compared with the rival
Pentium 4's NetBurst microarchitecture. Intel's Willamette
and Gallatin processors both had a 20-stage pipeline,

while the Prescott CPUSs, releasedin February 2004, had a
whopping 31-stage pipeline.

An advantage of lengthening the pipeline is that it gives
youmore headroom toincrease the clock speed, making
for a potent setup if your softwareis giving the CPU
regular, predictable instructions, giving Intel the edge on
paperinterms of raw clock speed. That's great for tasks
such as media encoding - long jobs that repeatedly use
predictable instructions.

However,if you're using software that's less predictable,
the pipeline can stall if the branch prediction system
rmakes the wrong call, and will then need to be flushed
before it starts again, creating latency. NetBurstwas an
interesting ideain theory, but the short pipeline of the Athlon

THE KB ADDED THE
AMDEY INSTRULCTION
SET TO INTEL'S XBE
CPU STANDHRD

64 CPUs gave them a considerable advantage inalot of
software, despite their comparative lack of clock speed.
Intel eventually ditched NetBurst, and wentback to a short
pipeline design with its first Core-branded CPUSs

Software support

While previous 64-bit processors could only run 64 - bit
software - in some cases with 32 -bit application support
handled by an emulation layer in the 0S - the K8 added
the now ubiguitous AMDG4 (x86-64) instruction

set toIntel's x86 CPU standard, with full backwards
compatibility for 32-bit x86 instructions. Thatincluded
alegacy mode with the ability to run 16-bit and 32-bit
software natively, so you could go ahead and install a
normal 32-bit edition of Windows XP on your Athlon 64
system and use it like any other CPU.,




Theoriginal Athlon 64 3200+ used Sodket 754. Credit: Thomas Nguyen
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Howewver, the most significant feature when it came to
pushing 05 and software development towards today's
B4-bit standard was 'long mode’, inwhich the Athlon 64 ran
64-bit applications natively, with the ability to conveniently
runstandard x86 software from a 64-bit 0S.

Thismeant users could take advantage of the maore
sophisticated memory handling of 64-bit software, while
still running their core 32-bit applications, eliminating a key
hurdle to widespread 64-bit adoption. Dedicated 64-bit
operating systems had existed for years, and support for
AMDB4 CPUs rapidly emerged. Linux had a head start, with
xB86-64 instructions already functional under emulation
since 2001, and distributions including SUSE, Debian and
Red Hat adding AMDE4 support over 2004 and 2005.

Microsoft was alittle slower off the mark. Despite
having already developed a 64-bit version of Windows
XP for the Intel ltanium (|A-64) processorin 2001, full
AMDB4 support only came to Windows in March 2005,

AMDEY TIMELINE
2000
AMD releases AMDG64 spec

2001
Linux gets gains AMD&4 support

2003
AMD releases K8 Opteron
Socket 754 Athlon 64 and Socket
940 Athlon 64 FX released

2004
Socket 939 introduced

2005
Microsoft launches Windows XP
with AMDE4 support
Dual-core Athlon 64 X2 released

2006
Athlon 64 X2 moves to Socket
AMZ2 and gains DDR2
memaory support

2007
AMD renames Athlon64 X2
the Athlon X2
AMD releases first Opteron
K10 server processors
First K10-based Phenom
desktop processor released

2009
Last processors based onthe
K8microarchitecturereleasedas
apart of AMD's AthlonNeo X2 for
Ultrathin Notebooks range

Left: Die of

the Socket

939 Athlon 64
“Venice’ 3400+,
releasedin
2005. Credit:
Fritzchens Fritz

with the official release of Windows XP Professional x64
Edition and Windows Server 2003 x64 Edition

Despite the lack of 05 and software suppart at the time, system
buildersimmediately started putting the Athlon 64 towork, and
some reviewers received ‘pre-beta’ editions of a 64-bit Windows
XP atthe processors September 2003 launch. Meanwhile, games
such as Unreal Tournament 2004 and Far Cry were released or
patched to provide AMDG4 support.

Innearly all ourbenchmark tests at the time, the first Athlon 64
processors routinely outperformed Intel's rival 32-bit Pentium
4 everywhere, from business applications to photo editing, 2D
rendering and gaming, although the Pentium 4 tendedto doa
little better in some media encoding tasks.

Evolving the Athlon 64

By mid-2004, Socket 754 was replaced on desktop motherboards
by Socket 939, which supported dual-channel DDR memory at

a bandwidth of 6.4CGB/sec and, unlike Socket 940, didn't require
registered memony. All future iterations of the Athlon 64 would use
this socket until AM2's release twoyears later,

AMD's first dual-core processor family, the Athlon 64 X2,
was thenreleasedin May 2005, just as x86-64 software
supportstartedto get proper traction. Once again, tputina
solid performance in our reviews. The initial X2 models were
codenamed Toledo - available with either 512KB or IMB of L2 cache
per core, depending on which model you chose - andManchester,
whichcostless and was availablein models with either 256KE
or 512KB of L2 cache per core, However, itwasn'tuntil amowve to
Socket AM2in May 2006, withthe Windsor and Orleans CPUs, that
the Athlon 64 X2 started supporting DDR2 RAM,

These dual-core CPUs were initially positioned as ideal for video
editing, digital media and other'prosumer’ areas where applications
were already capable of taking advantage of multiple cores. Single-
core FX processors continued to be AMD s flagship gaming CPUs
until the FX-60 came outin January 2006. cre
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Operation
Jack Napier

Taking inspiration from Tim Burton's
1989 Batman film, Stephen Wells built
this water-cooled project based on
The Joker, going all out on the purple

and green colour scheme

10

EPE: How did this project start?
What inspired you tobuild a Joker-
themed PCmod?
Stephen: Asabig
moviefan, Tim
Burton's198g version
of Batmanwasa big
inspiration.I'vealso
seensimilarly themed
builds,and I liked the
colour combination.

EPE: Why did you
choose tobase itonthe
Lian Lion1 Dynamic
case,and how did you
find working with it?
Stephen:Ichose

this case because it
had greatreviewsin
relation to cooling
and airflow.Italsohas
glass on both the front
and side, which allows
more of the build to be

visible. During the build, [had issues
with the placement of the Ds pump
due tothe internal spaceinthe case.l
solved this problem by mounting the
pump at the back of the case,above
the graphics card.

EPE: Did you perform any custom
modificationsto the case?
Stephen: Imodified the case by
adding a Joker vinyl sticker tothe
frontin green and purple colours.
This sticker was supplied by Kasim
Malik of Gorilla Gaming, which is
partof Computer Orbit.

EPE: What's on the otherside of
the motherboard tray?
Stephen: Not very muchin all
honesty - just extremely neat
cable management, the power
supply and a2TBhard disk.lalso
added a Joker figure underneath
one of the radiators to add more
character to the build.

EPE: How did yougo about
designing and making the custom
fan grilles on the front radiator?
Stephen: Once again,l used

Kasim Malik of Gorilla Gaming. I
contacted him on Facebook and
explained my idea and what I was
looking for. He then came back to
me with several options.Ichose the
designthat [ thought would work
best with the theme and lighting.

EPE: Where did you get that
bright green coolant from?
Stephen: The coolant is CFX

Vivid Green, which I bought from
Amazon.During the build, [ was
undecided whether to use the
final colour combination you can
see here, or to go for the CFX Purple
Violet coolant with green lighting



instead.Iwent withthe green,
asit’s more vivid than the purple
and really adds to the wow factor.

EPE: How did you achieve that
internal purple sheen? Isit all
downtolighting, or is some of
the interior painted?

Stephen: The purplesheen

was created with the Corsair
LL120 RGE fans and the four
Corsair RGB lighting strips.I
used Corsair's iCUE software
toselect the colour for the fans
and strips, as well as the Corsair
Dominator RAM lights, which
glow ina green and purple
pattern. This is why I chose to use : / ,f ;
this particular RAM, and not the / / / ,(
Corsair Vengeance RGB Pro,as | _ / / / f I
was able to select the colour for g - i :l I I
each individual square. The vivid
green coolant then contrasts
with the purple lighting to really
bring the colours tolife.
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i CPUIntel Corei9-9900K
: Overclocked to SGHz

. GPUMSIRTX2080 SeaHawk EK |

©CaseLianLi 011 Dynamic, with
: LianLirisercablePClslotbezel

. StorageSamsung970Pro512GB, |

{ Intel Optane Memory 32GB,2TB
i WD hard disk

: Memory32GE (4 x 8GB
i Corsair 32200MHz Dominator
¢ Platinum RGB

. Motherboard Asus Z390 ROG
i Maximus XIFormula

| PSUEVGASUperNOVA7S0G2 |

i Cooling EK-Velocity D-RGBCPU

: waterblock, 2 x EK-CoolStream

: SE240Radiators, Barrow

i Waterway Distribution Panel

: Reservoir, Aqua Computer D5 Next
: RGBpump, Aqua Computer D5

i ULTITOP pump adaptor, Alphacool
: Eiszapfen13mmchrome hard tube
i compression fittings, Alphacool

: Eiszapfen flow indicator, 4 x Corsair

: LL120RGBfans

EPE: We love the way the power
supply cables change colouron
eitherside of the cable comb.
How did you do this?

Stephen: The power supply cables
were made by To The Wire - Mods,
which I found on Facebook. To The
Wire - Mods provided me with
cables that perfectly matched the
colours of my theme, and which
also kept my build looking tidy
and professional.

EPE: What material is the tubing
made from,and how did you go
about planning the tubing routes
and physically making the bends?
Stephen:[ used clear PETG hard
tubing for this build, and Imade
the bendsusingaheatgunanda
rubber insert.Iused a pipe cutter
toensure the cuts were clean.

The route was planned as [ went
along, with lots of changes needing
to be made before [ arrived at the
end result.
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EPE: Take usthrough the
components of the water -
cooling loop.

Stephen: For the water-cooling
loop, lused tworadiators, with an
Aqua Computer Ds pump. I used
chrome fittings tomatch the EK
waterblock, and then used black
LLizofansto ratchthe black on
the EK radiators. There'salsoa
flow indicator under the graphics
card, and a Barrow RGB Waterway
Distribution Panel Reservoir at the
front of the case.

EPE: Did you come across

any difficulties?

Stephen: The greatest challenge
was using up all the reservoirson
the distribution plate at the front,
astheimage of the distribution
tank online when purchasing it
wasdifferent to the one I received.
Because of this difference,l had
tochange the water-cooling loop,
althoughit actually turned out
brilliantly inthe end.

| had to change the water-cooling loop, althoughiit

actually turned out brilliantly in the end

Building the water-cooling loop
itselfwas a huge challenge as well.
Trying to bend the tubing without
creating any bubbles or creases,
and figuring out where to place the
drainage valve, were among the
many difficulties I faced during this
part of the build.

EPE: What specs did you choose
and why?

Stephen:Ichose the specsthat
would enable me to build a high-end
gaming PC,and I'was trying to get
the best components on the market.
The only area whereIheld back was
the graphics card —the GeForce RTX
2080 Tl cards were too expensive, so
linstead opted for an MSIRTX 2080
SeaHawk EK,which already hasan
EK waterblock attached toit.



EPE: How long did it take

you to complete this build,
from start to finish?

Stephen: It took about five weeks
on and off to complete the build,

including the planning and research.

I also took my time to ensure that
every partof it was perfect.

EPE: Are youcompletely happy
with the end result, ordo you
wish you'd done some of it
differently in retrospect?
Stephen: [f my budget could stretch
far enough, I'would have useda
GeForce RTX 2080 Ti graphics card.
Otherthanthat,I'was over the
moon with both the appearance
and the performance of the build
—I'm very proud of it. Just out of
curiosity,l would like to have seen
how it would have turned outifI'd
used the alternative colour scheme,
with purple coolant, purple fan
grilles,and greenlighting. Maybe
that’s a project for the future!

Toenter your machine for possible inclusion in Readers'
Drives, your build needs to be fully working and, ideally,
basedinthe UK, Simply send us a couple of photos on
Twitter {(@CustomPCMag) or Facebook (CPCMagazine),
oremail low-res ones to editor@custompemag.org.uk.
Fameisn't the only prize; you'llalso get your hands on
some fabulous prizes.

Corsair K70 RGB MIC.2 SE
—CherryMX Speed )\

CORSAIR

The Corsair KYORGE MK 2

SEis a premium mechanical
gaming keyboard that's built
to last. It has a silver anodised reliability and accuracy you

Mearwhile, its Cherry
MX Speed mechanical
keyswitches provide the

brushed aluminium frame,
aswell as stunning white
precision-moulded, double
shiot keycaps. It's built to turm
heads and withstand a

demand, with blisteringly fast
1.2mm actuation. There's
also stunning per-key RGE
dynarnic backlighting, 100
per cent anti-ghosting with
lifetime of gaming. There'sa  full-key rollover, BMBE of
detachable, soft-touch wrist on-board memory, plus
resttoo. dedicated media controls.

Alphacool
water-cooling gear

Water-cooling hardware
manufacturer Alphacoolis
offering a choice of £150
worth of gear to every
featured Readers' Drives
winner. Foryour prize, you
can select from DIY water
cooling kits, the Eiswolf and
Eisbaer all-in-one CPU and
GPUliquid coolers, aswell

and radiators. Alphacool
asavastrange ofindividual  also makes coolant, tubing,

companents, including
waterblocks (pictured),
fittings, reservoirs, pumps,

and fans, as wellas
maodding and water
cooling-related toals,



JAMES GORBOLD /f HARDWARE ACCELERATED

STRATEGIC THINKING

---------------------------------------------------------------

---------------------------------------------------------------

James Gorbold discusses smart ways for the PC industry to react to
the coronavirus crisis, and PC enthusiasts can help with research too

oucan tell alot about individuals, groups of people
. and organisations by how they deal with the

unexpected. From irrational panic buying to more
measured responses, the whole spectrum of human behaviour
has been on display over the past few months.

All companies have to deal with issues such as supply
shortages, peaks and troughs indemand. Thisis particularly
true of the computer industry, which requires successful
companies to successfully navigate around complex supply
chains and short product life cycles. As part of my role at
Scan involves liaising with our partners to find the best
products to use in our systems, it has been particularly
interesting to see how different organisations deal with
the impacts of COVID1g.

It has been widely reported how many

After all, while under normal conditions it's good to have
umpteendifferent Z3g0, X299 and X570 motherboards, toname
just three chipsets, only a handful of these boards are truly
necessary to meet the requirements of most of our customers.
In additiontohelping smooth supply, thisapproachalsohelps
to keep pricing relatively stable and sends a clear message to
purchasing managers,customer service teams and, ultimately
you—the end customer,about what is and whatisn't available.

Scan itself has also put measures in place to minimise
disruption for our customers, such as building more resilient
teamsand systerns. For example, dividing departments into
three teams, each of which work physically independently
from each other, can help to slow the spread of the disease.

Inaddition, we'realso puttinganincreased
focus on forecasting to help our purchasing

companies have been cancelling events such Several pro ductlaunches teamordersufficient stock of the right products
astrade shows, conferences and exhibitions, have been pu shed back to atthe right price. That'sareal challenge when

so I'm not going to dwell on that. What
hasn't beenreported, because it's allunder
non-disclosure agreements of course, is that
several product launches have also been pushed back to
later in the year.

However, it's not all doom and gloom, and despite many
manufacturers still struggling to get their manufacturing
lines fully uptospeed again,I've seen some great examples
of organised and strategic responses to the current crisis.

For instance, motherboard market leader Asus worked
with Scan and other leading system builders to identify
key models from its product range, and has temporarily
slimmed down its product range to those select models.

This strategy has had multiple positive effects, the most
important one being that, rather than delivering dribs and
drabs of every part of its product line-up, Asus is better
positioned to deliver those key models consistently.

laterinthe year

the dollar rate is all over the place, thanks to
the turbulence of the global financial markets.

Meanwhile,I've seen some truly inspirational
responses,including one of our customers, a top UK university
to which we recently delivered a GPU cluster. This was originally
purchased to rundeepleaming algorithmsfor human genomics
research,and has nowbeen temporarily retasked to helplook
for a cure for coronavirus.

Readers of Custom PC can do their part too, contributing
spare CPU and GPU clock cycles tothe Folding@home project
(see p13). This not-for-profit distributed computing project has
already made some great contributions to medical research
overthe years,andrecently announced that it's simulating the
dynamics of coronavirus proteins to hunt for new therapeutic
opportunities. Check out foldingathome.org/start-folding to
download the client onto your PC, and you can join us and
other Custom PC readers on team number 35947.crs

James Gorbold has been building, tweaking and overclacking PCs ever since the 1980s. He now helps Scan Computers to develop new systems.



Monitors

5C

N the

nllnl=ll:

innovation4¥you

Momentum 32" 4K UHD, LCD display with Ambiglow
326MBVIJEMEBE

4K m VESA CERT @ * Available at:

Ultra HD DisplayHDR 400 | \iiccoior  Adaptive Sync ama;on Ebuyer.cnm SCAN*®



=XS SYSTEMS °PRO GAMING

Every 3XS PC
Is @ Dream PC

Spec up your perfect PC today

© scan.co.uk/3xs - 01204 47 47 47

Scan recommends
2= Windows10
am VVINAOWS

[ Ly b
T



