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/ FROM THE EDITOR

ack away your binoculars and shut your CPU spotter’s

guide—AMD’s Zen 3 CPUs are no longer rarer than

penguins in the Sahara. You can even spot one herein
the UK at the retailer of your choice without the need for an
overactive imagination. It’s as if someone has poured a bottle
of bleach down the CPU supply pipe, and whatever gunk was
lodged in there has finally been flushed out.

Not only are AMD Ryzen g9 CPUs readily available in the
shops, but they’re also back to normal pricing. Right now,
scan.co.uk is selling the 12-core Ryzen 9 5900X for £499 inc VAT
—itsoriginal retail price. There’s plenty of stock of the 16-core
Ryzen g 5950X as well. Meanwhile, the prices of the Ryzen 7
5800X and Ryzen 5 5600X have started to come down.

The competition from Intel’s Rocket Lake-S CPUs has
undoubtedly helped here, but the healthy supply is the real
story. When stock is readily available, you nolonger have to look
to eBay scalpers for your components. When eBayers can't sell
atinflated prices, retailers have to compete with each other on
pricing again.It’s good for the industry, and it’s really good for
us.Bang. That’s CPUs back tonormal.

The next step, of course, is graphics cards. Nvidia GPUs still
might as well be fictional for all that they're available in the
shops, but stock of AMD’s RDNA2 GPUs has regularly started
to show up atretailers such as Scan and Overclockers. The only
problem s that stock is still selling out quickly, and the prices
are still massively overinflated.

They’re not nearly as expensive as the equivalent Nvidia
cards on eBay though. In this stock shortage, the free market
has decided that while AMD GPUs can sell for high prices, they
can’t sell for the ludicrous prices of Nvidia GPUs, presumably
because Nvidia GPUs are better at cryptocurrency mining.

If Nvidia’s forthcoming ‘lite hash rate’ cards (see p12) really
deliver on their promise, could we finally see GPUs joining CPUs
at healthy stock and supply levels? It’s going to take along time,
but the new strong supply of CPUs has given me hope.
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RICHARD SWINBURNE / VIEW FROM TAIWAN

MODDINGKITLOSTTO TIME

Richard Swinburne wants to see the return of cold
cathode lights and custom fan grilles

he fan that cools the X570 chip on my Asus
. motherboard is failing. It's only two years old but
even after cleaning, reapplying thermal grease and
remounting it, the chipset temperature is still blipping into
the 70s. I've looked around for alternatives, but there’s
nothing out there. Years ago, we used to be able to buy a
chonk of anodised metal fins with little wings that jutted
out from underneath, so you could align it to the non-
standardised heatsink-mounting holes in your motherboard.
I'm surprised at the lack of options — virtually every X570
motherboard needs a chip fan, so there should be a small
army of people in the same boat as me, all
looking for alternatives. This got me thinking

whole interior is shadowed in light because every component
sports some sort of RGB-fuelled feature. Yes, cold cathodes
weren't perfect: they couldn’t be bent, required an inverter
and they ran warm, adding slightly to case temperatures.
However, you didn’t need to faff around with a piece of
software for every item —you just plugged it in and enjoyed it.
Custom fan grilles are another old modding feature that
seems to have fallen by the wayside. You can 3D-print your
own ones now, but I used to have a set of laser-cut spirals
that were awesome (although they could also slice your
fingers). I'll chalk them up on the growing board of ‘things
Iregret selling’.
They did nothing for my PC’s performance

about all the other little bits of kit we used Youravera ge RGB-filled —infact, they gotin the way of the airflow —
to get but you can't easily find any more.  pild is so o) acked with b“ﬂg but they added that personal touch, whereas

Back in the early 2000s, you could nip

now fans are just another RGB lighting

down to Maplin and pick up all manner of thatit's like youre housing source unless you're a Noctua fan (ahem)
modding kit, such as 15cm and 30cm cold your own fusion generator and prefer that particular shade of brown.

cathode lights, for around a fiver each. For

me, cold cathodes were the pinnacle of

in-case lighting, but they’ve been difficult to find in the UK
since the invention of RGB LED strips.

Amazon US has a single stockist of these superior lights,
but there’s nothing available on the other side of the Atlantic.
Cold cathodes can’t produce fancy-pants 16.8 million colours,
but the few colours they do have emit a beautifully radiant
soft glow. They don't illuminate every nook and crevasse;
instead, they cast light onto your various bits of hardware,
creating interesting hues and shadows, and leaving as much
to the imagination.

Now, your average RGB-filled build is so packed with bling
that it’s like you're housing your own fusion generator. The

At least we no longer have to crack out

the jigsaw to cut our own case windows

- the chunky plastic ‘bus window’ style never looked that

great anyway. Almost all cases have some sort of tempered

glass panel option now, although we are missing side

panel-mounted fans to give our increasingly hot graphics
cards some air.

Bottom-mounted fans work well when graphics cards are
placed right near the bottom, but most non-ITX systems have
them sat in the middle with no intake fan next to them.I
say we should bring back side-panel fans — enough of the
front panel trilogy that every case manufacturer seems to
offer now. Progress is good, but we also seem to have lost
some good ideas along the way. epe

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
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TRACY KING / SCEPTICAL ANALYSIS

ONE-STOP SHOP

Tracy King analyses the latest rumours about
Netflix branching outinto video game streaming

love a one-stop-shop. Those of us old enough to
. remember bricks-and-mortar Blockbuster stores

think as fondly of the bags of Revels and weekly
rentable console games as we do the films (Nintendo actually
sued Blockbuster to try to stop this, but lost). Likewise, when
HMV started selling video games, those £10 vouchers from my
nan suddenly got more exciting. Games belong with other
multimedia. I watch films and TV on my computers, and play
gamesonmy TV.

Blockbuster died off in part because it was bricks-and-mortar,
to be replaced by internet services, including Netflix, which
started with physical media but has always excelled at seeing
what’s coming. That's why Netflix's expansion
into video games is the surest move I can bet on
right now.

Diversificationinto

A study by Marketing Charts shows that 59 per cent of US
16-34-year-olds say Netflix is indispensable. It’s also notable
that the movie and TV giant has doubled its user base in Asia.
Diversification into new revenue streams is inevitable, and video
games are one of them.

Interactive television in the form of meta-show Black Mirror:
Bandersnatch showed that Netflix shares cultural values with
gamers, also evidenced by the licensing of Stranger Things 3
for good effort at a game that wasn't well received. The current
rumour is that Netflix will offer a subscription akin to Apple
Arcade, although my betting money is on a tie-in with an
existing gaming platform rather than Netflix providing its own
platform (and avoiding a repeat of Stadia).

While Bandersnatch worked as interactive
television, it's hard to argue that it’s more of a

We know this in part because the streaming  NE@W revenue Streams  video game than a playable show, and despite

giantishiringavideo games executive,asreported
by technology site The Information, but also
because it's the obvious next step for a company
that has already dabbled in a market that’s only going to grow.

Lockdown has driven new gamers to the market like no other
factor, with British gaming body Ukie claiming a 70 per cent
increase in sales of PC games hardware, in part because people
working from home are investing in machines that can also
handle games. Likewise, mobile gaming has attracted newbies
like never before. If this is true for the UK, it will be true for the
USA too.

Netflix usage is also on the up, as you would expect. It has
204 million subscribers. Nielsen statistics show a 61 per cent
‘increase in streaming via TV in the US during the coronavirus
pandemic, taking daily Netflix usage to an estimated 3.2 hours
per day’

isinevitable

major investment it still couldn't be ‘played’ on
Chromecast, Apple TV or some older devices. The
rumours about Netflix Games (or whatever it
will be called) make more sense as a publisher rather than a
platform. Otherwise it would be Netflix Interactive Shows and,
well, those already exist.

As of writing, no details are known, but I'm hoping Netflix
doesn’t go mobile-only for its games (while suspecting it
probably will). As of 2018, according to the platform’s own data,
40 per cent of new subscriptions were on PC, more than on
mobile devices. Both types of subscriber eventually migrate to
watching ona TV, but more PC users stick with watching Netflix
on computers than mobile subscribers with their phones.

It would be great if PC gamers were the first target market.
However, given the unstoppable trajectory of mobile and casual
gaming, [ won't be putting too much money on it. cre

Gamer and science enthusiast Tracy King dissects the evidence and statistics behind popular media stories surrounding tech and gaming @tkingdot
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/NEWS

GIGABYTE ADDS
HUGE HEATSINK
TOPCI-E4SSD

Gigabyte has declared war onthermal
throttling by launching a PCI-4

SSD with abehemoth of a heatsink
attachedtoit. The new Aorus Gen4
7000s Prem. measures 44.7mm

tall, with the SSD PCB sandwiched
between an aluminium base plate
and a dual heatsink arrangement on
top of it, with the two sections linked
by a pair of heatpipes.

The SSD itself is based onthe same
Phison PS5018-E18 as the standard
Aorus Gen4 7000s (see p46), which
has a small, low-profile heatsink. This
SSD became warmer than the Corsair
MP600 Pro withits larger heatsink
in our tests, butit still didn't throttle
under stress testing. As such, it's
unlikely the Prem. version of the SSD
will be any quicker in most cases, but
it will almost certainly be cooler.

Nvidia has confirmed thatit's releasing
new versions of its GeForce RTX 3080,
3070 and 3060 Ti cards that will
deliberately restrict cryptocurrency
mining performance. The new ‘lite hash
rate’ cards will have an'LHR'’ identifier on
the box, and will reduce the hashrate
when mining Ethereum cryptocurrency.
‘GeForce products are made for

gamers,’ says the company'’s VP of Global

GeForce Marketing, Matt Wuebbling, on
Nvidia's blog site (custompc.co.uk/LHR).
‘We believe this additional step will get
more GeForce cards at better pricesinto
the hands of gamers everywhere!

Thisisn'tthe first time Nvidia has
dabbled with this strategy to deter
people from using its gaming cards for
cryptocurrency mining.

The GeForce RTX3060 also launched
with a driver thatreducedits hashrate,
but a later driver removed it, which Nvidia
says was accidental.

Despite the low hashrate at launch,
the GeForce RTX 3060 also sold out
within a few minutes at UK etailers, so
it's unlikely that this move will solve the
stock and pricing problems of Nvidia
GPUs entirely, but it at least potentially
eliminates one of the problems.

CORSAIRPROMISES DDR5 MEMORY ‘SOON’

Corsair says thatits DDR5 memory
modules will be coming‘soon’, and

has unveiled some of its thoughtsin
anonline primer (custompc.co.uk/
CorsairDDRS5). The company also
saysit's ‘excited to share more about
DDRS5 inthe coming months', inviting
customers to ‘keep an eye out for more
details from our social channels'.

The new technology offers anumber
of improvements over DDR4, including
amuch higher maximum die density
of 64Gb per chip, comparedto 16Gb on
DDR4 modules. This means we could
see 128GB on asingle DDR5 module
(DDR4 modules max outat32GB). In

its primer, Corsair points out that this
could mean standard four-module
desktop systems could be kitted out
with a massive 512GB of memory.
DDRS5 will also offer much more
bandwidth than DDR4, with the
JEDEC spec maxing out at 6400MHz
(51GB/sec), compared to 3200MHz
(26GB/sec) on DDR4, and of course,
overclocked modules will push this
frequency further. DDR5 is also slightly
more power-efficient, requiring a Vdd
of 1.1V, compared to 1.2V for DDR4.
Both AMD and Intel are expected to
introduce desktop platforms that support
DDR5 memory over the next year.
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Rumour control

AMD MOVING TO LGA SOCKET AND DDR5

INTEL ALDER LAKE COMING IN NOVEMBER

AMD GEARING UP FORRADEON RX 6600 LAUNCH

NOBLECHAIRS
UNVEILS THE
ELDERSCROLLS
ONLINE CHAIR

Premium gaming chair maker
noblechairs has revealed a new version
of its Hero chair that's clad with artwork
based on The Elder Scrolls Online.
Produced in conjunction with Bethesda,
the new design follows in the footsteps
of the company’s previous chairs based
onthe Fallout and Doom franchises.

The Ouroboros design from The
Elder Scrolls Online is embroidered
into the front of the headrest, and you
also get patterned side bolsters with
gold-coloured sides sporting Daedric
sigils. Meanwhile, the back has a gold-
coloured embossed The Elder Scrolls
Online logo onthe headrest, witha
large dragon design covering the rest
of the back.

The noblechairs HERO Black Edition
won a Premium Grade awardin our last
gaming chairs Labs test (see Issue 211,
p54), thanks toits superb build quality
and built-in lumbar support. The Elder
Scrolls Online Special Edition of the
HERO s available to pre-order from
overclockers.co.uk for £390inc VAT,
with stock expected on21June.
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Silly retail prices

I'see on your Twitter account

that you'verecently pointed to
stock of graphics cards in stock at
Overclockers (Radeon RX 6800 XT)
and Scan (RadeonRX 6700 XT).
ObviouslyI'm glad to see graphics
cards backin stock, but the prices
are still way above the RRPs—they're
notreally any better than eBay
scalper prices. What's going on here,
and are the prices are ever going

to come downtonormallevels?
ANDREW PINE

Ben:Indeed, the prices are very high,
starting from £780inc VAT fora
RadeonRX 6700 XT,and £1,159inc
VAT foraRadeonRX 6800 XT.It's still
preferable to buy a card from aretailer
thanascalper, as you'll atleastbe able
to easily returnitif it's faulty, butit's a
real shame the prices are sossilly.

| don'tdoubt thata chunk of this
is extramarkup thatgoesto the
retailers, butas we coveredin our
featureinlssue 213, there will also
be other factors driving up the price
inthe supply chainbeforeitgetsto
them, includinginflated shipping costs,

When's the nextissue out?

Mty
08

Issue 216

On sale on Thursday, 8 July

RadeonRX 6700

XT cards go for at
least £780 now,
evenif youbuy direct
fromretailers

silicon shortages, demand outstripping
supply and various knock-on effects
from the pandemic. Ireally hope prices
come downto normallevels again,
butIthinkit's going to take a while.

DIY projects
Afterreading Ben'sreply to
Steven Campbell’sletter in Issue
214,1thoughtI'd throw in some
of my thoughts asI've tinkered
with afew fun projects. Alot of
these could be viewed from the
standpoint of using older/spare
hardware when upgrading.

1:I've used an old office small form
factor Dell PC (Corei3)asa CCTV
server (running Zone Minder), using
a PoE switch to powerIP cameras
and connected with outdoor Catg
tomountonmy garage andinthe
garden. Zone Minder allows you to
setup trigger zones and recording/
deletion schedules to suit your needs.

2:I'veused a spare Pine64 small-
board computer (SBC) tomakea
low-powered web/Nextcloud and
home media server.It's currently
justusing alarge USB drive for
storage,butIplantomovetoa
dedicated NAS at some point.

3:I'mhopingtocreate a DIY NAS,
asthere seemto be too many security
issues with off-the-shelf systems.
Afeature that not only showed you
howtodothis, but also dive intothe
available options, such as suitable
mini-ITX boards with enough SATA

connectors,and compact cases
with enough 3.5in bays, would
helpreaders tomake informed
decisions. The requirements for
SATA ports and drive bays are also
dependent on the type of RAID
array thatIdecide touse forit.

4:1T'vefound that Wi-Fiand
powerline networking simply
aren’t cut out for multi-storey
houses, butI've solved this by
simply drilling holes in the exterior
walls nearmy router,and inmy
upstairs office.Ithen used outdoor
Cat 5 cable and a couple of cheap
sockets from Screwfix to create a
hard link between the twofloors.

It's more than capable of Gigabit
networking,and it drastically
improved my Steam Link
performance.For me, thiswas an
easy way to upgrade my network
onaSaturday morning,and it
didn'trequire redecorating from
attempting torun cables internally,
orjusttacking along cable around
skirting boards, doorframes and
under carpets, whichI've donein
the past.Keep up the good work.
BENLANCASTER

Ben: These are all brilliantideas, Ben -1
love them, as well as the idea of properly
using old hardware after you upgrade.
I'malso an advocate of wired Ethernet
inamulti-storey house.Inmy case, |
wentto the hassle of routingmy cables
under the floorboards and ceilings (or
rather | paid someone else to doit for
mel), but'mso glad I did. We dohave a
feature on home networking options
planned forthe near future, and we've
also covered building your own NAS
box (seelssue 192, p86), butit could

be time torevisit thatidea again.
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/PROCESSORS

LGA1200 CPU

INTEL CORE
I5-11400F /£149 newar

SPEC

Base frequency
2.6GHz

14nm

Thermal design power (TDP)
65W

Features

Turbo Boost2, FMA3, F16C, SHA, BMI/ BMI1
+BMI2, AVX-512, AVX2, AVX, AES, SSE4a,

hile AMD's Zen 3 CPUs arekilling itin
. the £300+ market, the company is
relyingonits older Zen 2 CPUs to offer

alternatives to Intel at the cheaper end of the
scale, with the likes of the Ryzen 53600 and
Ryzen73700X goingup against Intel's latest
Corei5 chips, such as the Core i5-11400F, which
costsjust £149inc VAT.

The 'F’ after the name indicates that this CPU
lacks on-board graphics, but Ryzen desktop CPUs
lack on-board graphics too, although the lack
of a'K’inits name means the Intel CPU can'tbe
multiplier-overclocked either. Compared to the
Corei5-11600K, the Core i5-11400F has the same count
of six cores with 12 threads. The two chips also have the
same L3 cache at 12MB, and each natively supports up to
3200MHz memory speeds.

There are some sizeable
differences, though, such as
frequencies. Although both
CPUs support Turbo Boost 2, the
Corei5-11600K can hit a peak of
4 9GHz while the Corei5-11400F
only boosts to 4.4GHz. The Core

i5-11600K also has a TDP of 125W;

however, the Corei5-11400F will
likely be quite easy to cool with a
TDP of just 65W. This limits its all-
core boost frequency to 4.2GHz,
while the more expensive CPU
canreach 4.6GHz across all cores.

Current pricingis key too, of
course, and the Core i5-11400F's
price of £149is £20 lower than the
Ryzen 53600, £60 lower than
the Corei5-11600KF and £100
cheaper thanthe Ryzen 55600X.
You can still buy the Comet

SSE4, SSSE3, SSE3, SSE2, SSE, MMX

Lake-based Core i5-10400F too,

although it will only save you £25. If the Core i5-11400F
can atleast vaguely keep up with the rest of its Rocket Lake
siblings, it could prove very good value.

Performance

In our RealBenchimage editing test, which stresses single-
threaded performance, the Core i5-11400F blew the Core
i5-10400F out of the water with a score of 61,454 vs
38,420 and also bettered the Ryzen 53600, even when
the latter was overclocked. The Core i5-11600K was a fair
way ahead, though, with a score of 68,355.

Meanwhile, our heavily multi-threaded Handbrake video
encoding test showed a reasonably close run between the
new Rocket Lake Corei5 chips, with the Core i5-11400F
scoring 467,568 compared to 507,729 for the Core
i5-11600K. The Ryzen 53600 also beat the Core i5-11400F
here, although not by much - its score of 473,815 is about
what you would expect for the extra money.

The Corei5-11400F's overall system score of 193,474
was againjust alittle behind the Ryzen 53600, and a little
further behind the 210,741scored by the Core i5-11600K,
butit was miles ahead of the 128,319 managed by the lowly
Corei5-10400F.

Moving to Cinebench, the Core i5-11400F's multi-
threaded score 0f 10,294 was 9 per cent higher than the
Ryzen 53600, where the Core i5-10400F was barely able
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GIMP IMAGE EDITING
Intel Core i5-11400F
Intel Core i5-10400F

AMD Ryzen 53600

i BENCHMARK RESULTS

61,454
38,420
58,405 60,653

HANDBRAKE H.264 VIDEO ENCODING

Intel Core i5-11400F 467,568
Intel Core i5-10400F 296,607
AMD Ryzen 53600 473,815 486,565
HEAVY MULTI-TASKING
Intel Core i5-11400F 215,025
Intel Core i5-10400F 148,402
AMD Ryzen 53600 233,245 241,857
SYSTEM SCORE
Intel Core i5-11400F 193,474
Intel Core i5-10400F 128,319

AMD Ryzen 53600

Stock speed

CINEBENCH R20 MULTI-THREADED

Intel Core i5-11400F

198,828/ 204,731

Overclocked

10,294

Intel Core i5-10400F 5,783

AMD Ryzen 53600

CINEBENCH R20 SINGLE-THREADED

Intel Core i5-11400F 1,402
Intel Core i5-10400F 782

AMD Ryzen 53600 1322

Stock speed

FAR CRY NEW DAWN
1,920 x 1,080, Ultra settings

Intel Core i5-11400F

9,414 110,005

Overclocked

92fps. 137fps

Intel Core i5-10400F 71fps. 99fps

AMD Ryzen 53600 83fps. 112fps

WATCH DOGS: LEGION
1920 x 1,080, Ultra settings, DX12
Intel Core i5-11400F 70fps
Intel Core i5-10400F B62fps.
AMD Ryzen 53600 69fps

a7tps [ 17tes

87fps
84fps
87fps

7itps [N setes

Stock speed 99th percentile

Stock speed avg

Overclocked 99th percentile [l Overclocked avg

TOTAL SYSTEM POWER CONSUMPTION
Idle

Intel Core i5-11400F ~ 72W
Intel Core i5-10400F 69W
AMD Ryzen 53600 86W 88W

Load

Intel Core i5-11400F 226W
Intel Core i5-10400F 153W
AMD Ryzen 53600 179W 182w
Stock speed

Lower is better

Lower is better

Overclocked

to manage half that
at5,783.The single-
threaded result of
1,402 was again
nearly double the
Corei5-10400F's
score of just
782,and again

the new CPU
beatthe Ryzen5
3600, which could only manage 1,252.

Where the Core i5-11400F really excelsisin games.In
Far Cry New Dawn, its 99th percentile minimum frame rate
of 92fps was significantly quicker than the 71fps achieved
by the Core i5-10400F and also well in front of the pricier
Ryzen 53600's result of 83fps. However, the Core
i5-11600K showed the benefit of its higher boost clock
here, managing 109fps.

Watch Dogs: Legion didn't show a great deal of variation,
but the Corei5-11400F still outgunned its predecessor ata
minimum 99th percentile of 70fps vs 62fps, and matching
the Ryzen 53600 with the Core i5-11600K only adding
4fpstotheresult.

The Corei5-11400F does draw more power than
its predecessor, though, with our test system drawing
226W from the mains under load with this CPU installed,
compared tojust153W for the Corei5-10400F.

Conclusion

As the Core i5-11400F can't be overclocked anyway, you
may as well couple it with an affordable motherboard such
as the MSIMAG Z590 Tomahawk WiFi (see p18), or even
acheaper LGA1200 board, making the Corei5-11400F a
stealat£149.1t's able to better the more expensive Ryzen 5
3600 inmosttests, including both our game tests.

The higher score in Cinebench was particularly damning,
as that's usually a stronghold for AMD, but the Core
i5-11400F is ultimately routing AMD'’s Zen 2 6-core CPUs
and offering much better value. Intel might not have the
high-end mainstream CPUs with loads of cores needed to
counter AMD at the top end, but it's mightily strong at the
cheaper end of its product stack.

ANTONY LEATHER

VERDICT

A huge amount faster than the Core i5-10400F and
quicker than the pricier Ryzen 5 3600 in most tests.
A great budget gaming chip.

ROCKET LOLLY

Much fasterthan
its predecessor

Beats Ryzen
53600in
most tests

Notmuch
slower than Core
i5-11600K

ICEPOP

= Highpower
consumption

= Locked multiplier

PERFORMANCE

37/50

12/15




/MOTHERBOARDS

ATX B560 MOTHERBOARD

MSIMAG B560
TOMAHAWK WIFI / £170 wevsr

ne of the best bits of news about Intel's recent
. 500-series chipset launch was that chipsets

otherthan the Z-series models would support
memory overclocking. This means that B560-based
boards such as this MSIMAG B560 Tomahawk WiFi

canrunyour memory at frequencies above your CPU’s
natively supported speed, whichis usually

below 3000MHz.

For example, using a Core i5-10600K on aB460
motherboard would see your memory speed limited to
2666MHz, and no manual tweaks or XMP profiles will

allow you to go higher. That's all changed this time, though,

as the likes of the B560 chipset, while stillnot able to
tweak your CPU’'s multiplier, can at least hit much higher

memory speeds.

The MSIMAG B560 Tomahawk WiFi canreach up to
5066MHz with standard dual-channel memory, and while
you likely won't see much of a real-world performance

SPEC

Chipset
Intel 2590

CPU socket
Intel LGA1200

Memory support
4 slots:max 128 GB DDR4
(up to 5066MHz)

Expansion slots
One 16x PCI-E 4, one 16x
PCI-E 3,0ne 1xPCI-E3

Networking
1x Realtek 2.5 Gigabit
LAN, 802.11ax Wi-Fi

Cooling
Seven 4-pin fan headers, VRM
heatsinks, M.2 heatsinks

6 xSATA6Gbps 1xM.2PCI-E4,1xM.2
PCI-E 3/SATA 6Gbps, 1xM.2 PCI-E
3,2xUSB3.1Type-A, 1xUSB3.1
Type-C,1xUSB 3.1Type-C header, 2 x
USB 3, 1x LAN, 3 x surround audio out

Dimensions (mm)
300x244

boost above 3400MHz, that's way
better than 2666MHz.

Anotherreason to be excited s that
this board's Z590 counterpart costs £60
more, but has a similar specification,
albeit with slightly beefier M.2 heatsinks
and higher-specification audio. This
isimportant, because many of Intel's
11th-gen CPUs, such as the Core
i9-11900K, have limited overclocking
headroom, so the benefits of spending
another £60 are limited in terms of extra
performance. This board also supports
Intel's Adaptive Boost Technology, which
canboostthe Corei9-11900K's clock
speeds higherif cooling and power
delivery allow it.

The boarditself has all the features
you would expect from a mid-range
enthusiast motherboard, including
802.11ax Wi-Fi, six SATA 6 Gbps ports
and a handy three M.2 ports, although
only the top slot offers PCI-E 4 support
for the latest SSDs. The other two ports

are limited to PCI-E 3 bandwidth, with one of them also
supporting SATA should you have an older drive you want
to use. You also get heatsinks for two of those M.2 ports,
and our PCI-E 4 SSD was kept below 65°C during our
stress test, keeping well away from thermal throttling.

The PCB also offers aUSB 3.1 Type-C header, an
impressive count of seven 4-pin fan headers, plus both
3-pin and 4-pin RGB lighting headers. It even has a funky
cut-out of the PCB next to the PCH heatsink, with the latter
beingilluminated by RGB lighting.

Power delivery brings 12 phases to the CPU, while two
huge heatsinks deal with the heat produced by the VRMs,
although they're not linked by a heatpipe. Even so, they did
a good job of keeping the VRMs cool, with our loaded Core
i9-11900K only seeing them hit 59°C, whichis miles away
from throttling levels.

Meanwhile, the rear1/0 panel offers a total of eight
USB ports, four of which are USB 3, in addition to a USB
3.1Type-C port. There are also antennae connectors for
the 802.1ax Wi-Fi, plus the usual audio jacks, including
an optical output, although the audio codecitself is only
ALC892, which doesn't sound as good as the Realtek
ALC1220 codec found on more expensive boards.
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i BENCHMARK RESULTS

GIMP IMAGE EDITING

MSIMAG B560 Tomahawk WiFi 7713

Asus ROG Strix Z590-E Gaming WiFi 71,269 72,068

HANDBRAKE H.264 VIDEO ENCODING

MSIMAG B560 Tomahawk WiFi 692,867

Asus ROG Strix Z590-E Gaming WiFi 701,832 727,824

HEAVY MULTI-TASKING

MSIMAG B560 Tomahawk WiFi 252,341

Asus ROG Strix Z590-E Gaming WiFi 295,915 300,682

SYSTEM SCORE

MSIMAG B560 Tomahawk WiFi 261,692

Asus ROG Strix Z590-E Gaming WiFi 263,119 | 273,780

Stock speed Overclocked

CINEBENCH R23 MULTI-THREADED

MSIMAG B560 Tomahawk WiFi 15,527

Asus ROG Strix Z590-E Gaming WiFi 15,593 16,484
CINEBENCH R23 SINGLE-THREADED
MSIMAG B560 Tomahawk WiFi 1,657
Asus ROG Strix Z590-E Gaming 170
Stock speed Overclocked
FAR CRY NEW DAWN
1,920 x 1,080, Ultra settings
MSIMAG B560 Tomahawk WiFi 13fps. 148fps
Asus ROG Strix Z590-E Gaming 112fps. 145fps e
vitps [N sares :

Stock speed 99th percentile Stock speed avg

Overclocked 99th percentile . Overclocked avg

TOTAL SYSTEM POWER CONSUMPTION (WATTS)
Idle

MSIMAG B560 Tomahawk WiFi  71W
Asus ROG Strix Z590-E Gaming  74W | 91W

Lower is better
Load

MSIMAG B560 Tomahawk WiFi 319w

Asus ROG Strix Z590-E Gaming 285W 355w

Lower is better

Stock speed Overclocked

There are precious few other features, though, with
no overclocking and testing tools, such as power and
reset buttons, clear-CMOS switches or an LED POST
code displays. Instead, MSl has clearly ploughed most of
the budgetinto making sure the board can handle Intel's
most powerful 10th and 11th-gen CPUs.

Performance
The MSIMAG B560 Tomahawk WiFi showed no evidence
of being slower than the Z570 boards we've tested at

stock speed with our Core i9-11900K, matching themin
most tests. The stock speed system scoreis just alittle
behind the likes of the Asus TUF Gaming Z590-Plus WiFi
at 252,341 compared to 263,119, with the Asus board
increasing that score to 273,780 once overclocked.

Gaming performance was on par too, and we were also
able to enable Intel's Adaptive Boost Technology on our
Corei9-9900K, which saw higher boost frequencies,
increasing the Cinebench R23 score from15,527t0 15,980.

At default settings, the total system power draw of
319W was fairly high under load, though, with the Asus
TUF Gaming Z590-Plus WiFi drawing under 300W. The
M.2 speeds were identical to other boards too, with aread
speed of 4,985MB/sec and write speed of 4,267MB/sec.
Meanwhile, the audio performance was fairly typical of the
ALC897 codec with adynamic range of 96.1dBA and noise
level of -95.9dBA.

Conclusion

We're quite impressed with the MSIMAG B560 Tomahawk
WiFi. Not only canit provide a good home to cheaper
multiplier-locked CPUs such as the Core i5-11400F (see
p16), but it can also handle more powerful K-series CPUs,
it can access Adaptive Boost Technology and it can hit the
same memory frequencies as Z-series boards.

This means it's definitely worth asking if you need a
Z-series board, and whether you can save cash by going
for B560 instead. Given what we've seen here, we'd argue
thatthe B560 chipset's appealis definitely a lot stronger
than previous non-Z-series chipsets.

Givenits price, there’s alack of overclocking-focused
features on this board, but it does have decent VRMs and
cooling, three M.2 ports and two heatsinks, so you won'tbe
left wanting for much. If you're happy to stick to stock CPU
speed, but want to use fast memory and save some cash,
the MSIMAG B560 Tomahawk WiFi will provide a good
home to any Rocket Lake CPU.

ANTONY LEATHER

VERDICT

Successfully showcases Intel's BS60 chipset. It might not
overclock your CPU, but it gives you PCI-E 4 support and
overclockable memory with change from £180.

BURY THE
HATCHET

Good VRM cooling

Adaptive Boost
works on Core
i9-11900K

Reasonable value

HATCHET JOB

= Few additional
features

= Average audio
performance

= There are cheaper
B560 options

PERFORMANCE

31/35

26/35




/ CASES

ATX CASE

FRACTAL DESIGNMESHIFY
2 COMPACT /£90 nevar

ot onthe heels of the Define 7 Compactis another
rejigged and miniaturised version of a Fractal ATX

case - the Meshify 2 Compact. It retains various

design aspects of its bigger sibling, the Meshify 2, butina
chassis that measures just 21cm wide and 42cm deep. It's
not going to threaten many mini-ITX cases, butit's certainly
going to save desk space compared with most ATX cases.

At £90inc VAT, it's abit cheaper than the Define 7
Compact, presumably due to the mesh front panel using
less material than the plastic panel of the latter. That's the
key difference between the two cases, with the Meshify 2
Compact sporting a large angular mesh on the front panel,
but also lacking the ability to use a closed roof section.
There's no optional panelin the box as there is with the
Define 7 Compact, so you're stuck with a vented roof.

Airflow is the focus of the Meshify 2 Compact, and it
doesn'tjust have more vents than the Define 7 Compact
either. It also sports an additional front 140mm fan, with a
pair of fans pushing airinto the case compared to just one

SPEC

Dimensions (mm)
210 x 424 x 475 (W xD x H)

Material
Steel, plastic, glass

Front panel
Power, reset,2x USB 3, 1x

Drive bays
2x2.5/3.5in,2x2.5in

Form factor(s)
ATX, micro-ATX

Cooling

3x120/2 x140mm front fan mounts

(2 x140mm fanincluded), 1x
120mm rear fan mount (1x 120mm
fanincluded), 2 x 120/140mm roof
fan mounts (fans notincluded)

341mm

with the Define 7 Compact.

With a vented front panel, the case
lends itself well to water cooling, and the
PSU cover has removable plates that
offer extended clearance for radiators.
There's more than enough space for
a60mm-thick 280mm or 360mm
radiator at the front with a single row of
fans, as well as a 240mm radiatorin the
roof as long as the components on your
motherboard sit more than 40mm below
theroof.

The mounts inthe roof are offset,
with Fractal Design giving you as much
clearance away from the motherboard
as possible. The Define 7 Compact's
party trick is on display here too, with the
Meshify 2 Compact able to ditchiits entire
roof section, including the usual support
beam thatjoins the top two corners of the
case. This completely opens up the case
and makes a whole bunch of building jobs
alot easier, such as fitting the 8-pin CPU
power connector, installing a motherboard
or mounting radiators.

The front panel offers a pair of USB 3 ports as well as a
USB 3.1Type-C port, which requires a Type-C header on
your motherboard. There's also power and reset buttons,
and a pair of audio jacks for a microphone and headphones.

Moving down from that panelis the front mesh section.
On other meshed cases, the meshis usually fixed in place,
so you have to yank off the whole panel to access filters
beneathit, or to mount extra fans or radiators. However, the
Meshify 2 Compact allows you to remove the mesh section
separately, leaving the plastic frame behind. It's easier to
pull off than your typical front panel, and gives full access to
the fan mounts beneath. There's even a pull-out dust filter
as an added layer of protection behind the front mesh, and
an additional dust filter in the base of the case.

The narrow width of the case means there’s nota
particularly deep space for stowing cables behind the
motherboard tray, butit's at least easy to tidy, with six Velcro
ties ready to secure cables and plenty of other anchor
points for cable ties. Thankfully, the rubber grommets
that surround the numerous cable-routing holes proved
particularly resilient to popping out too.

There aren’'ttoo many stand-out features interms
of storage, with a pair of dedicated 2.5in SSD mounts
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i TEMPERATURE RESULTS!:

CPUDELTAT
Fractal Meshify 2 Compact I50°C
Fractal Define 7 Compact I 54°C
Antec DF700 FLUX Narc
NZXT 510 Elite (max speed) I49°C
be quiet! Pure Base 500DX W s0c
Corsair iCUE 465X l51°C
Lower is better
GPUDELTAT
Fractal Meshify 2 Compact I41°C
Fractal Define 7 Compact I42°C
Antec DF700 FLUX W43c
NZXT 510 Elite (max speed) I41°C
Corsair iCUE 465X J 44ec
be quiet! Pure Base 500DX I44°C

Lower is better

along with two 2.5in/3.5in bays in the base, which are

fairly typical of cases this size. Meanwhile the CPU cooler
clearanceis decent at 169mm, as is the graphics card cooler
clearance of 341mm. As you might expect, though, there's
no E-ATX motherboard support and you'llneed to use a
PSU that measures 165mm long or shorter if you intend to
use the hard disk mounts and front fan. However, removing
the drive trays opens up this areato 200mm of clearance.

Performance

We expected better temperatures compared with the
Define 7 Compact, given the addition of a front mesh and
extra front fan, and sure enough, the Meshify 2 dropped the
CPUdeltaTby4°Cfrom54°Cto 50°C. Thatresultis right

up there with the best-performing cases we've seen, such
as the be quiet! Pure Base 500DX and NZXT 510 Elite with
its highest fan speed, but warmer than the Antec DF700
FLUX's excellent result of 47°C.

Meanwhile, the GPU delta T of 41°C was one degree
cooler than the Define 7 Compact, though, which makes
sense seeing asitalso has a fan pointed atits GPU, albeit
with slightly restricted airflow. Overall, the Meshify 2
Compactis certainly a very capable case out of the box and
the fan noise was extremely quiet at full speed, despite the
Meshify 2 Compact's meshed front potentially allowing
more sound to escape than the Define 7 Compact's
solid panel.

FRACTAL

Excellent cooling

FRACTIOUS

= Only two hard disk mounts
Very convenient build process = CPU cooling not chart-topping

= Reasonableratherthan
excellent value

Good water-cooling support

Conclusion

The Fractal Design Meshify 2 Compactis very similar to the
Define 7 Compactin terms of features and layout. The latter
may look a little smarter with its closed front panel, but the
Meshify 2 Compactis still extremely quiet, and the benefit
in airflow is clear, with amuch lower CPU delta T than the
Define 7 Compact, and the GPU cooling was a little better
too. If you're not fussed by the Define 7 Compact's closed
front, the Meshify 2 Compactis definitely the better of the
two cases, especially asit's otherwise identical and costs
less money.

The other cases to bearin mind in this price range are the COOLING
likes of the be quiet! Pure Base 500DX and Antec DF700 28/30
FLUX.Bothare cheaper thanthe Meshify 2 Compact,and ~ — — —
also offer RGB lighting, but only the Antec managed to offer FEATURES
better cooling, and that was just a few degrees knocked off 17/20
theCPUdeltaT.

The Meshify 2 Compact beats them both in terms of easy DESIGN

building and size though. If you have around £100 to spend
onaPC case, these cases should occupy the top three slots
onyour shortlist - it's then a matter for your priorities.
ANTONY LEATHER

28/30

VERDICT
An excellent compact case that's great out of the box
and has scope for a decent water-cooling system.
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VDRTEX XT GAMING DESKTOP

= Intel® Core™ i5-11600KF
j Q\? 770N Gigabyte Z590 UD AC
‘f‘ ‘K@g 16GB Corsair VENGEANCE 3000MHz

12GB NVIDIA GEFORCE RTX 3060
512GB Intel® H10 NVMe SSD + 32GB Optane™
Genuine Windows 10 Home
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FUSION PRO
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> 15.6" Matte QHD Screen > AMD Ryzen 7 5800X

> Intel® Core™ i7 10875H > ASUSP TUF X570-PLUS GAMING

> GeForce RTX 3060/ 3070 > 16GB Corsair VENGEANCE 3000MHz =

> RGB backlit keyboard > 16GB AMD RADEON™ RX 6800 !

> Genuine Windows 10 Home > 512GB PCS PCle M.2 SSD o
> Genuine Windows 10 Home
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/MEMORY

DDR4 MEMORY KIT

THERMALTAKE TOUGHRAM
><G RG B /£132 inc VAT (16GB, 3600MHz, dual-channel)

THERMOS

Separated
lightingzones

Individual LED
control

Unique exterior
design

hile you can't buy graphics cards
forreasonable money atthe
moment, memory upgrades

are thankfully a little more affordable.
However, if you want a cutting-edge
kitusing the latest features such as
RGB lighting, you'll still pay a small
premium, asis the case with
Thermaltake ToughRAM.

With a price of £132inc VAT fora

dual-channel16GB kit of 3600MHz RAM,

The ToughRAM costs atad more thanthe

Gigabyte Aorus RGB memory kit we also looked at this
month (see opposite), and a good chunk more than Corsair's
3600MHz Vengeance RGB Pro kits. The Thermaltake
modules are quite tall too, measuring 48mm high compared
to the super-low profile 4Imm height of the Aorus modules.

Onthe plus side, this extramoney does atleast buy you
another couple of hundred megahertz of rated effective
frequency at 3600MHz compared to the Thermaltake's
3333MHz. These Thermaltake modules also offer quite
alotmoreinthe way of light customisation than the Aorus
sticks, which we'll gettoin a minute.

The memory chips use Hynix C dies and have timings of
18-19-19-39 at this speed, while dual-channel 4000MHz,
4400MHz and 4600MHz kits are also available. Sadly, in
our AMD X570 system, we couldn't push the frequency any
higher than the default 3600MHz, even if we bumped up the

PLASTIC CUP
DDR voltage to 1.4V, but this frequency is still fast enough to
= Zerooverclocking . . . .
headroom make the most of synchronising with Infinity Fabricon Zen 2
— Whitesarent and Zen 3 CPUs anyway. '
pure or vibrant The modules themselves are beautiful and have three
— Competition diffusing RGB LED covers each. The top strip comprises two
is cheaper arrow shapes, with the points meeting in the middle, and
athird triangular section sits underneath the
SPEC meeting point. The diffusing covers all sitontop
Frequency of aglossy grey metal midsection. Eight RGB
3600MHz (tested) / 4000MHz LEDs situnderneath them, and although you
[ il S0 i can control the colour of each of them, you can't
Timings

18-19-19-39/18-19-19-39/
19-25-25-45/19-26-26-45

adjust the colour of each of the three sections
independently, as there's some shared lighting

Voltage
135V

that spills over from the centre sectioninto the
top strips.

Height (from base)
48mm

Meanwhile, the heatsinks are black with
acrosshatch design on one side. The most

Lighting
Yes (RGB)

impressive part of these modules' attire,
though, is of course the RGB lighting. It's

punchy, vivid and all but the white colour settingis accurate
- the latter lacks the vibrant pure white we've seen from
other modules, with Corsair's latest sticks offering slightly
more vibrant lighting too. However, the greens and yellows
here were more convincing than they were on the Aorus
RGB memory.

Thermaltake's software also allows you to choose from
numerous lighting effects, including a static mode. You can
setmost of the effects to make use of the full RGB spectrum,
dishing out fancy rainbow lights or applying effects to single
or customised colours, soit's fairly flexible.

Conclusion
Thermaltake's ToughRAM XG RGB modules look unique,
and offer vivid and highly customisable RGB lighting. The
only colour that wasn't as accurate as the competition was
white. However, the ToughRAM XG RGB modules are much
shorterthan Corsair's standard Vengeance modules and
have aninteresting trio of illuminated areas, which makes
them stand outinterms of looks.

Theonlyissueis price, as Corsair's

Vengeance Pro RGBkits currently PERFORMANCE
costunder £110inc VAT forthe same

3600MHz speed. As such, unless 24/30
you're sold on the ToughRAM XG RGB DESIGN

unique exterior and multiple lighting
zones, Corsair's Vengeance Pro RGB
memory remains a slightly better buy.
ANTONY LEATHER

22/25

VERDICT

Good-looking and vibrantly lit RGB
memory, although the competition
is a bit cheaper.
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DDR4 MEMORY KIT

AORUS RGB MEMORY

/ £115 inc VAT (16 GB, 3333MHz, dual-channel)

tmay have taken a while for PCmemory
. manufacturers to work outhow to send enough

power, as well as the lighting signals, for RGB
memory over the bus, butthere's now no shortage of RGB
memory kits available from all the big players. What's more,
we're regularly seeing the designs getting refreshed with
attractive module designs andimproved lighting.

Cigabyte’s last foray into this competitive arena proved
quite successful, with the company offering dummy kits that
enabled youtofill all your memory slots for alot less cash than
buying afull guad-channelkit. The new Aorus RGB Memory
does the same, with kits limited to dual-channel setups
and available in arange of speeds, with or without so-called
Demo Kits, which essentially give you a pair of dummy lighting
modules in addition to the memory modules.

Our samplekitincluded a pair of 3333MHz modules, which
use Hynix D-die memory chips rated to run at18-20-20-40
timings. From top to bottom, they measure just 4Imm tall,
which means they shouldn'tinterfere as much with large
coolers as other taller modules, such as Corsair's Vengeance
Pro or Dominator modules.

The new Aorus sticks are much darker than the previous
generation too, with the PCBs sandwiched between two dark
grey aluminium heatsinks. Each memory module has arow
of LEDs along the top of each side of the PCB, and these LEDs
situnderneath opaque plastic covers that diffuse the light.
However, there were clear dark spots between the LEDs inthe
covers - we thought they looked quite classy, but these aren't
the modules for youif you're after seamless joins of colour.

You'llneedto use Gigabyte's RGB Fusion 2 software to
control the lighting, and we couldn't getit to link up with other

software such as Corsair's

SPEC iCUE either, but you'llhave
Effective frequency more luck if youhave a
3333MHz (tested) / Gigabyte motherboard,
3733MHz /4400MHz of course.

LI The softwareis also rather

18-20-20-40/20-19-

19-43 /19-26-26-46 limitedinthatyou can't

Voltage controleach LED, like you can
135V with Corsair's kits. Yellows
Height (from base) and white weren't particularly
4Imm convincing either, with white
Lighting lights especially having a

Yes (RGB) 9 P Y 9

pink-grey hue. However, the

RAINBOW

Attractive
segmented lighting

rest of the colours and the rainbow mode looked great, and
the colours were particularly vivid.

Being rated at 3333MHz, we hoped we might be able to
coax the Hynix D-die memory chips up to 3600MHz, but
inthe end, we could only hit 3400MHzin our AMD X570
motherboard, whichis aboost of just 67MHz.

Very low profile

Option of dummy
modules tofill slots

Conclusion

RAIN STORM
The Aorus RGB Memory's lighting actually looks rather — Limited
distinctive, despite there being clear gaps between the LEDs, overclocking
which are still visible through the diffusing covers. It's ashame, headroom
then, that you can'ttweak the LEDs individually. The lighting = Lighting effects

effects are fairly limited too, but as with most RGB memory;, not thatflexible

you'll either be won over by the aesthetics or the price.

Regarding the former, the Aorus modules are certainly
very attractive, although they're not quite as flexible whenit
comes to dishing out photons as Corsair's Vengeance Pro or
Dominator RGB modules. The low-profile statusis definitely
abigboon, though, and one that even Corsair can't currently
match - its Vengeance RGP Pro SL modules measure 3mm
tallerat44mm.

The price of £115inc VAT fora3333MHz 16 GB dual-channel
kitisn'tterrible, butit's hard tojustify when a3600MHz
Corsair Vengeance RGB Pro kit can be bought forjust under
£100 from scan.co.uk. The Aorus RGB Memory struggles
to compete here with the lighting quality on offer, but these
are still attractive modules if you want some RGB lighting in
acompactformfactor.

ANTONY LEATHER

= Some colours
lack purity

PERFORMANCE

24/30

20/25

VERDICT
Super-low-profile modules for RGB memory, although it's
a bit overpriced and not as flexible as the competition.
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/MONITORS

27IN GAMING MONITOR

DELL S2/721HGE
/£199 nevar

DELL-ICIOUS

CGreat contrast
and deep blacks

Low price

Slimbezels and
decentlooks

DELL-ETED

= Mediocre colour
performance

= Few extrafeatures

= Middling
adjustability

SPEC

Screensize
27in

ell's S2721HGF is one of the cheapest 27in
. displays we've seen for some time, and that

makes it a tempting option for anyone who
wants a sizeable gaming display without spending silly
amounts of cash.

It's kitted out with 2a1080p VA panel that's compatible
with AMD FreeSync Premium and Nvidia G-Sync at 144Hz,
andithas a4msresponse time. On paper, that meansit's
good enough for tackling mainstream single-player games
and esports titles without putting a huge amount of stress on
your GPU to hita sky-highrefreshrate.

The Dell has a1500R curve, too, whichimproves
immersion. That said, twitchy esports players will benefit
from anon-VA 240Hz display with a Tms response time, and
22,560 x 1,440 resolution would make games look crisper —
the 1080p resolution across this 27in display resultsin a low
pixel density and it doesn't look particularly sharp.

Onthe outside, the Dell looks decent, and it has slim
bezels, so affordable multi-monitor gamingis possible. It's
easy toassemble, the stand has a cable-routing hole and the
on-screendisplay menu systemis well organised, fastand
managed by a snappy joystick control.

At this price, though, compromise is
inevitable. Build quality is mediocre: the rear
moves too much and the screen wobbles.
The Dell has 100mm of height adjustment

Resolution
1,920x1,080

alongside tiltmovement and 100mm VESA
support, butthere’s no swivelling, and the

Panel technology
VA

movementis stiff. This display has no USB
ports or speakers either.

Maximum refreshrate

144Hz

Dell's display squares up against the AOC

Response time
4ms

27G2U, whichis our favourite affordable
1080p 27in panel. That screenhas more

Stated contrastratio

3,000:1

adjustment, anditincludes speakers and
USB ports. The AOCisn't curved, butit does

Active sync

AMD FreeSync Premium and
Nvidia G-Sync compatible

have almsresponsetime.
The Dell delivered a stunning contrastratio

Display inputs

1x DisplayPort1.2,2 x HDMI 2

of 3,138:1, whichis far higher thanthe AOC's
IPS panel. The black point of 0.08cd/m?is

Audio
Headphonejack

stellar, and those results create abold, punchy
display withimpressive depthin darker areas.

Stand adjustment The active sync features provided tear and
Height tilt stutter-free gameplay, although there's still a
Extras little blurring in the fastest situations at 144Hz.
100 x 100mm VESA mount

There's barely any inverse ghosting unless

you use the toughest overdrive mode, but those options
don't create a significantimprovement either.

Meanwhile, the Dell's delta E of 2.16 is reasonable rather
than outstanding, andits colour temperature of 6,359K is
good. lts gamma average of 2.37is wayward, though, and
this display rendered 90.8 per cent of the SRGB gamut
at 98.4 per centvolume, soit can't display every shade
properly. Everyday gaming won't be significantly hindered
by these middling figures, but the IPS-based AOCis better.

Conclusion

The Dell S2721HGF has huge contrast and a deep black

point, and those attributes mean you get a punchy and
vibrant experience. The colours are good enough to handle
mainstream gameplay, and it has decent syncing options
too. Therival AOC display doesn't match the Dellin contrast,
butit still hits 1,447:1there, and the AOC has superior colours
and amore responsive IPS panel. The Dell also has mediocre
adjustability and few extra features,

andthe AOC remains betterinthose IMAGE QUALITY
areas too.

The Dell can handle mainstream 24/30
gaming, andits contrast meansithas GAMING
loads of punch and depth, but there 22/30
are also disappointingcompromises
in several other areas. With superior FEATURES

colours and more features, the AOC
27G2U remains our budget 27in
display of choice.

MIKE JENNINGS

14/20

VERDICT

Impressive contrast results in a punchy
image, but the Dell is too middling in
too many other areas.
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CORSAIR

MAKE YoUR NEXT BVILD
YouR BEST BVILD

4000X RGB & H100i ELITE CAPELLIX

Start your new PC off with the latest from CORSAIR. A 4000 Series case combines easy cable management and
exceptional cooling, with two included CORSAIR AirGuide fans. Keep your system running at peak efficiency with an
iCUE ELITE CAPELLIX Liquid CPU Cooler, delivering powerful, low-noise cooling along with ultra-bright dynamic
RGB lighting.

FIND OUT MORE AT CORSAIR.COM
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/MONITORS

24IN GAMING MONITOR

PHILIPS 242E1GA)
/£150 incVAT

FreeSync and G-Sync compatible

Display inputs
1x DisplayPort 1.2, 1x HDMI

Audio

2 x 3W speakers, headphone out

colour-accurate work such asimage editing.
We had to select the User colour mode and
change the RGB colour values all the way from
100x100x100t0100 x 87x 89to getthe
colour balance aboutright.

However, its gaming performanceis
frankly terrible. There are many better
gaming displays for a similar price.
EDWARD CHESTER

Stand adjustment AnsRGB modeis onhandtoreduce the
Heignt tilt colour gamut (down to 115 per cent)ifneeded,  ERDICT
Extras . . .
and you can oftenrely on such modes to '
100 % 100mm VESA mount Y y A gaming display simply can't get

provide good colour balance. However, in

away with a response time this bad.

The Blur Busters . hilips' 242E1GAJis a classy-looking budget
UFO ghosting test gaming monitor that eschews the gamer
shows up the slow stylings of many other brands, andinstead
:;:"2‘:’25;2":(?:") opts for a_simple s?im frame andsilver stand. The stahd
comparedto the offers height and ilt adjustment, but not rotation or pivot,
AOC24G2U (right) but that's to be expected at this budget end of the market. this mode, it was even worse (7,817K), and bizarrely, the
Holes to attach amonitor mount are also brightness was also fixed but at a higher level than the normal
included above the ports, which all stick modes, hitting 254 nits.
straight out the back of the display. From left Beinga VA panel, contrast s good (as high as 4,191:1in some
toright, the ports consist of the input fromthe modes), and otherwise, image quality is perfectly adequate
mains power brick, aheadphonejack, and for movie watching and general desktop use, thanks to good
inputs for HDMI and DisplayPort. It's amodest viewingangles, an accurate gamma
butadequate selection, and the headphone curve and an ability to produce fine RESPONSIVE
port sounds clear too, unlike some cheap differencesin colour. High contrast panel
displays. Likewise, the pair of 3W speakers The biggest problem with this Decentfeatures
sound okay, with a little more depth and clarity display, though, is its gaming forthe price
than the most basic options. performance. The native response Very low price
This 24in monitor sports 21,920 x 1,080 time of the VA panelis terrible, resulting
resolution, and its specs suggest areasonably in such long trails behind moving ASLEEP
capable display. lt canhita144Hz refresh objects that we genuinely struggled
. . L = Veryslow
rate, has a Ims motion picture response toaimin fast-paced games such as responsetime
time (MPRT) rating, it can deliver a wide first-person shooters. No amount of — Poordefailt
SPEC colourgamut (130 per cent sRGB), and upping the overdrive (SmartResponse) colour balance
Screen size includes FreeSync Premium support, along or backlight-strobing blur reduction — Lowmax
23.6in with compatibility with G-Sync, so you can (MPRT) reallly fixed this problem, with brightness
Resolution eliminate tearing and stutteringamesonboth ~ the former even addingmore problems
PP AMD and Nvidia GPUs. by introducing inverse ghosting. IMAGE QUALITY
CaA"el AT However, there are some glaring issues. For 20 / 30
. a start, maximum brightnessis a piddling 209 Conclusion
Maximumrefreshrate T T T T T T T e
144Hz (165Hz overclocked) nitsinits default high colour gamut modes, The Philips 242E1GAJ gets alotright GAMING
e T while colour balance is poor (the 6,500K withits very low price, ample feature 10 / 3 0
4ms (Ims MPRT) colour temperature mode measured 7,383K) setandstylishdesign.ltsimagequality ...
Stated contrastratio resultinginacold, blue/greentinge to the is okay too, especially if you covet the FEATURES
35001 image, making this display a poor choice for high contrast of VA-type LCD panels. 15 / 20
Active sync
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SUBSCRIPTION /OFFER

[LIHCHILLBLAST AERO
RGB GAMING MOUSE

WITH A 12-MONTH SUBSCRIPTION TO CUSTOM PC

SPEC
« SensorPixArt PAW3327DB

« DPllevels800,1,600,2,400,3,200,4,800 and 6,200
= Switches Huano (10-million click lifetime)

e RGB lighting 11 modes switchable

« Software programmable Supports macro for all buttons
« Pollingrate 125,250, 500 and 1000Hz switchable

e Tracking speed 220 inches per second

e Acceleration30G

e Weight72g

e Ascended cord Light and flexible
 Dimensions (mm) 67 x128 x 38 (W xD x H)

Our generous pals at Chillblast are kindly offering an award- The PixArt PAW3327DB sensor allows for high DPI levels,
winning Aero RGB gaming mouse (see Issue 208, p33) to while the all-Huano switches provide longevity and a tactile
anyone who takes out a 12-month UK subscription to Custom click response. Chillblast’s braided, ascended cord also means
PCmagazine. you're never impeded by the cable, while support for horizontal

Designed in Poole, Dorset, by Chillblast's team of gaming acceleration of up to 30G means even professional esports
experts, the Aero RGB is designed for competitive gaming. Its players will never overwhelm its tracking hardware.
honeycomb mesh design retains incredible strength, while A plethora of customisation also awaits in the software,
allowing ventilation to keep your palm cool and fresh. where you can program sensitivity, polling rate, recordable
Meanwhile, its carefully optimised 72g weight s ideal for macros and RGB lighting effects. The Aero RGB is an awesome
gamers who want the fastest possible reaction times. weapon for your favourite MOBA, FPS or strategy title.

SUBSCRIBE TODAY!

£45 for 12 months - UK ONLY use code cPcMoUSE
JJ 01293 312182 R custompc.co.uk/chillblast

Mouse will be delivered within 28 days of signing up for subscription. Limited quantities available. This subscription gift will be awarded on a first come first served basis.
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/MONITORS

34IN GAMING MONITOR

COOLERMASTER
G M34_C\/\/ / £549 incvar

MASTERY

Vibrant colours and
great contrast

Large curved screen

Decentresolution

MYSTERY

= Middlingrefresh
rate ability

= Missingfeatures

= |rritating OSD

SPEC

Screensize
34in

ooler Masteris best known for making cases and
. coolers, butthe GM34-CWisiits first gaming

monitor, which makes a bigimpression with a
curved, widescreen design. The 34in panelhas aresolution
of 3,440 x 1,440 and an aspectratio of 21:9, whichmeans
racing and shooting titles benefit from the broad field of
view, and the 1500R curve provesimmersive rather than
overwhelming. The size and resolution match those of the
LG UltraGear 34GN850, whichis our current favourite 34in
widescreen gaming panel.

There are few surprises ontheinside - the GM34-CW
uses a10-bit VA panel with a 144Hz refresh rate and ITms
response time. It also supports AMD FreeSync and offers
compatibility with Nvidia G-Sync, eliminating tearing artefacts
by synchronising the refresh rate with the framerate from
your graphics card.

Onthe outside, the slim bezels and sleek base impress,
andbuild quality is decent. However, the rear lighting is only
available in purple and the stand's extra screws meanit's
tricky to assemble. It offers height, tilt and swivel adjustment,
but movement feels stiff, and the GM34-CW supports 75mm

VESA mounts rather than 100mm mounting.

Meanwhile, there are pairs of DisplayPort
and HDMI connections, but neither HDMI
port canrun atthe display’s peak refresh

Resolution
3,440x1,440

rate. There are no USB ports either,and the
on-screendisplay is disappointing — the menu

Panel technology
VA

is slow and the buttons are stiff. That said, the

Maximum refreshrate

144Hz

more expensive LGisn'tmuch betterin these
respects — whileithas USB ports, ithas weaker

Response time
Tms

ergonomics and no lighting.
Ontheplus side, the Cooler Master’s panel

Contrast delivers big, bold colours. ltrendered 99.4
e per centof the SRGB gamut at 144.6 per cent
Active sync :

AMD FreeSync2 and Nvidia volume, with 91.2 per cent coverage and

G-Sync compatible

102.4 per cent volumein the DCI-P3 gamut.

Display inputs

2 xDisplayPort1.4,1x

HDMI2,1x HDMI 1.4

Combine these results with the acceptable
delta E of 3.01and the colour temperature of
6,223K and you've got a screen thatrenders

Audio
Headphonejack

almost every shade needed for gaming with

Stand adjustment
Height, pivot, tilt

huge punch - colours leap from the screen and
almost look oversaturated.

Extras

The brightness and black point results of

75x75mm VESA mount 390cd/m?and 0.12cd/m? deliver contrast of
HDR standard 3,250:1, which creates tremendous depth.
DisplayHDR 400

Those figuresimprove allittlein HDR mode,

so there’s anoticeable boost to colour and contrast, although
the lack of sophisticated dimming means there's not
much nuance.

Meanwhile, the 144Hz refresh rate delivered smooth
gamingin fasttitles, and the solid response time means you
canplay mainstream esports games here. The LGis alittle
quicker, but you'llneed to step up to a240Hz refreshrate for
meaningfulimprovement.

There are some areas where the Cooler Masteris less
impressive. Its motion blur reductionis poor, with excessive
ghosting. The off-centre viewing angles aren't great and
there's alittle backlight bleed. However, these issues aren’t
ruinous for most gamers. The more expensive LG is faster
and has similar colour coverage alongside better delta E and
temperature figures. That product uses an IPS display, so it
loses vibrancy but has more natural colour reproduction.

Conclusion
The Cooler Master doesn'thave much

inthe way of extra features, and you IMAGE QUALITY
can get better options for super-fast 28/30
esports, butitdoes offeravibrantimage "
andalarge,immersive widescreen GAMING
display for mainstream gaming at a low 27 / 30
price. At£549inc VAT itseasytoforgive .. ...
some of its shortcomings, making this FEATURES

asolid optionif you're looking for abig,
bold andimmersive display.
MIKE JENNINGS

14/20

VERDICT

Bold colours, huge contrast and
a sweeping design make this an
affordable and effective option
for immersive gaming.
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/LAPTOPS

GAMING LAPTOP

ALIENWARE
M1/ R4 /£3,499 v

lienware’s laptops have had some of the boldest
. designs around, and the fourth iteration of the

m17 continues that tradition. This white model
pairs its bright finish with black accents, hexagonal air vents
and loads of RGB LEDs. The m17 looks superb, andit's

availablein an all-black shade if the white is too bright.
Asusual, Alienware also deploys high-endinternals. This

SPEC

CPU
2.4GHz Intel Core i9-10980HK

Memory
32GB2933MHz DDR4

Graphics
Nvidia GeForce RTX
3080 Laptop 16GB

Screen
17.3in1,920 x 1,080 IPS 360Hz

Storage

Networking
Dual-band 802.11ax Wi-Fi,

3xUSB3.2Gen1,1x Thunderbolt 3/
USB Type-C, 1x audio, 1x HDMI, 1x
mini-DisplayPort, 1x micro-SD slot

Dimensions (mm)
400%294x22 (W xDxH)

Operating system
Windows 10 Home 64-bit

Warranty
One year parts and labour
returnto base

machine contains Nvidia's GeForce RTX
3080 laptop GPU, which uses a mighty
16GB of memory. It runs witha 165W TDP
in this laptop, whichis as high as this core
can go and higher than most laptops with
this GPU. It's no surprise that the RTX
3080 s unfettered here - it has to output
toa360Hz display.

Meanwhile, the 8-core Intel Core
i9-10980HK has base and boost speeds
of 2.4GHz and 5.3GHz, and the rest of the
specincludes 32GB of memory anda1TB
(2 x 512GB) Micron NVMe SSD RAID O
array. Network connections are also solid,
with support for dual-band Wi-Fi 6 and
2.5Gbps Ethernet.

The Alienware's swaggering attitude
continues elsewhere. It measures
400mm wide, 22mm thick and weighs
2.97kg, and it has great build quality.
Around the edges you'll find three USB
3.2 Gen1ports and a Thunderbolt 3/USB
Type-Cport. There's also amicro-SD
slot and mini-DisplayPort output, and
its upgraded HDMI 2.1 output supports
8K displays.

In some areas, though, this year's m17 remains
unchanged from last year's machine. The keyboard retains
1.7mm of travel, n-key rollover, anumberpad and quartet of
macro keys, and its buttons are fast and solid - it's the best
chiclet option for gaming. Just over the horizon, though, is a
better alternative: if you're willing to pay £100 more, you'll
getamechanical keyboard that uses Cherry’s new MX Ultra
Low switches. The trackpadis fine for casual gaming thanks
toits crisp buttons, but a USB mouse is always better.

The spec we've reviewed is one of the priciest models
available, but cheaper models are available with Corei7
CPUs, RTX 3070 GPUs and 144Hz displays. At the time of
writing, though, these machines still cost at least £2,599
inc VAT, with supply issues putting cheaper RTX 3060
specifications out of reach.

Performance

The high-end RTX 3080 delivers amazing mobile gaming
pace.In Doom Eternal, its 99th percentile minimum of
199fps was bolstered by a 306fps average, which bodes
well for making the most of the 360Hz display in esports
titles. In Cyberpunk 2077, its 99th percentile hit 63fps, and
it proved playable in Metro Exodus with ray tracing. This is
avery capable mobile GPU, and you can even get a couple
of extra frames per second if you deploy the Alienware
Command Center’s overclocked mode.

Games look fantastic on the display too, with G-Sync at
360Hz running smoothly in fast-paced titles. The contrast
ratio of 1,391:1is great for an IPS display and ensures punchy
colours, and the black level of 0.23cd/m?is solid and helps
to create nuance and depthin darker areas. A delta E of
1.28 and a colour temperature of 6,445K deliver accurate
colours, and a 97.8 per cent sSRGB colour gamut ratio
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¢08373 208,036

SYSTEM
SCORE

HEAVY MULTI-
TASKING

A

046,304 36,760

GIMP IMAGE
EDITING

HANDBRAKE H.264
VIDEO ENCODING

DOOM ETERNAL
1,920 x 1,080, Vulkan, Ultra Nightmare settings
306fps

Alienware m17 R4 199fps

ASSASSIN'S CREED VALHALLA
1,920 x 1,080, Ultra High settings, High anti-aliasing

Alienware m17 R4 Sifps 73fps

CYBERPUNK 2077
1,920 x 1,080, Ultra preset, no ray tracing

Alienware m17 R4 63fps 77fps

METRO EXODUS
1,920 x 1,080, Ultra settings, High RT, PhysX off, HairWorks off

Alienware m17 R4 41fps 71fps

99th percentile Average

means this panel can produce virtually every shade that
mainstream games need. It's a brilliant screen for gaming
and movie watching.

The processoris rapid too. Its overall RealBench score
0f 208,379 rose to 217,997 with the overclocked mode
engaged, and that's enough power to handle photo and
video editing, content creation and multi-tasking. It's
significantly quicker than the Core i7-10875H usedin
plenty of rivals.

These high-end internals contribute to inconsistent
thermal performance though. When gaming, the m17is no
louder than other high-end laptops, soit's easy to tune out
the noise with a headset. It was quieter during our usual
benchmarks too. The CPU hitatoasty delta T of 77°Cina
tough stress test, butit did also achieveits all-core Turbo
speed of 4.3GHz, so the cooling system clearly works well.

Unfortunately, though, hot air ejects from the machine’s
side vents, and the base and area around the keyboard
both became uncomfortably hot. You're unlikely to touch
these areas when you're at a desk, and theseissues aren't
unigue to the m17, but you won't want it running at full pelt
onvyourlap.

Also, while the CPU is fast and capable, AMD's Ryzen
9 5900HX s faster, especially in heavily multi-threaded
software such as Handbrake. It's readily sold in laptops
alongside the RTX 3080, usually at a cheaper price than
this. Intel's new H-series 11th-gen chips have also just been
announced, and it will be worth waiting to see if Alienware
plans to upgrade the m17 to the new Corei9-11980HK.

There are a couple of other areas where the Alienware
doesn't quite deliver as well. The dual-SSD RAID array
only delivered read and write speeds of 3,272MB/sec and
2,348MB/sec. These are satisfactory results that won't
slow the laptop, but the RAID configuration used here has
no data redundancy andit's no faster than a middling, solo
drive. Don't expect much from the speakers either, which
are surprisingly tinny.

Not surprisingly, there's not much battery life here
either. The m17 lasted forjust over an hour while gaming,
90 minutes in a challenging work test and two hours
when playing video. As ever, this big beast is best when
it's connected to the mains.

Conclusion

Alienware’'s m17 R4 has big advantages. Atits core, it
delivers sensational gaming speed, a brilliant 360Hz
display, and abold, robust chassis and keyboard. Those
factors make it a superb option for high-end, high-quality
gaming with a great design. It's expensive and hot-running,
though, andit's not slim or light either. We'd also question
the choice of CPU and SSD hardware at this price, but
there’'s no question that the spec still adds up to a great
gaming machineif you don't mind it getting hot.

MIKE JENNINGS

VERDICT
A bold, fast gaming option, although it's pricey and gets hot.

OTHERWORLDLY

Greatgaming
power

Fantastic 360Hz
screen

Eye-catching
design

Solid connection
options and
ergonomics

NORMALITY

AMD CPUs
arefaster

Poor battery life

Mixed thermal
performance

Expensive

PERFORMANCE

23/25

DESIGN

22/25

HARDWARE

22/25




/PC SYSTEMS

MINI-ITX GAMING PC

CHILLBLAST FUSION
DIABLO /£1,949 nevar

hillblast's Fusion Diablo packs an
impressive amount of hardware
inside a compactand good-

looking enclosure.

SPEC Indeed, the NZXT H210

CPU is one of the star

3.7GHz AMD Ryzen 5 5600X components in this all-AMD

Motherboard rig. The H210 measures just 349mm tall

Gigabyte B5501 Aorus Pro AX and273mmdeep, soit's farsmallerthan  to reach without removing other components, and there's no

Memory e ) I )

SR AT BT ahv mld towerATX case, |’nclud|ngthe room fora lalfgergraphlcs card. .

3200MHz DDR4 Lian Liused by this month’s CyberPower Happily, this small system already deploys solid hardware.

Graphics (seep36). The Sapphire Radeon RX 6700 XT card runs at stock speed,

Sapphire Radeon RX 6700 XT 12GB The tiny dimensions make itideal for butit's still equipped with 2,560 stream processors and

Storage compact spaces and frequent travel, and 40 AMD Ray Accelerators, using AMD's latest RDNA2

1TB Samsung 980 ProM.2S5SD its matt black metal finishand red accents  architecture. Meanwhile, the AMD Ryzen 5 5600X CPU

Networking look superb. The tempered glass side has six cores and boosts up to 4.6GHz. It's a step back from

2.5Gbps Ethernet, dual-band : ) . ]

802.11ax Wi-Fi, Bluetooth 5 panelreveals that the graphics card and the 8-core 5800X inthe CyberPower, but six cores are fine

Case cable cover maintain the attractive colour ~ forgaming.

NZXT H210 scheme, and the waterblock unit onthe Chillblast complements those components with great

Cooling NZXT Kraken X53 cooler combines an hardware elsewhere. This righas 32GB of DDR4 memory,

sz;UINZ:(Tngené(SgévithzfX RGB LED ring with amirror for an extra a1TB PCI-E 4 Samsung 980 Pro SSD and an NZXT C750
mm fans; GPU: 2 x 90mm fans; . . . .

roof:1x 120mm; rear-1x 120mm fan eye-catchinglight effect. power supply with a fully modular design and 80 Plus Gold

pSU The H210 combines good looks with certification. The only missing feature is a secondary hard

NZXT C750 750W robust build quality, andit also comes disk, but that's not a worry if you already use a NAS box.

Ports with a USB Type-C connector, three The Gigabyte B550I Aorus Pro AX motherboard has

Front:1xUSB3.2Gen1,1x USB 2.5in drive mounts and neat cabling plenty to admire too. It has 2.5Cbps Ethernet, dual-band

3.2Gen1Type-C, 1x audio; rear: 1 ; ) : - :

XUSB32Gen2, 1x USB3.2 Gen2 throughout Chlllb_lastsbund 802.Tax Wi-Fiand ALC1220 audio. Therear|/0 panel also

Type-C, 4x USB3.2 Gen 1,3 x audio The compact size does mean has USB 3.2 Gen 2 Type-A and Type-C ports, and the board

Operating system limitations though. The installation of looks good thanks to brushed metal heatsinks and RGB

Microsoft Windows 10 Home 64-bit the Kraken coolerinthe front makes it LEDs. However, bear in mind that the mini-ITX design means

Warranty impossible to use the single 3.5in drive there are no extramemory slots or PCI-E slots.

Two years parts and labour collect mount, for example, and around the front Finally, Chillblast protects this PC with a five year labour

andreturn, followed by three the case is neat, but cramped - many warranty alongside two years of collect and return service

ears labour only returnto base : . ,
v v areas of the motherboard are impossible and parts coverage. It's an excellent deal.


http://chillblast.com

DEVILISH SAINTLY

Greatmainstream = GPUfalls behind
gaming speed overclocked models

Impressive components = More multi-threaded CPU

and connection options ability available elsewhere

Good-looking, small case = Limited upgrade options

Generous warranty = More expensive than ATXrivals
Performance

The Chillblast's 6-core AMD processoris a solid mainstream

option. Its single-threaded image editing score of 70,362

isn't far behind the 8-core chipin the CyberPower and beats

the Corei5-11600K, and its Handbrake result of 542,885

snuck ahead of the Intel chip while falling behind the 5800X.
The 5600X's overall result of 231,160 follows the same

pattern:just ahead of Intel and further behind the 5800X.
This CPU has the power to handle mainstream content

creation, andit's capable of tackling everyday multi-tasking
and gaming without bottlenecks. The Samsung SSD bolsters

the Chillblast with stunning read and write speeds of
7,121MB/sec and 5,185MB/secin CrystalDiskMark.

Meanwhile, the Radeon RX 6700 XT delivers solid gaming

performance. At1,920 x 1,080, it returned 99th percentile
minimums of above 60fpsin all our single-player titles

withoutray tracing. It didn't struggle at 2,560 x 1,440 either,

with playable scores in most benchmarks.

Itonly faltered in challenging ray-traced scenarios,
andthat's because AMD’s GPUs lack ray-tracing power
compared with Nvidia's equivalent Ampere GPUs, and
AMD also doesn't have an equivalent of DLSS to help.
It's solid mainstream gaming performance, although
the CyberPower's GPU overclock made thatmachine
slightly quicker.

Amazingly for such a small machine, its internal
temperatures are fine andits noise levels are superbly

quiet. Whenidle and gaming, the noise output is extremely
quiet, andif it's underneath a desk; it just won't be noticeable.
[t wasjust as quiet during work tests too, and only produced

alittle extra noise during a full-system stress test.

::: DOOMETERNAL
H 1,920 x 1,080, Vulkan, Ultra Nightmare settings

Chillblast Fusion Diablo 223ffps 341fps

2,560 x 1,440, Vulkan, Ultra Nightmare settings

Chillblast Fusion Diablo 164fps 259fps

i1 ASSASSIN'S CREED VALHALLA

1,920 x 1,080, Ultra High settings, High AA

Chillblast Fusion Diablo 68fps 93fps

2,560 x 1,440, Ultra High settings, High AA

Chillblast Fusion Diablo 55fps 72fps

CYBERPUNK 2077
1,920 x 1,080, Ultra preset, no ray tracing

Chillblast Fusion Diablo B63fps 79fps

2,560 x 1,440, Ultra preset, no ray tracing

Chillblast Fusion Diablo 44fps  Sifps

METRO EXODUS
1,920 x 1,080, Ultra, HairWorks off, Advanced PhysX off, High RT

Chillblast Fusion Diablo 37fps 56fps

2,560 x 1,440, Ultra, HairWorks off, Advanced PhysX off, High RT

Chillblast Fusion Diablo 28fps 39fps

93th Percentile Average

Conclusion

This Chillblast Fusion Diablo might share its Radeon RX

6700 XT GPU with the CyberPower, but these systems

are otherwise quite different. Positively, the Chillblast has

a sleeker, compact design, twice as much memory, alarger,

faster SSD, a superior PSU and quieter performance.
Negatively, the CyberPower's 8-core chip makes it faster

in heavily multi-threaded software, andit's also £200

cheaper, butif gamingis your top priority then those two

extra cores don't gain you much benefit anyway. If you want

apotent, well-built minigaming rig amid the current GPU

shortage, the Chillblast Fusion Diablois a small, quietand

well-balanced machine, if a bit overpriced.

MIKE JENNINGS

VERDICT

Compact, quiet and fitted with good components,
although it's not necessarily the fastest hardware
available for the price.

BENCHMARK RESULTS:

A

10,362

GIMP IMAGE
EDITING

042,885

HANDBRAKE H.264
VIDEO ENCODING

HEAVY MULTI-
TASKING

241,160

SYSTEM
SCORE

PERFORMANCE

21/25

DESIGN

22/25

22/25
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AMD B550 GAMING PC

CYBERPOWER ULTRA
RS/ ELITE /£1,799 wevar

AMD components amid ongoing component

. oth of this month’s review systems rely on

shortages, and this CyberPower machine
undercuts Chillblast's minimachine. That's quite
impressive when you consider the components on
show. The R57 Elite deploys aRyzen 7 5800X
processor, with eight multi-threaded Zen 3 cores
clocked atbase and peak boost speeds of 3.8GHz
and 4.7GHz respectively.

Meanwhile, the MSIRadeon RX 6700 XT graphics
card has a slight overclock - its original boost speed
of 258TMHz now sits at 2622MHz. It can handle
ray tracing thanks to 40 AMD Ray Accelerators,
butthere’s no equivalent of DLSS, and this GPU's
ray-tracing performance can't match the equivalent
competition from Nvidia. It's still a decent gaming GPU,

SPEC

CPU
3.8GHz AMD Ryzen 9 5800X

Motherboard
MSIB550M PRO-VDH

16GB Corsair Vengeance
LPX3200MHz DDR4

Graphics
MSIRadeon RX 6700 XT 12GB

500GB WD Blue SN550 M.2 SSD;
2TB Seagate Barracuda hard drive

Networking
Gigabit Ethernet, single-
band 802.11n Wi-Fi

Cooling

CPU: Cooler Master MasterLiquid
Lite 240 with2 x 120mm fans;
GPU: 2 x 90mm fans; front: 2 x
200mmfans;rear: 1x 120mm fan

Front:2xUSB 3.2 Gen1,1x
audio; rear: 4xUSB3.2Gen 1,2
x USB2,1xPS/2, 3 x audio

Operating system
Microsoft Windows 10 Home 64-bit

Warranty

Five years labour with two years parts

and six months collect and return

however, especially amid the current
stock shortage.

Therest of the specificationis less
noteworthy. There's 16GB of memory
anda500GB WD Blue SN550 PCI-E 3
SSD alongside a 2TB hard disk. The Corsair
CX750m PSU also only offers 80 Plus
Bronze certification and a semi-modular
design. Comparatively, the Chillblast
serves up double the memory, a1TB PCI-E
4 Samsung SSD and a fully modular PSU.

All the CyberPower's components
pluginto an MSIB550M PRO-VDH
motherboard, whichis generally
underwhelming. Ithas a couple of extra
DIMM slots, but expansionis limited
elsewhere —the micro-ATX design means
you only get two additional 1x PCI-E slots,
one of whichis used for ameagre single-
band 802.11n Wi-Fi card, while the otheris
covered by the massive graphics card.

This board has entry-level audio and
networking as well, and attherearit only
has USB 3.2 Gen 1ports rather than faster
standards, and there’s no Type-C port.
Thisis all adequate for most people’s
needs, but the board does limit this
PC's potential.

It's allhousedin a conventional Lian Li
LanCool 215 mid-tower chassis, soit's far

larger than the Chillblast. It looks bolder too - at the front, its
two 200mm intake fans glow with RGB LEDs through the
mesh panel. The top has abutton for altering the lights, but
again there’s no USB Type-C connection.

The interior looks plainer than the neat Chillblast, and its
build quality isn't quite as impressive, but this larger case
has several practical advantages. It's far more spacious, for
starters. You can reach more of the motherboard, and the
roof-mounted Cooler Master MasterLiquid Lite 240 cooler
doesn'timpede any other area of the build. Around the rear
there are two 2.5in bays and an accessible 3.5in mount as
wellas afanhub.

Finally, CyberPower’s standard five year labour warranty
includes six months of collect and return service and two
years of the all-important parts coverage. That's a good deal,
although the Chillblast offers the same labour and parts
coverage alongside two years of collect andreturn service.

Performance

The Radeon RX 6700 XT's overclock helped this systemto
deliver a small advantage over the Chillblastin games. This
card can comfortably play games at 1080p, including triple-A
titles at frame rates beyond 60fps and esports games at the
speeds needed for high refresh-rate displays — at 1080p, it
delivered 99th percentile minimums of 66fps in Cyberpunk
2077 and 228fpsinDoom Eternal.

It played most games smoothly at 2,560 x 1,440 too - it
only faltered when tasked with running Metro Exodus with
ray tracing. We solved that problem by deactivating that
setting and watchingits 99th percentile resultimprove


http://cyberpowersystem.co.uk

i BENCHMARK RESULTS

14,360 746,032

GIMP IMAGE HANDBRAKE H.264
EDITING VIDEO ENCODING

PN N

ddd2dl 244,91

HEAVY MULTI- SYSTEM
TASKING SCORE

DOOM ETERNAL
1,920 x 1,080, Vulkan, Ultra Nightmare settings

CyberPower Ultra R57 Elite 228fps 351fps -

2,560 x 1,440, Vulkan, Ultra Nightmare settings

CyberPower Ultra R57 Elite 168fps 260fps

ASSASSIN'S CREED VALHALLA
1,920 x 1,080, Ultra High settings, High AA

CyberPower Ultra R57 Elite B69fps 94fps

2,560 x 1,440, Ultra High settings, High AA

CyberPower Ultra R57 Elite 55fps 73fps

CYBERPUNK 2077
1,920 x 1,080, Ultra preset, no ray tracing

CyberPower Ultra R57 Elite 66fps 82fps

2,560 x 1,440, Ultra preset, no ray tracing

CyberPower Ultra R57 Elite 46fps 53fps

METRO EXODUS
1,920 x 1,080, Ultra, HairWorks off, Advanced PhysX off, High RT

CyberPower Ultra R57 Elite 39fps 59fps

2,560 x 1,440, Ultra, HairWorks off, Advanced PhysX off, High RT

CyberPower Ultra R57 Elite 29fps 40fps

99th Percentile Average

from29fps to 46fps. The comparatively poor ray-tracing
performance and lack of aDLSS equivalentis this GPU's
only real weakness - it's generally faster than the GeForce
RTX3060Ti.

Meanwhile, the 8-core Ryzen chip is comfortably quicker
than the 6-core CPU inside the Chillblast. Its Handbrake
resultof 746,032 is around 200,000 points ahead, which
shows the advantage of two extra cores in heavily multi-
threaded software, andits overall result of 294,391is more

than 60,000 points beyond the 6-core chip. The Ryzen7

5800X s a productivity and content-creation powerhouse.
The PCI-E3SSD's read and write results of 3,40IMB/

secand2,703MB/sec are reasonable too, and help the

CyberPower infile transfers. Thisis an area where the ELITE
Chillblast wins, though, with a far faster Samsung drive. Solid gaming
CyberPower's machineis alittle underwhelmingin performance
thermaltests too. Its internal temperatures are fine, and Superb 8-
core CPU

its all-core boost speed sat between 4. 5GHz and 4.6 GHz
during tough work benchmarks — an excellentresult. The
fannoiseis consistently audible duringidle workloads and
gaming, though, andit's alittle noisier whenit's working hard

Reasonable price

DEFEAT
too. Speakers or aheadset will easily deal with thisissuein = Underwhelming
games, but this PCisn't quiet. motherboard

= Semi-modular
Conclusion PSU

This CyberPower systemis noticeably noisy and it falters
in other areas: its motherboard and connection options are

= Relatively noisy

merely adequate, and while the case offers reasonable PERFORMANCE
upgrade room, it's not particularly flashy. In benchmarks, 23/25
though, thisrig shines. Its processor offers fantasticmultti- ~ ~ "~ "
threaded performance, and the GPU is great for 1080p and DESIGN
2,560 x 1,440 gaming without ray tracing. 20/25
If getting the best performance foryourmoneyisyourtop ...
priority over sleek design and next-gen connection options, HARDWARE

this machine offers an affordable and effective way to get
your hands on a solid chunk of computing power. It's allittle
rough around the edges though.

MIKE JENNINGS

18/25

VERDICT

Great performance for a decent price in the current climate,
but the motherboard is underwhelming and this PC is also
a bit noisy.
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Phil Hartup checks out the latest gadgets, gizmos and geek toys

COOLENATORDRINK COOLER /£14.95 incvar

The Coolenatoris a device for keeping drinks
cold, providing an alternative on hot days to
chugging drinks before they startto warmup, or
watering them down withice. The Coolenator
looks simple enough - it's aplastic-covered
Styrofoam cup around a central aluminium core,
butthe cleverbitis the gel pack underneath the
aluminium. To prepare the Coolenator, you leave
itin a freezerfor afew hours and the gel packin
the bottom retains that coldness for around four
hours once you takeit out.

TSUNNEE ARMRESTS

/ £14.29 incvat

The TsunNee Armrests are a pair of soft memory foam pads

designed to attach onto the armrests of chairs, either because the

original rests aren't comfortable or because they've worn out, been

picked at by children, pets or anxious players, or disintegrated by

experimental lasers - the fates that typically befall a gaming chair.
Each armrest has two Velcro straps and there’s no particular

puzzle about theirinstallation. Depending on the shape of the

existing armrest, you place the TsunNee on top and attachit as best

as possible with the straps. The pads are very comfortable, and

thick enough that you might want

to lower the arms on your chair

to accommodate them. If you

want to make

alumpy chaira

comfy chairor

extend the life of

afading favourite,

the TsunNee

Armrests do

thejob.

Cushion Armrest

In practice, the Coolenatorisn't potent enough to chill a drink
fromroom temperature in areasonable time frame, but if you
drop acold330ml caninthere, orevena500mlbeer can, it
can definitely maintain that chill for long enough that the bigger
problem becomes the drink goingflat.

One very noticeable effect of using the Coolenator is that
your drink might well be colder by the time you getto the
bottom of the can. This can take some gettingused to but it
certainly isn'tunpleasant.

Cold feet Cold drink

ENDCAME GEARMBI
MOUSE BUNGEE/ £13.99 incvar

The Endgame Gear MB1is a mouse bungee that shows an
appreciable dedication to therole. It's not a USB hub withanarmon
top, andit's not the centre of a light show with a convenient groove
alongthe back for a cable. It simply takes your mouse cable and lifts it
out of the way, so you can play games unimpeded.
The MB1is a weighty lump on your desktop, which
is exactly as it should be, with a springy metal
armon top. This arm can be retractedin
order to provide what's ostensibly
anadjustable length, butit doesn't
hold the selected length well,
and really works best simply
to allow the MB1to retract
into amore mobile shape
fortransport.
Despite this, the
MBT1handles the
role of abasic
mouse bungee
really well.

Grungy Bungee


http://amazon.co.uk
http://amazon.co.uk
http://overclockers.co.uk

ENDCAME GEARMPCT200 /£49.99 incvar

With formidable dimensions of 60 x 120cm, the Endgame Gear MPC1200
operates as asort of universal desktop gaming surface - you run your
mouse onit, your keyboard onitand you canhave alittle nap onitif you
want. It's everywhere youwantto be - it's vast. Althoughit's designedto
sitmore towards the middle of the desk than aregular mousepad that
goes off to the side, the MPC1200 still affords acres of space foramouse
onalow sensitivity settingtoroam atleisure.

The surface of the padis made of an optical sensor-friendly fabric
called Cordura, which feels comfortable and responsive, and the
underside of the padis rubberised for grip. The MPC1200 s also relatively
thin at 3mm, which helpsitto avoid feeling squashy orintrusive. It's very
light, but the sheer amount of area on the desk gives it enough tractionto
stay put. A very good acreage of desktop upholstery.

Bath mat Magic carpet

SAMSUNG CALAXY
SMARTTAG/£19.99 incvar

The Samsung Galaxy SmartTagis a chunky little tag with a big button
—itfits neatly on akey ring, pet collar or really any object that can
attachto theloop onits corner. What makes the SmartTag different
from many similar devices is that the softwareis in-depth at the
phone-end, while the device itselfis relatively simple.

The SmartTag uses Bluetooth Low Energy 5 to connect to your
phone for setup, but after thatit can use the Galaxy Find network
to letyouknow its location, so it won't go dark as soon asit's out of
range of your phone. The Bluetooth range onthe SmartTagis ideally
up to 120m, although obstacles and conditions will affect this range.

Meanwhile, the SmartThings app s very easy to use — evenif
you have multiple SmartTags, each one can be labelled and the last
known location of each one will be displayed on a map. Once you're
closetoa SmartTag, the app helps you to search for it by either using
the signal strength from the tag, which lets you know if you're getting
closer, or by using an alarm. Having an alternative to an audible alarm
for searching for the tagis a particularly useful feature.

You can also use the SmartThings app to make use of the button
onthetag, eitherto press and let go or press and hold, so it can act

as aBluetooth remoteinits own right for other connected devices.
The 3V lithium battery is expected to last for around 300 days
depending onuse, and it can be replaced with a little tinkering but
it's notrechargeable. The practical usefulness of the SmartTagis
subjective, particularly with its range limited to Bluetooth, butif you
often find yourself needing to ransack the house to find your keys,
the SmartTagis a great addition for under £20.

Finding

Seen something worthy of appearing in Custom Kit? Send your suggestions to [E phil.hartup@gmail.com
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LABS TEST / PCI-E SOLID STATE DRIVES

SpeecF sticks

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

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

Antony Leather takes alook at arange of PCI-E 3 and PCI-E
4 SSDs to see which models are worth your cash

How we test

hile PCI-E 4 supportis now present on both AMD and Intel's
. latest chipsets, is it worth spending more on the latest SSDs

that offer speeds up to 7,000MB/sec, or do cheaper ones
represent better value and ultimately better buys? This month we're

looking to answer that question. In addition to our SSD feature on p90,

we've tested eight SSDs from popular PCI-E 3 models to the latest
PCI-E 4 drives, to find the benefits and identify any sweet spots.
We've used an MSIMEG Z590 Ace and Intel Core i5-11600K in
our test system to allow PCI-E 4 SSDs to stretch their legs, although
many Z490 motherboards also support PCI-E 4 as long as they're

Contents

> ADATA XPG GAMMIX S50 Lite /p43

> ADATA XPG GAMMIX S70Blade / p44
> CorsairMP600Pro /p45

> Gigabyte Aorus Gen4 7000s / p46

> Samsung9801TB / p47/

42

paired with Intel 11th-gen CPUs. We've conducted some real-
world tests in our feature, but for this Labs test we're concentrating
onraw benchmark speed. We've run a battery of tests using
CrystalDiskMark and AS-SSD, as well as carrying out thermal tests
to check for throttling.

We test a variety of read and write scenarios, including sequential
and random tests, and we also measure the IOPS in AS-SSD. Whether
you're looking to upgrade from a SATA SSD to a simple speedier drive,
or if you want to shunt around files at 7,000MB/sec, you'll find the
drive for you over the next few pages.

> Samsung 980 Pro / p48
> WDBIlack SN850 / p49
> WD BIlue SN550 /p50
> Results graphs / p51



ADATA XPGC GAMMIX
S50 LITE/ £119 (wm)incvar. £241 oB)incvar

ffering 2TB of speedy storage for
. under £250inc VAT, and 1TB for

under £120, the ADATA XPG
GAMMIX S50 Liteis certainly an SSD that

should be onyourradarif you're looking tojump

onthe PCI-E 4 bandwagon for as little money
as possible. However, it doesn't offermuch of a
performance benefit over the fastest PCI-E 3
SSDs, suchas WD's SN750, which cost around
the same amount of money.

It's significantly cheaper than the latest
PCI-E 4 SSDs, though, most of which retail
foraround £180inc VAT fora1TB module,
comparedtojust £119 here. That said, you'll
save even more cashif you're happy to stick
with a slower PCI-E 3 drive, as the WD Blue
SN550 we've also tested this month only
costs £86 forawhole 1TB of storage.

The XPG GAMMIX S50 Litehas an
impressive endurance rating of 740 terabytes
written (TBW) and a five-year warranty, while
ituses TLC memory and a Silicon Motion
SM2267EN controller. ltuses a cache to
speed up write speeds, which sits at around
300GBinsize onour 2TB sample. This drive
has a formatted capacity of 1,860GB, and
transferring more than thatin one go will
see the maximum write speed fall to below
1000MB/sec, although thisis only going to
be anissue for extremely large file transfers.

The S50 Lite alsoincludes a thin heatsink,
butit wasn't heavy-duty enoughto cope

SPEC
Interface PCI-E 4

Full capacity 2TB

Formatted capacity 1,860GB

Heatsink Yes, slimline

NAND TLC

Controller Silicon Motion SM2267EN

Endurance 740TBW

Warranty Five years

with our five-minute stress test, which
saw the temperature top 75°Cand the
SSD throttling as aresult, with the write
speedfallingtojust600MB/sec.

It's clearly designed to sit under your
motherboard's own M.2 heatsink, though,
and here, the sequential write speed sat
at 3,183MB/sec, even after repeated
benchmarks. Likewise, the sequential read
speedin CrystalDiskMark sat at 3,858MB/
sec, with temperatures staying below 60°C.

Interestingly, the XPG GAMMIX S50 Lite
also produced a decent 4K random 32 queue
depthread speed of 1,842MB/sec, which
was faster than many of the more expensive
SSDs in CrystalDiskMark. That said, the write
testhere saw it fall short of the pricier drives
by over 300MB/sec. The S50 Lite was also
much slower than the fast-paced competition
in AS-SSD'’s default 4K random read test.

Finally, software for this drive is freely
downloadable and easy to use interms of
firmware updates, butit's rather basic.

Conclusion

Aslongas you use it with your motherboard's
M.2 heatsink, the ADATA XPG GAMMIX
S50 Lite offers decent performance forits
low asking price. It's cheaper than many
other PCI-E 4 SSDs, and while the faster
drives outpaceitin many synthetic tests,
that differenceisn’t always tangible inreal-
world use. Its write cacheis large enough
foritto shift a couple of hundred gigabytes
around at full speedtoo, andit also had

SILICON MOTION LOOSE MOTION
Good overall = LatestSSDshave
performance quicker sequential

speeds

Better value than
fastest PCI-E 4 SSDs = Needs athird-party

heatsink
Five-year warranty

= Notmuch fasterthan
bestPCI-E3SSDs

slightly better performance overall than
Samsung's similarly priced PCI-E 3980 SSD.

The only issues are that original PCI-E 4
SSDs based on Phison E16 controllers are
still readily available and slightly faster, with
many including large heatsinks for just £10-
20 more. You canalso get PCI-E 3 SSDs for
alotless money, although WD's £85 SN550
does have significantly lower speeds overall.

Ultimately, the ADATA XPG GAMMIX S50
Lite strikes a good balance of performance
and value. It's cheaper than drives that offer
higher speeds, but ultimately little real-
world benefit, and it still offers a substantial
boost over the likes of the WD SN550.

VERDICT

A good balance of price and performance,
although it's not much faster than PCI-E
3 drives.

PERFORMANCE FEATURES

05 10

OVERALL SCORE
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/ PCI-E SOLID STATE DRIVES

ADATA CAMMIX XPGS/0
BLADE / £340 creymcvar, £157 aryincvar

here's amix of super-fast PCI-E 4
SSDs in this month’ Labs test, and
unlike the lasttime we looked ata

bunch of them, we now have numerous
different controllers being used, rather than
thereliance on Phison controllers. ADATA's
GAMMIX XPG X70 Blade uses an InnoGrit
1G5236 controller, along with TLC memory.

As withmost TLC-based SSDs, it also
has a write cache. Thisis made up of 1GB
of DRAM and around 333GB of pseudo-
SLC cache, where the SSD repurposes TLC
memory, but only writes one bit of data per
memory cell (instead of the usual three with
TLC), speeding up the writing process.

If youfillup the SSD completely, there
won'tbe any memory left for the caching,
so speeds can drop, and write speeds can
fallagainif youfill the cache before that
datahas been offloaded. You're unlikely to
encounter this scenario unless you regularly
shift enormous amounts of files, however.

The GAMMIX XPG S70 Bladeis available
in versions with either alarge heatsink or
athin slimline one, but we recommend
either opting for the former or making use
of your motherboard's M.2 heatsink, as
the slim heatsink failed to prevent the SSD
from throttling after just aminute or two
under loadin our tests. This saw the write
speedfalltojust2,200MB/sec as the SSD
passed 70°C, but fitting the drive with our

SPEC
Interface PCI-E4

Full capacity 1TB

Formatted capacity 953GB

Heatsink Yes, slimline

NAND TLC

Controller InnoGritIG5236

Endurance 740TBW

Warranty Five years

BLADE RUNNER BLADEII
Fast sequential = Notthefastestin
performance alltests

= Slim heatsink couldn't
prevent throttling

Above-average
endurancerating

= WDSN850is
slightly cheaper

Cheaper than other
high-speed SSDs

motherboard's heatsink stopped this throttling
and kept the temperature below 60°C.

The 1TB sample we tested retails for £157
inc VAT, whichis agood deal more thanthe
company’s cheaper GAMMIX XPG X50
Lite, but the S70 Blade did post some very
impressive figures in our synthetic benchmarks.

Itmanaged a sequential read speed
in CrystalDiskMark of 7,01MMB/sec and
write speed of 5,764, with the latter being
the fastest result on test this month.
Bizarrely, though, its 4K 32 queue depth
performance of 1,577MB/sec was slower
than the GAMMIX XPG X50 Lite. However,
the 4K random write test saw it better the
cheaper SSD, but fail to match the likes of
the WD Black SN850, Corsair MP600 Pro
and Gigabyte Aorus Gen4 7000s, which
managed more than 100MB/sec more.

Meanwhile, AS-SSD saw the S70 Blade
match those SSDs in the sequential tests, as
well as the 4K random write test, butit was
fairly slow in the 4K read test with a speed
of just 53MB/sec compared to 78MB/sec
forthe Gigabyte Aorus Gen4 7000s. Again,
the IOPS rating showed a slow performance

inthe 4K read testtoo, at 354,577 versus
504,200 forthe Gigabyte SSD - eventhe
XPG GAMMIX S50 Lite was fasterin this
test. The S70 Blade redeemeditself in the
write test with amore on-parresult.

Conclusion

The GAMMIX XPG S70 Blade had one or
two wobbles in our benchmarks, but the
factremains that overall thisis a very fast
SSD, with mind-bending sequential speeds
that will annihilate big data transfers, as long
as you stay within the write cache limits.

It offers a higher TBW endurance rating
that's higher than that of other SSDs too.

Its biggest trump card, though, is that it
costs around £20 less than the competition
from Corsair and Gigabyte - they doinclude
more effective heatsinks, but that pointis
mootif your motherboard already comes
with decent heatsinks. The only problem for
the S70 Blade s that the faster WD Black
SN850 s similarly equipped and costs a
bitless, makingit ultimately a better buy.

VERDICT
Ridiculously fast in most tests, although the
WD SN850 is a slightly better buy.

PERFORMANCE FEATURES
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CORSAIRMP600PRO
/ £369 em)incvar, £185 (m8)incvar

oththe CorsairMP600 Pro and
. Gigabyte Aorus Gen4 7000s use
the latest version of Phison's SSD

controller - the E18. Thisis uprated over the
original E16 controller usedin the first PCI-E 4
SSDs, which were launched in conjunction
with AMD's X570 chipset a few years ago.

Now, though, these Phison-based drives
have some controller competition, from
Samsung's Elpis, WD's Black G2 and ADATA
withits InnoGrit1G5236. Under the hood,
of course, the SSD is nearidentical to other
SSDs based on the Phison E18, although
Corsair has added some extra swagger with
alarge heatsink, as well as the option of a
waterblock-equipped version, complete with
its owninlet and outlet using G1/4in ports.

The heatsink alone proved to be very
effective on out 1TB sample, though, solving
the throttlingissue that plagued a few
other SSDs this month and allowing you
to show off your SSD. We recorded a peak
temperature of just 51°C, and the base of
the SSD s also thermally attached to the
heatsink. You can, of course, remove the
heatsink and use one that came with your
motherboard, but what's here is more than
up to the task of keeping the MP600 Pro cool
enough to preventit from getting too toasty.

The 2TB version costs £369, while our 1TB
sample will set you back £185. This is similar
tothe near-identical Gigabyte Aorus Gen4

SPEC
Interface PCI-E 4

Full capacity 1B

Formatted capacity 931GB

Heatsink Yes

NAND TLC

Controller Phison PS5018-E18

Endurance 600TBW

Warranty Five years

7000s, which sports a slightly smaller, less
effective heatsink. However, both the WD
Black SN850 and ADATA XPG S70 Blade
offer similar speeds for cheaper prices,
although these drives also rely on you using
athird-party heatsink to deal with the heat.
Depending on conditions andits remaining
storage space, the MP600 Pro offers around
100GB of SLC write cachein additionto a
much smaller DDR4 cache. The SLC cache
totalisn't as big as on the likes of the ADATA
XPGS70, soif you'llbe shuntingmore than
100GB aroundregularly, thisisn't the SSD for
you. Thankfully, the needto do sois likely to
be rare — for most of us, it will simply never
happen. However, the ADATA also trumps
the Corsair withits endurance rating, which
stands at 740TBW as opposed to 600TBW.
Asit's part of the latest PCI-E 4 generation,
not surprisingly, we saw some epic sequential
speeds from the Corsair drive, recording
7,009MB/secread and 5,439MB/sec write
speeds in CrystalDiskMark’s sequential
tests. That said, both the Phison E18 SSDs
suffered from surprisingly low 4K random
read speeds, as did the ADATA XPG S70 Blade.
Only the WD SN850 was able to push
through here, managing a speed of 2,172MB/
sec comparedtojust1,428MB/sec for the
MP600 Pro. The 4K random write speed
of 1,829MB/sec was back on par, though,
and also noticeably faster than the ADATA
XPG S70 Blade. The Corsair traded blows
with the Gigabyte Aorus Gen4 7000s
in AS-SSD, which was slightly aheadin
most tests, while the ADATA XPG S70

E18 EAST17
Excellent sequential = Smallerthanaverage
performance SLCcache
Good 4K random = Notmuchofan
write speeds improvement over
previous generation

Effective heatsink
= Heatsink-less WD
SN850is cheaper

Blade was either similar or slower, being
significantly sointhe 4K randomread test.

Conclusion

We'd pick the CorsairMP600 Pro over the
Gigabyte Aorus Gen4 7000s, thanks toits
slightly lower temperatures, but there’s not
much between them. Foran SSD that can
keepitself cool, the Corsair MP600 Prois
agoodbuy, aslongas you're aware of its
average-sized write cache. However, if your
motherboard has a heatsink, then the better
PCI-E4 SSDtobuyisthe WD SN850 -it'sa
little quicker in some tests andit's cheapertoo.

VERDICT
A speedy SSD that doesn't require a third-
party heatsink to get the most out of it.

PERFORMANCE FEATURES
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GIGABY TE AORUS GEN4 /0005
/ £360 (2TB)incVAT; £184 (1TB)inc VAT

igabyte’s Aorus Gen4 7000sis the
second of two PCI-E 4 SSDs based

on Phison’s E18 controller on test
this month. It's the successor to the original
Aorus NVMe Gen4 SSD, and Gigabyte has
ditched the large copper heatsink of the
original with an aluminium one.

The heatsink also cools the base of the
drive, although the whole contraptionis a
little smaller than Corsair's MP600 Pro.
While both SSDs handled our stress test
without throttling, the Gigabyte Aorus
Gen47000s got quite abit warmer.

The two SSDs are mostly identical
otherwise, using TLC flash memory and a
1GB portion of DDR4 for caching. That'sin
addition to repurposing spare TLC memory
infaster SLC mode for an extended
speedy cache, whichis only afew hundred
gigabytesin size when the drive is empty.

Oncethat's full, you'll see a sizeable
dropin performance, but you'd needto be
shifting around a heck of a lot of data for that
tohappen, and evenif it does, performance
is still going to be far higher than on SATA
SSDs and even some PCI-E3SSDs.

Our 1TB review sample offers similar
performance to the 2TB model, with both
drives priced at £184 and £360 inc VAT
respectively. The only notable exception
is the quoted random read IOPS speed,
where Gigabyte states 350,000 IOPS for
the former, but 650,000 for the latter. The

SPEC
Interface PCI-E4

Full capacity 1TB

Formatted capacity 953GB

Heatsink Yes

NAND TLC

Controller Phison PS5018-E18

Endurance 700TBW

Warranty Five years

GIGRESCHEDULED GIG CANCELLED
Super-fast = 2TBmodelhassome
sequential speeds higher claimed speeds
Effective heatsink = 4Krandomread

slowerthan
Decentendurance competition
rating

= WD SN850is cheaper

sequential write speedis lower at 5,500MB/
sec comparedto 6,850MB/sec too.

The Gigabyte drive does gain a small
advantage over the CorsairMP600 Pro
in write endurance too, with Gigabyte
quoting 700TBW compared to Corsair's
600TBW. Meanwhile, freely downloadable
software provides basicinformation about
the SSD, including health, temperature
and a means to update the firmware,
butthere's notmuch else on offer.

As we expected, the Gigabyte Aorus
Gen47000s wasright up there with the
best of theminterms of sequential speeds,
hitting7,021MB/secread and 5,385MB/
sec write speeds in CrystalDiskMark. The
4K random read speed was lower than we
expected, though, sitting next to the similar
CorsairMP600 Pro at1,425MB/secin
CrystalDiskMark. That's much slower than
the 2,172MB/sec achieved by the WD Black
SN850, with the WD SSD confirming this
resultinthe 4K 64-thread testin AS-SSD too.

The Gigabyte's 4K random write speed
was on parat1,833MB/sec, however,
andthe 4K 64-thread write performance
was higher than the WD SSD's result at
854,124 10PS comparedto 707,595 I0OPS.

Conclusion

The Gigabyte Aorus Gen4 7000sis
good-looking and able to coolitself
effectively without the need for a third-
party or motherboard heatsink.

This not only prevents it from throttling
out of the box, but also allows you to show
it off behind a window without hiding it
under your motherboard's heatsinks.

If you have amotherboard that supports
PCI-E 4 SSDs, the Gigabyte definitely worth
considering, although the fact thatit's nearly
identical to the CorsairMP600 Pro means
you have a choice between the two - and
the Corsair has a superior heatsink.

The only realissue for the Gigabyte Aorus
Gen47000sis the price, especially compared
withthe WD Black SN850, whichis slightly
fasterin some tests and around £30 cheaper,
albeit without a heatsink. If your motherboard
already comes with M.2 heatsinks, the
WD SN850is a slightly better buy.

VERDICT

A well-rounded fast SSD with an effective
heatsink, although the Corsair MP600 Pro
runs a bit cooler.

PERFORMANCE FEATURES
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SAMSUNG 980 1TB/£117 wear

ome of Samsung's older PCI-E 3
SSDs have been among our
favourites over the years and, rather

unexpectedly, the company’s new vanilla 980
drive doesn't offer PCI-E 4 performanceona
budget. Instead, it sticks with the same PCI-E 3
interface as Samsung's 970-series drives.
Only its more expensive sibling, the Samsung

980 Pro, has made the move up to the
speedier PCI-E 4 interface.

Thankfully, with a cost of £117 inc VAT for
1TB of storage space, the 980 is certainly
more wallet-friendly than the £183 inc VAT
demanded by the 980 Pro, with its nearest
competitor being the ADATA XPG GAMMIX
S50 Lite. However, that ADATA drive has
made the move to PCI-E 4,andithas a2TB

option as well. Comparatively, the Samsung

980 range stops at 1TB atthe moment.

Firstly, in an effort to make the 980
as affordable as possible, Samsung has
ditched aDRAM cache andinsteadrelied
onits TurboWrite 2 technology to write
tothe SLC cache. This cacheisalsoa
little smaller than the allocation on some
other SSDs on test this month at 160GB,
although thisis still a lot larger than the
likes of Samsung's 970 Evo Plus.

The ADATA XPG GAMMIX S50 Lite
has abigger SLC cache, forexample, at
least when the drive is empty, andit also
sports DRAM caching, so it could have
alittle more gruntin some areas.

SPEC
Interface PCI-E 3

Full capacity 1B

Formatted capacity 931GB

Heatsink Thin copper strip

NAND TLC

Controller Samsung Pablo

Endurance 600TBW

Warranty Five years

There's no large heatsink included with the
980, but Samsung has included the usual
sliver of copper onthe underside. Of course,
one area that PCI-E 3 SSDs usually have
going forthemis that throttling generally isn't
anissue, and we're pleased to report that,
despite hitting some fairly lofty temperatures
with the peak hitting over 70°C, this didn't
seemtoimpact onthe drive’'s performance.
Thisisin contrastto the ADATA XPG GAMMIX
S50 Lite, which saw its speeds fall away
quickly if we didn't use our motherboard's
heatsink to keep its temperature in check.

Sadly for Samsung, the ADATA XPG
GAMMIX S50 Lite was faster in practically
every test, adding over 400MB/secto the
sequential read speedin CrystalDiskMark
and nearly 200MB/sec to the write speed.

The difference between the drives was
evenwhenitcameto 4K randomreadand
write tests, but switching to AS-SSD again
saw the Samsung 980 perform noticeably
worseinits 4K random read and write tests,
with leads for the ADATA SSD in the 64-thread
random 4K I0PS read and write tests as well
- thelatter produced 527,058 IOPS compared
tojust 399,375 forthe Samsungdrive.

Onthe plus side, the Samsung 980 was
much faster almost across the board than
the WD SN550, adding over 1,000MB/sec to
the CrystalDiskMark sequential right speed
and nearly doublingits 4K 64-thread read
speed, butthat WD driveis also £34 cheaper.

PABLO PICASSO PABLO ESCOBAR

No need for heatsink in = Similarly priced PCI-E 4

most cases SSDs are faster

Good warranty = Average 4K random

and endurance read and write

performance

As fast as pricier SSDs

insome tests = No2TBoption
Conclusion

The Samsung 980's lack of a heatsink didn't
resultin throttling, but the omission of a
DRAM cache seems to hurtitin a few tests,
and the similarly priced ADATA XPG GAMMIX
S50 Liteis quicker almost across the board.
The Samsungis certainly alot quicker
thanthe WD SN550, butitdemands a
£ 34 premium for the privilege, and you're
unlikely to notice much differencein real-
world use. Ultimately, there are no stand-
out numbers here for Samsung and the
ADATA XPG GAMMIX S50 Lite is definitely
abetter buyif you have a heatsink forit.

VERDICT

Not a bad SSD, but its performance is
disappointing given Samsung’s previously
excellent PCI-E 3 drives.

PERFORMANCE :  FEATURES  [TVFsYNTIT: 4
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SAMSUNG 980 PRO
/ £389 em)incvar; £183 ams)incvar

amsung's highly anticipated first
PCI-E 4 SSD, the 980 Pro, uses
Samsung's own Elpis controller

along with 3D TLC NAND memory. However, it

failed to convincingly win us overinour last
SSD Labs test thanks to a comparatively high
price of £216 inc VAT for a1TB drive. This has
now fallento £183, putting itin a similar price
range to the latest Phison PCI-E 4 SSDs.

Samsung has pairedits V-NAND TLC
memory withDRAM and SLC caches,
with around 114GB available in total for
stashing data at faster speeds than TLC
NAND. That's asmaller cache setup than
the competition, but Samsung claims the
drive can maintain up to a2,000MB/sec
write speed outside of TLC caching.

The 2TB model also boasts an
impressive 1,200 TBW rating, although
this falls to 600 TBW with the 1TB
model we reviewed, whichis less than
Samsung's MLC-based predecessors.

No heatsink isincluded other than
Samsung's usual thin copper strip on
the underside, and not surprisingly, the
peak temperature hit atoasty 79°C during
testing. However, the 980 Pro didn't exhibit
any throttling here, sticking to the same
speeds when using our motherboard's
heatsink. That said, the heatsink dropped
the temperature by over 20°C, soit's
worth fitting a heatsink if you have one.

SPEC
Interface PCI-E4

Full capacity 1TB

Formatted capacity 931GB

Heatsink Thin copper strip

NAND TLC

Controller Samsung Elpis

Endurance 600TBW

Warranty Five years

The 980 Pro also supports Samsung's
Magician software, enabling you to see drive
information, run performance tests and
adjust overprovisioning, as well as view the
drive’s health and how much datahas been
writtentoit. Samsung offers free separate
data migration software as well, whichis
more than some of the competition offers.

Interms of raw performance, the Samsung
980 Pro's peak sequential read and write
speeds in CrystalDiskMark of 6,662MB/sec

and 4,926MB/sec are still significantly quicker

than PCI-E 3 drives, although three of the
other high-speed PCI-E 4 drives managed

to getoverthe 7,000MB/secread barrier
here, and four of them managed write speeds

above 5,300MB/sec as well. It's fair to say that

the competition has largely caught up now.
Also, while the 980 Pro's 4K random read
testinthe same software was on par with
the likes of the Corsair MP600 Pro and WD
Black SN850, the 4K random write speed
0f 1,636MB/sec was around 200MB/sec
slower. AS-SSD also showed the 980 Pro’s
sequential write speed, 4K random read
and 4K random write speeds being lower.
Itwas only inthe 4K 64-thread peak
IOPS results that the Samsung 980 Pro
was a little more competitive, coming
second behind the WD SN850, massively
outpacing the two Phison-based SSDs and
cominga clear first place in the write test.

PRO CON
Excellent sequential = Slowerthan
speeds competitionin
sometests
Superb 4K 64-thread
performance = Low TBW compared
with other SSDs
Good software
= No heatsink
Conclusion

Despite a price cut, the Samsung 980 Pro
is still atad lacklustre, as its performance
now lags behind the competition. We didn't
need a heatsink to get the most out of it, but
it was still quite along way behind the latest
high-speed competing drives in a few tests.

In particular, the WD Black SN850
offered more consistent performance,
and while it needs a heatsink to remain
cool, italso costs less money.

Meanwhile, the ADATA XPG GAMMIX
S50 Lite won't be noticeably slowerinreal-
world use and costs alotless money.

VERDICT
Some decent performance results, but the
competition has now caught up.

PERFORMANCE FEATURES
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WD BLACK SN850
/ £339 ewincvar, £E158 (mB)incvar

Dhasn'tbeenaroundaslongas
some manufacturersinthe SSD
world, butit's catching up quickly

with a host of good models already. The
SN850Q s the pinnacle of its mainstream SSD
achievements so far, and certainly boasts
some impressive specifications. This high-end
drive clearly aims to topple the Samsung 980
Pro and any Phison-based SSDs from their
perches, thanks to the company’s in-house
WD Black G2 controller.

The SN850, like other SSDs this month,
uses TLC memory, a portion of whichis
siphoned off to create an SLC-like cache
that's fast at writing data. In this case, there's
around 300GB on offer, which betters the
114GB of the Samsung 980 Pro, but is similar
to other PCI-E 4 SSDs. Once you getbeyond
that point, the write speed will tail off.

There's alsoaDDR4 cacheanda
dedicated 12GB SLC chunk of cache too,
whichis available even when the SSD
is full, although that's rarely going to be
anissue unless you're regularly shoving
around enormous amounts of data.

The drive comes either with or without
aheatsink, butit definitely needs a
heatsink of some sort. Without one, the
SSDrocketed up to 80°C afterjust afew
moments and topped 90°C before our
five-minute stress test finished. This saw
the CrystalDiskMark sequential read and

SPEC
Interface PCI-E 4

Full capacity 1B

Formatted capacity 930GB

Heatsink Optional

NAND TLC

Controller WD Black G2

Endurance 600TBW

Warranty Five years

write speeds fallto 4,000MB/secand
3,230MB/secrespectively, compared to
6,93IMB/sec and 5,330MB/sec when we
installed our motherboard's heatsink.

It's ashame, then, that WD charges an
extortionate amount for the heatsink-clad
SN850, which won'tleave you with much
change from £220. If your motherboard
lacks a heatsink, you'd be better off buying
athird-party one fromthe likes of EK or
SilverStone, which will cost you under £20.

With the CrystalDiskMark sequential
tests out of the way, the 32 queue depth
4K random speeds were fantastic, with the
SN850's read speed of 2,772MB/sec being
the fastest result on test by a bigmargin.
AS-SSD'’s sequential tests showed a similar
story, albeit with the SN850 being a few
hundred megabytes per second off the
Gigabyte Aorus Gen4 7000s' top spot.

In AS-SSD, the 4K random read speed was
also slower than the competition, with aresult
of 60MB/sec compared to over 70MB/sec
forboth the Phison-based SSDs on test this
month, and the ADATA XPG GAMMIX S50
Lite wasn'tfar behind. The WD Black SN850
redeemed itself in the write test, though,
again claiming the top spothere andinthe
64-thread 4K I0PS read testtoo. That said, the
write test putit below the competition again,
albeit with big leads over cheaper models.

Conclusion
With a substantial price savingif you opt
for the heatsink-less model and use your

BLACK SABBATH BLACK SACK
Excellent performance = Needs athird-party
inmost tests heatsink to

preventthrottling
Good combination of

cache systems = Heatsink-equipped
modelis expensive

Cheaperthan

competition = Notthefastestin

alltests

own, the WD SN850 currently offers a great
buy if you want maximum performance
and value - it's cheaper than the Phison-
based SSDs ontest, as well as the Samsung
980 Pro and ADATA XPG S70 Blade.

If you don't need quite as much grunt, the
ADATA XPG GAMMIX S50 Lite offers even
better value, and for maximum value, WD's
own SN550is half the price. It's slower on
paper, but you won't notice much difference
in everyday operation. If you want the
fastest performance possible for the best
price, though, then the SN850 is for you.

VERDICT
Faster and cheaper than the high-speed PCI-E
4 competition, but don't forget a heatsink.

PERFORMANCE FEATURES
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WD BLUE SN550
/ £180 ams)incvar; £83 (re)incvar

he WD Blue SN550's prices of just
. £83for1TB and £180 for a whole

2TB of storage show that owning
anNVMe PCI-E 3SSDis now cheaperthan
ever. Plus, as this month's investigation into
the real-world benefits of fast SSDs (see
p90) has showed, there are diminishing
returns as you approach the top and spend
more money anyway.

The SN550isn'tanew drive, though,
and this Labs test's selection of SSDs
include some other excellent alternatives
that sport newer tech and faster speeds
for notmuch more money. The question
is, justhow much sloweris the SN5507?

The mainissue, if you dig deeperinto
the specifications, isn'tonly alack of a
DRAM cache, but also aminiscule SLC
cache that's typically just a few gigabytes
in size, evenfor the 2TB model we tested.
Thisis clearly alotless than all the other
SSDs we've tested this month - even
Samsung's budget-focused 980 has over
150GB of SLC cache to boost write speeds
when dealing with large workloads.

In perfect conditions, dipping only intoits
small SLC cache, the SN550 can write data
at1,800MB/sec, but that will quickly drop to
SATA-level performance if you're writing just
afewtens of gigabytes. That's notlikely to be
anissue for storage workloads that are largely

SPEC
Interface PCI-E3

Full capacity 2TB

Formatted capacity 1,810GB

Heatsink No

NAND TLC

Controller WD in-house

Endurance 600TBW

Warranty Five years

BLUE SKY BLUEMOULD
Lessthan £85for1TB = Muchfaster SSDs cost
just£30 more
Goodread speed for
the cash = NoDRAM cache
No heatsink required = TinySLC cache

read-focused, butit could waste alot of time if
youintendto shift around large files regularly.

You certainly won't need to worry about
cooling though - the Blue SN550 only hit
64°Cin our stress test, whichis well away
fromthrottling, although the SSDitself isn't
particularly attractive if you want to show
off your PC'sinterior. That's afar cry from
the monstrous SN850, which rocketed up
to 90°Cinthe same test. The ADATA XPG
GAMMIX S50 Lite, whichis closestin price
atunder £120, also required a heatsink.

For an extra £35, though, the ADATA XPG
GAMMIX S50 Lite does offer quite abitmoreiif
you can keep it cool using your motherboard's
heatsinks. lthas aDRAM cache, as well as
asizeable SLC cache of several hundred
gigabytes, meaningit's far more flexible when
it comes to dealing with large files, and won't
leave you waiting as it writes them either.

The ADATA drive offered significantly
quicker read speeds than the WD Blue SN550
too, with CrystalDiskMark’s sequential
test seeingaread speed of 3,858MB/sec
comparedto 2,603MB/sec for the SN550,
while its write speed was nearly twice as fast,
even whenthe SN550 was able to make use

ofits small SLC cache. The 4K random tests
saw the drives perform more evenly, but
once againin AS-SSD's 4K 64 thread test,
the ADATA drive was significantly faster at
both reading and writing than the SN550.

Conclusion
As aread-focused, affordable SSD, the SN550
stillmakes sense for people building a budget
system. It offers incredibly good value and
can wipe the floor with a SATA SSD inmany
situations - it may be slower than the other
NVMe competition this month, butit can still hit
speeds well over the 550MB/sec SATA limit.
The mainissue forthe SN550is that you
only needto spend £30 more to getthe
ADATA XPG GAMMIX S50 Lite, whichis afar
better buy. Ithas better speeds across the
board thanthe WD Blue SN550, and a vast
SLC cache by comparison, allowingitto deal
effectively with allmanner of workloads. epe

VERDICT

Still worth considering for those on a tight
budget, but you can get a much faster drive
for just a little more money.

PERFORMANCE FEATURES
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LABS TEST / GAMING MICE

Migh;mice

Edward Chester puts eight of the latest symmetrical-style
gaming mice to the test

ou'd be forgiven for thinking the gaming mouse market
. is fairly stable these days, with great optical sensors and

some fantastic shapes having been around for many years.
However, with the arrival of ultra-lightweight designs, as-good-as-
wired wireless mice and a general trend towards simple feature sets,
there's still plenty to pick apart.

Given the dozens of genuinely capable mice available, we need
some means of compartmentalising them into manageable and
meaningful categories for Labs tests. As such, for this test we've
concentrated on mice that have a symmetrical or ambidextrous shape
(symmetrical with thumb buttons on both sides) and that are wired,
rather than wireless. The former means you can zero in on the general
style of mouse you like, while the latter means all these mice cost well
below £100, with most costingunder £50.

To testthem, we're concentrating on their performancein fast-
paced games. Other mice with more buttons and extra features

Contents

> BenQ Zowie S1/p53

> CoolerMasterMM711 / p54
> CorsairKatarPro XT / p55
> Endgame Gear XM1r / p56

52

can be better suited to complex games such as MMOs, but for first-
person shooters, a simple feature set, solid tracking performance and
acomfortable, lightweight shape are the priorities.

As well as the comfort and performance of the mice, we're looking
attheir features, build quality and practicality. We're also assessing
each mouse forits suitability for different hand sizes and grip styles.
We consider small hands to be any with a length under 177cm (fromthe
tip of your middle finger to the wrist/base of your thumb), medium to
be 17-20cm and large to be over 20cm.

Fingertip gripis where the mouse is held between your thumb
and little or ring fingers with little to no palm contact. Palm grip is with
your full palm resting on the mouse and claw grip is a bit like a hybrid
between the two, where the base of the palm nestles against the back
of the mouse and the fingers are held in abent (claw-like) position.
Some mouse sizes and shapes suit different combinations of grip and
hand sizes better than others.

> Glorious PC Gaming Race Model O / p57
> Logitech G203 Lightsync / p58

> RazerViper 8K /p59

> SteelSeries AeroX 3 /p60



BENQ ZOWIE S1/£63 wevr

enQ has carved out quite areputation
. for creating excellentbare bones
gaming mice in awide range of

shapes and sizes. However, its line-up has
remained largely unchanged for several years
now, and the firmhasn'tembraced the latest
trend for shedding weight and adding RGB
lighting. Does this dash the Zowie ST's chances?

Well, weighingin at 87g, the Slisindeed
one of the weightier mice ontest. That figure
was relatively lightjust a few years ago, but
withthe likes of the Cooler Master MM711and
SteelSeries Aerox 3 weighing60gand 579
respectively, youreally do notice the extra
heft of this mouse. It still glides very smoothly
thankstoits large, high-quality glide pads, but
you can feel the extrainertia when changing
direction. BenQ also offers a smaller, lighter
variant that's 2mm narrower, Tmm shallower
and 4mm shorter butit still weighs 82g.

Boththe S1andits little sibling, the S2, offer
asymmetrical shape but with buttons on only
one side. Up untilrecently, BenQ provided the
FK series with a similar (although lower-profile)
shape to the Srange, but with buttons on both
sides. However, for its latest update to that

SPEC
Weight 87g

Dimensions (mm) 61x126 x39 (W xD xH)

Sensor PixArt PMW3360, 3,200
DPI,50g acceleration, 250 IPS

Buttons 5 (left, right, scroll wheel, back, forwards)

Cable 1.8m, non-braided

Extras DPIand polling rate buttons onunderside

range it dropped the extra buttons, so now it
doesn't offer an ambidextrous mouse.

Back to the S1,its shapeis typical for this
type of mouse and for good reason. Fromthe
top, the front flares outwards slightly, while the
back also widens before coming togetherinan
smooth, round shape. This gentle out-in-out
curve means your fingers nestle naturally in
the dip on the sides of the mouse. The buttons
also have slightly flared edges, again creatinga
natural divot for your fingers to rest.

The sides of the mouse thenjust slightly
tuck in towards the bottom, creating anatural
wedge shape that means very little squeezing/
friction forceis required to pick up the mouse.
Inshort, it's afantastic shape that's well suited
tomost grip styles andideal for medium-to-
large hand sizes. Meanwhile, the S2is great for
smallerhands.

Underthe hood, the STuses the PixArt
PMW3360 sensor, whichmaxes outata DPI
of just 3,200. However, this still proved ample
in ourtests — once again proving that optical
sensors have been good enough for years.

You canalso change the DPI1t0 400, 800 or
1,600 via a button on the bottom of the mouse,
but you can'ttweak these settings further, so
you'llhave to fine-tune your aim within-game
sensitivity settings.

Similarly, you can change the polling rate of
the mouse via another button on the base, but
BenQ doesn't provide any software for youto
make other changes. This lack of software also
tiesinto the lack of RGB lighting - after all, why
have software whenthere's solittle to program
onthe mouse? However, the button system
does mean you can change your mouse
settings anywhere on any machine without
havingtoinstall software.

The buttons and scroll wheel on this mouse
are also excellent. They're crisp (and quite loud)
inresponse, with a fairly strong spring action, so
youreally know when you've pressed them, but
they're not tiringly stiff to use.

WOWIE OWIE
Fantastic shape = Heavyby
today's standards
Greattracking
= LacksRGBor
Snappy button other extras
response
= Expensive for
basic features
Conclusion

The BenQ Zowie Slis arevered mouse for
agoodreason.lthas a great shape, precise
buttons and generally excellent performance.
However, it's quite heavy by today's standards
andits price is now quite high when you
consider that youmiss out on extras such as
RGB lighting.

VERDICT
An excellent mouse, but there are equally
good, lighter and cheaper alternatives.

DESIGN FEATURES

14/20 19/90 OVERALL SCORE
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COOLERMASTER

MM /117 E£50 mevar

ooler Master offers two variants of
its ultra-light MM7xx mouse.
There's the 53g MM710, which

doesn'tinclude lighting, and the 60g MM711
that's equipped with RGB illumination. We've
reviewed the MM710 previously and been
impressed withits very light design, but how
doesitsilluminated sibling hold up?

Well, given that we were sent the white
version of the MM711to evaluate, it's
this aspect that makes the biggest first
impression. Not only does the white stand
out from the crowd butit really sets off the
RGB lighting.

Conversely, as with any white product,
there's a concern about how muchit's going
to show up any dirt onit, especially given that
the braided cable is white too and the chassis
is full of holes. That said, the Glorious PC
Gaming Race Model O we tested is white too,
and despite a year or so of on-and-off use, it's
still surprisingly clean and tidy. Your own self-
discipline with cleaning your hands and desk
may be the bigger factor here.

SPEC
Weight 60g

Dimensions (mm) 63 x 117 x38 (W x D x H)

Sensor PixArt PMW3389 sensor, 16,000
DPI,50g acceleration, 400 IPS

Buttons 6 (left, right, scroll wheel,
back, forwards, DPI)

Cable 1.8m, lightweight braided

Extras RGB lighting

Those aforementioned holes are larger
than on many competing ultra-light mice,
with the squashed hexagonal shapes neatly
matching the company’s logo. The holes
cover the whole back of the mouse, the rear
third of the left and right buttons and sides,
plus the rear two thirds of the base.

Depending on your grip, the side holes may
ormay notbe under where your thumb and
fingers grip the mouse. | found my little finger
nestled on the holes, and the rear third or so
of my thumb also rested there. We found this
greatly aided the overall secure feeling of
gripping this mouse - once positioned ona
hole, your finger won't be sliding anywhere.

The overall shape of the mouse s similar
to that of the BenQ, Glorious and Razer
models ontest, with a slightly flared front
end and relatively straight sides, makingita
good universal shape for a variety of hand
sizes. However, where those other mice have
gently sloped back ends that allow foramore
relaxed palm grip when required, the MM711
has a much more abrupt, steeper slope. This
clears space under the palm forreally agile
fingertip grip movement, but means this
mouse isn'tideal for palm or claw grip unless
you have small hands.

One otherfactorto noteis that the left and
right buttons fold over the sides of the mouse
- anarrangement that made it feel like it could
lead to accidental pressing of the button. |
found my ring finger would rest on the button
rather than the side of the mouse, although
this didn't actually seem to affect my gaming.

BRIGHTASA DULLAS
BUTTON DISHWATER
Very light = Lesssuitedto claw
and palm grip
Fantastic performance
= RGBlightingadds
Superb fingertip weightand cost
grip shape
= Buttons fold
over edges

Interms of features, this mouse s very
much the same as the others on test, withits
six buttons, all of which feel fine, and fixed
lightweight braided cable. The scroll wheel
is also firmly notched and accurate. The rear
glide pads are a little small but this mouse still
slides effortlessly due to its very low weight.
Meanwhile, the excellent PixArt PMW3389
sensor provides the top-notch performance
we expected.

Conclusion

The Cooler Master MM711is a fantastic
lightweight gaming mouse. For many, its
RGB lighting, and resultant extra weight,

may not make it a worthwhile upgrade over
the cheaper MM710, butif you like a bit of
illumination, this mouse certainly looks the
partandit’s still very light. The performance is
flawless andithas a good shape too.

VERDICT

A fantastic lightweight gaming mouse,
although the MM710 offers better value
if you don’t need RGB lighting.

DESIGN FEATURES

11/20 15/90 OVERALL SCORE
*PERFORMANCE :  VALE 800/
/30 /30 D
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CORSAIRKATAR

PRO XT /£35 nar

thas taken along time for Corsair to
embrace the current trend for
compact, lightweight gaming mice,

withits beefy long-time flagship, the M65 Pro
RGB, tipping the scales at awhopping 136g.
However, with the newest additionto its
mouse line-up, Corsair has finally joinedin
the lightweight fun.

The Katar Pro XT is acompact, simple
andlightmouse that weighs just 75g. That's
actually on the heavier side compared with
truly ultra-light models, but any weight under
80gputsitintheright ballpark for these FPS-
focused gamingtools.

Corsair has also embraced the fact that
asimple, lightweight mouse means fewer
components and less material, making for
lower manufacturing costs and, as aresult,
alow price - we're looking at you, Logitech

KATAR

Greatvalue

CATARRH

= Notthebestshape
Solid performance = Couldbelighter

Smartdesign = Slippery plastic finish

SPEC
Weight 75g

Dimensions (mm) 64 x 116 x 38 (W x D x H)

Sensor PixArt PMW3391,18,000
DPI,50g acceleration, 400 IPS

Buttons 6 (left, right, scroll wheel,
back, forwards, DPI)

Cable 1.8m, lightweight braided

Extras RGB lighting

G Pro X Superlight. That said, while the Katar
Pro XT does represent good value, you do get
astep upinbuild quality from the likes of the
Razer Viper 8K, andit's understandable that
perforated designs such as the Cooler Master
MM711and SteelSeries Aerox 3 can be trickier
and thus costlier to manufacture.

Forfeatures, you get the standard six
buttons, with this mouse using a top-mounted
DPIbutton, rather than the underside-
mounted ones on sometrivals. The cableis
tethered, rather than removable, andit's of
the more flexible, low-resistance cables that
are common these days, soitdoesn't push
back against your movements. Corsair has
even added RGB lighting to the scroll wheel;
together with the all-black symmetrical
design, this makes for a smart-lookingmouse.

The mouse’s shapeisintriguing, asit
narrows towards the front, rather than flaring
out slightly, and has quite a narrow, pointy back
end, rather than the more rounded shapes of
the BenQ, Razer and SteelSeries mice on test
this month.

The narrow front means your fingers have
atendency to slide forwards, while the narrow
back means it doesn'treally suit palm grip
styles, atleast for medium-to-large hands.
What's more, we found the sides to be too
slopedto gain a particularly easy fingertip grip.
They narrow down considerably to the base,
to the point where your fingers tend to slide
down and under the mouse. The overall effect
is thatit feels like you have to grip the mouse
quite firmly for your fingers to stay in position.

Meanwhile, the sides are finished in hard
plastic that has a triangle pattern embossed
initto aid grip. It sort of works, but nowhere
near as well as finer matt finishes orindeed
soft-touch or rubberised finishes. Onthe
plus side, the buttons all fall to hand nicely,
without being easily accidentally knocked, and
the scroll wheel has well-defined notches,
making for a precise feel when gaming. The
buttons’ Omron switches are on the light side
butrespond crisply.

Corsairhas usedthe very capable PixArt
PMW3391sensor for this mouse andit tracks
as well as we'd expect, keeping up with our
most extreme movements during gaming and
tracking precisely for slower movements, such
as tracing objects in Photoshop. Corsair's iCUE
softwareis also on handto control the RGB
lighting, DPI settings and button assignments.

Conclusion

The Corsair Katar Pro XT is a good-value
addition to the lightweight, FPS-focused
gaming mouse stable. Ithas alow cost, a
great sensor and good buttons. However, its
shapeisn'tthe most universally appealing,
and there’s nothing outstanding about its
styling, features or performance. If your hands
can getonwithits shape, though, it's very
competitively priced and delivers the tracking
performance needed for fast-paced gaming.

VERDICT
The shape could be improved, but the Katar
is still a solid option for a great price.

DESIGN FEATURES
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ENDGAME GEAR

XM1R /€50 nevar

he original Endgame Gear XM1(see
. Issue 195, pS7) impressed us with its

lightweight design and low price.
With the updated XM1r, Endgame Gear has
added anuprated sensor and custom Kailh
GM 8 switches, andit's also availablein a
couple of new finishes.

Instead of the plain matt black or glossy
white of the original, you can now get glossy
and matt translucent black versions. We
tested the matt translucent (Dark Frost)
version for this review and it does look rather
good. The slight transparency gives a glimpse
of what'sinside, while the smoky look gives
therest of the mouse a cool moody vibe.

What lets the look down, rather, is the lack
of any internal lighting, RGB or otherwise.
This means youreally do only get a hint of the
interior and miss out on the potentially cool
dispersed lighting look that the matt finish
could provide.

Interms of features, there’'s notalot going
onwith thismouse. You get the basic selection
of five main buttons, with just one set of side

SPEC
Weight 68g

Dimensions (mm) 66 x 122 x 38 (W x D x H)

Sensor PixArt PAW3370-19,000
DPI,50g acceleration, 400 IPS

Buttons 5 (left, right, scroll wheel, back, forwards)

Cable 1.8m, lightweight braided

Extras DPIand polling rate control
button onunderside

thumb buttons and the standard trio of left,
right and scroll wheel buttons. A DPI button on
the underside is the only addition.

However, the DPI button canalso change
the polling rate, and settings for both are
indicated viatwo RGB LEDs that sit alongside
the button. It's a useful system, although some
gamers will prefer to have a DPIbutton onthe
top for making quick on-the-fly changes.

Allthe main buttons feel tight and
responsive in action, with none of the
mushiness of some mice buttons. However,
the scroll wheel button could be easier to
press, and the notching on the scroll wheelis
onthefiner side, makingit easy to scrollwhen
you press itinstead of activating the button,
which can throw you off if you use the wheel
in-game.

Meanwhile, the cableis a lightweight and
highly flexible braided affair that's tethered to
the mouse. It offers aminimum of resistance
to your movements, whichis ideal for first-
person shooters. Four relatively small gliding
pads are attached to the underside of the
mouse and they offer excellent gliding and
stability. If you prefer larger pads, though,
Endgame Gearincludes a set of two large
padsinthe box, whichis a useful extra.

Where this mouse notably differs fromthe
competitionis withits shape. The back is wider
thanthe front, so it fills the area under your
palm. Meanwhile, the sides slope aggressively
inwards from the top to the bottom. As such,
it lends itself to using apalm grip more than a
fingertip grip, as the wide back limits the range
of motion under your hand and the sloping
sides don'tallow a great deal of purchase.

Performance of the PixArt PAW3370
sensoris flawless though. It's smooth,

ENDGAME INFINITY WAR
Excellenttracking = Shapeisn'tuniversal
performance

= Very basic feature set

Cool smoky look
= No software yet

Decentvalue

accurate and able to cope with the fastest of
movements. Thisis atop-end, modern sensor
andits performance reflects that. The lack

of currently available configuration software
restricts you to only using the preset DPI
settings, though, so yourin-game settings can
take a bit of tweaking before you get the feel
youwant.

Conclusion

The Endgame Gear XMTr offers excellent
gaming performance and a fetching smoky
black design. It's not packed with features, and
the wide-backed shapeis of less universal
appeal than some straighter shapes, butit's a
solid optionif you can get on with the shape,
andit's also competitively priced.

VERDICT

An intriguing shape that isn’t ideal for
fingertip grip, but the performance of this
mouse can't be faulted.

DESIGN FEATURES

12/20 19/90 OVERALL SCORE
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GLORIOUS PC GAMING
RACE MODEL O/ £50 e

he Glorious Model O made quite a
splash whenitfirst arrived a few
years ago, thanks to its combination

of fantastic shape, low weight and excellent
performance, all for arelatively low price. With
SO Many more companies joiningin the
lightweight mouse trend, though, does it still
have what it takes to compete?

Well, one factor we still can't forgive is the
company hame and the logo on the side of
the mouse. The joke had worn thin before the
company even existed and it sits ever less
well as time goes on. Back to the mouse, and
although the competition has indeed ramped
up, the Model O's basic formulais still very
much on point.

Ithas arelatively large, symmetrical design
with a very gently sloped rear and slightly
flared out frontend. It's a similar shape to the
BenQ Zowie S1and essentially the same as
the Razer Viper's shape, but here of course
you getholes. Lots of holes.

SPEC
Weight 67g

Dimensions (mm) 66 x 128 x38 (W xD xH)

Sensor PixArt PMW3389 sensor, 16,000
DPI,50g acceleration, 400 IPS

Buttons 6 (left, right, scroll wheel,
back, forwards, DPI)

Cable 1.8m, lightweight braided

Extras RGB lighting, DPlindicator onunderside

The whole back and base of the mouse
are perforated with small hexagonal holes,
along with the rear quarter of the left andright
buttons. Thanks to all that lost material, this
relatively large mouse weighs just 67g, which
putsitrightamongthe lightest mice available.
Theinsides here aren't protected by any
water resistance, but the circuitboardisn'tas
exposed as onthe SteelSeries Aerox 3.

This combination of shape and lightness
makes for amouse that's really easy to
sling around your mouse mat. Your fingers
justnaturally nestle inthe concave sides
and curves in the left andright buttons, and
the mouseis perfectly balanced underits
back and forward buttons. It also works with
justabout any grip style for medium-sized
hands, andit’s sufficiently mid-sized to
work with small and large hands to alesser
extentas well.

Available in black and white versions, with
both glossy and matt finishes, it's reasonably
attractive too, with its RGB-illuminated slashes
onthe sides and around the scroll wheel.

The buttons are onthe lighter side in terms
of click response, but they still feel precise and
we had no problems using the mouseinthe
heat of battle. Likewise, the scroll wheel has
deep notchesinits rubber cover for excellent
grip, and very pronounced internal notches for
precise up and down control.

Interms of performance, the Model O
employs the PixArt PMW3389 sensor, which
is a very capable unit that proved as flawless
in our gaming as we'd expect. However, a
very small gripe is that we'd like to see slightly
larger glide pads on this mouse. Despite its
low weight, itdoesn’t feel as smoothin action
as the Razer or Cooler Master mice ontest.

Meanwhile, the cableis a very flexible
braided type. Infact, the braidingis very wide
andloose onthe thin cabling beneath. It looks
abit strange butit hits the mark for offering
minimum resistance. Glorious' software also
lets you fully configure the mouse, including

MASTERFUL RACETO THE
Fantastic, versatile BOTTOM
shape = Silly company name
Very light = Only one RGB zone

Excellent performance

assigning up to six DPI levels for the DPI
button, and editing and assigning macros. One
slight disappointmentis that the RGB lighting
zones aren'tindividually controllable - it's all
ornothingacross thelot.

Conclusion

The Glorious PC Gaming Race Model O
remains one of the top symmetrical choices
forfirst-person shooters. It's light, has a great
shape, looks good and is competitively priced.
There are lighter or smaller options (including
the Model O-) but this is a great option for
average-sized hands and most grip types.

VERDICT

Light, comfortable and with excellent
performance. There’s nothing not to like,
other than the name.

DESIGN FEATURES
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L OGITECH G203
LIGHTSYNC /£22 00

ogitech’'s gamingmouse line-upis
abitodd atthe moment, as the
company's superb but pricey G Pro

Wireless and G Pro X Superlight models aren't
available in wired versions. Instead, if you want
acompact, symmetrical, lightweight wired
mouse, the company offers two essentially
identical options, the £70 G Pro or the
£22G203.

Technically, the G Pro has the superior
sensor - the company’s 25,000 DPIHero
model. However, with modern sensors
already being so good, the G203's modest
8,000 DPIrating doesn'treally hold it back.

It copedjustfineinall our tests, providing

LIGHT FANTASTIC LIGHT
Fantastic value ENTERTAINMENT
. : = Shapeisn't
Solid gaming for everyone
performance

= Alittle heavy for

Really low price its size

= Scroll wheel moves
too easily

SPEC
Weight 85g

Dimensions (mm) 62 x 117 x 38 (W x D x H)

Sensor PixArt PMW3366, 8,000
DPI, 40g acceleration, 400 IPS

Buttons 6 (left, right, scroll wheel,
back, forwards, DPI)

Cable 1.8m, non-braided

Extras RGB lighting

accurate tracking with no

unwanted acceleration or

dropsinaccuracy dueto fast

motion. As such, the choice of

which of these two mice offers better
valueis clear. What's less clearis whether
the G203 Lightsyncis atop choiceinits class.

Interms of overall shape and proportions,
the design of this mouse s very similar to
that of the Corsair Katar Pro XT. It has a similar
taperedback end and sides that cutin quite
severely, resultingin a small base to the
mouse and generally compact feel. So much
so,in fact, thatl didn't particularly get on with
its shape, findingit too small for my hands, but
of course mileage will vary here.

As with the Corsair mouse, the ergonomics
are helped by the sides having slight convex
curves, providing slightly more surface to grip
than the SteelSeries Aerox 3. However, this
mouseis also relatively heavy forits size. Its
weight of 85gisn't historically heavyweight
butit's atthe top end of the scale these days,
making this compact mouse feel quite dense.
The small glide pads on the base don'thelp
either, makingit arelatively high-resistance
mouse to move.

For features, this mouseis as basic asits
price suggests, but Logitech has still managed
to pack some RGB lighting into the design,
which explains the Lightsyncin the name.
This lighting swoops round the back of the
mouse andilluminates the Logitech G logo. It
makes for afetching appearance at this price,
althoughitlacks the aggressive lines of many
competitors, which has the effect of makingit
look allittle cheaper and toylike.

Whenit comes to the basics, you get six
buttons, with the sixth button being atop-
mounted DPI switcher. We found this worked
wellin terms of being out of the way enough
to avoid hitting accidentally, but being easy to
press when needed.

Thelighting and DPI settings can all be
changed via Logitech’s software, and you can

reprogram the other buttons, and record and
assign macros. On the downside, the scroll
wheel has quite light notches, makingittoo
easy to nudge the wheel when pressingitto
trigger amiddle click. Otherwise, the buttons
allfeel snappy enough.

Meanwhile, the cable isn't as flexible as the
braided ultra-flexible types favoured by most
of the other mice on test this month, but it's still
reasonably thin and bendable - we didn't find
thatit pushed back against our movements
too much.

Conclusion

The Logitech G203 Lightsyncis a great-value,
perfectly capable gaming mouse. It has all the
performance you should need and a simple
feature set that contains all the essentials.
The shapeisn'tfor everyone, andit's alittle
compactfor ourtastes, especially given that
it's not all that light, but smaller hands may find
itmore accommodating. There's nothing too
remarkable here, but thisis a decentbudget
option forits price.

VERDICT
Cheap and cheerful, the Logitech G203
Lightsync is also perfectly capable.

DESIGN FEATURES

10/20 19/90 OVERALL SCORE
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RAZER VIPER
SK /£80 nevar

elooked atthe Razer Viper 8Kina
. standalone review just a few months

ago (seelssue 213,p23) and foundit
to be an excellent offering. Has ourimpression
changedintheintervening few months? Nope,
notatall. Thisis still a fantasticmouse.

Thereasons to be cheerful start with it

having a truly ambidextrous design, so lefties
andrighties can take advantage of its stellar
design and features. Back and forward buttons
canbe found on both sides of the symmetrical
design, and they perfectly balance being easy
to hit with your thumb while remaining out of

the way of yourring and little fingers. Of course,

your mileage can vary here, depending on
hand size and shape, as well as grip style, but
this has been our finding.

Meanwhile, the overall shape balancesits
proportionsin a way that makes it useful for
all grip styles (althoughit's mainly aimed at
fingertip grip), making it hugely versatile. A
particular highlightis the addition of large, thick,

SPEC
Weight 71g

Dimensions (mm) 58 x 127 x 38 (W x D x H)

Sensor Razer optical -20,000 DP,
50g acceleration, 650 IPS

Buttons 7 (left, right, scroll wheel,
2 x back and forwards)

Cable 1.8m, lightweight braided

Extras Ambidextrous, 8kHz polling rate,
RGB lighting, DPI button on underside

textured rubber side pads, which ensure that
gripping this mouseis effortless. Whether your
fingers are dry, or your palms are sweaty, the
side grips provide excellent purchase.

Although thisis a very light mouse by
historical standards, andit's also nearly 20g
lighter than the heaviest mouse on test this
month, by today’s ultra-light standards it's only
mid-range interms of weight. Weighingin at
71g,it'sagood 20 per cent heavier thanthe very
lightest mice available - those rubber sides
probably add afew grams.

The Viper 8K looks greattoo. The symmetry
of the mouse, along with the angular lines
that edge the buttons and rubber side pads,
balance a simple classy feel with just a little bit
of aggression. The RGB-backlit, ouroboros-
esque Razerlogo also looks good.

Interms of other features, the mouse s fairly
modest, withits tethered braided cable and
simple button selection. Along with the thumb
buttons, you getjust left, right and scroll wheel
buttons, plus a DPI switching button onthe
underside of the mouse. This is the common
trend with modern mice, butit's notable here
given the relatively high price of this mouse
- otherthan being ambidextrous, it doesn't
offeralotinterms of meaningful extras over
cheaper mice. Meanwhile, the cableis of
the modern ultra-flexible, braided type and
it feels great, offering minimal resistance
to your movements.

For gaming performance, the Viper 8K
can'tbe faulted. Its buttons feel crisp and
responsive, while its scroll wheelis grippy,
with defined notches and amiddle button
that's easy to press without knocking the
wheel. Trackingis also flawless, but that's
to be expected of evenmuchless capable
sensors these days. The 20K DPIand 600 IPS
figures might be impressive, but sensors with
half those figures are still excellent. The titular
8KHz polling rateis also largely overkill, with
many games not supportingitand those that
do seeing microscopic real-world gains.

POLLING RATE POLLING STATION
Superb shape = 8K polling fairly
pointless
Ambidextrous
= Expensive

Flawless tracking

performance = Notthelightest

Conclusion

The Razer Viper 8K is a fantastic gaming
mouse for ahost of reasons. Its shapeis a good
match for all sorts of hand sizes and shapes,
andthe rubber onthe sides means it stays
secure no matter what. The truly ambidextrous
button layout further broadens its universal
appeal, and the tracking performanceis
flawless. It'sright up there with the best mice
around. It's quite expensive, butit delivers just
about enough tojustify the extra outlay.

VERDICT
An expensive but truly world-class mouse
that's suited to left and right-handed users.

DESIGN FEATURES

18/20 15/90 OVERALL SCORE
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/ GAMING MICE

STEELSERIES

AEROX 3 /£50 nevar

teelSeries' Rival 600 has been at
the top of our charts for the best
FPS gaming mouse for a while

now, and it remains a great option.

However, the company’s latest addition to
its gaming mouse line-up is a symmetrical,
lightweight design.

The Aerox 3 weighsjust57g, putting it
firmly in ultra-light territory and making it the
lightest on test. It achieves this thanks to the
now common method of filling the outer case
with holes.

Inthis case, they're square holes that cover
the entire top and base of the mouse, as well
as therear of the left and right buttons.

Inevitably, the holes do allow dust and
grime to collectinside the mouse - and the
circuitboard within the shellis particularly
exposed - but all the innards are dust and
water-resistant, so while the mouse might
end up looking grotty, it should still function.

It's a shame SteelSeries hasn'talso
perforated the sides of the mouse, as we

SPEC
Weight 57g

Dimensions (mm) 67 x 121x 38 (W x D x H)

Sensor SteelSeries TrueMove Core -
8,500 DPI, 35g acceleration, 300 IPS

Buttons 6 (left, right, scroll wheel,
back, forwards, DPI)

Cable 1.8m, lightweight braided Type-C

Extras RGB lighting, removable cable

found themrather slippery. The whole mouse
is constructed from ABS plastic that hasn't
been given any extra soft-touch or rubber
coating, butinstead has a slightly rough finish
that doesn't provide much purchase.

The shape of the mouse doesn'thelp here
either. The sides angle inwards towards the
bottom and have a slightly concave feel, so
your fingers don't naturally sitin the middle
of the sides but rather hang on the very top
edge, where the side buttons are located.

Combine this with the fact that the back
widens out quite sharply, and there’s no
flared-out front, and | found my fingers would
slide down and forwards, requiring a constant
resetting of my grip. As ever, your mileage
may vary depending on your hand size and
grip style, butl struggled to get along with this
mouse's shape.

Otherwise, the Aerox 3 is animpressive
little mouse. Its RGB lighting looks great,
shining around the base and out through the
perforated structure, and the addition of a
detachable Type-CUSB cable is a massive
boon. We feared that the cable might come
loose, but we didn't have any issues.

All the buttons feel crisp and fallto handin
the right places, although we did occasionally
accidentally hit the thumb buttons - another
symptom of those sloped, slippery sides. The
scroll wheel also has a good grippy surface,
light action and well-defined notches, making
it easy to use accurately in the heat of battle.

Meanwhile, the sensor has modest
headline figures of 8,500 DPland 35G
acceleration, but that's fine - the tracking
didn't hold us back. It's still a top-notch

AERATED FULLOFHOLES
Exceptionally light = Plasticfinishis slippery
NeatRGB lighting = Notour

favourite shape
Removable cable
= Plasticfeels

slightly cheap

optical sensor that will keep up with the most
extreme gaming movements.

The mouseis also fully programmable
via SteelSeries’ software, allowing you
to configure the lighting and button
configuration. Here you can also change other
settings, such as the number and level of DPI
settings through which you can cycle with the
top-mounted DPI button.

Awireless version of the Aerox 3is
available for £80inc VAT as well, andit offers
essentially the same experience (we tested
both), but with wireless convenience - it only
weighs a modest extra11g as well.

Conclusion

The SteelSeries Aerox 3is a very capable,
very light mouse for a great price, andits
detachable USB cableis a particularly useful
feature that should guard against a damaged
cable ruining the mouse. However, the shape
of the mouse and the finish of its plastic
makes gripping it alittle tricky. Your mileage
may vary, though, and those with smaller
hands could fare better with it. ere

VERDICT
Light and very capable but it's not the most
comfortable mouse to hold.

DESIGN FEATURES

12/20 1970 OVERALL SCORE
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/HOW WE TEST

MOTHERBOARDS

: TEST PROCESSORS We testimage quality with an

> Intel LGA1200 Intel Core i9-11900K X-Rite iDisplay Pro colorimeter
> AMD AM4 AMD Ryzen 9 5900X, and AMD Ryzen 9 3900X for and DisplayCal software to
standalone reviews that require comparisons with older results. . check for colour accuracy,
: : contrastand gamma, while
Common testhardware between our CPU testrigsincludes 16GB assessing more subjective
(2x 8GB) of Corsair Vengeance RGB Pro 3466MHz DDR4 memory;, : details such as pixel density and viewing angles by eye. For
a2TB Samsung 970 Evo SSD, a1TB PCI-E 4 CorsairMP600 SSD gaming, we test amonitor’s responsiveness subjectively and
and anNvidia GeForce RTX 3070 Founders Edition graphics card. : then also use Blur Buster’s excellent ghosting UFO test to
AlLCPUs are cooled by a Corsair Hydro-X water-coolingloop, check the sharpness of the display in high-speed motion.

with two XR5240mmradiators,an XD3RGBreservoirandanXC7 ~ : TP
RGB waterblock. We test with our RealBench suite and Far CryNew  :
Dawn on Windows 10 Home 64-bit. We also test the board's M.2
ports, andrecord the noise level and dynamic range of integrated

audio using RightMark Audio Analyzer. :
SRRSO SRS UO SR RUPRPSPRO : CPU COOLERS

: : : Wemeasure the CPUtemperature with CoreTemp, and subtract
PROCESSORS : theambientairtemperature to give adelta T result, enablingus to

Y : 1 testinalabthatisn'ttemperature controlled. We load the CPU with

TEST MOTHERBOARDS © 1 Prime95'ssmalffttestand take the reading after ten minutes.
> Intel LGA1200 Rocket Lake :

MSIMEG 7490 Ace © ! TESTKIT
> IntelLGA1200 Comet Lake Fractal Design Meshify C case, 16GB of Corsair Vengeance RGB

Asus ROG Strix Z590-E Gaming WiFi : Promemory,256GB Samsung 960 Evo SSD, Corsair CM550 PSU.
> AMD AM4 MSIMPG Gaming B550 Carbon WiFi : :

: : INTELLGA1200

Common gear between our CPU testrigs includes 16GB (2 x Intel Corei9-11900K overclocked to 5.1GHz with 1.38V vcore.
8GB) of Corsair Vengeance RGB Pro 3466MHz DDR4 RAM, a :
2TB Samsung 970 Evo SSD and an Nvidia GeForce RTX 3070 INTELLGAT1151
GPU. Cooling comes from a Corsair Hydro-X water-cooling :  Intel Corei5-9600K overclocked to 4.8 GHz with 1.2V vcore.
loop withtwo XR5 240mm radiators, an XD3 RGB reservoir
and an XC7 RGB waterblock. © ! INTELLGA2066

We use the latest version of Windows 10 with security Intel Corei9-9980XE overclocked to 4.2GHz with 1.08V vcore.
updates, as well as the latest BIOS versions and drivers. We :
record results at stock speed and overclocked, and our tests AMD AM4
include the CPC RealBench suite forimage editing, video : AMD Ryzen 9 5900X overclocked to 4.5GHz with 1.25V vcore, or
encoding and multi-tasking, Cinebench’s single and muilti- AMD Ryzen 71700 overclocked to 3.9GHz with 1.425V vcore for
threaded tests, Far Cry New Dawn and Watch Dogs: Legion. standalone reviews that require comparisons with older resullts.

For our game tests, we record the 99th percentile minimum :

and average frame rates either using the game’s built-in : AMD TRX4
benchmark or Nvidia FrameView. Finally, we measure theidle AMD Threadripper 3960X overclocked to 4.2GHz with 1265V
and load power consumption of the whole system, using vcore, 32GB of 3466MHz Corsair Vengeance RGB memory;,
Prime95's smallfft test with AVX disabled to stress the CPU. : Samsung 960 Pro SSD, Corsair RM850i PSU.



GRAPHICS CARDS

We mainly evaluate graphics

cards onthe performance they

offerforthe price. However, we

also consider the efficacy and

noise of the cooler, as well as the

GPU's support for new gaming features, such asray tracing.
Every graphics cardis testedinthe same PC, so theresults are
directly comparable. Eachtestis runthree times, and we report
the average of thoseresults. We test at 1,920 x 1,080, 2,560 x
1,440and 3,840 x2,160.

TESTKIT

AMD Ryzen95900X,16GB (2 x 8GB) of Corsair Vengeance
RGB Pro SL 3600MHz DDR4 memory, Asus ROG Strix B550-E
Gaming motherboard, Thermaltake Floe Riing240 CPU cooler,
CorsairHX750 PSU, Cooler Master MasterCase HSOOM case,
Windows 10 Professional 64-bit.

GAMETESTS

Cyberpunk 2077 Tested at the Ultra quality preset and Medium
Ray Tracing presetif the GPU supportsit. Weruna custom
benchmark involving a 60-minute repeatable drive around Night
City, andrecord the 99th percentile and average framerates
fromNvidia FrameView.

Assassin’s Creed Valhalla Tested at Ultra High settings with
resolution scaling setto 100 per cent. We runthe game’s built-in
benchmark, andrecord the 99th percentile and average frame
rates with Nvidia FrameView.

Doom Eternal Tested at Ultra Nightmare settings, with resolution
scaling disabled. We run a custom benchmark inthe opening
level of the campaign, and record the 99th percentile and
average frame rates with Nvidia FrameView. This testrequires a
minimum of 8GB of graphics card memory torun, soitcan'tbe
runon 6GB cards.

Metro Exodus Tested at Ultra settings with no ray tracing and
both Advanced PhysX and HairWorks disabled. We thentestit
again with Highray tracing if the GPU supportsit. Werunthe
game's built-inbenchmark, and report the 99th percentile and
average framerates.

POWER CONSUMPTION
We run Metro Exodus at
Ultra settings with High

ray tracingat2,560 x

1,440, and measure the
power consumption of our
whole graphics testrigatthe
mains, recording the peak
power draw.

GUSGOMPG AWARDS

CUSTOM PC REALBENCH

: EXTREME ULTRA

Some products are gloriously over the top. They
: don'talways offer amazing value, but they're

: outstandingif you have 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
+ gamingrig, butthey'lldo anacejob at

* workstation tasks.

. APPROVED

: Approved products do a greatjob for the
money; they're the canny purchase fora
+ great PC setup.

i CUSTOMKIT

: Forthose gadgets and gizmos that really
: impress us, or that we can't live without,
i there's the Custom Kit award.

Our 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 edit large images, heavily stressing
one CPU core to gauge single-threaded performance. This
testresponds well toincreasesin CPU clock speed.

HANDBRAKE H.264 VIDEO ENCODING

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

LUXMARK OPENCL

This LuxRender-based test shows a GPU's compute
performance. As this is a niche area, the result from this test
has just a quarter of the weighting of the other tests in the
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.



Core component bundles

The fundamental specifications we recommend for various types of PC. Just add your 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 scheme has now effectively eliminated unstable PSUs. Instead, we've recommended the wattage and minimum 80 Plus
certification you should consider for each component bundle. You can then choose whether you want a PSU with modular or captive cables.

Quad-core CPU, basic gaming

Needs amicro-ATX or ATX case.
We recommend a 350W 80 Plus power supply.

CPU

CPUCOOLER

GRAPHICS CARD

MEMORY

MOTHERBOARD

STORAGE

AMD Ryzen5
3400G

AMD Wraith air
coolerincluded
with CPU

AMD Radeon
RXVegal
integrated
into CPU

16GB (2 x8 GB)
Corsair
Vengeance LPX
Pro 3200MHz
(CMK16GX4M2
Z3200C16)

Asus TUF
B450M-Plus
Gaming
(micro-ATX)

500GB WD Blue
SN550
(M.2NVMe)

amazon.co.uk

N/A

N/A

scan.co.uk

scan.co.uk

scan.co.uk

Total £477

#194
p20

#194
p20

#194
p20

#204
p74

#204
p74

#204
p24

£250

£0

£0

£91

£83

£53

6-core CPU, 1080p gaming

Needs a micro-ATX or ATX case.
We recommend a 500W 80 Plus power supply.

Intel Core #215
CPU i5-T1400F scan.co.uk P16 £150
ARCTIC #202
CPU COOLER Freezer7X scan.co.uk p20 £18
Nvidia GeForce #213
GRAPHICS CARD RTX 3060 overclockers.co.uk P16 £699
16GB (2 x8GB)
Corsair
Vengeance LPX #204
MEMORY Pro 3200MHz scan.co.uk p74 £91
(CMK16GX4M2Z
3200C16)
MSIMAGB560 #215
MOTHERBOARD  Tomahawk WiFi scan.co.uk 18 £170
(ATX) P
500GB WD Blue #204
STORAGE SN550 scan.co.uk >4 £53
(M2NVMe) P
Total £1,181
UPGRADES
AMD RadeonRX
SWAP #213
GRAPHICS CARD 6700 XT (2,560 scan.co.uk p19 £780
x 1,440 gaming)
1TB ADATA XPG #215
SWAP STORAGE = GAMMIX S50 cclonline.com p43 £119
Lite
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http://cclonline.com

6-core CPU, 2,560
x 1,440 gaming
Needs an ATX case. We
recommend a 550-600W

80 Plus Bronze power supply.

CPU

CPU COOLER

GRAPHICS CARD

MEMORY

MOTHERBOARD

STORAGE

UPGRADES

Intel Core
i5-11600K

Antec Neptune
240

AMD Radeon RX
6700 XT

16GB (2 x 8GB)
Corsair
Vengeance RGB
Pro3600MHz
(CMW16GX4M
273600C20)

ASRock Z590
PG Velocita

1TB ADATA XPG
GAMMIX S50
Lite

scan.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

cclonline.com

Total £1,606

ADD SECONDARY Western Digital

STORAGE

Blue 4TB

overclockers.co.uk

#213
p49

#204
p16

#213
p19

#210
p74

#213
p58

#215

p43

#166
p54

£246

£80

£780

£105

£276

£119

£80

8-core CPU,
2,560 x 1,440 and some 4K gaming

Needs an ATX case with room for a 240mm all-in-one liquid
cooler. We recommend a 750W 80 Plus Bronze power supply.

CPU

CPUCOOLER

GRAPHICS CARD

MEMORY

MOTHERBOARD

STORAGE

AMD Ryzen7
5800X

Antec Neptune
240

AMD RadeonRX
6800 XT

16GB (2 x 8GB)
Corsair
Vengeance RGB
Pro 3600MHz
(CMW16GX4M
273600C20)

Asus ROG Strix
X570-E Gaming
(ATX)*

1TB ADATA XPG
GAMMIX S50
Lite

scan.co.uk

scan.co.uk

overclockers.co.uk

scan.co.uk

overclockers.co.uk

cclonline.com

Total £2,273

ADD SECONDARY Western Digital

STORAGE

SWAP CPU
COOLER

“This motherboard may require a BIOS update in order to

Blue 4TB

CorsairH100i
RGB Platinum
(240mm AIO
liquid cooler)

recognise the new CPU.

overclockers.co.uk

amazon.co.uk

#213
p44

#204
p16

#21
p42

#210
p74

#193
p44

#215
p43

#166
p54

#185
p82

£389

£80

£1,290

£105

£290

£119

UPGRADES

£80

£125
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ELITE /THE BEST KIT

Core component bundles cont ...

8-core CPU, 4K gaming

Needs an ATX case with room fora
240mm all-in-one liquid cooler. We
recommend an 850W 80 Plus Gold
power supply.

AMD Ryzen7 #213

CPU 5800X scan.co.uk p4d £389
Corsair H100i
RGB Platinum #175
CPU COOLER (240mm AIO amazon.co.uk p20 £125
liquid cooler)
AMD Radeon RX #212
GRAPHICS CARD 6900 XT scan.co.uk p4d £1,500
16GB (2 x 8GB)
Corsair
Vengeance RGB #210
MEMORY Pro 3600MHz scan.co.uk p74 £105
(CMW16GX4M
27Z3600C20)
Asus ROG Strix #1903
MOTHERBOARD  X570-E Gaming overclockers.co.uk £290
. p44
(ATX)
1TB WD Black #215
STORAGE SN850 scan.co.uk p49 £185

Total £2,567

UPGRADES

ADD SECONDARY  4TB Western overclockerscouk #1866 £80
STORAGE Digital Blue o p54

* This motherboard may require a BIOS update in order to
recognise the new CPU

12-core CPU,
2,560 x 1,440 gaming

Needs an E-ATX case with room for a280mm all-in-one liquid
cooler. We recommend a 750W 80 Plus Gold power supply.

AMD Ryzen 9 #213
CPU 5000X scan.co.uk p45 £530
NZXT Kraken
X63 (280mm #207
CPUCOOLER AIO liquid scan.co.uk pa7 £130
cooler)
GRAPHICSCARD ~ AMDRadeonRX scan.co.uk #2130 e
6700 XT o p19
32GB (2x16GB)
Corsair
Dominator #210
MEMORY Platinum RGB scan.co.uk 74 £175
3600MHz P
(CMW32GX4
M2D3600C18)
MSI Prestige #193
MOTHERBOARD X570 Creation overclockers.co.uk 18 £440
(E-ATX)" P
2TB WD Black #215
STORAGE SN850 scan.co.uk p49 £339

Total £2,394

UPGRADES

AMD Radeon RX
g‘}\v:g O 6900 XT scan.co.uk #2412 £1500
(4K gaming) P
AMD Ryzen 9
SWAP CPU SEEDlE e scan.co.uk #2130 e40
- more multi- p46
threaded power)
ADD SECONDARY 4TB Western e #166 £80
STORAGE Digital Blue o p54
* This motherboard may require a BIOS update in order to
recognise the new CPU
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Our favourite components for building a micro-ATX or mini-ITX PC. Always double-check how much room is available in your chosen case
before 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.

Motherboards Motherboards
IntelZ590 Gigabyte 25901 —— #214 £270
(LGA1200) VisionD o P18 Budget AMD SZESOLLIJ—';IUS scan.co.uk #204 £83
) B450 (AM4) Cami e p74
Intel Z490 Asus ROG Strix scan.co.uk #206 975 aming
(LGA1200) Z490-1Gaming o p40
AMD B550 Asus ROG Strix #206 AMD B550 MSIMAG B550M #204
(AM4budget)  B550-1Gaming scan.co.uk pas  E7 vy Martar ebuyer.com | E20
AMD X570 Asus ROG Strix scan.co.uk #198 £270
(AM4 mid-range) ~ X570-1Gaming p20 cases
Cases
Fractal Design #180
BUDGET 2 scan.co.uk £46
Cooler Master Focus GMini p46
ALL-PURPOSE MasterBox scan.co.uk 2200 £100
NR200P P18 i #161
MID-RANGE Frafc.tal Design scan.co.uk £75
TOWER SilverStone quietpc.com #214 £95 DefineMin € P20
LDO3-AF . p58
Streacom DA2 . #214
PREMIUM V2 quietpc.com P51 £190
ROUTER TP-Link Archer lock K #196 £280
(WI-F16) AX6000 overclockers.co.u pS7
Phanteks Eclipse #176
BUDGET P300 Glass overclockers.co.uk p28 £48
MESH ROUTER Asus AiMesh amazon.co.uk #196 £349
(WI-F16) AX6100 T 54
BUDGET RGB ﬁ[‘&exc DF700 scan.co.uk ’;22164 £70 P
_ be quiet! Pure #202 TP-Link Archer #196
SUB-£100 Base 500DX scan.co.uk p39 £99 WI-FIADAPTOR /o0 overclockers.couk Co £60
Fractal Design
COMPACT Meshify 2 scan.co.uk ’;2215 £90
- #
Compact ggﬁ'— BAYNAS o ology DS220] box.co.uk ;2020 £148
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RICK LANE / INVERSE LOOK

SKILL CHECK

Skill trees have become omnipresentin video games, but
Rick Lane argues that they aren’t always what they seem

kill trees and upgrade systems used to be limited to
. RPGs, but they've become staples of nearly all modern

games, from massive open-world games such as
Assassin’s Creed Valhalla, to shooters such as Doom Eternal.
Even Crusader Kings Il has a skill tree that lets you manually
upgrade your dynasty.

Skill trees and upgrade systems are a useful way to mediate
player-progression, especially as games have grown larger
and more interactively diverse. They demonstrate the extent
of what a game’s systems have to offer, while also providing
regular progression breadcrumbs to

unlocks will increase health by ten points, decrease cooldowns
by five seconds and make your attacks 2 per cent faster. It
will focus on incremental stat increases that are entirely
passive, thereby requiring no additional animations or new
mechanical features to function. There’s a sense of improving
your character, without actually altering how the game plays.
Recent examples include Outriders and Cyberpunk 2077,with
the latter being a particularly egregious example. Cyberpunk’s
2077's upgrade system is enormous, with 12 different skill
trees, each with around 20 different upgrades. Yet nearly all
of the available upgrades are passive,

keep players engaged. Atleast,thatsthe  Fggp ntiall\/ th e\/’re skill-based  incremental stat increases, with some

idea, but it isn't always the case. Some
games include skill trees out of a sense

slot machines, cynically

adjusting those stats by as little as 3
per cent. It’s almost impossible for a

of obligation, while others use them d esig nedto |<eep youp [ayi gle player to interpret what difference 7

to mislead the player about a game’s
actual depth.

In general, a good upgrade system
dedicates itself towards not only improving your character’s
stats, but also increasing the tools at your disposal and altering
the way you play the game. Every new ability you unlock in
Dishonored, for example, adds dramatically to your character’s
tool-set. Here, your abilities let you slow down time, possess
enemies and even link enemies together so that what happens
to one happens to them all. Upgrading those abilities also
changes how they work. For example, upgrading Possession
lets you possess different beings, from rats to humans.

In short, a good upgrade system clearly demonstrates how
its upgrades affect the way you play. A bad upgrade system
will invest heavily in abstract numbers and percentages. Its

per cent damage to limbs will make to

by givingyou atokenreward  iheir experience.

Cyberpunk was released in a clearly
unfinished state, so it’s not unreasonable to wonder whether
this massive yet shallow skill tree was designed to deliberately
conceal the game’s lacks of mechanical and interactive depth.
This is where skill trees become problematic, because they
can easily be designed to suggest a wealth of opportunities,
when those ‘unlocks’ really exist primarily for the sake of
unlocking them.

Essentially, they're skill-based slot machines, cynically
designed to keep you playing by giving you a token reward
for pushing a button. This kind of design is increasingly rife in
gaming, and if we get better at identifying it, we'll get better
games in thelong run.

Rick Lane is Custom PC's games editor El @Rick_Lane
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Oddworld: Soulstorm / £39.99 war

DEVELOPER Oddworld Inhabitants, Fat Kraken Studio, Sabotage Studio, Just Add Water and Frima Studio/ PUBLISHER Oddworld Inhabitants

ddworld Soulstormisn’'t bad, butitis abad remake.
This ‘reimagining’ of Oddworld: Abe’s Exoddus

removes much of what made the original game
unique and interesting, replacing it with flashy visuals and
needless gimmickry.
Soulstormrebuilds Exoddus from the ground up,
completely changing the levels, mechanics and story.
Starting with the latter, the tale still revolves around the

Soulstorm brew and how it poisons Abe’s fellow Mudokons.

However, the story's structure has been reshuffled, with
Hollywood-budget cutscenes and action-driven set-
pieces added. Indeed, the game commences with a frantic
evacuation of the Mudokon homeland asit's assaulted by
Glukkon forces, with Abe’s tribe running for the hills as their
campis bombarded from above.

Visually, Soulstormis undeniably impressive. The
elaborate level designis excellent, playing with perspective
and distancein clever ways and featuring breathtaking
looping and twisting pathways. The levels are also much
longer than previously, although it takes four or five of
Soulstorm'’s 15 levels for it to get going, which translates

toroughly the same number of hours of play. The opening
levels are also the least visually pleasing, placing a heavy
emphasis on brown and grey.

The realissue, however, is that this glitzy spectacle comes
atthe cost of Oddworld's distinctive personality. For starters,
there’s no fart button, a staple of the series since its inception.
Buttherealloss is Exoddus’ emotionally driven Mudokons.
Inthe original game, Abe’s companions could be angry, sad
orenergised, all of which affected their behaviours and the
resulting puzzles. This, along with much of Exoddus’ more
nuanced gamespeak, has been discarded completely.

Meanwhile, Soulstorm adds craftinginto the game's
precision-focused puzzle-platforming. Alongside jumping,
sneaking, possessing enemies and rescuing Mudokons, Abe
can combine ingredients foundin the world to create various
items, ranging from smoke grenades to exploding soda cans.

Sadly, the crafting fails to add much to the Oddworld
formula, while actively detracting from the experience. The
craftingis so simplisticit might as well not be included - it
amounts to gathering resources from the immediate area,
then pressing a button to make the relevant object.

What's more, because Soulstorm uses a checkpoint
save system, whenever you die you have to collect all those
ingredients again. Anyone who has played an Oddworld
game before will know that you die frequently, so this
system adds an extra level of frustration.

Abe's Exoddus was developedinjust nine months.
Soulstorm, by comparison, took six years. The resultis far
prettier and considerably longer, but ultimately a worse
game. Biggerisn't necessarily better.

RICKLANE

EXODDUS

+ Looks (mostly)
good

+ Impressive level
design

SOULSTORM

Extremely slow
start

Missing Exoddus’
best features

Insipid crafting
system

/VERDICT
A disappointing
remake of

Abe’s Exoddus,
Soulstorm trades
personality for
bombast and
comes off worse
for it.
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Outriders / £49.99 s

DEVELOPER People CanFly / PUBLISHER Square Enix

OUTRIDERS

+ Excellent
character classes

4 Spectacular,
bloody combat

+ Moreinteresting
thanitinitially
seems

OUTSIDERS

Confused and
tedious opening

Loot takes along
timetoget
interesting

Nothing massively
new
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utridersis a game at war withitself, alooter-

shooter where neither the looting nor the shooting

are what make it worth playing. Developed by
People CanFly, creator of Bulletstorm, Outriders’ structure
seems focus-tested to be as generically appealing as
possible. However, it also has arebellious streak, and a cover
systemthatitdoesn't want youto use. It's a weird, expensive
mess that somehow comes together and just about works.

It doesn'tlook like it will swing that way at first though.
Taking place after the destruction of Earth, Outriders begins
with the arrival of the generation ship Flores at anameless,
biologically verdant planet selected as humanity’'s new
home. You play as one of the titular Outriders, the Flores'
special scout force tasked with paving the way for the
colony’s establishment.

However, a combination of bureaucratic foolishness
and a hostile, anomalous weather system destroys all the
colonists’ electrical systems and obliterates their efforts at
settlement, while your characteris placedinto cryostasis
after being wounded by the anomaly.

Defrosted 30 years later, your character awakens to
discover the surviving colonists have splitinto two warring
factions, battling over meagre supplies in atiny valley where
they're safe from the anomaly. Fortunately, the anomaly has
given you superpowers, and you're promptly tasked with
finding a way to reconnect with the orbiting Flores, retrieving
supplies that will hopefully end the conflict.

All this is communicated to youin the space of half
an hour, mostly through cutscenes. This makes for an
introduction that feels simultaneously rushed and overlong.

Itrelentlessly throws story points in which you have no
investment at you, with seemingly major characters
killed off before they have time to state theirnames. At
the sametime, it's reluctant to let you play, only allowing
intermittent control that's regularly snatched away for
more plot exposition.

Mercifully, once the introis over, Outriders settles
into amuch steadier flow. The broad goaliis to meld the
cover shooting of Gears of War with theincremental loot
harvesting of games such as Destiny and The Division.
Your adventures across Outriders’ planet are splitbetween
20 large, semi-open levels, each of which has a primary
objective and several optional secondary missions. All these
involve shooting large numbers of enemies before stealing
their trousers, which are usually slightly better than your
current pair of trousers.

Inboth areas, Outridersiis fine, but totally unremarkable.
While loot becomes rather more exotic laterin the game, for



atleast the first ten hours, you'll be fighting with drab pieces
of military equipment that you'll often struggle to distinguish
from each other. The combat system, meanwhile, is ripped
straight from Gears of War (People Can Fly previously
worked on Gears of War Judgment).

The most notable aspect of the gunplay is thatit's alot
gorier than other looter-shooters, with heads bursting and
intestines falling out of enemies like a string of sausages
out of an overloaded plastic bag. This makes combat more
viscerally satisfying than relying solely on numbers falling
out of enemies for damage feedback, but it doesn't exactly
make Outriders an essential purchase.

What does elevate Outriders above mediocrity is its
character classes. Your anomalous superpowers can be
channelledinto four different fighting styles. You could
become a Technomancer — amagical sniper who can

conjure gunturrets and other equipment onto the battlefield.

Alternatively, you could be a Pyromancer (mid-range fire
starter) or a Devastator (close-range tank built to absorb
huge amounts of damage and reflect it back at enemies).

Our favourite class, however, is the Trickster. The Trickster
is ahitand run character with the ability to manipulate time.
Their powers include the ability to teleportinstantly behind
an enemy, to create a slow-time field through which both
enemies and bullets move as if passing through treacle, and
to hit them with a‘temporal blade’ that rapidly ages them like
the baddie in Indiana Jones and the Last Crusade. These are
combined with a passive ability, where the Trickster can heal
themselves by killing enemies at close range.

The Trickster transforms Outriders’ combat from
crouching behind walls to a Doom Eternal-like rampage
of zipping around the battlefield using enemies as meaty
health dispensers. You gamble your survival on your

ability to kill enemies as quickly as possible and notbe
pinned down, making every encounter tactical, thrilling and
spectacular. Trapping an enemy in a time bubble before
stepping around their bullets to slice them with the temporal
blade makes for a stunning display of cobalt-blue effects.

Also, while the story is initially a confused mess, it
eventually untangles those knots into a capable sci-fi yarn,
balancing a pulpy, knockabout tone with a ruthless tendency
tokill off characters when you least expectit. Similarly, after
arather bizarre initial obsession with World War I-style
landscapes, Outriders' locations become moreinteresting.
You'lltraverse icy mountains, forests of gianttrees and a
sprawling shanty town builtin the shadow of a wrecked
spaceship engine.

Yet while Outriders is better than you might expect, it still
isn'ta great game. Although environments may be varied,
the level designis largely uniform. Combat arenas feel
samey, andit's only the character abilities that prevent fights
from becoming achingly repetitive. Indeed, the game often
struggles toimbue variation into the combat.

There are too few enemy types for the game’s size

as well, and although your character gains a new ability /N E R D IcT
every few levels, you can only ever use three of them at A solid slice
. . . of cooperative
once. Meanwhile, the skill tree is geared mostly towards - )
gunfighting with

incremental stat boosts rather than altering the functions of
abilities or general combat.

Outridersisn't going to revolutionise gaming, but whileit's
less radical than some of People CanFly's previous efforts, it
stillholds some surprises. Its character classes are excellent,
its story is better than it initially seems, and both the shooting
and looting are robust enough that they don’t detract from
the game’s more exciting systems.

RICKLANE

just enough
surprises to make
it worth playing.
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SPACEBASE
STARTOPIA /£45.99 v

DEVELOPER Realmforge Studios / PUBLISHER Kalypso Media

STARTOPIA

4 Basebuilding
basics are
enjoyable

+ Looks good

DYSTOPIA

Nonewideas

Underwhelming
simulation
Annoying
micromanagement

Disastrous
humour

/VERDICT

If you need the
loo and see
Spacebase
Startopia looming
in the headlights,
Cross your legs
and hold it in

for the next few
light years.

74

reboot of the 2004 management simnamed

simply ‘Startopia’, Spacebase Startopia dedicates

itself to recreating the look, feel and mechanics of
the original game. Unfortunately, this meansit fails to evolve
the concept of managing your own space station
meaningfully, while also retaining and exacerbating the
problems that prevented Startopia from becoming a classic.

While managing your own space stationis Startopia’'s
premise, in practice you only ever manage part of it. The giant
metal doughnut that forms the game map is splitinto multiple
segments, and you startinside only one of them. From
here, youmust design the perfectintergalactic motorway
services, constructing an array of practical and recreational
establishments catering for an array of alien species.

What separates Startopia from other management simsis
the structure of the station. Alongside the multiple segments,
the station has three different decks, each geared towards
adifferent function. Inthe station’'s bowels is the utility deck,
providing basic habitation for vacationing aliens, alongside

medical services, security operations and rubbish recycling.
Above thisis the fun deck, where you build space discos,
amusement arcades and an alien cat café. At the top of the
station resides the biosphere, which grows various resources
your station needs.

Constructing and expanding your base is fun, and although
the visual design lacks the consistency and precision of
Evil Genius 2, there are some loving details baked into
the simulation. Your alien guests will physically climbinto
sleeping pods, and recoil when examining the medicine
provided at the space doctor. The way your mobile bins vomit
up rubbish at the recycling facility is a particularly neat touch.

Sadly, new features are few and far between, and
although the simulation looks good, itlacks depth. There's
little meaningfulinteraction between you and the aliens, or
between different species of alien. Moreover, the reboot fails
to address Startopia’s existing issues, particularly whenit
comes to tedious micromanagement. Manually collecting
rubbish, squashing vermin and dealing with space pirate
incursions are all rudimentary busywork - they only distract
you fromthe factthat there isn't much going onbeneath
Startopia’s hull.

Startopia’s biggest problem, however, itits risible attempt at
humour. This takes the form of an Al companion who directly
and constantly insults the player, deriding their capability as
amanager and generally being unpleasant. There's no wit or
variation to the jokes, just anincessant barrage of putdowns
thatisn’t funny and ultimately makes you want to stop playing.

Atits best, Spacebase Startopiais an uninspired but
innocuous throwback. Atits worst, it's atedious and actively
unpleasant experience. In other words, notthat much
different from using an actual motorway service station.
RICKLANE



TRIALS OF FIRE /£15.49 cvar

DEVELOPER Whatboy Games / PUBLISHER Whatboy Games

resented as a virtual storybook, cracking the spine
. of Trials of Fire will see you select three brave

adventurers and one of several quests on whichto
send them. Travelling across a procedurally generated map,
your heroic trio must complete a sequence of objectives
scattered across the game’s blighted landscape. As you
travel, you'll need to regularly search secondary locations
forfood and equipment to upgrade your abilities.

Arriving at any location will trigger an encounter (a story
vignette picked randomly and presented through text).
Each encounter must be resolved with a series of choices.
Some will require a skill check, while others willresultina
battle. If the latter occurs, the game switches to ahex-based
battlefield map with both heroes and enemies represented
as board game-style counters. On your turn, each character
draws three cards from their deck, all of which willbe used
duringthe turn.

Used, but not necessarily played. Trials of Fire’s most
important mechanicis that cards act both as powers and
resources. Playing cards and moving counters across the

battlefield costs ‘willpower’, and the main way to accrue
willpower is to sacrifice cards. Consequently, every turn
requires you to make tough decisions about which cards
touse orburn.

More powerful cards cost more willpower to use, while
there are other cards that provide free actions or even add
willpower to the pool when played. The board-state can
affect your decisions as well. If your warrior is out of melee
range, for example, you might be better spending your
willpower on your hunter’'s ranged attacks.

Then again, if you have multiple characters adjacent to
an enemy, attacking that enemy will trigger a combo strike,
dealing additional damage. Alternatively, then, you could
spend those cards moving both your warrior and hunter into
melee range, then using your remaining willpower on one big
melee strike.

The broader designis built to fuel this combat system.
Despite being both turn-based and card-based, the combat
feels excellent. Your hunter's arrows thud into enemy
counters, which explode when defeated. Levellingup and
finding new equipment unlocks more powerful cards and
new party characters, both of which enable greater flexibility
with your deck. You'llunlock cards that boost your armour
when youmove, plus cards that steal cards from enemies
and cards that add more cards into your hand. The deck’s
diversity is remarkable.

The only real negative is that the quests are allittle staid.
Individual encounters are interesting, but the broader arcs
aren'tthat engaging, while your characters lack personality
outside of battle. Otherwise, however, Trials of Fireis afinely
stitched mesh of differentideas, presentedin a way that
even card game sceptics will find hard to resist.

RICKLANE

TRIAL OF FIRE
4 Smartly presented

+ Clever card-
sacrificing mechanic

+ Impressive tactical
range anddepth

TRIALBY
ORDEAL

Questsand
characterslack
personality

/VERDICT
Trials of Fire
ticks all the
boxes of its
broad conceptual
checklist.
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Rick Lane clambers
up some virtual
landscapes and checks
outthelatest Oculus
Quest 2 software inhis
latest VR roundup

NEWS

Like Doom and Skyrim, Resident Evil 4
seems destined to exist on every platform.
Even so, the announcement that this classic
survival horroris coming to Oculus Quest 2
stillcame as a surprise.

Developed by Armature Games
with Capcom’sinput, it'sby nomeans a
straightforward port. The Quest 2 version
of Resident Evil 4 is being significantly
retooledinto a proper VR game. Unlike all
other versions of the game, the Quest 2
version will be played in first person with

fully optimised touch controls.
Weapons and ammo are being
redesigned to function like other VR

RESIDENT EVIL 4 COMING
TO OCULUS QUEST 2

shooters, with manual aimingand
reloading. Weapons will be holstered on
the player’s virtual body, meaning you won't
have to rummage through your inventory
to equip your shotgun. It even adds dual-
wielded weapons, which aren't featuredin
any previous versions of the game.

Positional audiois also being addedto
Resident Evil 5, in order to help you keep
track of off-screen enemies, while Capcom
has stated that over 4,500 textures have
been repainted, presumably to make the
16-year-old game look sharperin VR. You
can expect Resident Evil 4 tolaunch for VR
later this year.

REVIEW

THECLIMB2 /
£22.99 incVAT

Releasedin 2016, The Climb was a unique VR
experience that acted as a fantastic showcase
for the technology. Inevitably, The Climb 2
can'treplicate the same ‘wow’ moments of
the original, butit's nonetheless a smartand
substantialiteration over its predecessor.

The Climb 2 doesn’'t add any radical new
features - the core experience s still Largely
the same as the first game. lts globetrotting
adventure comprises 15 different levels, each
of which tasks you with ascending a complex
vertical route. Using your Touch controllers,
you climb by moving your hands to different
handholds, using the controllers’ bespoke
‘grip’ buttons to grab hold, before ‘pulling’
yourself up.

In this way, you must carefully navigate
sheer faces, shimmy across ledges and
scramble up precipitous overhangs, all while
picking the correct handholds and monitoring
your grip to prevent you from falling.

The Climb 2's most notable additionis two
new environment types — North and City. The
former transports you to an Arctic-like region
where you clamber frigid waterfalls and
icicle-lined crevasses, while confused polar
bears and puffins watch from the sidelines.
However, it's City that represents the biggest



change to the game. Mantling around City's
glittering skyscrapers introduces several new
environmental features, such as ziplines,
scaffolding and revolving ‘trivision’ billboards.

These new locations are mixed with the
three existing environments — Canyon, Bay
and Alps, all of which have had significant
redesigns to make their climbing more
diverse. Each climbing challenge has multiple
routes you can explore, some of which are
more dangerous than others. Attimes you'll
need to leap across perilous gaps, or deal
with loose handholds andrickety ladders that
canbreak away if youlinger too long. There
are even handholds that you have to clean
with a sweep of your hand first.

The Climb 2 also strives to improve
generalimmersion. Handholds are more
subtly baked into the environment, lending
amore natural feel to your climbing. Levels
are also filled with little details designed to
capitalise on the stereoscopic 3D effect, such
as curious animals watching you from nearby
ledges, or jets flying past you at eye level
while you climb.

For the most part, The Climb 2 is a visual
treat, eking animpressive amount of
detail out of the Oculus Quest and Quest

2's limited hardware. That said, it can still
struggle to render far-off vistas. This may

be a consequence of overzealous foveated
rendering, which maximises rendering detail
at the focus of your eye, while lowering detail
at the periphery. This works great when
you're facing the walls themselves, but
results in the fringes of the game’s panoramic
views looking fuzzy.

Thisis our only substantial complaint about
The Climb 2. Itisn't a significant leap forward
for Crytek’s virtual climbing series, but it does
more than enough tojustify itself as a sequel
to one of the most unusual and rewarding VR
games around.

CLIMB

+ Morediverse locations

FALL

Someissues rendering

distant objects
+ Multiple pathways

perlevel

4 More nuanced climbing
environments

VERDICT

The Climb 2 is a fine
sequel to one of
VR's best games.

NEWS

QUEST2V28

Normally we wouldn't cover a software
updatein Reality Check, butthe v28 update
for Oculus Quest 2 is abiggie.ltadds a
whole bunch of new and experimental
features for Oculus' latest headset, some of
which have potentially radicalimplications
foryour VR experience.

The most notable additionis Oculus Air
Link, an experimental feature that lets you
pair your headset with your PC via Wi-Fi,
then stream VR games directly from your
PCto the headset. While there are third-
party programs that already let you do that,
thisis Oculus' official system for wireless
PC-to-VR gaming.

In addition, v28 adds several new
features bundled under the title Infinite
Office, which are designed to let you
perform more everyday tasksin VR. One
of them lets you scan your desk and bring
itinto VR, while another lets you track
yourkeyboardin VR, combininga 3D
representation of your keyboard with the
Quest's built-in hand-tracking, so you can
type accurately without having to remove
the headset. Initially, this latter feature will
only be compatible with the Logitech K380,
but Oculus plans to expand compatibility to
other keyboards over time.

Finally, v28 adds support for 120Hz
refreshrates, although currently there
are no apps that officially supportit, so
thisis very much a feature for the future.
Nonetheless, v28 represents a significant
expansion of the Quest 2's capabilities,
puttingit even further out front as the best
all-round headset. ere
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BETTERPC

. BUILDA . T

ANTONY LEATHER SHARES HIS TOP TIPS AND TRICKS FOR PERFECTING YOUR PC BUILDING SKILLS

ith PCs consisting of just a handful of :

components, you'd be forgiven for :

thinking that puttingthemall 1
togetherintheright order andinstalling :
Windowsis allyouneedtodotobuildagreat
PC.However, you'd also be very wrong. Ahuge !
part of being a proper PC enthusiastis about :
taking pride in your creation and understanding 1
the basics of crucial factors such as coolingand :
airflow direction. 1
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Not doing so can make for an unpleasant
PCbuilding experience and future problems.
Each step of the PCbuilding process has been
honed over decades by enthusiasts, from
picking the right components and limiting cable
clutter, to applying thermal paste and ensuring
coolingis up to scratch without making too
much noise. There's a wealth of tips and tricks
to getthe very best out of your PC and ensure
it'srunning as smoothly as possible.

We've got plenty of experiencein PC
building here at Custom PC, andin this guide
we'll give you the tools to make your PC runas
cooland quiet as possible, look great and even
run faster. We've split this guide into several
individual tips covering various aspects of PC
building, so you can pick and choose the ones
that apply to your PC, tweak your existing build
or use the information when you're buildinga
whole system from scratch.



BEFORE YOU START
There are two steps whenit comes to building
your PC that have the potential to seriously ruin
your day before you've even played agame, so
we'll start by highlighting them and what steps
you can take to avoid making these mistakes.
Firstly, be careful wheninstalling your CPU.
Both AMD and Intel systems suffer froma
singular problemin slightly different ways, and
they bothrevolve around pins. Intel sockets
have highly delicate pins that make contact

Leave the plastic cap on the lid at first, so the socket
pins are exposed for the shortest amount of time

with pads on the CPU, while AMD CPUs have
delicate, bendable pins on the underside of the
processors —both sets of pins areincredibly
easy todamage.

Wheninstalling an Intel CPU, leave the
socket capin place, open the latchand move
the CPU over the socket from alow height.
This way, if you drop it you stand a chance of
not damaging the motherboard pins. Close
the latch and allow the cap to pop off itself, so
the socketis protected for as long as possible.

HOW TOAPPLY
THERMAL PASTE

The key factor to remember with thermal
pasteis that only applyingtoo little will have
any significant effect on cooling. Pastes that
spread easily, and are quite liquid-like, can
spread evenly usingjust the pressure of the
cooler - youjust needto putablob of pastein
the middle of your CPU that's about the size
of agrain of rice, and the pressure from the
clampingmechanismwill do the rest.
Thicker, dryer pastes don't spread as readily,
and while these arerare, the grain-of-rice
method can see these pastes fail to spread
evenly inthe gap between your CPU and
cooler. There are better ways to spread the

paste, though, andit's best to use slightly
different techniques for different sizes of
CPU heatspreader.

For Intel's mainstream desktop CPUs, a
single thin line of paste from top to bottom
inthe middle of the heatspreader will
consistently allow the paste to spread evenly.
For AMD Ryzen and Intel high-end desktop
CPUs, which both have larger heatspreaders,
across shape with thinlines of pasteis
best, allowing for an equal spread of paste
under pressure.

Finally, the largest CPUs you'llcome across
as aPCenthusiastare AMD's Threadripper

Secondly, make sure you remove your CPU
cooler’s protective cover. CPU coolers often
come equipped with a plastic film on their
underside to prevent the metal tarnishing
orbeing scratched. This willkillits cooling
capability if youleave it on, andit's easy to
forget, so remove it when you unbox the
cooler. It's alltoo easy to leave it on — eventhe
best of us have doneitat some point.

Make sure you remove your CPU cooler’s protective
cover before fitting it

CPUs, which have enormous heatspreaders.
Here, alarge cross method of applying paste,
followed by dots or linesin the gaps to fill
them works best, a bit like drawing a Union
Jackflag.

There's very little performance difference
between pastes these days, but we've
regularly used ARCTIC MX-4, Corsair XTM,
Noctua NT-H1, Gelid GC- Extreme and
Thermal Grizzly Conductonaut, and can
vouch for their performance. Many coolers
come with paste pre-applied, butit's always
handy to have spare pastein case you want
to swap coolers or CPUs in the future.

[

For the best results, apply thermal pastein
different shapes depending on the size of
your CPU's heatspreader
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CHOOSE THERIGHT
CPUCOOLER

your fans don't need to spinup as regularly,
as the heatsink will absorb the heat from your
CPU first - the bigger the heatsink, the longer
this takes to happen. Secondly, with bigger
heat dissipation potential, cooling heavily
overclocked CPUs with more than eight cores
becomes easier and quieter.

This level of cooling should be the starting
pointfor the likes of AMD's Ryzen 9 5950X,
Threadripper CPUs and Intel's high-end
desktop CPUs. The downsideis that these
massive air coolers with large heatsinks and
dualfans can costas much as some all-in-one
liquid coolers.

All-in-one liquid coolers have several
benefits over CPU air coolers. They're able to
offermore efficient cooling by dealing with
thinner heatsinks in the form of radiators, and
these radiators can be positioned so they
expel the warm air directly out of your case
instead of intoit, which is what otherwise
happens with an air cooler.

They're also able to deal with the heat more
effectively at the source as well, with water
having a higher heat capacity than air. The
downsides are that some liquid coolers canbe
noisy, especially where pumps are concerned,
there are more points of failure and they're
comparatively expensive.

The cooler supplied with some CPUs will handle
your CPU at stock speed, but not overclocked

An ARCTIC Freezer 7X offers more cooling power
than a stock cooler, and at lower noise levels

Some CPUs come with coolersin the retail
box, which are designed to handle that CPU
atstock speed. If you plan on overclocking coolers cope with specific CPUs, so that's a
your CPU, which makes it run hotter, that stock greatplace to start.
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CPU, and many offer advice on which of their

.

is where third-party coolers comein, offering for example, are great for cooling 4-core or
more cooling power while often making less 6-core CPUs, butfitting them to CPUs with
noise. Even arelatively affordable cooler, such eight or more cores (from either Intel or AMD)
as the ARCTIC Freezer 7X or 13X, offers far canresultinthe fans needing toreally spin up
more cooling power than a stock cooler, and at under heavy loads, which defeats the point
lower noise levels. of spendingmore money on a cooler. This

Picking the right cooler for your CPU canbe limitis only due toits size and smallhumber
tricky though. One of the metrics to see how of heatpipes.
much heat your CPU producesisits thermal Stepping up to a Deepcool Gammax GTE
design power (TDP), whichis quoted by CPU V2 gets you alarger fan and heatsink for
manufacturers, specifying the thermal energy greater heat dissipation, resultingin a cooler
in watts thata CPU will produce. that will easily handle AMD and Intel CPUs

With AMD CPUs, this figure doesn't refer to with eight, ten or 12 cores, albeit with limited
electrical power, although we're still dealing overclocking potential.
with watts and ajoule per secondis ajoule per More expensive coolers justify their price
second, whatever energy you're measuring. tagsina couple of ways. Adding a secondfan
Intel, though, specifically defines TDP as will ensure that the heatsink is performing
related to power consumption. The difference atits bestand dissipating as much heatas
hereis thatits CPUs can and do exceedthe possible. They can also allow for better
TDP inboosting conditions, evenif they adhere airflow atlower noise levels, since noise
toitin other conditions. As you cansee, TDP doesn'tdouble if you add another fan, but
isn'talways an accurate measurement for the static pressure willincrease, boosting
assessing cooling requirements. airflow through the heatsink.

Cooler manufacturers dostilluse TDP as a Of course, abigger heatsink will help too by
measurement of what's required to offeran dissipatingmore heat. This canfirstly mean

An air cooler with a second fan will increase static
pressure without making much more noise

Liquid coolers have radiators that can be
positioned to expel warm air directly out
of your case instead of into it
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Cabletidyingis a polarising task among PC
builders, with some people relishing spending
aweekend ensuring their PCis as tidy as
possible. Some even go as far as creating
custom cables for their power supplies that fit
perfectly intheir case.

It's easy tojust plugin all your components
and leave the cables trailing anywhere, but
poorly tidied cables cankill airflow by getting
inthe way, and amass of spaghetti canalso
hinder upgrade access and troubleshooting,
plus they look terrible.

Thankfully, modern PC cases make it :
relatively easy to do adecentjob of cable :
tidying, butit's still easy to messit up if you |
don'tknow what you're doing. 1

Routing some cables before others, :
knowing where to stow them andalsohowto |
use any included cable management systems
are all vital when it comes to making sure you
nail your build the first time. Even spending
an hour tidying up your cables willmean your
PClooks better, is easier to maintain and may
even run cooler too.

Only use necessary PSU cables
If youhave amodular PSU, only use the
cables you need. However, if you think
future additions to your PC warrant using
extra cables, such as SATA and Molex
cables, or an extra graphics PCI-E cable,
it's worth attaching those cables now
rather than doingit once you've installed
your PSU, especially if you can ea5|ly tuck
them away out of sight.

Start with main cables

Each caseis different when it comes to
cabletidying, but they often require
youto tie up all your cables between
the motherboard tray and side panel.
Doing so can often mean the side panel
becomesimpossible to fit, so the first
stepis to anchor the main cables in place.
Start by routing the 24-pin ATX and 8-pin
CPU cables from your PSU.

Thread the former through the cable-
routing hole that will be nearest to the
position of the ATX connector on your
motherboard, and thread the 8-pin CPU
cable through the hole above where your
motherboard will be installed. Ideally,
you wantto do this before youinstall your
motherboard to makeinstallation as easy as
possible. Once these cables arein place, install
your motherboard and graphics card.

Threadthe latter's power cables through
the hole nearest to the graphics card. Some
cases have PSU covers with cable-routing
holesinthem, and these canbe abetter
place to thread your graphics card's power

cables thanthe side holes, especially if its
connectors are onthe side rather than the far
edge. Route these cables up the left side of
your motherboard tray, whichis where case
manufacturers usually place the main cable-
routing features, such as anchor points or
Velcrofties.

Deal with the other cables

This partis very case-specificand one rule
definitely does notfit all. Some cases have
limited stowage space for cable slack under
the PSU cover, and some cases don'thavea
PSU coveratall.

Inthe latter case, try to anchor therest of the
cables behind the motherboard tray, adding
them nextto the main strand of cables to the
left of the motherboard tray, then along the
bottom of it. With every case, avoid stuffing
the cables near any vents and keep them well
away from case fans. Group them together
and check thatthe bundle won't prevent the
side panelfrom closing easily.

Tieup the cables
If your bundles don'tinterfere with the side
panel, usetheincluded cable ties or Velcro
straps to anchor the cablesinplace. Ourtwo
toptips here aretoinvestin extra cablesties, as
casesrarely include enoughinthebox.ltcanbe
handy to have ties of different lengths too, for
dealing with various thicknesses of bundles.
Even better, albeit a little more expensive, is
touse Velcroties. Velcro cando amuchbetter
job of gathering cables togetherto look neater,
and willbe much easiertoremove -it'salso
reusable, unlike standard plastic ties. However,
youmay stillneedto use plastic cable ties to
secure your cables to your case’s anchor points.
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Find other cable-stowing spaces
If there’s not enough space to bunch the
cables behind the side panel, then you'llneed
tofind otherlocations for some of them. This
usually involves tucking them under the PSU
cover, and Velcrois again a great tool here,
asitenables youto tie up the cablesintight
bunches to stow in front of your PSU.

Use fan and lighting hubs

A fantastic way to deal with the reams of
spaghetti that are often accompanied with
RGB lighting and multiple fans is to use a hub.
These can simply splitafan or RGB headeron
your motherboard into numerous outputs,
allowing you to route all your fan andlighting
cables to one point and control them all from
asingle motherboard header, or to control
allthe parts attached to a single hub using
software. Some cases and coolersinclude
these hubs as standard, and some also sport
manual lighting and fan speed controllers
too, avoiding the need for software.

Find alternative routes inside your case’s
chassis, such as beams and internal fittings
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Create your own anchor points
Quite often, cases simply won'thave enough
anchor points to tie all your cables in the
best places, butit's easy to make your own
ones. Adhesive cable anchors can be fixed
anywhere in your case, and they canhelp to
tidy cables behind your motherboard tray,
as well as helping to deal with RGB cables,
front panel cables, SATA cables and liquid
cooler cables.

OTHER CABLE-TIDYING
CONSIDERATIONS

Plenty of cases can often pose further
challenges when it comes to cable tidying.
Some mini-ITX cases, and larger cases at the
cheaper end of the spectrum, lack PSU covers,
leaving you with a tricky situation when it
comes to hiding and tidying your cables. Again,
custom anchors canbe ahuge help here,

and don'tbe afraid to secure cablesin every
available space.

You have two options and you'll likely need
touse both of them. Firstly, gather your cables
inbunches and anchor them as out of sightas
possible, again avoiding vents and fans and
avoid hampering your case’s airflow. The next
optionis to find alternative routes inside your
case’s chassis, such as beams andinternal
fittings. Anchoring your cables to these
parts will allow the cables to blend in with
theinterior.

Making your cables look attractive and work
as an aesthetic featurein your caseis a great

way to beat the cable-tidying gremlins andis
especially usefulin cases with little space for
stowage. The easiest way to do thisis to buy
acustom cable set for your PSU.
Many manufacturers, such as Corsair,
offertheir own kits, while companies such
as cablemod.com can create custom kits for
your own PSU, allowing you to specify the
colour of every cable strand, as well as the
length of the cables, meaning your cables can
be made to the perfectlength for your build.
B
| 4

.

A custom cable set for your PSU will
help to smarten up your case’s interior


http://cablemod.com

AIRFLOW
AND COOL

Airflow is the most critical consideration when
building your PC - if your components get too
hot, they can often throttle performance and
even live shorter lives. Thankfully, ensuring
your case has good airflow is relatively simple.
As long as you have good airflow, you can
generally deal with the heat dumpedinto your
case by graphics cards and CPU air coolers.

Most cases are designed with a front-to-
back airflow design, which will be evidentin
the locations of their fans and dust filters. This
is logical too, since many PCs have theirrear
ends sat against walls or other stuffy locations
under desks - it's much better to dump hot air
into these locations than draw air from them.

Afront-to-back setup also means that
every component benefits from airflow -
generally speaking, your PSU, graphics card
and motherboard are stacked vertically, with
your graphics cardin the middle of the case
and usually hindering any attempt at bottom-
to-top or chimney airflow arrangements. If
you're fairly new to the PCbuilding scene, here
are afew key airflow factors to make sure you
getrightatthe start.

HOW MANY FANS?

Inany case, arear exhaust fanis essential for
anumber of reasons. Drawing air into your
case withfront fansis critical, butarear fan can
significantly aid the removal of warm air from
your case, irrespective of whether your case
has negative or positive airflow.

The former means that you have more air-
pushing power getting air out of your case than
getting airintoit, meaning that air will be drawn
inthrough any open sectionsin your case,
which can potentially mean dustingress too.
Positive air pressure, on the other hand, means
more airis being drawninto your case using
fans, whichis generally preferable, as those
nooks and crannies will now be expelling air.

To achieve a positive airflow setup, you
justneedto have one ortwo more intake
fans than exhaust fans — as abare minimum,
we recommend having two front fans and

ING
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We recommend having one front fanin line with your
CPU and another onein line with your graphics card

Pointing afan directly at your graphics card from
below can helpifithas aflow-through cooler design
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1 diminishing returns, although placing extra
: fansinkey locations can boost cooling for not
. muchmoney. If your case only has one front
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below it that'sin line with your graphics card.

This will ensure that both components are
aided as much as possible by direct airflow,
andit can also help to move warm air that's
been exhausted out the sides of the graphics
cardtotherear of the case. Adding abottom
fan pointing at your graphics card canhelp
cool ittoo, especially if you have an Nvidia
Founders Edition RTX3000-series card
with flow-through fans - if you're using one
of these cards, addingaroof fan canhelp to :
expelthe hotairtoo. 1

Always point your CPU air cooler in
the same direction as therearfan

ORIENTATE YOURCPU AIR
COOLER CORRECTLY

Therear faninstalledin atypical case can
actively aid CPU cooling by getting shot of the
warm air from your CPU cooler and promoting
the front-to-back airflow arrangement. In
short, it canactas asecond CPU cooler fan,
helpingto draw air through the cooler and
preventit pooling atits rear. For this reason,
you should always have your CPU cooler
pointingin the same direction as the rear fan.

WHERE SHOULD YOU LOCATE
LIQUID COOLERS?

All-in-one liquid coolers are designed to have
the pump sitting lower than the radiator, and
forthe radiator to act as areservoir, trapping
airinsideitinstead, soitdoesn't find its way to
your pump and cause it to be noisy. A few of
these coolers are refillable, in which case you
cantop up the coolant occasionally, and place
the pump and radiator wherever you like. If
you can'trefillyours, though, the coolant can
slowly evaporate, which canlead to some
radiator orientations seeing your pump receive
air rather than water. After this point, it will get
noisy and eventually stop working.

¥

Theroof of your case is the best location
for aliquid cooler’s radiator >
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A fan will push more air through a radiator than it will
pullthroughitfrom the other side

Forthisreason, it's best to have the radiator
inthe roof of your.case, which willmean any
airinthe loop will sitin the radiator and not
find its way to the pump. It also means that
mounting the radiator in the front of your case
isunwise, atleastin the long term, since the air
could transfer to your pump, as the latter won't
be lower thanthe radiatorif the tubes are at
thetop.

If you have the tubes at the bottom of the
radiator whenit's mountedin the front, then
any air that does findits way to your pump will
likely stay there. Mounting the radiatorinthe
roof has another benefit too, whichis that the
warm air it exhausts will be expelled straight
out of the case and notbe dumpedbackintoit.

WHERE SHOULD YOU
MOUNT RADIATORFANS?
Plenty of tests have been performed over the
years to work out whether fans are best placed
sothey push or pull air through aradiator.
Ingeneral, thereisn'tmuch difference, but
the highest static pressureis behind the fan
blades, notinfront of it, which means a fan will
push more airthrough a radiator thanit will pull
throughit from the other side.
Thisisimportant with radiators, as some
designs canbe far morerestrictivein terms
of airflow than a CPU air cooler, so static
pressureis important. However, there are
someinstances where case or motherboard
components require fans to be placedin the
roof of your case and the radiator below them
- doing so won't resultin significantly worse
cooling performance.

VERTICAL GRAPHICS

CARD MOUNTS

Many graphics card coolers have sexy designs,
which makes it a shame thatin most cases
they end up face down and obscured from
view. Thisis one reason why vertical graphics
card mounts are popular, as they allow your
graphics card's cooler andfans to be visible
through aglass side panel.
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Placing your graphics card right next to an unvented
side panel seriously impacts airflow

v

PCI-E 3riser cables supplied by case manufacturers
can cause serious stability issues witha PCI-E 4
graphics card and motherboard

However, there are hidden dangers from
mounting your graphics cardin this way. For
starters, many verticalmounts place the
graphics cardright next to the side panel, and
eventhose that are sensibly offset away from
it stillhave less clearance thanif the graphics
card were simply satin your motherboard's
PCI-Eslot.

This lack of clearance, and the fact that glass
side panels aren't vented, means your graphics
card will have to fight harder for air, makingits
fans spin up more regularly to higher speeds
andit willrun warmer too, potentially affecting
boosting speeds. We've run our own tests with
this on numerous occasions andit's always
the same - vertical graphics card mounts are
usually abadidea for air-cooled cards.

There are some exceptions, though, such as
cases with vented side panels. Admittedly, you
won'tbe able to see your graphics card here,
but you shouldn’tbe wary of a case’s cooling
justbecauseithas a vertical graphics card
mount. Many mini-ITX cases have this type
of setup and they still offer excellent cooling
thanks to vented side panels that allow the
cardto breathe.

The other exceptionisif your graphics card
is water-cooled. Here, there will be little if any
difference compared with it being mounted

directly on your motherboard, sinceits hot
spots are being cooled using the waterblock.
Anotherissue with vertical graphics card
mounts s thatthey require the use of a
PCI-Eriser cable. Atthe moment, all case
manufacturersinclude PCI-E 3riser cables,
which not only lack supportfor PCI-E 4, but
can also cause serious stability issues if you
use them with a PCI-E 4 enabled GPU and
motherboard combination. A way around this,
though, is to drop back to PCI-E 3 mode in your
motherboard's BIOS on your PCI-E slot.

COOLING MINI-ITX CASES

A common misconception with mini-ITX
casesis that they're small and therefore must
be stuffy, hot and generally undesirable for
high-end PCs. The factis, there are so many
varietiesinterms of internal design, that any
blanket statementis inaccurate in the first
place. As we've already mentioned, some
mini-ITX cases sport vented side panels for
graphics card cooling and for this reason they
canactually outperformlarger cases whenit
comesto cooling.

Modern mini-ITX cases can also support
radiators, soit's generally easy to cool your
CPU and even add custom liquid cooling. In
fact, with many mini-ITX cases lacking decent
CPU cooler height support, liquid cooling
is often the best way to cool your CPUina
mini-ITX case. However, just like a CPU cooler
heatsink, the volume of airinamini-ITX caseis
smaller and as aresult, can warm faster thanin
larger cases.

Forthisreason, it's advisable tofill all
available fan mounts to shift the air quickly.
This doesn’'t mean having your fans on full
speed all the time, just that you'll want plenty
of fans to keep the air moving through the
case. Similarly, it's abadideato putany
extraheatinto the case, soit's besttoinstall
radiators so that they exhaust warm air out of
the case, ratherthanintoit.

¢

A mini-ITX case with alarge vented side panel
can outperform the cooling of some ATX cases



RGB lightingisn't for everyone, but some €
degree of illumination can make your PC :
look decidedly cool. However, with LED
strips being quite expensive and coming
with various connector types, you'llneed
to know which ones work with your own
hardware and where to place them to avoid
wasting money.

Best strip locations
For goodillumination of your whole PC, the
roof of your case close to a windowed side
panelis the best place for LED strips. This
setup will also mean you won'tbe blinded
by the LEDs if your PCis on your desk
either. Another great placeis at the rear of
the case facing forwards. This can look great,
with pinpoints of light pointing forwards inthe Connectors

case, butitcanbe abitmuchif you look at it There are two types of standard RGB

from this angle for long periods. connectors. The firsthave four pins, and they
generally only allow you to change the colour
of the entire strip or RGB component atthe
same time. If you want lighting effects that
move along strips, or you want to control
individual LEDs, you'll need to optfora3-pin
digital connector. Modern motherboards
usually supportboth, although you'llneed

to use your motherboard's software to
controlthem.

Proprietary connectors
Some RGB lighting components connect to
their manufacturers’' hubs and controllers
using proprietary connectors, and these
aren't compatible with standard 3-pinand
4-pin LED components. However, companies
suchas Corsair and Phanteks, which often
restricted users to their own ecosystems, are
now opening up some of their hardware to
standard connectors as well.

It's worth checking before you buy, but
there are ways aroundit. Adaptors converting
proprietary connectors to standard connectors
are available on eBay and Amazon, soif you've
falleninlove with some proprietary RGB gear,
headto Google and type the manufacturer
name plus ‘RGB adaptor’. You might get lucky.

Cutting strips to length
Some LED strips canbe cuttolength at
specific points, whichis useful for splitting
one long strip into numerous lengths, or
simply trimming them to amanageable size.
The cutting points are clearly marked on the
strips, and the circuitry inside is wired so that
cutting the strip doesn't break the circuit,
allowingfor all LEDs to receive power and
lighting-related signals.

Using extension cables
Getting LEDs into theright locationin your
case willinvariably require the use of
extension cables, which are usually included
with your motherboard and RGB lighting
hardware. However, additional lengths of
both 3-pin, 4-pin and proprietary extensions )
are available separately if you need more. 4
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Software vs physical control :
RGB lighting can be controlled by software or
physical means, with buttons on cases and
separate controllers being common features.
Software will give you more detailed control,
especially when it comes to controlling
individual LEDs with 3-pin addressable LED
strips or picking exact colour shades.

However, if you're happy with a pre-set
lighting effect or standard colour, thena
manual controller can mean youdon'tneedto
install software, whichisn't always particularly
easy touse. There are third-party manual
controllers available too, and even wireless
remote controls.

Recommended hardware RGB fans canalsobe
The easiest way to add RGB lighting to your purchased separately, but
PCis to use standard 4-pin or 3-pin LED strips beware of themtying you
and connectthem to your motherboard. into certain ecosystems.
These arereadily available frommost PC We'drecommend using the
retailers. Coolers such as the Antec Neptune same RGB fan make and

seriesinclude their own hubs that can control
these LED strips, soif you're building anew
PC, opting for a cooler that can do this can
save money.

model throughout your PC,
though, as the colour accuracy
and vibrancy canvary alot
between differentmodels.

Install your memory correctly
If you're notintending to fill all the memory
slots on your motherboard, make sure you
fillthe right slots to enable specific memory
channelmodes. This will be detailedin your
motherboard manual, but with motherboards
equipped with four slots offering dual-channel
memory support, which is most mainstream
Inteland AMD boards, the second and fourth
slots are the ones you'll need tofill.

Meanwhile, for quad-channel boards with
eight slots, you usually need to use slots one,
three, six and eight.

Use theright M.2 slot

We've looked at several PCI-E 4 SSDs in this
month’ Labs test (see p42), but sadly notall
M.2 ports support this standard. Check your
motherboards specifications to identify the
right port to get the most out of your chosen
PCI-E SSD. You'llneed to do this for SATAM.2
SSDs as well, as these are powered using the
SATA controller and aren’t PCI-E or NVMe-

/-ﬁ

enabled - not allM.2 slots support
them, but atleast one M.2 port

on your motherboard will usually
accommodate one.
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Use an M.2 heatsink

Keeping a high-speed SSD in check under
extended loadsis important, asit can get
toasty in some situations, causingit to throttle.
Mostboards include a heatsink for the primary
M.2 slot, but some cheaper or older boards
don't. Third-party heatsinks are available from
the likes of EK — they're easy toinstall and
often better-looking than bare SSDs too.

Where to place hard disks

Some cases allow you to mount hard
disksinallmanner of locations, but
thisisn'talways a goodidea. Hard
disks can gettoasty under sustained
loads andit's bestto locate themin
well-ventilated places near case fans,
especially if you're using several of
them. If your case offers anti-vibration
mounts, they're definitely worth using,
as the vibrations from a hard disk can
make alot of noise in an otherwise
quietPC.

Which PCI-E slots to use Check your motherboard accessories

Your motherboard's top 16x PCI-E slotis Premium motherboards ofteninclude handy
usually the one you want to use for your tools that can make your life easier when
graphics card, asit's the one slot that's buildinga PC. Specifically, block adaptors
guaranteed to offer the full 16 PCI-E lanes it allow you to connect your case’s front panel
needs. Occasionally, youmay wanttouse a connectors together andinstall themall
lower slot, for example if your graphics card's in one go on the front panel pins on your
backplate fouls another component. If there's motherboard, whichis otherwise a very

no other option, you can use another slot fiddly job.

and on some motherboards, these slots are
configurable to similar speeds. However, some
are limited to just four PCI-E lanes, which can
impact on gaming performance, so check your
motherboard’s manual first.
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Many motherboard EFl systems
offer elaborate fan control curves

If you have sensitive ears, or you don't want
fannoise to interruptimportant audio work,
there’s plenty you can do to make sure noise
levels are kept to a minimum without making
cooling suffer.

USE YOURMOTHERBOARD'S EFI
Modern motherboard EFI systems can control
both 3-pin and 4-pin fans, and most offer
elaborate fan control suites that allow detailed
control over your fan speeds. Fan control
curves allow you to set the speed at specific
temperatures and can even shut down fans
completely under low loads, whichis ideal if
you just want to kick back and watch Netflixin
peace and quiet.

OTHERWAYSTO

CONTROL YOURFANS

There's afew other ways to control your fans,
such as fan controllers andresistor cables. The
former allows you to hook up severalfanstoa
single hub, which either offersits own control
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systemusing buttons, dials
or software. A simpler
methodis to use fan speed-
limiting cables. These work
with 3-pin or 4-pinfans

and sitbetweenthemand
the motherboard, simply
reducing the resulting
speed without needing to
delveinto the EFI.

BE CAREFUL

WHENLIMITING

FAN SPEED

Limiting fan speeds can

reduce noise significantly, butisn't without
risk. You'llneed to check your hardware's
temperatures when playing games or
when your PCis performing other high-load
tasks. You don't want your CPU or graphics
cardtemperature torise too much, or their
coolers will simply spin up and become noisier
to compensate.

A physical fan controller enables you to reduce
fan speeds without needing to delve into the EFI

All GPUs are differentin terms of their
typical operating temperatures, but you
should aim to keep GPU temperatures below
80°Cand CPU temperatures below 90°Cfor
safety, and likely much lower than this to avoid
their cooler becoming unpleasantly loud.



If dust clogs your case, you'llbe undoing all
of the great work you've done following our
guide so far - dust canimpact on cooling,
causing your fans to spin faster and creating
more noise.

Cleanthefilters
Use ahousehold vacuum cleaner to remove
dust from your case's filters every three to
sixmonths. Thesefilters are designed to trap
dust and they usually work well. Remember
to check themall, as some can be hidden out
of sight. Using abrush attachment can help to
dislodge any clumps and allow the hooverto
pickitup.

Use anair duster

Anair duster is afantastic tool for blasting dust
and detritus out of your PC. They candeal
with dustfilters too; however, this is best done
outdoors, as particularly dirty PCs can shed
clouds of dust. Cheap mini cordless vacuum
cleaners are, sadly, usually terrible in terms of
their suction power, so unless you've spotted
one with good reviews, we recommend
leavingthem alone and sticking to household
vacuums and air dustersinstead.

Install additional filters
If some fan vents or other areas lack dust
filters, extrafilters can be purchased quite

cheaply, allowing you to add them yourself to
specific locations. It doesn't matter whether

thisisinside or outside the case, aslongas
they seal the openings.
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DO YOU NEe
A FAST 55D?

SSDs CONTINUE TO GET FASTER AND FASTER, BUT CAN YOU GENUINELY USE THAT EXTRA
SPEED? EDWARD CHESTER AND BEN HARDWIDGE FIND OUT JUST WHAT DIFFERENCE THE
LATEST SUPER-FAST PCI-E 4 SSDS MAKE TO REAL-WORLD USE

he revolution brought about by
affordable solid-state storage has
been aslow and steady one. When

firstintroduced, solid state drives (SSDs)
weren't all that fast in practical terms, didn’t
lastlong and were very expensive, making
them the reserve of enthusiasts only.
However, as the years have gone by, we've
finally got to the stage where SSDs have
almost completely taken over from hard
drives, offering blisteringly fast performance,
low cost andreliability. It's now not
uncommon for desktop PCs with several
terabytes of storage to use only SSDs.

Not all SSDs are created equal, though, and
nor has progress on making SSDs ever faster
and more capacious halted. So, while multi-
terabyte SSDs are now relatively affordable,
you 'l still be looking at opting for slower SSDs
to get such capacities without breaking the
bank. Meanwhile, the very latest PCI-E 4
drives offer astonishingly fast performance
butdon't come cheap.

All of which begs the question of just how
fastan SSD your typical PC user needs. Are
you better off spending your money on extra
capacity, faster performance or a balance
of the two? After all, many tasks that we

perform day to day don’t put much strain on
our storage. Other than booting up your PC,
loading games and moving around the odd
file, what else do you need fast storage for?

To answer those questions and more,
we've put arange of different drives to the
testin various real-world scenarios, from
hard drives all the way up to the latest
NVMe SSDs, to find out just where the extra
performance can be felt and when it might
be worth spending the extra.

But first, with so many SSD variants, let's
recap the current options available to you and
the technology that powers them.




SSDs have evolved
fromusing the old SATA
standards of hard drives
to new compact form
factorssuchasM.2

Storage evolution

Peruse the menus of your favourite online
techretailer and you'll find half a dozen main
types of storage. At the cheapest end of the
market (in terms of cost per gigabyte) are
hard drives, while at the top sit the latest
PCI-E 4 SSDs, with plenty of optionsin
between, but what differentiates them all?
Let's get back to basics.

Most obviously, hard drives and SSDs are
completely different technologies. Hard
drives rely on spinning platters of magnetic
material, which are then manipulated by
read/write heads that move back and forth
across the surface of the disk. Traditionally
available in 3.5in or 2.5in form factors for
use in desktop PCs and laptops respectively,
they used to be available with anumber of
interface options. However, they now nearly
alluse the SATA standard, which defines
both the physical cable connection and the
protocol used to transmit data.

It's this same cabling and protocol system
that the first SSDs used, with the new purely
electronic form of data storage simply
replacing the internals of the drive. We never

really got to enjoy the prospect of 3.5in SSDs,
but 2.5in SATA SSDs are still commonplace
and they tend to offer good value - it's
relatively easy for manufacturers to stuff lots
of storage into (in SSD terms) quite alarge
formfactor.

The next big change in SSDs was the
embracing of new form factors, with some
drives beingmounted directly on PCI-E
cards, while we also saw the development
of tiny mSATA and M.2 cards. Crucially,
some of these form factors can stilluse the
SATA interface standard, whichis limited to
550MB/secread/write speeds, regardless
of the speed of the underlying silicon.

However, as native operating system
support for non-SATA drives hasimproved,
we now see SSDs tap directly into the
PCI-E systeminterface using the new
SSD-dedicated storage protocol called non-
volatile memory express (NVMe). This new
protocolis limitless in terms of theoretical
performance, while the speed limits of PCI-E
far exceed that of SATA, with a typical four-
lane (4x) PCI-E 3 connection offering up to
3,500MB/sec of throughput and the latest

PCI-E 4 standard doubling the bandwidth up
to7000MB/sec.

Realistically, the current situation is that
your PC storage options break downinto
four main categories. You can eitherbuy a
3.5inharddrive,a2.5inor M.2 SATASSD, a
PCI-E3M.2 SSD or aPCI-E 4 M.2 SSD, with
performance and price increasing as you
move from one to the next. Butjust whatis
the performance difference?

Crunching the numbers

There’s amassive difference between the
performance of a hard drive and the latest
SSDs, but not all the steps in performance are
equal, so let's break it down. With a hard drive,
the biggest encumbrance to performanceis
access time. Because the read/write heads
have to physically move to the right spot

and the magnetic platters also have to spin

It's easier for manufacturers to stuff lots of storage
into therelatively large 2.5in form factor




Typical claimed drive specs

The latest SSDs possess some truly
astonishing performance figures

Hard drive 2.5iSnA/T3 A.5in SATA SATA 10ms 550MB/sec 550MB/sec 12510PS 22510PS
SSD M'gg_f_':in SATA SATA 0.03ms 550MB/sec 550MB/sec 100,00010PS | 80,00010PS
SSD M.2 PCI-E3 NVMe 0.03ms 3,500MB/sec | 3,000MB/sec | 500,00010PS | 450,000I0PS
SSD M.2 PCI-E4 | NVMe 0.03ms 7,000MB/sec | 5,000MB/sec | 1,000,000I0PS | 700,000I0PS

round, it can take arelatively long time to
start reading or writing data. So, a hard drive’s
average access timeis typically inthe region
of 10-15ms, regardless of its later read or
write speed.

Meanwhile, the purely electronic nature
of SSDs means they're much quicker to get
going, with access times in the region of
0.03ms, over 300 times faster. Notably, the
latest, fastest SSDs don'timprove much on
this figure - it's throughput where big leaps
have been made.

This access time advantage s reflected
inthe number of random read or write
operations a drive can perform. Thatis, where
the disk is having to hop about from one area
to anotherto read or write small chunks
of data, rather than reading or writing one
continuous (sequential) stream of data.

That slow access time means a hard
drive can perform roughly 125 random
read operations per second or 225 write
operations. In comparison, even today’s most
basic SSDs can perform nearly 100,000
input/output operations per second (IOPS)
for both reads and writes. It's for this reason
that SSDs feel so much snappier than hard
drivesinuse.

However, the most basic SSDs are limited
to therelatively slow SATA standard of
communication. You can generally buy SATA
SSDsin either 2.5in or M.2 form factors and

they'lltop out at sequential read and write
speeds of just 550MB/sec. As such, these
drives aren't much faster than hard drives for
reading and writing large sequential chunks
of data (although their access times are still
hugely better).

The next optionis to move froma SATA
drive to a PCI-E 3, NVMe drive, with most
such drives available in an M.2 form factor
(PCI-E expansion card SSDs used to be
commonplace butless so these days,
and for most home use, they're not worth
considering). The faster NVMe standard and
PCI-E interface allow these drives to hit up
to 3,500MB/sec sequential read and write
speeds, with random read and write speeds
ofupto 500,000 IOPS.

Finally, we come to the very latest PCI-E
4 NVMe drives, which basically double up
those performance numbers. Accordingly,
sequential speeds hitup to 7,000MB/sec
andrandom speeds can hit 1,000,000 IOPS.

Breaking down those numbers, it's
easy to see why the general consensus
of SSD performance is one of diminishing
returns. Moving from a hard drive to an SSD
nets a300ximprovementin access time
(that's maintained with faster SSDs) for a
800x increase inrandomread IOPS (444x
random write IOPS), but with only a small
improvement in the maximum sequential
read/write speed. As we then move from

Mechanical hard drives have much slower access
times than solid state drives

SATA SSDs to PCI-E 3 SSDs, we seeup toa7x
uptick in sequential speeds and a 5xincrease
inrandom speeds.

Then, with the move from PCI-E 3 to
PCI-E 4, both sequential and random speeds
receive justa2ximprovement. The PCI-E
4 figures might look astonishing, but they
representa much smaller proportional leap
than the move from SATA to PCI-E 3.

AS WE THEN MOVE FROM SATA SSDs TO PCI-E3
SSDs, WE SEE UP TO A 7x UPTICK IN SEQUENTIAL
SPEEDS AND A 5x INCREASE IN RANDOM SPEEDS




Opening Photoshop with a277MB PSD
file was barely quicker ona PCI-E 4
drive compared with a PCI-E 3 one

The real-world consequences

It's one thing to discuss the theoretical
advantages of ever faster SSDs, but the proof
of the puddingis in real-world usage, which
is what we set outto test. We took a typical
example each of amodern 3.5in hard drive
(WD Blue 4TB), a SATA SSD (Samsung 850
Evo),aPCI-E 3SSD (Samsung 980) and a
PCI-E 4 SSD (Samsung 980 Pro), and put
themthrough a host of tests.

To start off, we simply installed PCMark 10
on the drive, whichis a hefty multi-gigabyte
installation. The program was installed from
a compressed installation file already copied
to the drive. Now, because much of the
installation process for software for which the
installeris already on the hard drive is taken
up with the CPU unpacking the software, we
saw very little difference between the four
drives. Just three seconds, orjust over 3 per
cent, separated all four resullts.

This test also confirms one of the strong
points of hard drives, whichis that they're
generally quite good at writing (and reading)
sequential chunks of data, whichis largely
what aninstallationis doing once the CPU has
unpacked the data. Meanwhile, at the other
end of the scale, the whole processis clearly
completely limited by CPU speed, so there’s
no advantage to faster SSDs.

Next up, we recorded how long it takes
to launch Photoshop from scratch while
opening a277MB PSD file, and here we start
to see those SSDs stretch their legs. While
the hard drive took 30 seconds, the SATA
SSD took just 19 seconds and the PCI-E 3
drivejust14. The PCI-E 4 drive showed no

SATA SSDs are now
noticeably slower than
the latest NVMe drives,
but they still offer amajor
upgrade over hard drives

improvement over the PCI-E 3 drive, though,
again suggesting the CPU is the limit when
we get to drives of this speed.

For our next test, we loaded each drive
with a Windows installation and tested how
long each took to boot from a cold start to
the desktop. We omitted the hard drive




M.2is now the de facto standard SSD form factor,
but notall M.2 drives are created equal

IF YOU'RE LOOKING FOR A FAST BOOT DRIVE THAT
WILL HOLD YOUR GAMES AND SOFTWARE, IT'S
WORTH BUYING A DECENT PCI-E 3 NVME SSD

for this test, instead leaving the SSDs to
battle it out, and the story was again one of
modest gains. The PCI-E 4 drive eked outa
one-second advantage over the other two
drives - a hardly worthwhile gain, we're sure
you'llagree.

However, that test was with a clean
installation of Windows. Adding several
more startup apps - Adobe Creative Cloud,
Ubisoft Connect, Origin, Bethesda Launcher,
Steam and GOG Galaxy - to the mix created
adifferent picture. Here we see the two
PCI-E drives again split by just one second

There aren’t many real-world performance benefits
to PCI-E 4 SSDs over PCI-E 3 drives

but the SATA drive falls back by ten seconds.
Intheory, you're only booting your PC once
aday, so what's ten seconds of difference
going to make, but there are certainly
situations where you want your PC to boot up
as quickly as possible, so aten-second saving
is worth having.

You could argue our next testisn't really
areal-world one - as duplicating datais
inherently a pointless task — but nonetheless
it certainly shows what these different drives
can do when shunting around real files. We
ran three tests, taking a cluster of several files
totalling 3.13GB (six large files), 18.8GB (36
large files) and 55.6GB (4,703 small media
files), and copied and pasted each from and to
the same drive. This essentially asks the drive
to read and write in a sequential manner as
quickly as possible atthe same time.

Sure enough, we saw massive differences
across all the drives, with the PCI-E 4 drive
finally able to stretchits legs. Forinstance,
inthe 18.8GB test, the PCI-E 4 drive was
54 per cent faster than the PCI-E 3 drive,

although this actually reduced significantly for
the largest 55.6GB test (down tojust 17 per
cent), suggesting the on-board RAM or SLC
cache of the drives was affecting the tests.
Regardless, this test really showed just where
SATA SSDs and hard drives are lacking.

For our final test, we made use of that
PCMark 10 installation and ran the program'’s
secondary storage tests thatmimica
host of real-life software storage access
patterns, such as booting Windows, starting
up Battlefield V and Call of Duty Black Ops
4 and doing some heavy processingin
Adobe Photoshop.

Inthe Windows boot test, we again see
how thisisn't affected massively by the
different types of SSD, but that hard drives are
miles off the pace. Indeed, the latteris a trend
we seeright across the board.

Whenitcomes to the other tests, we
consistently see abarely perceptible
advantage moving from PCI-E 3 to PCI-E
4, but a decentimprovement from SATA to
PCI-E 3, showing that the upgrade is worth it




for any data storage that will sometimes be
called uponto provide fast storage access.
Meanwhile, as if we didn’t know already,
youreally shouldn’t be using hard drives for
any other purpose than bulk backup storage
these days.

Why don't faster drives

make a big difference?

With our testing done, it's clear to see that
while ever-faster SSDs can make a difference
inafew isolated cases, by and large any
decentmodern SSD is adequate in most
instances. At the very least, most buyers don't
need to be shopping for the fastest PCI-E 4
drives unless they feel they really need the
very fastest storage and are prepared to pay
the price. But why is that? Why is all that latent
performance advantage going to waste?

Well, the simple fact of the matteris that
storage speedis no longer the performance
bottleneck for most tasks, even ones
that seem like they're putting a strain on
performance. When Windows is booting up
oragameis loading, alot of timeis spent with
the CPU unpacking and manipulating data
and processing all manner of tasks.

Meanwhile, unless you're moving big bulk
loads of data or performing very specific
specialist workloads that constantly read
and write data back and forth, storage access
tends to comein shortbursts. So, once the
massive gains were made in access time by
moving from hard drives to SSDs, that ability
to quickly start and stop delivering or writing
data was met. Clearly, there was alittle bit of
residual performance left untapped by being
restricted to SATA connection speeds, but
even then most such drives are fast enough
formost people’s needs.

Certainly, if you're looking to just swap
over your bulk storage and backup drives to
solid state, SATA models will be more than
sufficient. Meanwhile, if you're looking for a
fast boot drive that will hold your games and
software, it's worth buying a decent PCI-E 3
NVMe SSD. However, spending big on PCI-E
4 drives is only really worth it for specialist
tasks and, dare we say it, showing off. One
day, prices will fall further, and PCI-E 4 will
simply become the new standard, but until
we get to that point, it's fair to say that most
people don'theed to spend bigmoney on
PCI-E 4 SSDs yet.cre

FILE TRANSFER (MB/SEC)
3.13GB (6 files)
Samsung 980 Pro (PCI-E 4) 2,001
Samsung 980 (PCI-E 3) 1162
Samsung 850 Evo (SATA) 267
WD Blue (hard drive) 108

18.8GB (36 files)

Samsung 980 Pro (PCI-E 4) 1759
Samsung 980 (PCI-E 3) 1148
Samsung 850 Evo (SATA) 162
WD Blue (hard drive) ~ 69

55.6GB (4,703 files)

Samsung 980 Pro (PCI-E 4) 600
Samsung 980 (PCI-E 3) 516
Samsung 850 Evo (SATA) 144
WD Blue (hard drive) ~ 60

FILE TRANSFER (SECONDS)
3.13GB (6 files)
Samsung 980 Pro (PCI-E4) 2
Samsung 980 (PCI-E3) 3
Samsung 850 Evo (SATA) 12
WD Blue (hard drive) 30

Lower is better
18.8GB (36 files)

Samsung 980 Pro (PCI-E 4)

Samsung 980 (PCI-E3) 17
Samsung 850 Evo (SATA) 162
WD Blue (hard drive) 280

Lower is better
55.6GB (4,703 files)
Samsung 980 Pro (PCI-E 4) 95
Samsung 980 (PCI-E 3) m
Samsung 850 Evo (SATA) 370

WD Blue (hard drive) 955

Lower is better

WINDOWS 10 BOOT (SECONDS)

Samsung 980 Pro (PCI-E 4) 47
Samsung 980 (PCI-E 3) 47
Samsung 850 Evo (SATA) 67
WD Blue (hard drive) 303

Lower is better

BATTLEFIELD V STARTUP (SECONDS)

Samsung 980 Pro (PCI-E 4)

5
Samsung 980 (PCI-E3) 16
Samsung 850 Evo (SATA) 33
WD Blue (hard drive) 160

Lower is better

OVERWATCH STARTUP (SECONDS)
Samsung 980 Pro (PCI-E4) 13
Samsung 980 (PCI-E 3)

14
Samsung 850 Evo (SATA) 26
WD Blue (hard drive) 131

Lower is better

SOFTWARE INSTALLATION (SECONDS)
Time to install PCMark 10

Samsung 980 Pro (PCI-E 4) 88
Samsung 980 (PCI-E 3) 88
Samsung 850 Evo (SATA) 90
)

WD Blue (hard drive) 91

Lower is better
SOFTWARE OPENING (SECONDS)
Open Photoshop from scratch with 277MB PSD file
Samsung 980 Pro (PCI-E 4)
Samsung 980 (PCI-E 3)
Samsung 850 Evo (SATA) 18
)

WD Blue (hard drive) 30
Lower is better
BOOTRACER (SECONDS)
Windows 10 clean boot
Samsung 980 Pro (PCI-E 4) 34
Samsung 980 (PCI-E 3) 35
Samsung 850 Evo (SATA) 35
Lower is better
Windows 10 boot with startup software
Samsung 980 Pro (PCI-E 4) 37
Samsung 980 (PCI-E 3) 38
Samsung 850 Evo (SATA) a7

Lower is better

CALL OF DUTY BLACK OPS 4 STARTUP (SECONDS)
Samsung 980 Pro (PCI-E 4)
Samsung 980 (PCI-E 3)
Samsung 850 Evo (SATA)
WD Blue (hard drive) 129

Lower is better

ADOBE PHOTOSHOP HEAVY USE (SECONDS)
Samsung 980 Pro (PCI-E 4 28
30

67

Samsung 980 (PCI-E 3)

)
)
Samsung 850 Evo (SATA)
)

WD Blue (hard drive)

Lower is better
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Hobby tech

Thelatest tips, tricks and news in the world of computer hobbyism,
from Raspberry Pi, Arduino, and Android to retro computing

PiStorm

fficially, the Commodore Amiga died
m in 1996, 1years after Commodore

brought the innovative machines to
market with the Amiga 1000. Inreality, there
are people out there from whom you will
never take their Amigas - evenif the legal
rights surrounding the trademarks,
technology, hardware, software and so on are
increasingly muddied in the face of competing
legal claims.

It's this band of enthusiasts that's keeping
the Amiga alive with new hardware, typically
designed to bridge the gap between classic
and modern computing. The most popular
of these are accelerators, designed toincrease
astock Amiga1000 or 500 fromits aging
7MHz Motorola 68000 to a systemthat's
alittle faster.

The PiStorm, designed by Amiga fan
Claude Schwarz, isjust one of them, but one
that stands out from the crowd for a variety
of reasons. Thefirstisits open hardware;
Schwarz doesn't sell the PiStorm, butinstead
publishes the source code and design files
for anyone to submit to a PCB fabricator.

If you don't fancy fighting with minimum

order quantities, the community around the
PiStorm organises semi-regular group buys,
in which an assembled board, requiring only
the headers to be solderedin place, can costas
little as $13 US (around £9 ex VAT).

Inamarket where your average Amiga
accelerator costs 5-15 times as much
money, an accelerator for that little would
beremarkable, but the PiStormis farfroma
simple accelerator. The boarditselfis simple,
driven by an Intel Altera MAX Il complex
programmable logic device (CPLD) - akin to
afield-programmable gate array (FPGA), but
simpler and cheaper.

The CPLD acts as ‘glue logic’ between the
host Amiga and a Raspberry Pi single-board
computerinanunusual fashion. Connected
viathe Raspberry Pi's 40-pin general-purpose

The PiStorm is aremarkable Amiga
accessory at anincredible price

input/output (GPIO) header, the PiStorm
allows the Amigato treat the Raspberry Pias
areplacement processor and more.

Installationis simple — remove the
processor from your Amiga 1000, 500 or 500
Plus, and push the PiStorminto its place. Add
the Raspberry Pion top, with amicro-SD card
loaded with the lightweight Linux distribution
of your choice, and you're done.

The software sideis alittle trickier.
PiStormis a constantly evolving project, and
there’s no ready-to-run softwareimage.

The documentation walks you through
downloading and compiling the software,
updating the CPLD andfinally loading the
Muhashiemulator. It's here that the PiStorm
cutsits costs - rather than havingareal
processor or an FPGA loaded with a soft



The PiStorm nestles in an Amiga’s CPU socket,
with the stock processor removed

core, the PiStorm connects the Amigato a
software emulator.

This unusual blend of real and emulated
hardware unlocks additional features too. By
default, the PiStormis configuredto actas a

Olimexjumps
on Picowagon

Bulgarian open hardware specialist Olimex
has announced a carrier board for the
Raspberry PiPico microcontroller (see
Issue 212), along with its own Pico-style
RP2040 developmentboard dubbed

the RP2040-Py. The RP2040-PICO-PC
turns aRaspberry PiPicointo apersonal
computer, with DVI-over-HDMlI video
output, analogue audio, micro-SD storage
andmore. The RP2040-Py, meanwhile,
is apin-compatible drop-in Pico
replacement, boastinga UEXT connector,
resetbutton,2A3V3 DC-DC converter,an
optional second micro-USB powerinput
and JTAG debug support. See custompc.
co.uk/OlimexPico for more information.

Motorola 68020 and a 128MB chip memory
expansion. Tweak the configuration and you
canincrease thatto aMotorola 68040 - albeit
with a few compatibility issues that are still
being worked on - with 8MB of additional
Zorro llmemory - just about the most you
could ever fitin a classic Amiga.

Handlingthe CPU and RAMisjustthe
beginning though. The PiStorm'’s keyboard
and mouse pass-through also allow you to
connect USB peripherals to the Raspberry Pi
and have them control the Amiga. Meanwhile,
anetwork pass-through, which will allow
the Amigato use the Raspberry Pi's Wi-Fi
connection,is onthe road map.

The PiStorm can also turn hard drive
images, or physical block devices, into SCSI
Amiga drives, makingit easy to expand your
Amiga’s storage. The board acts as areal-time
clock as well, setting the Amiga's clock to the
Raspberry Pi's clock — whichis, inturn, set
automatically over the network viaNTP.

Theboardisn't finished there either. The
PiStorm can also emulate aretargetable

The board s surprisingly simple, with
aCPLD atits heartto act as ‘glue logic’

graphics (RTG) card, a common form of add-
in card that gives an Amiga high-resolution
and high-colour-depth capabilities. Better
still, when configured as an RTG — a task that
requires adjusting the configuration on both
the Raspberry Piand the Amigaitself — the
videois output from the Raspberry Pi's HDMI
port, makingit easy to connect your Amiga to
modernmonitors and TVs.

In short, the PiStormis remarkable. It's
not perfect - the ability to boot from physical
Kickstart ROMs didn't work during testing, for
example, with the PiStorm failingunless a
ROM dump file was provided, and when the
Amigais powered off, the Raspberry Piloses
power without shutting down safely. Also,
among other compatibility issues, it's currently
limited to the Raspberry Pi3 Model A+, with
Raspberry Pi4 and Compute Module 4
supportinprogress, but forthe money there's
stillnothing else like it.

More information on the PiStormis
available from custompc.co.uk/PiStorm,
where you'll also find a readme file containing
alink to the Discord channel where group buys
are organised.


http://custompc.co.uk/PiStorm
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Remodo X

emotec's Remodo Xis billed as ‘a
designer remote for Raspberry Pi,
whichis only partially true - but,

perhaps, true enough to cut the company a
little slack. The low cost of the Raspberry Pi
family of single-board computers, combined
with their origins as devices based on a
system-on-chip developed by Broadcom
for multimedia set-top boxes, make them a
popular presence in home theatre setups.

Their easy extensibility and, in modern
variants, built-in wireless and wired network
capabilities mean they're equally popular
for smarthome and automation tasks. Both
these usages have one factorin common:
it would be handy if you could control them
without hooking up a keyboard and mouse.
That's where the Remodo X comesin-a
compact, sleek and programmable Bluetooth
Low Energy (BLE) remote.

The factthat Remotecis rather bending
the truth here is obvious from the moment
youinsert two AAA batteries into the device
and set about configuring the remote —
there’s no Raspberry Pi software to be found.
Instead, the controlleris configured using an
Android oriOS application running on your
smartphone ortablet.

Hitching the device to the
Raspberry Piwagon was
clearly anideathat came late
in development, as the first
question the software asks

The remote s plastic
and lightweight, but
feels reassuringly
well builtin the hand

is whether you're using Windows or macQOS.
Forthose looking to control a Raspberry Pi,
the answer is most likely ‘'neither’, but that's
notan option.

The Remodo X has only four buttons
onits face, marked with symbols and with
the primary button highlightedin an eye-
catching orange. However, the device can
be configured for eight total control tasks,
through a differentiation between short-press
and long-press actions. The configuration
can be stored in profiles, for easy switching.
Disappointingly, though, choosing a particular
type of profile from selections, including Kodi,
OpenHAB, Spotify, Instagram and more,
doesn'tload a configuration preset but simply
changes the profile'sicon.

There are three 'key types’ for each of the
eight possible key presses. There are ‘third

Billed as ‘a designer remote for Raspberry Pi’,
the Remodo Xis surprisingly versatile

The remote can’t be programmed on the Raspberry

Pi, instead requiring a mobile app



Microsoft brings Linux

%vaphma appsto
indows subsystem

Microsoft has launched a preview of
whatit calls WSLg, adding support for
running graphical applicationsin the
Windows Subsystem for Linux (WSL)
on Windows 10.

‘WSL lets you run a Linux
environment, and up until this point has
focused on enabling command line
tools, utilities, and applications,’ explains
Microsoft's Craig Loewen. ‘GUl app
support now lets you use your favourite
Linux GUI applications as well.” WSLg
includes support for 3D acceleration,
meaning Linux-exclusive games are
compatible, andis available in Windows

10 Insiders preview build 21364 or higher.

The Remodo X
uses two AAA
batteries, which
last well thanks
to asleep mode

party apps/services shortcuts’, which at

the time of writing only includes controls for
Zoom, WebEx, Google Meet, Microsoft Teams
and Skype. There are also HID keys, which

can be configured for any key combination,
multimedia keys or mouse scroll actions.
Finally, there are ‘infrared device keys' to
control non-Bluetooth devices, such as
amplifiers, TVs and air conditioning systems.

There's alot of flexibility here, but
integrating it with the Raspberry Piis another
matter. The officialinstructions, hidden away
on GitHub, aren't the easiest to follow - at one
point, they walk the reader throughinstalling
the TED Talks plug-in Kodi, for no discernible
reason. Once you've paired the remote with
the Raspberry Pi's Bluetooth radio, though,
the worldis your oyster. When configured
forkeyboard inputs, the Remodo Xis ready
to control absolutely any software you could
imagine - providing, thatis, the software
accepts keyboardinputs.

Atfirst, it looks as though the Remodo X
can't quite seemto settle onits purpose.

As a dedicated Raspberry Pidevice, you'd
expect dedicated Raspberry Pi software for
configuration; as a smartremote, four buttons
- even though they map to eight keys - feels
alittle restrictive. With a little work, though, the
flexibility of the Remodo X becomes clear.

By notbeing tied to any particular software,
it's easily integrated into any workflow — one
preset offers the ability to use the gadget
as apresentation clicker with a laptop, for

There are only four programmable
buttons, but eight possible actions
through short and long presses

example. The addition of aninfrared emitter on
top of the Bluetooth Low Energy connection
further also extends its capabilities, allowing
one key to fire up your hi-fi while another
press gets your Raspberry Piplaying your
favourite music.

The handsetis also well designed. While
it's made wholly from plastic and surprisingly
lightweight, it feels well made and the keys
depress crisply with no discernible mush.

A single status LED can be found at the top,
while the shiny lower half slides downto
reveal the battery compartment.

The only part that feels like amissed
opportunity is the bundled dock. Its flip-out
kickstand, and the inclusion of screw holes for
wall mounting, are both welcome, but the dock
itself is too light for desktop use. Rather than
pulling smoothly out of the stand when you try
toremove it, the Remodo X has atendency to
bring the stand along for the ride, folding the
kickstand back into the body of the dock for
good measure.

As the Raspberry Pisupports Consumer
Electronics Control (CEC), meaning playback
canbe controlled usinga TV's remote control
and communicated to the Raspberry Piover
HDMI, the Remodo X isn't strictly speakinga
must-have accessory. However, its flexibility,
particularly for non-multimedia tasks such as
smarthome control, make it a handy add-on.

The Remodo Xis available to buy from
custompc.co.uk/RemodoX for a price of
£20 (ex VAT), plus shipping.


http://custompc.co.uk/RemodoX
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Using Open-5Source Projects

reate, Share, and Save Money Using
E Open-Source Projects, whichwe're

calling Using Open-Source Projects, so
itdoesn'ttake over this page, by DrJoshuaM
Pearce, aimsto look atarange of open-source
hardware and software projects. However, it's as
wide as anocean andas deep as apuddle.

Aimed at'beginning hobbyists and makers',
the book highlights projects across as many
fields as possible. In order, the book covers:
recipes, 'life hacks' and household tips; digital
photography and open-source cameras; art;
music, music software and instruments; book
digitisation, book sharing, and paper and audio
book creation; videos; maps and geographic
information system (GIS) data; clothing;
woodworking ‘and other old-school skills’;
electronics; 3D printing and milling; scientific
equipment; citizen journalism; recycling; ‘big free
stuff’ such as cars, buildings and ‘free electricity’,
plus 'how to make amillion dollars of value'.

You getallthisin165 pages - including the
introduction, a chapter on the philosophy of
open source, an essay about the future of open
source and anindex. If that doesn't sound like
enoughpages, that'sbecauseitisn't.

Younever actually learn to create or use
anythinginthe book without visitinga URL.
The section on‘open-source cameras), for
instance, is amere 308 words long and looks
atjust one project - Elphel (elphel.com), which
concentrates on specialist hardware and
software for 3D photogrammetry.

Inthe same chapteryou'll find alook at
‘free software for photo lovers', which spends
just 54 words talking about the existence of
‘DigiCamControl’ (digicamcontrol.com), then
304 words talking about the GNU Image
Manipulation Program (gimp.org) — usingan
example of ablack and whiteimage from the
Great Depression being colourised to highlight
its capabilities. However, the book is printedin
faded black and white, making both the original
and colourised versions look identical.

The chapteronvideois particularly
egregious. It's just four and a third pageslong,
withimagery taking up the equivalent of one
full page. The majority of chapters clockin at
between five to ten pages, with the longest
- Chapter 12, on‘Making and Sharing Digital
At-Home Manufacturing' - beingamere 16
pages, several of which are either wholly or

The print quality is poor, and wholly black and white, including a figure highlighting a colourised photograph

This book could have been afantasticresource,
butit'sjusttoo shallow

primarily taken up with pictures and the last of
whichis given overto references.

There are other problems too. The URL
given for Local Motors' Rally Fighter car, which
isn'tactually open source, is localmotors.com,
butthere’s nothing there bar a single picture,
with only afew more details to be found at the
actual project site at rally-fighter.com

For those wholly unfamiliar, this book
could provide a usefulroad map of selected
projectsin particular fields — guiding the reader
to websites in ordertolearnmore. There's
nothing more though.

The closing chapter,'Making the Future of
Sharing, is interesting but contains afigure
showingthe growthin scholarly papers
referencing open-source software or
hardware that stops at 2017, four years before
the book’s publication. The introduction,
meanwhile, conflates open-source, free
software and the Creative Commons
organisation andits licences as allbeing
equivalent, whichis definitely not the case.

Using Open-Source Projects is published
by McGraw Hill's TAB DIY impression
underISBN 978-1-260-461/6-3,and can
be purchased fromblackwells.co.uk for
£14.67 (VAT exempt).cpe

Gareth Halfacree is a keen computer hobbyist, journalist, and author. His work can be found at freelance.halfacree.co.uk

@ghalfacree
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FOR THE WIN / COMPETITION

ENDGAME GEAR
MICE AND MOUSEPADS

Endgame Gear is kindly offering some
fantastic gaming mouse bundles to three
lucky Custom PCreaders. Eachbundle
not only contains one of the company’s
£50 XM1r gaming miceina classy
translucent Dark Frost colour scheme,
butalsoincludes one of Endgame’s top-
line MPX390 mousepads worth £50.

ENDGAME GEAR XM1R
The XMTris arefresh of the acclaimed
Endgame Gear XM1gaming mouse. With
theinclusion of the new PixArt PAW3370
optical sensor and Kailh GM 8 switches,
topped with two new transparent shell
editions, the XM1r has been designed B UB,\IIE%B?\ITO
with precision and style in mind. :
The XMTr's responsiveness is significantly
improved by the sensor’s resolution of
up to 19000 CPI, Imm of lift-off-distance
andits ability to track atup to 400 IPS.
Every effort has beenmade to squeeze
thelast ounce of performance from this
sensor. Meanwhile, the Custom Kailh GM
8 switches have been pre-sortedto an
operating force of 55-60gf, which results
inan extremely pleasant and fast click.

and hard pads. Its black surface made of

ENDGAME GEARMPX390 CORDURA is particularly tough, as well as
With the MPX390 Endgame Gear offers being dirt and water-repellent, andit offers
demanding gamers the mousepad they've excellent sliding properties. The base of the
always wanted. With its unique combination mousepad is made of yellow silicone. The
of silicone and CORDURA, it offers aunique Endgame Gear MPX390isn’tjustanon-
feeland combines the advantages of soft slip pad, butit also has a smooth surface.

SUBMIT YOURENTRY AT CUSTOMPC.CO.UK/WIN
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Customised PC

Case mods, tools, technigues, water-cooling gear
and everything to do with PC modding

Should there be more water-cooling bundles”?

his month I've been playing
with a hardware bundle that
MSIand EK sent me, which

includes MSI's MPG 2590 Carbon WiFi
board plus awaterblock that cools the
CPUas wellasthe VRMs. You also get
EK's leak tester throwninto the package,
plus avoucherworth€50 to spendin
EK's online store.

The two companies partnered up
forthe Z490 version of the board as
well, butthat board was decidedly mid-
range and water-coolingit seemed a
little pointless in thefirst place. The new
board, though, is much beefier, bothin
terms of its 16-phase power delivery
andits price. At £300inc VAT, it's firmly
inpremium territory evenif the MPG
range sits below the MEGrangeinMSI's
motherboard arsenal.

Meanwhile, the bundled waterblock
has afairly standard-looking design
that cools the CPU and both banks of
VRMs - | definitely prefer these types of
blocks to ones thatjust cool your CPU, as
itusually pays to coolas many hot spots
onyour motherboard as possible.

EK and MSI's bundle
includes anMPG
Z590 Carbon WiFi
motherboard, a
CPUand VRM
waterblock, aleak
testerand an EK
store voucher

Theinclusion of all the gearin one box
is definitely aboon, saving you having to
fish around for a compatible waterblock
onEK’s website. The inclusion of EK's
leak testeris agreatideaas well - |
suspect that many newcomers to water

cooling, and maybe even quite afew
seasoned veterans, don't own one yet.
Theresults were good too, witha
5-10°Cdropin VRMtemperatures, and
our water-cooling system was able to
keep Intel's Adaptive Boost Technology



active for our entire 15-minute stress
testonour Corei9-11900K. This means
thatall of its eight cores satat 5.1GHz
and didn'tmove amegahertz.

However, it wasn't the performance
thatimpressed me most with the MPG
Z590 Carbon EK X, butthe price. The
kit currently costs £450inc VAT, which
includes the motherboard, leak tester
and waterblock. When you price up
these components individually, and
consider theincluded vouchertoo,
you're looking at over £530.

That'san £80 saving, and the
voucher could pay foryourtubing and

fittings, or go towards paying for apump,

reservoir or GPU waterblock. Being able
to sell extra gearis probably why EK
included the voucher too, but the point
is that this bundle saves youmoney and
includes all the gear (or money) needed
to getthe product working.

Water-coolingkits very often don't
meetboththese criteria, and they
alsoremove customisation fromthe
equation. Ithink most people will want
to choose their own fittings, tubing
and coolant, and this bundle enables
youto do that. If you want this board
with a compatible CPU and VRM

Inpraise of slimfans

nourlastfanLabstest, we

included Noctua's NF-A12x15,

whichwas thefirst slim
120mm fanwe'dtested at Custom PC.
Despite measuring only 15mm thick vs
the usual25mm for a standardfan, it
performed very closely toits fatter
counterparts. If you wantto squeeze
afaninto atight spot that's too small to
otherwise use anormalfan, you have
avery good optioninthe NF-A12x15.

What's more, using these fans with

asuper-slimradiator, such as thosein
the XSPC TX series, means you have

aradiator with fans that measures just
35mmthick. This makes water cooling
now possiblein cases whereitwasn't
before. That's pretty exciting, especially
if, like me, you love water-cooling small
formfactor systems.

I'm seeingincreasing numbers of
people usingthem, and notjust for
space-saving purposes. They actually
look neaterif they're on show, and
they're popular with cases that have
lower fan mounts, where you can point
air at graphics cards for better cooling.
Some people have even modded their

The waterblock
covers the
motherboard's
VRMs as well as
your CPU, both of
which were cooler
than with high-end
AlO liquid coolers

There are now
numerous models
of slim120mm
fans from which
to choose

Slim fans are around
10mm thinner than
standard fans

waterblock, as well as aleak tester, it's
essentially ano-brainer.

This got me thinking about whether
othermanufacturers should follow suit.
We already have pre-water-cooled
motherboards, butthey're invariably
hugely expensive due to their unique
integrated design.

Comparatively, the waterblock
included here has only been tweaked
slightly between models, soitisn't
expensive to design, plusit's easy tofit,
especially as the motherboard has also
hadits heatsinks removed.

Bundles such as this one offera
great way for manufacturers to make
their products more accessible, andto
encourage enthusiasts to headto their
websites to buy the rest of their gear,
espedially if a voucherisincluded. If we
save money inthe process thenthat's
awin-win situation.

graphics cards to use these fansto
blow air through the heatsink for better
performance - I've covered thisinthe
How To sectiononp102.

Amazingly, justafew years ago, there
werejustone ortwo slimfans available,
including Noctua's model, but during
arecentInternet search luncovered
atotal of nine models from different
manufacturers. There's awhole bunch
of price points too, with some fans being
much more affordable than the pricey
Noctua one. That's good news, as while
the Noctua slim fans mightbe great, it's
stillgoing to cost a fortune to kit out your
case and severalradiators with them. epe

Antony Leather is Custom PC's modding editor

@antonyleather


https://twitter.com/antonyleather
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Install a
distro plate

Antony Leather shows youhow to
transform your water-cooling tubing
routes by fitting a distribution plate
into your case

he amount of custom high-end water-cooling hardware

available these days is staggering, with many components

that traditionally had to be custom-made now available as
off-the-shelf products. Cases are agood example. A decade ago, if
you wanted a distribution (distro) plate - alarge acrylic block that has
numerous ports and often areservoir builtinto it - for your case, you'd
have to make it yourself.

However, there are now plenty of off-the-shelf models that are
made for specific cases or are even universal, fitting into fan mountsin
nearly any case. We'll be taking alook athow to choose one for your
case, the different types available and how you can use themto make it
easier toroute tubing through your case.

Distro plate
overclockers.co.uk

3M picture hanging strips 3Mmounting tape
Most hardware stores Most hardware stores

/ CHECK FOR CUSTOM PLATES
Sadly, not all cases have custom distro plates available, even premium
cases, so start by checking Google to seeif there are any models
available for you case. Several manufacturers make them, so you might
bein luck, and some models even include pump mounts.

/ USE A UNIVERSAL DISTRO
Custom distro plates can be tricky to obtain, and are also expensive, but
universal ones are more readily available and will fitin practically any
PC case - even small ones. They usually fitinto 20mm or 140mm fan
mounts, although you can'thave oneinstalled at the same time as afan.

/ REMOVE CASE PARTS
Universal distro plates often require the sole use of a fan mount, and
the rear mountis usually the best place to install them, both for tube
routing and aesthetic reasons. Remove any components, such as fans
or GPU brackets, to make room for you to test-fit the plate.



http://overclockers.co.uk

/ CHECK FOR BEST LOCATION
Youmightwantto putthe distribution plate on show, whichis usually a
simple job with custom-made plates that sitin the front of the case or next
to the motherboard. With universal fan mount plates, the rear fan mount
gives the best visibility, but you also need to consider your tubing routes.

/ MOUNT DISTRO WITH SCREWS
Universal distro plates can be mounted in two ways. Those thatuse
fan mounts are simple toinstall, as they use standard fan screws and
screw locations. You may even get lucky in areas with vents if they line
up with the screw holes on the plate.

/ MAKE TUBE ROUTING EASIER
There are situations where using a distro plate can actually makeit easier to
route tubing through your case. For example, in this case the motherboard
and graphics card arein separate chambers, but the distro plate can offeran
easy way to direct coolant from one chamber to another.

/ MOUNT DISTRO WITHOUT SCREWS
If you want to mount the distro plate in an alternative location, such as
against a section of the case without fan screw holes, you can use 3M
mounting strips or 3M mounting tape to secureit. The strips are thicker,
butactlike Velcro. The tapeis thinner and stronger, but harder to remove.

/ WORK OUT TUBING ROUTES
Work out your final tubing routes — you don’'t need to use all the ports,
justenough to route the coolant through the plate and then to your
components. Check for components fouling the ports on the plate,
especially with universal plates that might not account for unique case
ormotherboard features.

/ INSTALL YOUR FITTINGS
Once your distro plate isinstalled, check it's secure by givingit a wiggle
andtheninstall your fittings. Be sure to check that your fittings have
0-rings attached first. You don't want to find that one is missing and
have to detach all the tubes from your distro plate once your systemis
atthe leak-test stage.



MODDING /HOW TO GUIDES

Mod your
GPU cooler

Antony Leather shows youhow to
replace your graphics card cooler's fans

raphics card coolers are far better today than they were ten

years ago, and modern cards are generally pretty quiet now,

evenin games. However, their fans are often very slim, and
lack sufficient airflow and static pressure to make the most of your
GPU's heatsink, even at full speed. If you're looking to cut noise, increase
cooling and even lift boost frequencies, there's a simple modification
you can perform.

Replacing your graphics card's fans with high-performance case fans
cannotonly cutnoise levels, butincrease coolingtoo. Best of all, it's
relatively easy to do, requiringjust a couple of fans and cable ties.
However, you need to know a few tricks to getting everything working,
soif you wantto get your graphics card cooler tweaked in time for
summetr, this guide is for you.

Fan splitter cable
overclockers.co.uk

Micro screwdriver set Fans
amazon.co.uk overclockers.co.uk

Cableties
Most hardware stores

Thermal probe
overclockers.co.uk

/ CHECK FOR REPLACEMENT FANS
If you've broken ablade on one of your graphics card's fans, there's a
good chance there's areplacement set available. EBay is agreat place to
find them, soif you're here because your graphics cardis currently out of
action and would prefer to keep the stock cooler, you may be able to just
replace the existing fans.

/ MEASURE GRAPHICS CARD
If you want to boost cooling, then adding custom fans is the way to go. To
do this, first measure the width of your graphics card's heatsink in order to
assess the size of fans you'llneed. Large heatsinks can accommodate
120mm fans while smaller ones may need 92mm models.

/ CHOOSE CUSTOM FANS
Once you've chosen your fan size, you have a couple of further options.
If there's limited space, you can use slim fans to allow your graphics
card to adhere to tight height limits. Otherwise, standard-height fans
with atleast2,000rpm speeds should do the trick and a fan splitter
cable willenable you to use just one power header.
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/ CHECK FOR SOFTWARE CONTROL
You can'tuse your graphics card's fan connector to power the new
fans, so you'll need to use a motherboard fan header. Check if your
graphics card's temperature can be used to control the fan speedin
your motherboard's software. Alternatively, Argus Monitor can do this
(argusmonitor.com), but it costs around £20.

/ TEST GPU COOLING
Before you get going, check the GPU temperature, so you can seeif
your modding has actually improved temperatures. Download GPU-Z
(techpowerup.com) and Unigine's Valley benchmark (benchmark.
unigine.com), run the Valley benchmark for ten minutes and take a GPU
core temperature reading using GPU-Z.

/ CHECK EFI FAN CONTROL
The EFI can often have options that are missingin the software, so
be sure to check there for both GPU and thermal probe temperature
inputs — both of them are useful for controlling the new GPU fans.

/ IDENTIFY CABLE TIE ANCHORS
You can secure the cable ties to the GPU backplate, spare mounting
holes or slip the ties through and under the heatsink. If you have no
other option, heatpipes can also work as anchors, but they're notideal,
as they can get hot. You only need to hold the fan using two diagonal
mounting holes to secureit, butideally use all four.

/ USE A THERMAL PROBE
If there's no GPU temperature input, you can fix the fan speedto a
suitable level manually, or use a thermal probe if your motherboard
supports them. This connects to your motherboard with the other end
sitting inside the GPU heatsink - you then adjust the fan speedin the
software or EFlto keep GPU temperatures in check.

/ IDENTIFY FAN SHROUD SCREWS
If possible, only remove the fan shroud and fans on your graphics card
- you probably won't need to remove the entire cooler and heatsink.
Doing so will also likely void your warranty, but with our card, at least we
could remove the fans and shroud without breaking the warranty seals.
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/ REMOVE SCREWS
The screws can have a mix of head types, so make sure you have the
correcttool to hand before you start. Once you remove the shroud,
place the screws back into it for safe keeping, and keep any additional
onesinasealed bag or container in your graphics card’s box.

/ LINE UP NEW FANS WITH HEATSINK
You want the new fans to exhaust airinto the heatsink, so align them with
their base sections sitting onit. You also want the fans to cover all or most
of the heatsink, even if the final contraption looks a bit lopsided as aresult.

/ UNPLUG POWER AND LIGHTING CABLES
Carefully lift the shroud, but beware of any cables that are still
connectedto the card's PCB. You'll need to detach these cables before
fully removingit. If there are lighting elements that can remain attached
to the heatsink or PCB, and don't foul the fans, feel free to keep them
and leave their cables attached.

/ SECURE USING CABLE TIES
You'll need the right length of cable ties to mount the fans. Use a piece of
string to mimic the ties so youknow the lengths of ties you'llneed to buy.

/ REMOVE SHROUD AND FANS
Go ahead and lift the shroud and fans off the heatsink. There may be
hidden screws or connectors you haven't yet spotted, soif there's
resistance, check they've all beenremoved. The fans may well stay
behind; lifting the shroud will give you access to the remaining screws.

/ TEST NEW FANS
Finally, reinstall your graphics card and run the same test you did earlier
for the same amount of time. Our GPU core temperature fell from 67°C
tojust47°Cand only hit 53°C with the fans reduced to inaudible speeds.
The memory temperature dropped from72°Cto 50°C at full speed, and
58°C with the fan speed reduced. EPE
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Michael Sheppard cut and bent
several steel panels to make the
open-air chassis for this water-
cooled mini-ITX PC
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GPE: What inspired you to build
this mini open-air PC,and what
were your design goals?

Michael: The idea was
to create aniteration
of my previous project,
ProjectZ. My main
goal was to downsize
the footprint usinga
mini-ITX motherboard
and afull-sized ATX
power supply, as

well as making afew
designimprovements
tomake it more
user-friendly.

GPG: Where did the
design process start,
and how did you
goabout planning
this build?

Michael: Penand
paperisalways my
first choice when
starting any project
—itmakesitsoeasy
to quickly design
and brainstorm new

ProjectMini Z

ideas.However,Iwould like to try
digital drawing and 3D designing
alittle more, as Inow have access
toasmall CNCmachine. AsThad
the original micro-ATX Project
Zcase athand,Iwentstraight to
marking outlocations for various
components and marking holes for
cables straight onto the case usinga
marker pen—this made it easier for
me tovisualise the end result.

GPEG: That’s somelovely neat
cabling! How did you go about
planning the routes for the cables
and tubing?

Michael: Cables are always an
important aspect for me—they can
make or break any system.Idesign
and custom-make allmy cables, as
well as ones for local modders in the
industry and UK YouTubers such
as eTeknix—this gives me a little
experience with what does and

doesn’'t work within a system. The
cable routes were dictated by the
location of the motherboard and
wherever was convenient —Ijust
went with what made sense.

Ialso CNC-cut some panel-
mounted combs—Iwanted this
upgrade, asinthelastbuild,Ifed
the cables through each holein the
chassis. This new way was much
tidier and gave me the ability to
remove the cables in one go for easy
maintenance or upgrades.

The runs of water-cooling
tubing required alot of visualising,
planning and sketching.IknewI
hadtotake the tubing through the
caserather than around it or over
the top,and it made sense to put
the radiator on the inside, reducing
the footprint by 3omm.Inthe end,
itmade more sense to use a parallel
loop, which gave the system a much
cleaner and tidier look.



GPG: How did you get the
customlogo design onto

the GPU waterblock?
Michael:Ipurchased a vinyl cutter
last year, which has opened up
awhole world when it comes to
making modifications.I'd spenta
lot of money on stencils and stickers
for previous builds, soit made sense
tobuy a vinyl cutter, as it would
give me so much freedom with
personalising builds in the future.

Iwentabout making a backplate
and waterblock decals by firstly
taking a picture of my graphics card,
inthis case an AMD Radeon RX Vega
64.I1then transferred the pictures
tothe software and cropped it
tothe exact measurementsin
physical form.

Ithen pretty much based my
design around the backplate, trying
toincorporate a similarlook to
the Star Warslight-speed stripe.I
wanted to keep a factory-madelook,
as painting this lovely aluminium
feltlike a crime.Ialso putthe Z
and be quiet! logos on the top,and
carried ontheline and dash effect
throughout the design.

GPG: Why did you use soft black
tubing and clear coolant?
Michael: The tubingis16/1omm
ZMT by EK Water Blocks, and this
isthefirst soft-tubing build I've
ever done.Ichose soft tubing,asit’s
aloteasierto manipulate around
bends, which is definitely needed
on asystem this shape. The coolant
was a toss-up between using clear
or pastel orange.Iwent with clear
inthe end, asIthought it would look
better with the RGB waterblocks.

GPEG: Tellusabout the

build process.

Michael: Iwent with 2mm-thick
steel sheet thatI'd recycled from
thelast (Project Z) build. Basically,
itinvolved me cutting 30 per cent
off the top, cutting off the pre-
bentradiator side and rebending
ittomake it shorter. The end
result made the case 6 x10x12in
(WxDxH).

Iwanted toimprove the location
ofthel/O panel by puttingiton
the top—inthe original Project
Z,the panel was too close tomy
desk, resulting in me having touse

m
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CPUAMD Ryzen53600
GPU AMD Radeon RX Vega 64

Storage Crucial PINVMe 512GB
i SSD

Memory Patriot Viper Steel
3600MHz

Motherboard Asus Strix B450i
AM4

PSU be quiet! SFX-L 600W

Cooling EKWB Velocity RGB CPU
Block, EKWB Quantum Kinetic

D5 Pump and Reservoir, 2 x

EKWB 240 SE Classic Radiators,
EKWB ZMT 16/10mm tubing, 14

¢ x16/10mm EKWB silver nickel

i fittings, 2 x 45-degreerotary silver
nickel fittings, 4 x 90-degreerotary
silver nickel fittings, Bitspower full-
cover nickel/acrylic waterblock for
Vega56/64,4 x be quiet! Silent
Wings 3fans

angled adaptors to pluginamouse
and keyboard.

The second major design
improvement was adding holes
for fan airflow—inthelast build,
the radiators were mounted on
standoffs but they stilldidn't get
enough air. This whole process was
done using an angle grinder,a small
cutting disc on a Dremel, hacksaw
blades, files and 240-grit sandpaper
justtosmooth out thoselines.

GPG: Did you come across
any difficulties?
Michael: The main issue was that
Ididn’t quite have room to mount
the graphics card in the way I
originally planned, which was with
noriser cable and going straight
into the PCI-E slot.Iwent through
several new designsin my head and
resorted to cutting down a PCI-E
riser bracket several times toreach
its final form.

Iknew the fit was going to
be super-tight,soIordered the
smallest riser I could find, which
was a Phanteks 15omm model,

and then thought about how I
was going to mount the bracket
above the radiator. The idea was to
show off the backplate and have

it parallel with the front 240mm
radiator, but this location was too
tight for the riser cable, so I moved
toplanB.

This involved using 23 x 43mm
angled steel-Icutinto the wider
side ata45-degree angle and bentin
the shorter side to square up against
it.Ithentook it tomylocal garage
and put some welds in the jointo
add some extra strength. After that,
itwas a case of adding the PCI-E
riser bracket to that.

Ithinkif the case had been1in
longer then the original plan would
have worked fine. However,ifThad
made the caselonger,Idon’t think
Icould have made a parallelloop,
whichIthinkis one of the cleanest-
looking aspects of the final build.

EPE: How many radiators and fans
did youuse?

Michael: There are two 240mm

EK Classic SE radiators—one on the

The maximum temperature of the CPU s
45°C, and the GPU temperatureis
generally inthe high 30s



inside rear and the other on the
front outside, loaded with four be
quiet! Silent Wings 3 fans. Both
radiators are placed at the end of
theloop, pulling air away, although
airflow isn’t really anissue with the
open-case design anyway.

CGPE: How are the PSU and reservoir
mounted on the main chassis?
Michael: The power supply is
mounted using an ATX-to-SFX
bracket,again attached to a piece

of 23x43mm angled steel. The
intention was tohouse a standard
ATX power supply measuring up
to1somm, but with the ability
topossibly goup to165smm.The
reservoir uses the standard EKWB
UNI pump bracket for12omm fan
mounts. That’sthen mounted tothe
radiator through the fans, with the
vertical D5 pump clamp housing
thereservoir.

GPEG: What are the CPU and GPU
temperatureslike?

Michael: I've only been doing
some 2,560 X 1,440 gaming since
Icompleted this project, but
they’re much better since the
rebuild from mylast mod, thanks
tobetter airflow and better paste
application. The maximum

temperature of the CPUis 45°C,and
the GPU temperature islower—it’s
generally in the high 30s.This is
quite a surprise when you consider
that the Radeon Vega 64 GPU can
pull around 300W —the Bitspower

waterblock does a fantasticjobhere.

GPG: How long did the build
process take?

Michael: Istarted in mid-March
and it was completed in early April.
Idid aimtoforit tobe started and
finished in March, but lockdown
and family life caused a few delays.

GPE: Are you completely happy
with the end result, or do you wish
you'd done some of it differently
inretrospect?

Michael: I'mreally over the moon
with the end result. There are some
revisions I'd like to make, such as
extending the footprint tohouse
theradiator onthe inside and have
the graphics card not plugged into
arisercable. The ideaistobe able
tomake these systems and fulfil
custom orders from a single piece
of aluminium and include custom
cables. AVRM waterblock would
alsobe a good addition, or afan over
that area for cooling —it does get
warm after long sessions.
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CORSAIR
To enteryourrig for possible inclusionin Readers’ Drives,
your build needs to be fully working and, ideally, basedin
the UK. Simply send us a couple of photos on Twitter (@
CustomPCMag) or Facebook (CPCMagazine), or email
low-res ones to ben.hardwidge@raspberrypi.com. Fame
isn'tthe only prize; you'llalso get your hands on some
fabulous prizes, courtesy of Corsair.

Corsair Hydro X Series XD3
RGB Pump/ReservoirC

The Corsair Hydro X Series XD3 RGB Pump/

Reservoir Combo features a high-

performance DDC PWM pump,

integrated RGB lighting and in-loop

temperature sensor to drive even the

most compact custom cooling systems.

It has a high-performance Xylem DDC

PWM pump controlled viaPWMto

deliver the perfect flow balance for your loop. There are also
16 individually addressable RGB LEDs, which lightup the
pump head to produce stunning, customisable lighting
effects tomatch yourbuild.

Corsair Hydro X Series XC7
RGB CPU Water Block

The Corsair Hydro X Series XC7

RGB CPU Water Block combines

premium construction, vivid RGB

lighting and extreme cooling

performance tobecomethe

centrepiece of your water-cooling

loop. Ithas anickel-plated copper

cold plate and more than 60 high-

efficiency micro-cooling fins, which

efficiently draw heat away from your CPU, lowering operating
temperatures and allowing for maximum overclocks. You
canchoose the AM4/LGA11510r LGA2066 version.

Corsair Hydro X Series XRS5
240mm Radiator

The Corsair Hydro X Series XR5

240mm Water Cooling Radiator

delivers extreme custom cooling

performance, with a 30mm radiator

thickness and premium copper core. Its

dual 120mm fan mounts on each side are ready for

your most ambitious custom cooling build, and its 25
micron-thick cooling fins offer a high thermal transfer rate.
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JAMES GORBOLD / HARDWARE ACCELERATED

PLAY YOUR CARS RIGHT

James Gorbold discovers the similarities between buyinganew PC and a car

verthe pastfew months, my trusty steed has begun
. to show its age, developing all sorts of quirks and

ultimately nolongerliving up toits name. This has
meant the start of the same exhaustive process of selecting
and buying a new car that I went through earlier this year
when my old PC started to fail me.

The process of buying a new car has many similarities to
buying anew PC. After all, both purchasesrepresent significant
outlay for most of us, so it pays to do your research. While I
don’t have the same passion for cars as PCs, the process of
research is interesting.

Forinstance, whether you're buying a car ora PC,you should
always start with considering how you're going touseit.In PC
terms,that means which games and/or applications you'll be
running alongside whatroom you'llneed
foradd-in cards and drives; in other words,

under specific conditions. For example, the 24GB of a RAM
on a GeForce RTX 3090 is utterly useless for gaming, but
absolutely essential for 3D rendering, and is arguably even
more important than the 3090’s tonne of compute cores
here. Similarly, as I discovered through my research, a plug-
in-hybrid car is barely any more efficient than a mild hybrid
for the sort of journeysIundertake each month.

The analogy continues the further you research too, with
close similarities between the decisions PC buyers make
over monitors and car buyers make over gearboxes, both
of which are down to personal preference. After all, while
IPS monitors are clearly more superior for graphics work
than TN monitors, that’s not necessarily true for fast-paced
competitive games. Similarly, an automatic gearbox is great

for everyday driving, especially in urban
locations, but amanual gearbox provides

which shape and style of case you need. The24GBonaGeForce RTX more control over performance.

Cars start off similarly too, with myriad 3090is useless for gaming’
but essential for 3D rendering

body shapes, all of which have an equally
importantrole in determining suitability
for different tasks and types of journey.
Despite the choices, it shouldn’t be surprising then that the
PC and car markets are dominated by a jack-of-all trades
choice —the ATX case and hatchback chassis respectively.
Once you've settled ona case for your PC,or a chassis for your
car,youneed tothink about the mostimportant component.
For prospective PC gamers,and alot of computing professionals,
that means choosing the right GPU.The analogy in carsis the
powerpack, not just the power rating of the engine but the
power source, be it petrol, diesel, electric or some sort of hybrid.
Just like your GPU choice, choosing the right powerpack
not only determines responsiveness and performance but
also efficiency, with some options being far more efficient

You can also draw parallels between
technologies such as CPU and GPU boosting
automatically, and new car tech, such as
lane assistand auto parking—features that
were inconceivable not many years ago.

PC and car buyers also benefit from being able to choose
models from two very vibrant markets, new and second-
hand. Even the payment system is similar, with both
purchases typically costing well above the disposable income
of most buyers, necessitating either saving up or buying on
a credit scheme.

There is one notable difference here, however, and that’s
while it’s possible to buy or hire a car on credit and then
return it according to the conditions of the contract, no
PC manufacturer has managed to successfully replicate a
similar deal yet.cpe

James Gorbold has been building, tweaking and overclocking PCs ever since the 1980s. He now helps Scan Computers to develop new systems.
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