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/ FROM THE EDITOR

Back to basics

very PCbuilder has to start somewhere,and Iknow

from past experience that many people will be

starting their computer construction journey with
this ‘PCbuilding masterclass’issue of Custom PC.If this is the
first issue of Custom PC you've ever picked up off the shelf,
thenI'dlike to welcome you to the world of custom computers,
where you get the exact spec of PC you want, and the
satisfaction of knowing you've built it all yourself.

It’s for thisreason that our lead feature this month (see p72)
goesback to the basics of PCbuilding. Don’t worry, that doesn’t
mean it’s going to be several pages of patronising drivel with
no substance. Rather, it’s going to be taking you through every
step of the build process, from start to finish, without taking
any previous high-tech knowledge for granted.

Along the way we’ll show you the best ways to install all
your components, fit your CPU cooler, test your hardware and
tidy all your cables. We’ll tell you what tools you’ll need, the
functions of all the major plugs and sockets,and we’ll also
show you how to install Windows and get your PC set up.

Even if you've built a fair few PCs before, there are also
plenty of people who might be out of theloop and are thinking
about upgrading from an old system. They might know all
about fitting a SATA SSD, but may have never seen an M.2 port
before, for example, or perhaps they don’t know the best way to
mount the radiator for an all-in-one liquid cooler.

Thisis a fast-moving industry, where standards change
quickly, as do the best methods of installing hardware. The
best techniques for applying thermal paste have changed
several times over the past decade, for example, as CPUs have
radically evolved.

Whatever your level of PC-building experience, we hope that
thisissue tells you all you need to know about building your
next PC,whether it’s abasic setup for your student digs,ora
top-end 4K gaming rig. You'll also want to keep this issue on
hand for the next year or so, as we’ll be referring back to it in
our future, more specialist build guides.
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RICHARD SWINBURNE / VIEW FROM TAIWAN

CURRENT CHIPS AREFINE

New PC tech might be onthe horizon, but there’s still plenty of
life leftin current-gen components, argues Richard Swinburne

ntel’s 13th-gen CPUs, AMD’s Ryzen 7000-series CPUs
. and possibly Nvidia’s RTX 4000-series GPUs are a
month or two away, but if you're looking for a cost-
conscious build that maximises price-performance, you've
most likely been holding out for the past few years while
GPU prices have been extortionate.
However, I think current-gen hardware is definitely worth
a closer look, despite all the new hardware on the horizon.
As one example, MSI has just launched its MAG B66o0M
Mortar Max WIFI DDR4 motherboard, which includes an
external clock generator. This enables you to overclock
12th-gen non-K-series CPUs, giving the venerable Core-ig
12400F a shot at hitting sGHz.
Some other boards could do this already, but

higher than ever, which will add further cost to the cards, as
you'll need high-quality PCBs and power management chips
that can cope. While performance will definitely improve,
I'll be surprised if we see any price-performance winners,
and existing generations will co-exist alongside new cards
to fill the lower price brackets.

What's more, there’s potentially some good news for
owners of existing AM4 systems. The rumour mill has been
fired up with fresh talk that AMD might be bringing some
new Zen 4 cores to the veteran AM4 platform. We don't
know what sort of numbers are involved yet, but there’s
word that AMD needs to accommodate the aggressive cost

targets of the Chinese market, and that new
AM5 motherboards with DDRs memory will

they were expensive and used DDRs memory, This enables you to be just too expensive.

whereas the new Mortar Max promises to overclock 'Izth—gen
non-K-series CPUs

be much more affordable and uses cheap
DDR4 memory. What'’s more, if the forecasts
for September and October ring true, DDR4
memory will only get cheaper.

Current-gen graphics cards are continuing to drop in price
too, so you could now build a cheap PC with a solid spec
that will see you through the upcoming years, with room to
upgrade to an Intel 13th-gen CPU later. Normally, we'd advise
holding out for a next-gen GPU now, but the past two years
have set a precedent of MSRPs rising for equivalent next-
gen cards compared with their predecessors — Nvidia and
AMD’s mid-cycle refreshes saw a consistent bump in prices.

Meanwhile, TSMC has issued several rounds of silicon
wafer price rises that continue through next year, and the
leading-edge processes making these GPUs are costlier
than their predecessors. In addition, it’s rumoured that the
forthcoming generation of GPUs will raise power budgets

AMD would need to partner a Zen 4 core
complex die with an older Zen 3 I/0 die to
make it work, and its chiplet design and
common interconnect system certainly
makes this possible. This seems wholly plausible, so I give
the rumour a decent likelihood of happening. If they exist,
we’ll then be able to see the direct performance difference
between the two platforms, so we can evaluate Zen 4’s real
advantage over Zen 3 without the help of faster memory.

However, AMD has also developed a method to completely
lock its CPUs into a single motherboard, so even if these chips
exist, they might only see the light of day in OEM platforms.
While AMD’s OEM CPUs have so far been limited to its
business-only ‘Pro’ CPUs, this aberrant design has already
been condemned for preventing people from recycling
perfectly good CPUs when those systems reach the end of
their useful lives. Let’s hope AMD sees reason and doesn’t
extend its use further. cre

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

LOST NIGHT
OF THEPROMS

Tracy King discusses the snobbery surrounding
game soundtracks in classical music circles

fter two years of postponed or avoided gigs, I finally
. got back intolive music a few months back. The band
Meshuggah were playing on the Jubilee weekend
at The Royal Albert Hall. If you haven’t been to the Royal Albert
Hall,it’srenowned for its grandeur and acoustics. The interior
isallgoldleaf and red velvet,and the ceilinglooks like a classy
spaceship.It’s a great venue, but it was odd seeing an extreme
metal band in a venue most famous for classical music.
T'had alaugh to myself imagining what some of the more
uptight members of the Proms would think about it. I like
classical musictoo, but some of the snobbery around it winds
meup.I'mnot a great fan of tradition for its own sake,
and classical musicis a genre rather than an era, so
there’snoreason other than personal preference to

Thisis precisely

Noone hosts the popular gaming music show High Score
(I see what they did there) on Classic FM, and games have
been credited with introducing classical music to entirely
new generations who might not otherwise have gone to
the Royal Albert Hall.

And this is precisely why the Proms was founded (even
allowing smoking in the auditorium to make it more attractive)
in1890.The entire point of the Proms was to introduce people
to new music, and that presents a golden opportunity.

Video game live orchestra events are now huge, particularly
in Europe and Japan. The Symphonic Game Music Concerts,
which originated in Germany, have toured the world,
and Nintendo even sponsored an educational school
tour to teach kids about classical and game music.

claim it can't—or shouldn’t —include compositions Wh\/ the Proms This is obviously good for the classical music genre, a

or arrangements of contemporary music too.

The Telegraph recently published an article
headlined: ‘Why is the BBC intent on ruining the
Proms?’-an opinion piece by a senior journalist that starts
off complaining that the Proms included classical covers of
pop, soul and jazz songs, and then *record scratch* suggests
that ‘the first ever Gaming Prom’is something so ruinous,
it will destroy the BBC itself”.

‘An electronically expanded Royal Philharmonic Orchestra
explores the musical universe of gaming: from the classic
console titles of the 1980s to the European concert premiere
of a suite from Battlefield 2042, he complains derisively, while
I'm sitting there thinking, ‘ooh where can I see that?’ (BBC
Four, Friday, 5 August, thereafter on iPlayer).

Video game music has a long and wonderful history
that intersects with classical music —the composer Eimear

was founded

gateway to Beethoven. Classical music snobs should
embrace the new generation who will buy a ticket to
a100-piece orchestra because of video game music.

One of the most famous Proms conductors, Henry Wood,
was often criticised for including the ‘wrong’ sort of music,
saying of critics, T got very fed up with them, always finding
fault with any arrangement or orchestrations that I made ...
“spoiling the original” etc’

In 1929, he played a prank in which he passed off one of
his own arrangements of a Bach piece as a transcription by
aRussian composer. It worked, and he didn't reveal the truth
for five years.

It would be hard and arguably unethical to do that now,
but we have to acknowledge that it would be very funny to
sneak a composition from Final Fantasy into the Proms and
tell the Telegraph critic that it's Brahms. eps

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

Incoming

If youthoughtthat 360Hz refresh rates
were bordering onthe silly side, then
you'll wantto give some serious side
eye to Alienware's new 480Hz laptop.
The company’s new m17R5 has beaten
therest of the field to hit the 480Hz
figure onits 1,920 x 1,080 screen.

While that's a great headline number
formarketing, though, you'llneed some
serious GPU power (and undemanding
games) to sync your GPU's framerate
withthe screen, andit's highly unlikely
you'll see much difference between
360Hzand 480Hz.

Anumber of spec options are
available, with a choice of 8-core AMD
Ryzen76800H or 6900HX CPUs, and
various Nvidiaand AMD GPU options.
However, you can only specify the
480Hz panel with an Nvidia GPU at the
moment, and you'd need the top-end
RTX 3080 Tioptionif youwantedto
even have a chance of hitting 480fps.
Anm17R5 with this spec currently costs
£3,099inc VAT from dell.co.uk

LIANLIMAKES FULL-TOWERLANCOOL CASE

LianLihas updatedits award-winning line-up
of Lancool cases with a full-tower model. The
Lancoollllhas three 140mm PWM intake fans
inthe frontas standard, as wellas a140mm
PWM exhaust fan. Making room for fans and
coolinggearis clearly Lian Li's main goal with
the new case, with room for a360mm radiator
inthe top, frontand bottom of the chassis.

The spacious interior also has room for an
E-ATX motherboard up to 280mm wide, and
agraphics cardupto 420mmlong. There's
plenty of room for storage too, with the ability
to accommodate four 3.5in hard drives and
eight2.5in SSDs simultaneously.

Meanwhile, hinged side panels make
foreasy access, and they're split, with
separate hinged panels forthe PSU area and
motherboard tray. Prices for the Lancool lll
startat£150 inc VAT from overclockers.co.uk,
with an extratenner buying you a version with
RGBfans.

CORSAIR SHRINKS K70 FURTHER

Following on from the award-winning
tenkeyless version of the K70 (see Issue
214, p31), Corsair has shrunk the design
further to create a 60 per cent form factor
version. The new K70 Pro Mini Wireless
retains the premium aluminium frame
of its bigger siblings, and comes with a
choice of Cherry MX Red or Speed key
switches, which you can also hot-swap
with other standard mechanical key
switch designs.

Meanwhile, the switches
are topped with double-
shot PBT keycaps, which
canalso be replaced with
keycaps of your choice.
Other featuresinclude
per-key RGB lighting, as

wellas an RGB lighting strip around the
edge of the frame.

The keyboard can either be connected
with a detachable USB Type-C cable,
or wirelessly, with Corsair claiminga
32-hour battery life with the RGB lighting
or200 hours with the backlight disabled.
The Corsair K70 Pro Mini Wireless is
available now from scan.co.uk for a price
of £170inc VAT.
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REBATE ONRTX
3090 TiCARDS

Nvidia has started offeringa £280
rebate on purchases of its top-end
GeForce RTX 3090 TiFounders
Edition card. While that might seem
pretty generous on the face of it, the
card already costs £1,879 inc VAT, so
that's still£1,599 for a card thatisn't
massively quicker thanthe £1,049
GeForce RTX 3080 Tiin games (see
Issue 226, p19).

We'd also advise against spending
so much money on a high-end
graphics card when the next
generation of GPUs is on the horizon,
butif you want the current fastest GPU
available, you can get your card and
rebate from store.nvidia.comnow.

ADATA has lifted the lid oniits first
PCI-E 5SSD, quoting a colossal
sequential read speed of up to
14GB/sec. The XPG PCle GEN 5 uses
a Silicon Motion SM2508 controller,
and comes in capacities up to 8TB.
The drive uses four PCI-E 5 lanes to
hitits top speed, and supports the
new NVMe 2 protocol.

ADATA has also quoted a
sequential write speed of up to
12GB/sec for the drive, while 4K
random read and write speeds are
quoted at 1.8 millionIOPS and 1.6
million IOPS respectively.

KINGSTON UNVEILS
6400MHz MEMORY

Kingston has launched anew line-up
of DDR5 RGB memory modules, with
effective speeds of up 6400MHz. The
new Kingston Fury Renegade DDR5
RGB modules also feature RGB lighting,
and come with 32-39-39 latency
timings. The modules require a voltage
of 1.4V and also supports Intel's new
XMP 3 profile system.

A32GCBkitof 6400MHz Fury
Renegade DDR5 RGB memory will
currently costyou £271inc VAT from
cclonline.com, with the equivalent
6000MHzkit going for £236inc VAT.
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WATER-COOL

TOUGHC360 DDC /£41 wevar

SPEC
Intel compatibility

LGA1700, LGA1N5x, LGA1200,
LGA2066,LGA2011,LGA136

/ COOLING

THERMALTAKE PACIFIC

ING KIT

e're big fans of water cooling here at Custom PC,
. and with a greater choice of components now

than ever, catering for allmanner of builds, it's
now relatively easy and safe to water-cool your PC these
days too. That said, picking the right
components and ensuring every partis
compatible can stillbe a challenge, so
water-cooling kits can often be a good
place to start.

AMD compatibility

Socket AM4, AM3/+, AM2/+,FM2, FM1

The Thermaltake Pacific Tough C360

Radiator size with fans (mm

19x399x55 (W xD x

DDC retails for a slightly eye-watering
H) price of £411inc VAT, but it offers an

easierroute to building your dream PC
than buying all the parts separately.

CPU waterblock

Thermaltake Pacific W7

There's some serious kitin the box too,
as you'd expect at this price.

- The tube

Firstand foremost, this is arigid-tubing

kit thatincludes PETG rigid tubing that
you'llneed to bendinto shape. While

Tube type
Rigid PETG

thekitincludes atubinginsertto prevent
kinks when you're bendingit, you'll

Tube dimensions
16mm OD, 12mmID

needtoinvestinaheatgun, asthisisn't
included, probably asit's too bigand

would mean doubling the width of the already hefty box.
You'll also need to investin tube-bending guides in order
for you to hit the right angles once the tubingis heated,
unless youintend to eyeball the bends freehand.

One other essential tool thatisn'tincludedin the boxis a
fine-tooth hacksaw to cut the tube to length, although you
may already have one of these, and they're not expensive
to pick up fromaDIY store.

Seeing as you'll have to provide your own cutter anyway,
and as PETG tubingis relatively soft, a tube or pipe cutter
would make for a sensible additional purchase, making for
quicker and easier tube cutting.

In addition, there's no tube reamer included in the box to
smooththeinner and outer edges of the tubing, whichis
needed to remove sharp edges once they're cut, so they
pass through the O-rings more easily. We'd have liked to
see one of theseincluded, evenif the kit then ended up
costing £10-20 more.

The best feature about the kitis the generous amount of
tubingincluded. You get eight 50cm lengths of PETG tubing,
whichis more than enough to cater fora CPU-only loop, or
evenif you want to add a GPU waterblock. This means that
you'llhave plenty of tubing with which to practise if you're
new to tube bending, seeing as only three lengths would be
needed to connect the included components.


http://scan.co.uk

iiiiiiiii TEMPERATURE RESULTS

AMD SOCKET AM4 DELTAT
Thermaltake Pacific Tough C360 DDC I48°C
Corsair H150i Elite LCD I 49°C
Thermaltake Toughliquid Ultra 360 I 49°C
Asus Ryujin 1360 W 4sC
MSI MPG CoreLiquid K360 |49°c
NZXT Kraken X73 RGB I51°C
IceGiant ProSiphon Elite I 51°C
Corsair iCUE H100i Elite Capellix I 51°C
Lower is better
INTEL LGA1700 DELTA T
Thermaltake Pacific Tough C360 DDC I41"C
Corsair HI50i Elite LCD J4azc

NZXT Kraken X73 RGB N4sc
Jisoc

NZXT Kraken Z53

P-Core average Lower is better

. E-Core average

The 16mm (OD) PETG tubingincludedis also easier to
bend than standard acrylic tubing, thanks to a lower melting
temperature, which also meansit's practically shatter-
proof. You'llneed to apply less heat than you would with
acrylic tubing, and the PETG tubing will become pliable
more quickly.

However, we'd also suggest setting up temperature
alarms for the fans, and especially the pump, using your
motherboard’s EFl or software, as any failures here,
however unlikely, can see the coolant warm sufficiently for
the tube to become flexible and potentially cause leaks.

Fixtures and fittings
A GPU waterblockisn'tincluded in the kit, as they lack the
universal compatibility of CPU blocks. If you wantto fita
waterblock to your GPU, you'll need to visit Thermaltake or
another water-cooling manufacturer’'s website to locate a
block that's compatible with your particular graphics card.
You'llalso needtobuy a
pair of extrafittings, as
the six Pacific black
rigid tube 16mm
compression
fittings included
inthe box
only give you
enough fittings
to connectthe
combined pump
andreservorr,
CPU waterblock
andradiator
togetherinaloop.

In order to reduce the number of bends with which you
have to contend when sorting out the tubing, Thermaltake
has also included a pair of 90-degree rotary fittings that will
connect directly to one of the components in order to point
the tubingin the right direction.

If you'd prefer not to bend the tubing, a few more straight
fittings, plus female-female 90-degree fittings will enable
you to connect straight runs of tubing without the need for
bending. Again, the amount of tubing included means this is
possible without buying more tubing, even with a graphics
card added to the loop.

We were impressed with Thermaltake's fittings too.
They have double the usual number of O-ring seals, at four
rather than the usual two, making for a leakproof design.
Evenif one O-ringin the fitting fails or gets damaged, there
are three more acting as backups.

Pump up the volume

Coolantis pumped around the Thermaltake kit's loop with a
PR22-DDC combined pump and reservoir unit; as its name
suggests, thisuses a DDC pump, but sadly there’s no PWM
controlhere anditruns at a fixed speed. There are also just
single inlets and outlets, with the former sitting in the roof,
which can look a little unsightly.

The reservoir also uses arather dated and inflexible
mounting kit, which requires there to be mounting holes
in your motherboard tray. That's great if you have them
already, but plenty of cases don't.

Thankfully, as DDC-type pumps are very popular for
water cooling, some cases include pump mounts, andit's
possible to buy them separately too. Even so, we'd have
liked to see an adaptorinthe kit to allow you to mount the
pump/res combo to front fan mounts, as this is the easiest
way to secure this type of hardware.

Thankfully, there's a separate fill port, and when it comes
to actually adding coolant, there's a one-litre bottle of clear
coolantincludedinthe box, as well as afill bottle to make
filling the loop simple and drip-free.

Fans and waterblock

Thermaltake’s Toughfan 12 fans are included too, which
picked up an Approved Award in this month’s fan Labs test
(see p40), thanks to their high efficiency and low-noise
operation, with three of them bundled in the box to kit out
the 360mm radiator, along with a three-way splitter cable.

PACIFICRIM

Excellent cooling

Plenty of rigid
tubingincluded

Expandable

TOILETRIM

= Expensive

= Limited gains over
high-end AIO
liquid coolers

= Lackssometools



/ COOLING

Interms of cooling capacity, this will be
enough to handle any current desktop CPU,
oramid-range CPU and GPU such as a Core
i5-12600K and GeForce RTX 3070 or Radeon
RX 6700 XT. However, we would advise adding
a240mm radiator into the mix if you want to
effectively cool more than that, especially as
the fans weren't the most powerful models
available in our testing.

Meanwhile, the included Pacific W7 CPU block
is very attractive although, like the fans, it doesn't
include RGB lighting. As you only get clear
coolant as well, this kit might lack allittle colour
for some people’s tastes, so you could consider
adding a colour dye or alternative coolant to
your shopping basket. The waterblock is simple
toinstall, though, using a backplate and sprung
thumbscrews. Intel's new LGA1/00 socketis
supported, asis LGA2066, but sadly there's no
supportfor AMD's Threadripper sockets.

Installation

If you're new to water cooling or tube bending,
YouTube s a fantastic recourse for guides, and
Thermaltake has a couple of its own guides on
the site, so we'd highly recommend taking a look
atthose for advice. Theinstructions give you a
basicidea of what goes where, but they're not
much use beyond that.

Once you've constructed your loop, another useful tool
includedinthe boxis an ATX jumper. This allows you to
disconnect all the PSU cables from your hardware except
the pump. You can thenfill your loop without risk of any
leaks damaging your hardware. Thisis a tried and tested
method, but even better would be the inclusion of a leak-
testing pressure tool. Thermaltake actually offers these
inits product line-up, so againit's aninclusion we'd like to
have seen to make the kit more appealing to newcomers.

Performance

We had our concerns about not being able to tune down
the DDC pump, asit's not usually necessary to runit at full
speed, which can also make it noisy. Thankfully, the model
included here exhibited little noise and vibration, and once
the loop was bled of air, the pump wasn't audible outside
of the case above the noise of the rest of the hardware.

The CPU delta T of 48°C beat the monstrous Corsair
H150i Elite LCD, albeit by only one degree, but that means
the Thermaltake kit managed the best result we've seen
when cooling our Ryzen 7 5800X. Pitched against our Core
i9-12900K, the Pacific Tough C360 DDC kit shaved 2°C off
the Corsair cooler onthe CPU's average P-Core delta T,
and one degree of the average E-Core delta T. The former
was nearly 10°C cooler than the NZXT Kraken Z53 and 5°C
coolerthan the NZXT Kraken X73 RGB too.

Conclusion
We like a lot of aspects of Thermaltake's Pacific Tough
C360 DDC water-coolingkit. It has

enough tubing to allow practice LGA1700
bending, and to add additional COOLING
components to the loop. It also has
aquiet, powerful pump, excellent 39/40
cooling performance, a useful mix of EEATURES
fittings and enough cooling capacity 15/20
tohandle any compatibleCPU. T
Unlike most AlO liquid coolers, DESIGN
it's easily expandable, with plenty 15/20
of headroomprovidedbythepump ...
for adding additional radiators and VALUE
waterblocks. There are afew items 14/20
we'dhavelikedtoseeincludedgiven ..
the price, though, such as a leak- FITTING
testingtool, tube reamer and tube EASY

cutter. None of these components
would have added significantly to the
price tag and would have meant a
more complete package.

That's exactly what the competition
offers, with kits from Corsair retailing
forjustallittle more, butincluding

OVERALL SCORE

components such as tube reamers, SocketAM4
bending guides and tube cutters, COOLING

as well as PWM-controlled pumps.

Still, Thermaltake does include 39/40
more tubing as standard, whichis FEATURES
animportant advantage.

However, the factit offers some, 15/20
but not all, the essentials for building DESIGN
arigid tubing kit means that, while this 15/20
kitultimately offersgoodvaluefor ...
what you get, it's not quite as newbie- VALUE
friendly as possible. This is a decent 13/20
water-coolingkit, butthere’salso
room forimprovement. FITTING
ANTONY LEATHER E AsY

OVERALL SCORE
VERDICT

Missing a few useful tools, but
otherwise a mostly inclusive
water-cooling kit with rigid tubing.




32IN GAMING MONITOR

SAMSUNG ODYSSEY
NEO G8/£1,299 nevar

HOMER

Sensational
contrast

Fantastic
backlight

Good colours

Excellent core
specification

MONTGOMERY

= Needsa
mighty GPU

= Some exterior
designissues

= Notthe best for
serious esports

SPEC

Screensize
32in

Resolution
3,840x2,160

Maximum refreshrate

he Odyssey Neo G8is the first gaming monitor to
. combine a curve with a 4K resolution and a240Hz

refresh rate, and the impressive specifications don't
stop there — the G8 also uses a 10-bit VA panel with advanced
backlighting. The 4K resolution keeps the image crisp, the
1000R curveisimmersive and the 240Hz refreshrateis plenty
formost people’s needs, plus this monitor will adaptively sync
with both AMD and Nvidia GPUs to stop tearing and stutter.

Meanwhile, the 1,196 Samsung Quantum MiniLEDs
thatmake up the backlight alter their brightness levels
independently to deliver stunning contrast that's ideal for HDR.

It'snotcheap at £1,299, butthe Samsungis stillmore
affordable than the Asus ROG Swift PG32UQX, which costs
£3,199 andincludes 1,152 backlighting zones across its 32in
IPS screen, alongside a weaker 144Hzrefreshrate.

Onthe outside, the G8 has glossy white plastic and good
movement options. Around the rear, the G8 deploys two HDMI
2.1ports, aDisplayPort 1.4 socket and two USB 3.2 Gen1ports,
butno USB Type-C connection. The G8 also has frontand
rear-mounted RGB LEDs that aren't bright or versatile enough
tobe useful. An absence of tool-free building disappoints
as well, and the shallow, unresponsive D-pad
undermines the slick on-screen display.

Those physicalissues occasionally irritate, but
the G8 fully redeemsitselfinbenchmarks. Out of
the box, the G8 supplied a sensational contrast
ratio of 9,600:1thanks to a 0.02-nitblack point
—this panel delivers more depth and vibrancy
than any conventional IPS or VA screen. Not

The Samsung's delta E of 2.17 and colour temperature
of 6,065K are middling but accurate enough for gaming,
although the Asusis marginally better here. The G8 also
rendered 99.5 per cent of the SRGB gamut with 129.8 per cent
volume and 91.2 per cent of the DCI-P3 space at 92 per cent
volume, so it produces a broad, vibrantrange of coloursinboth
gamuts withoutlooking oversaturated.

Meanwhile, the G8's 240Hz performanceis crisp and
smooth, with only modest ghosting visiblein dark areas —it's
betterthan most240Hz screens. The G8's average initial
response time of 7.58ms s also good for single-player games,
butit's alittle slow if you're serious about super-fast esports.

With adaptive sync deactivated and the Standard overdrive
setting applied the response timeimproved to 3.47ms, which
is excellent, and aminor, manageable halo effect thenreplaced
the ghosting. In the Faster and Extreme overdrive modes,
the response times improved furtherto 2.7ms and2.38ms,
but overshootincreased dramatically and the halo was more
noticeable. If you want extra speed while games remain
visually impressive, we'd stick with the Standard option.

Conclusion
The G8's VA panel might not quite have

240Hz surprisingly, the G8 also performed wellin HDR
Statedresponsetime tests, with a peak brightness of 1,411 nits, creating
]f?j? ...................................................... arevised contrastratio of 70,550:1. The Asusis
Stated contrastratio greathere too, butthe Samsungis even better,
1,000,000:1 . )
.............................................................. anditmakes games look fantastic.

Active sync

AMD FreeSync Premium Pro,

Nvidia G-Sync compatible

Dlsplaylnputs ..................................
1x DisplayPort1.43,2 x HDMI 2.1

100 x 100mm VESA mount,
2xUSB-C3.2Gen1

HDR standard
QuantumHDR2000

the responsivenessrequired for top- IMAGE QUALITY
tier esports, butithas the speed forany 28 / 30
othergamingscenario,alongsidegood "
colourreproduction, incredible contrast GAMING

and arock-solid core spec. While you'll 27 / 30
needtospendalotofmoneyonthis .
monitor,and a GPU that can output to 4K FEATURES

athighframerates, there’s no denying
thatthe G8 delivers the best all-round
16:9 gaming experience around today.
MIKE JENNINGS

VERDICT

Incredible technology supplies a
near-unmatched 4K experience,
despite some design niggles.

18/20
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/ CASES

ATX CASE

KOLINK CITADEL MESH
ATX ARGB / £110 nevar

SPEC

Dimensions (mm)

231x460x 484 (W x D x H)

s we seein this month's fan Labs test (see p40), it's

not always cheap to kit out your case with RGB

lighting, but there are also plenty of cases available
that offer a glowing treat for your eyes out of the box. The
Kolink Citadel Mesh ATX ARGB is one example, including
four digital RGB fans as standard, so not only will it look
pretty, but it will hopefully keep your PC cool too.

Thefans are preinstalled and pre-wired to aremote-
controlled hub that offers two additional 4-pin PWM ports for
connecting extrafans. In addition, the fans’ 3-pin RGB cables
are connected to the hub, again with a further two ports on
offer. The hub uses a single 3-pin RGB cable and 4-pin PWM
cable to power all the ports, so there will be minimal cables
trailing to your motherboard — you have to do very little in
terms of cabling and connections to
getitallworking.

If you don't want to use software to
control the lighting, you canuse the

Material
Steel, plastic, glass

on-board LED control onthe front panel

Available colours
Black

oraremote controlinstead. The latter
cycles through various funky lighting

Weight
9.2kg

modes, as well as fixed colour options,
but while Kolink mentions speed too,

Front panel

Power, reset, 1x USB 3.2 Gen 2 Type-C,
2xUSB 3,1xUSB 2, stereo, mic, LED

control

this appears to be the speed of the
lighting effects and not the speed of
thefans.

Drive bays

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

Asthe front features alarge dense
mesh, rather thantempered glass like

Form factor(s)

E-ATX, ATX, micro-ATX

the side panel, the colours at the front
aren'tas vibrant compared with aglass

Cooling

3x120mm/3 x140mm frontfan
mounts (3 x 120mm fans included),
1x120mm/140mm rear fan mount
(120mmfanincluded), 3 x120/2 x
140mm roof fan mounts (fans not

included)

panel, but you can still make them out.
We particularly liked the fact that the
hub and fan framering have their own
LEDs, so some of the lighting effects
really do look good.

CPU cooler clearance
180mm

Aswellas LED control, the front
panelalso offersaUSB 2 port, two USB

Maximum graphics card length

380mm

3portsandaUSB 3.2 Gen2 Type-C
portas well, plus two audio ports and

areset switch. There are dust filters up top and below too,
with the former held in place using magnets and peeling
off easily. Meanwhile, the front section uses the external
mesh as a dust guard, rather than having a pull-out filter,
presumably not to further obscure the view of the fans.

It's afairly large case, measuring48cm talland 46¢cm long,
but while it has an above average width of 23cm, there's not
as much clearance behind the motherboard tray as we'd like
- despite tidying our cables properly, the side panel did need
abit of persuasion to close.

We don'thave any other complaints about the interior
though - there's a generous 180mm of CPU cooler
clearance, vertical triple-slot graphics card support and
385mm of graphics card clearance, although it doesn’t
include ariser cable or vertical mounting kit in the box.
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CPUDELTAT
Antec DF700 Flux 47°C
Cooler Master MasterBox 500 47°C
Kolink Citadel Mesh ATX ARGB 48°C
Kolink Observatory Z Mesh ARGB 48°C
Corsair 5000D Airflow 48°C
Fractal Design Meshify 2 Compact 50°C

GPUDELTAT

Corsair 5000D Airflow

Fractal Design Meshify 2 Compact
Kolink Citadel Mesh ATX ARGB
Kolink Observatory Z Mesh ARGB
Cooler Master MasterBox 500

Antec DF700 Flux

Lower is better

41°C
a1°c
42°c
42°C
42°C
43°C

Lower is better

The Citadel Mesh can also support full-width E-ATX
motherboards, courtesy of an extended motherboard tray
and a second set of cable-routing holes positioned further to
therightthanusual. There are plenty of cable-routing holes
as well - they're located above, below and to the right of the
motherboard and all are equipped with rubber grommets,
plus there are afew Velcro cable anchors.

The Citadel Mesh also has excellent water-cooling
support, with 360mm and 280mm radiator clearancein
theroof and front sections, while it's even possible to use a
massive 420mm radiator inthe front, thanks to triple 140mm
fan support. Theroof has no fans out of the box, but you can
add three 120mm fans or two 140mm fans here too.

Meanwhile, for storage, the Citadel Mesh provides two
dedicated 2.5in mounts and two shared 2.5in/3.5in mounts.
The fact you can only install a pair of hard disks is the only
niggle we found with hardware support. We also found the
two dedicated 2.5in mounts behind the side panel can get
inthe way of cable routing too, with two anchor points sat
betweenthe SSD trays.

Easier-to-use side panels would have been welcome too.
As it stands, you need to use thumbscrews to secure the

Citadel Mesh's side panels, while many competitors often
use push fittings or other tool-free methods.

Performance
The Kolink Citadel Mesh ATX ARGB's quartet of fans certainly
keptthermalsin check, witha CPU delta T of 48°C, although
we have seen marginally cooler results from other cases.
The fans were very quiet at full speed too - like the Kolink
Observatory ZMesh ARGB we reviewed last month, a couple
of hundred more RPM would be welcome to provide a bit
more cooling headroom, especially as the hub makes it so
easy to control all the fans.

The GPU delta T of 42°C was again within a degree
of the bestresult, but higher-airflow cases such as the
Corsair 5000D Airflow did shave an extra degree off the
temperature, albeit with slightly higher noise levels at
full speed.

Conclusion

Retailing for £10 less than the Kolink Observatory Z Mesh

ARGB, the Kolink Citadel Mesh ATX ARGB/is certainly our pick

of the two, offering slightly more vivid RGB lighting visible

through the front panel, courtesy of fans with additional

RGB LEDs. It has an extra RGB fan compared with the likes of

the Antec DF700 Flux too. We can't argue with its premium

features either, such as USB Type-C and E-ATX support,

ample room for water-cooling gear, four digital RGB fans

and the ability to house a high-end system for just over £100.
If youwant a solid case that can cope with liquid cooling

systems and high-end hardware for around £100, and has

extensive RGB lighting out of the box, the Citadel Mesh

ATX ARGB certainly does the job. However, as with the

Observatory ZMesh ARGB, there are no stand-out features

beyond the RGB lighting, and Kolink needs to innovate with

its basic case designif it wants to really compete in this

crowded market.

ANTONY LEATHER

VERDICT
Plenty of high-end credentials and four RGB fans, but
there's not much else that stands out from the crowd.

CITADEL
MINIATURE

Good cooling

Excellent water-
cooling support

Fourremote-
controlled
RGBfans

PLASTIC
COUNTER

= Notmany stand-
outfeatures

= Panelslack
refinement

= Coulddo
withmore
powerfulfans

COOLING

29/30

FEATURES

16/20

DESIGN

29/30
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STREAMING BUNDLE

STREAMPLIFY COMPLETE
BUNDLE /£370 nevar

STREAMLINED

Well thought-out,
useful designs

Mostly good-
value products

Works well with
other gear

STREAMING
NOSE
= Sub-parwebcam

image quality

= Naff mic
mounting system

= Basic build quality

treamplifyis anew streaming gear-focused
. brandfromthe same companythatbroughtus

noblechairs, Nitro Concepts, Endgame Gearand
Kolink.Designedtotake onthelikes of Corsair'sElgato
brand, Streamplify provides afullrange of streaming
products, suchaswebcams, microphones, lightsandgreen
screens. You canbuy eachitemindividually orinthe form of
abundle,suchastheonewe'rereviewinghere.

The completebundleincludesaStreamplify CAM
webcam, MIC microphone withmountingarm (as opposed
totheminitripod option), boththe smaller LIGHT 10 and
largerLIGHT 14ringlights,a200x150cmportable green
screenandaHUBCTRL7USBhub. Withatotalprice of £370
inc VAT, it's quitethe outlay, butafull £130 of thatis takenup
bythessizeable greenscreen. Formoststreamers,the £130
inc VAT starterbundle thatincludes the camera, mic (with
minitripod) and onelight willbe enoughforastartingpoint.

LIGHTS
Startingwiththe cheapestitemofthelot,the £20 LIGHT
10isa10inringlightthatcomes withasurprisingly sturdy
andeasy-to-use, bendable-armedsmartphoneholder
forholdingyourphoneinthe middle of thering—idealfor
vlogging-andamore conventionalcameramountfor
fittingeitherawebcam orfull-sized camera.ltalsoincludes
aminitripod with extendable legs, which will setthebase
ofthelightataheightof15-18cm. Thelegsalsofoldintoa
convenientcarryhandle that'sagainidealforvlogging.
Forjust£20in VAT, it'sacrackingbitofkit. Thelightis
poweredviaUSBandis strongenoughforbasic streaming

andvloggingduties. Theinlineremote also provides power,
brightness andthreelight-temperature settings (cool,
warmandacombined mid-tone) makingit versatile and
easytocontrol.

Thetwomaindownsidestothe LIGHT 10 are thelimited
height provided by the minitripod (you'llgenerally wanta
light for streamingtobe placedabove yourhead),andthe
strengthoftheballjointthatlinks theringtothetripod. The
latterwould struggletoreliably holdup boththeringand
any camerathat'smuchheavierthanaphone orwebcam.

ThelargerLIGHT 14 has ahigherpricetagof £65inc VAT,
butitdelivers considerably moretoo.|ltcomeswithaproper
telescopingtripodthatcanbe setbetween50-170cm
andistoppedby asturdy hingemount. Thelightitselfis
largerandmuchbrighterthanthe LIGHT 10too, plusitcan
be controlledbytouchbuttonsontheringorviaaremote
control(no AAAbatteriesincluded), with again variable
settingsforbrightness (ten levels) and colourtemperature
(four settings).

Beingmainspowered,the LIGHT 14 won'ttakeupaUSB
portandevenprovidestwo USB sockets forpowering
anydevices attachedtoit. Thereare alsothree camera
hotshoe-stylemountsinsidethering,alongwitha
1/4in-threadedhole, giving you plenty of spotsto affix
yourkit. Alltold,it'sanotherimpressive additionto the
Streamplifykit.

CAMERA
We'relessimpressedbythe £60 CAMwebcam.The
cameradesignisneatenough.It'svery compact, witha
folding, rubber-footed stand thatworks wellfor propping
the cameraonthetop edge of amonitor,anditfoldsflat
withal/4inthreadformountingonatripod (orinone of the
ringlights). Anouter sleeve canalsobeslidleftandrightto
provide aphysicalbarrierforthelens, forextraprivacy.
However, picture qualityisaletdown. Theimageis
oversharpened, grainy anddoesn’tcope well with strong
contrast.It's certainly passable buttheidentically priced
LogitechC920is sharper,smootherand copesbetterwith


http://overclockers.co.uk

high contrast. The CAM could do withdroppinginprice even
furthertojustifyits poorerimage quality.

Whenitcomestothe MICmicrophone, thereareno
suchissueswithits core function. While audio quality from
themicanditsheadphone socket (formicmonitoringand
headphone outputfromyourPC) certainlyisn'tout of this
world,it'scomparableto several otherentry-level USB
streamingmicrophones.

Themountingarm, despitelookingthinand cheap,
works perfectly well, withawell-balanced movementin
itsfullrange of motion, andits adjustmentpointsforthe
micmountare easytoundoandmove, yetthey stillholdthe
micsecurely whentightened. Theincludedanti-vibration
mountalsodoesagoodjob ofisolatingany table knocks or
rubbingsoundsfromholdingandmovingthearm.

However, despite havingathreadedsectiononitsbase,
themicisheldinplacebyarubberringsystemthatjustgrips
ontothethreadedsectionof themic.It'stightenedviaa
plasticknobontheunderside of the vibration cage andthe
whole setupisawkwardtofitandinsecure.

Likewise, the otherwise quite effective metal grillepop
shieldisonlyheldinplacebythe clampingforcebetween
themicandvibrationmount,andthisforceis only provided
byhow hardyoupushthose two piecestogetherwhile
youtightentheknob ontheunderside. We eventually got
itfitted, butwehavereservations aboutitstayinginplace
withprolongeduse.

ACTION

Thepenultimate additiontothe Complete streamerbundle
isthegreenscreen.ltrolls upwards fromits case,and
isheldinplacebyascissor-liftarmsystem. The caseis
mountedon castors andthefeetonwhichthey'remounted
rotateinwardsto sitflush withthe width of the case when
intransit. ltvery muchjustfeelslike aperfectly decentbut
unremarkable, low-price greenscreen.

Thefinalpiece of the puzzleisthe HUB CTRL7USB (£45
inc VAT),aswitchable 7-port USB hub. Around the back are
the sevenclientdevice portsandsinglehostportalongwith
themainspowerinput,andup frontare sevenbuttons for
poweringoneachdevice.RGBlighting shines outfrom slots
above eachsocket,andyoucanslide aselectionof clear
plastictabsintotheseslots, whicharethenusedtoindicate
whichdeviceis pluggedinto whichsocket.

It's essentially ananalogue equivalentto Elgato's
software-programmable Stream Deck controller, but
there’sno software andmacro control. Despite this, it's
actually one of the standoutadditions to the Streamplify
ecosystem.Itsavesyousix USBportsandoffersareally
convenientwaytoturnyourdevices onand off.

CONCLUSION
Alltold, then, thefullrange of Streamplify deviceshasa
fewhitsandafewmisses. The camera’simage qualityisa
letdownforthe price, the microphone’'smountingsystem
isanissue andthegreenscreenis perfectly finebutdoes
nothingtosetitapartfromany othercheap greenscreen.
Overallbuildqualityis certainly basicacrosstherange, but
byandlargethisisfairly reflectedinthe price of eachunit.
TheUSBhub andlights,though, are greatentry-level
options.What'smore, the wholekitisripeforeasy
upgrades, duetoits simple nature.In contrast,Elgato’s
systemisvery slickandgood quality butitsreliance on
software controlcanmakeitfeelrestrictive.
Whetherthisbundleis worthbuyingdependson
whetheryouneedagreenscreen.Many streamers swear
byhavingone, whereas others don'tmind viewers seeing
what'sbehindthem.Forastreamerstartingout, we'd
certainly beinclinedto gowithout.
EDWARD CHESTER

VERDICT
A decent range of value-focused streaming gear,
though some devices are more successful than others.

DESIGN

18/25

FEATURES

20/25

18/25
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GAMING CHAIR

CORSAIR TC200/£350 nevar

CUSHIONING
Good seatpadding
Solid build quality
Comfortable

CRUSHING
= Basictilt system
= Stiff castors

= Armrests not
softenough

e wereimpressed by the modest stylingand
. wonderfully soft plush fabric of the first Corsair

gaming chair we reviewed, the T3 Rush. However,
it was quite basic, with a hard, narrow seat cushion and
aggressively high sides. It made for a slightly more authentic
racing seat feel than some chairs, butit wasn't that
comfortable or suited to large sitters.

The TC200is an altogether more generous chair, with a
wider seat and back, more padding and afew extra features.
Availableinlight grey or black, the TC200 has amuted,
simplistic styling, butit doesn't quite have the same sleekness
of the T3 Rush. It's available in either leatherette or plush fabric
finishes. The former gives you a wipe-clean surface but some
areas are perforated (to help breathability of the fabric for long
gaming sessions), so spills can still leak into the seat padding.

For extra features, you getlarger-diameter castors than
the T3 Rush, and they include an anti-rollmechanism, so the
wheels only spin whenthere’s weight on the seat. This makes
sense for accessibility and safety butis alittle less fun than
free-rolling castors. Moreover, even when weight is applied,
the wheels don'troll all that smoothly.

Other extrasinclude 4D armrests, which provide the option
to slide the armrestinall axes (XYZ) and twist it about the Y
axis. The surface of the armrests s alittle softer than some
gaming chairs we've tried but still firmer than we'dideally like.

Meanwhile, the proportions of the chair give more room for
wider sitters than the T3 Rush, with a wider seatand back, and
the raised wings around the seat base and back sit much lower
relative to the seat padding, so they're less likely to diginto
you. It's still not quite at the level of roominess offered by the
noblechairs Hero, which has a wider seat - you're still largely
contained by the side wings, butitis a bigimprovement over
the T3 Rush.

Thereal revelation with this chair, though, is the comfort
level of the seat base and back. Both offer among the most
comfortable and supportive padding we've yet encountered
onagaming chair —rivalled only by the AK Racing Masters
Series Premium. The seat paddingis relatively soft and drops
off slightly at the front, so it doesn't diginto your legs — some
gaming chairs have a slightly raised front edge (again, like a
racing seat), whichis terrible for long-term comfort.

Most surprising of all, though, the back padding actually
offers good lumbar support. Nearly all gaming chairs we've
tested so far offer almost completely flat backs, relyingon
additional cushions to (usually poorly) provide this function.
Here, though, you get a genuinely supportive curve inthe seat

back. A very satisfyingly squishy headrest cushionis provided
forlooping over the chair's headrest too.

Lessimpressiveis this chair's tilt mechanism. While the
gas lift provides plenty of height adjustment, and the back can
fold fully flat, the recline hinges from the back and requires the
front of the chair torise, as opposed to mechanisms thathinge
from the front with the chair dropping down at the back.

The latter systems mean you can simply leanbackinto a
recline (once the recline is unlocked), whereas the Corsair
needs youto either ilt the seat back quite along way to
counterbalance your bodyweight, or rest your feetonan
objectand essentially push yourself backwards. You can get
arelaxedrecline butit's abit of a faff.

Conclusion
Corsair's latest gaming chairis a bigimprovement on the
T3 Rush. Its seatand back padding

are muchmore comfortable, offering COMFORT
better supportforyour back and more 20/25
cushioningforyourbackside. The
uprated armrests are good too, and DESIGN

it's a smart-looking chair. The basic 21/25
tilt systemisdisappointing, butthat's ...
why this chair costs £350 rather than FEATURES

the £500inc VAT of more premium
gaming chairs.
EDWARD CHESTER

20/25

VERDICT

The tilt system could be better, but
the TC200 nails the single most
important aspect of an office or
gaming chair: it's comfortable.



http://corsair.com
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/STORAGE

SECURE USB SSD

KINGSTONIRONKEY VAULT

PRIVACY S8OES/£285 nevar

ENCRYPTED

Convenient
touchscreen
passwordinput

Large capacities

Very secure yet
very easy touse

INTHE
CRYPT,ED

= Notvery fast

= Expensive
compared with
‘normal’ drives

= Alittle slow
tobootup

he Kingston Ironkey Vault Privacy 8OESis a
. solid-state USB storage device with password-

protected XTS-AES 256-bit hardware encryption.
So far, so relatively commonplace. However, what makes
this device particularly interestingis thatinstead of requiring
software to unlock the drive, itrelies on a built-in
touchscreen that lets you key in your PIN or password,
making it completely standalone.

The 2.8in,240 x 320 pixel, full-colour, resistive
touchscreenis sufficiently large and sharp to present
instructions and otherinformationin a clear fashion.
Whetherit's tapping anumberinto the pinpad, navigating a
full alphabet of characters for alonger password or reading
the setup instructions, you really canrely just on the screen.

Passwords canbe 6-64 characters long, with the latter
option making for a very secure key but one that willbe a
paintoinput one character at a time on this touchscreen.
It's doable but you wouldn't want to do it regularly.

For shorter keys of between 6-12 characters, the
touchscreen works well - the resistive touch response
also means you can tap precisely with afingernail (or stylus
or any other fine object that won't scratch the soft plastic
surface), rather than being forced to use the pad of your
finger, as would be needed with a capacitive touchscreen.

Initial setup is simple. Just plug the drive into a computer
and the device will boot up - which takes roughly ten
seconds - and present you with the option to enter your
desired password. Once entered, the device will connect to
your computer and show the contents of the drive, ready to
be writtento. If you want to disconnect the drive, you just tap
the screen, hitthe ‘Lock and disconnect’ button, then choose
to either ‘power off’ or ‘unlock’ the device.

Upon subsequent connections, if you use just a numeric
PIN for unlocking the device, it will present the numpadin a
scrambled fashion. This further helps security by ensuring
people can'tjustlook for fingerprints or scratches onthe
screentoinform their password guesses. Including boot up
and unlocking, it takes roughly 20 seconds to get access to
your files. Admin and user passwords can also be created
to further manage access of the drive.

The deviceitselfis quite bulky for an SSD, with
dimensions of 201x 82 x T7mm. It uses a single USB
Type-C socket for connection, andincludes both Type-Ato

Type-C cableand
Type-Cto Type-C
cables. Aneoprene
carry caseis also
included, which will
be sufficientto keep
most scratches
atbay, although
itwon't protect
againstharder
knocks. The drive isn't waterproof.

Transfer speeds aren't blistering. In our transfer tests,
the drive took one minute 53 seconds to transfer 23.7GB
(eight files) to the drive and one minute 38 seconds to read
them back, for transfer speeds of 210MB/sec and 242MB/
secrespectively. Transferring afolder of 4,785 files totalling
4.92GB in size took three minutes and five seconds to write
to the drive and 55 seconds to read back.

In terms of cost for the capacity, you can certainly get
larger, much faster drives for alot less. The very fast
Samsung T7isjust £110 inc VAT for a 1TB drive, while
Kingston's own XS2000 is just £85inc VAT fora500GB
model. However, encrypted drives demand a premium and
the inclusion of the touchscreen adds to the price too.

Conclusion

The Kingston Ironkey Vault Privacy DESIGN
80ESis afantastic encrypted drive 20/25
systemforthose seekinglarge,
secure, portable storage without FEATURES
the hassle of extra software. The 24 / 25
touchscreeninterfaceworkswell ..
and totally takes the headache out of PERFORMANCE

accessing your files. It's not particularly
fast or cheap, butit's fast enough for
mostuses.

EDWARD CHESTER

18/25

VERDICT

Capacious and easy to use, this is a great
option for those that need encrypted file
access on any device anywhere.



http://buykingston.co.uk
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/LAPTOPS

GAMING LAPTOP

MSIGFO3 THIN TTUC /£699 nevar

he MSIGF63 Thin MUC only costs £699, makingit

. one of the cheapest gaming laptops
available today, whichmeans you get

appropriately modest components. The

GeForce RTX 3050, forinstance, is

Nvidia's entry-level laptop GPU, so it

only has 2,048 CUDA cores and 4GB of

memory. Itruns here at40W - along way

short of the GPU's theoretical SOW peak.

Elsewhere, the specificationis modest. The Intel Core
i5-11400H CPU has six Hyper-Threaded cores and a
peak turbo speed of 4 5GHz butit doesn'thave the latest
Alder Lake architecture, and MSlI's rig only uses 8GB of
single-channel DDR4 memory - although, thankfully,
it's easy enough to pop openthe base panelandinstall a
second SODIMM. Meanwhile, you geta 512GB SSD with
areasonable read speed of 2,230MB/sec, but its write
pace of 350MB/secis poor.

SPEC

CPU
2.7GHz Intel Core i5-11400H

8GB32000MHz DDR4

Graphics
Nvidia GeForce RTX3050 4GB

512GB Kingston
OM8PDP3512B-A01M.2SSD

Networking
Gigabit Ethernet, dual-band
802.11ax Wi-Fi, Bluetooth 5.2

1xUSB 3.2 Gen1Type-C,3xUSB
3.2Gen 2,2 x audio, 1x HDMI2b

Dimensions (mm)
359 x254 x21.7 (W xD xH)

Operating system
Windows 10 Home 64-bit

Warranty
One year parts and labour return to base

None of thatis a shock considering
the price, and the exterior offers few
surprises. Positively, it looks decent
thanks toits brushed aluminium panels,
slimbezels and red accents, andit only
weighs 1.86kg - it's one of the lightest
15.6in gaming laptops around. The
chassisis only 21.7mmthick, soit's not
chunky either.

Negatively, though, build quality is
poor. The metal above the keyboard
moves too much and the underside
has so much flex, you can pushthe
plasticright up against the internals.
That's not a big deal forhome use, but
aprotective sleeveis agoodidea for
frequenttravellers.

Interms of connections, you'll find
one full-sized USB port onthe MSI's
left-hand edge, and the right-hand side
serves up twomore USB portsand a
USB Type-C socket. They all use the USB
3.2 Gen1protocol, whichmeans speeds
are capped at 5Gbps. Attherear, there's

an HDMI 2b output, and the laptop also supports Gigabit
Ethernet, dual-band 802.11ax Wi-Fiand Bluetooth 5.2.

That covers most people’s needs, but faster USB ports
would have been handy. There are no Thunderbolt ports here
either, or card or fingerprint readers, and the 720p webcam
doesn't support Windows Hello.

In similar fashion, the keyboard misses anumberpad, and
itdoesn'thave RGB LEDs —just a single-zone red backlight. It
does deliver good quality typing, though, thanks to fast, quiet
and reasonably crisp buttons. On pricier laptops, you'll get
more travel and a snappier feel, but the GF63's typing gear
is perfectly usable. We can't say the same for the trackpad,
whichistoo small.

Our favourite affordable gaming laptop is the Lenovo
Legion 5 Pro, but eventhatrig costs £1,499 for the
specification we reviewed, andits prices start at £1,169.
Instead, the MSI's closestrivalis Lenovo's conventional
Legion 5i, which costs £899 and pairs the i5-11400H with an
RTX 3060 graphics core and RGB LED keyboardin a sturdier
but chunkier chassis.

PERFORMANCE

The low-power RTX 3050 proved sluggishin games tests
- its 99th percentile results in Assassin's Creed Valhalla
and Cyberpunk 2077 were far off being playable. We only
achieved playable frame rates with settings dropped
down to Medium - the MSlthen ran those titles at 36fps
and 32fps with averages at 50fps and 41fps. On the plus
side, running Doom Eternal at Medium settings nets you a
99fps average, but that's still a disappointing result in this
undemanding game.


http://cclonline.com

These slow results have real-world implications. You'll
only be able to play mainstream single-player titles smoothly
if you drop graphics settings. Not all esports games will
run attop settings at the speeds required by the 144Hz
display either - titles such as CS:GO, League of Legends and
Fortnite will be fine, but racing games and titles such as Call
of Duty and Rainbow Six will struggle. AmodestRTX 3060,
such asthe oneinthe £899 Lenovo, will offer a significant
gamingboost.

The processor followed suit. Its overall benchmark score
0f 151,859 is enough to handle most people’s office and web
browsing needs, butit's miles behind current Inteland AMD
chips. MSlalso sells this laptop with a Corei7-11800H, RTX
3050 Tiand dual-channelmemory for £799, and that CPU
scores around 166,000 points in our benchmarks.

There’s no doubt thatthe MSlis hindered by its 8GB of
single-channelmemory too. We installed a second 8GB
SODIMM and the MSI's benchmark score improved to
160,880. That's only a 5.7 per centjump, but that gets you
a12 per centboostin the multi-tasking benchmark. The
memory upgrade helps games too: the MSI's Assassin’s
Creed medium settings average leapt from 50fps to 54fps,
andtherig's Doom Eternal average leapt to 122fps. That's a
healthy performance increase for the cost of a £30 SODIMM.

PN
o441 336,564
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HEAVY MULTI- SYSTEM
TASKING SCORE

DOOM ETERNAL
1,920 x 1,080, Vulkan, Medium settings

MSI GF63 Thin 52fps 99fps

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

MSIGF63 Thin  14fps. 21fps
CYBERPUNK 2077
1,920 x 1,080, Ultra preset, no ray tracing
MSIGF63 Thin ~ 17fps 24fps
METRO EXODUS

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

MSIGF63 Thin  14fps 25fps

99th percentile Average

Happily, the modest pace does mean good thermal ability.
The MSlis quieter than virtually every other gaming laptop
we've tested. On theflip side, though, don't expect much
longevity from the MSI's meagre 52.4Wh battery. The MSI's
gaming lifespan of one hour, 15 minutes is conventional,
butit only played video and ran everyday work tasks for
three hours.

Games and web browsers won'tlook great onthe MSI's
display either. 1ts 1,920 x 1,080 resolution and 144Hz refresh
rate are fine specs, but the delta E of 4.86 is mediocre and the

display only rendered 58.1per cent of the SRGB colour gamut,

so colours look alittle washed out.

The contrast level of 946:1is acceptable, though,
and means the MSI's panel can still cope with everyday
computing scenarios, but nothing looks particularly bold or
vibrant. Alongside the underwhelming screen are speakers
with flatbass and a slightly tinny top end. They're serviceable,
butaheadset will be better.

CONCLUSION

The GF63 Thin 1IUC s one of the cheapest gaming laptops
we've ever seen, and for just £699, you geta machine that's
capable of handling mainstream esports games and single-
player titles, albeit with some graphical compromises. It's
slimandlight, ithas a good keyboard, and a second stick of
memory is a sensible and affordable upgrade.

Those attributes mean the MSlis worth consideringiif you
need abudget gaming laptop, as long as you're aware of its
limitations, but you'll be massively rewarded if you can afford
to spendjust alittle bit more money on amachine withan
RTX 3060 GPU, afaster processor and a superior display.
MIKE JENNINGS

VERDICT

A bargain-basement esports laptop, but it can’t offer much

beyond the basics.

THINCRUST

Extremely
affordable

Plays modest
games at
reasonable
speeds

Satisfying
keyboard

Thin, light design

THINICE

Underwhelming
performance

Single-channel
memory

Pallid screen

Poor battery life

PERFORMANCE

14/25

DESIGN

18/25

17/25
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ELIMINA® SERIES

> 12th Gen Intel® Core™ CPUs

> NVIDIA® GeForce GTX 1650 /
RTX 3050/ 3050Ti/ 3060

> 144Hz FHD Screen (72% NTSC)
> Multi-Colour Backlit Keyboard
> Windows 11 Home

Range from

£870°%

intel
IONICO® SERIES core
i7

> 12th Gen Intel® Core™ CPUs BT

> NVIDIA® GeForce RTX 30 Series

> 240Hz QHD Screen

> Magnesium Alloy Chassis

> Windows 11 Home

Range from

£1,480° 4

GET AN EXCLUSIVE £15 DISCOUNT m
WITH CUSTOM PC USING CODE:

intel
DEFIANCE® SERIES  ore

i7

> 12th Gen Intel® Core™ i7 CPUs 2 wrx/
> NVIDIA®? GeForce RTX 30 Series

> 144Hz or 240Hz FHD Screen

> Thunderbolt™ 4

> Windows 11 Home

Range from

£1,200° |

CONFIGURE YOURS AT WWW.PCSPECIALIST.CO.UK

*Prices are including VAT and are correct at time of printing, but subject to change. Images are for illustration purposes only, components may differ in aesthetics and brand.
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/PC SYSTEMS

INTEL B660 GAMING PC

PCSPECIALIST PRISM
NOVA /£1,199 wevar

CSpecialist’snew Prism Nova pairs an Nvidia
. GeForceRTX3060 GPU withanlIntel Core
i5-12400F CPU -acombinationthat’s proving
popularinside affordable gamingrigs. The Nova's
Zotacgraphics cardhasanoverclockedboostspeed of
1777MHz,12GB of memory andincludes 3,584 CUDA
cores.Meanwhile, the Corei5-12400F is ourbudget
gaming CPU of choice, including six Hyper-Threaded
P-Coresandaboostclock of 4.4GHz.
TheNovaalsoincludes16GB of DDR4 memory
runningat3200MHz,anda1TBIntel 670p PCI-E3
SSD withread and write speeds of 2,436MB/sec
and2,142MB/sec. Allthe gearis poweredby a Corsair
TX650MPSU, whichhas 80 Plus Gold certificationand
asemi-modulardesign -afineinclusionatthis price.
Those components attachtoan Asus Prime B660-

SPEC

CPU
2.5GHzIntel Corei5-12400F

Motherboard
Asus Prime B660-Plus D4

Memory
16GB Corsair Vengeance
LPX3200MHz DDR4

Graphics
MSI GeForce RTX3060 12GB

Networking
2.5Gbps Ethernet, dual-band
802.11ax Wi-Fi, Bluetooth 5

Case
PC Specialist Prism TG Black

Cooling

CPU: PC Specialist FrostFlow 240 with 2 x
120mm fans; GPU: 2 x 90mm fans; front:
3x120mm fans; rear: 1x 120mm fan

Ports

Front: 1xUSB3.2Gen1,2xUSB 2,
2 x audio; rear: 1x USB 3.2 Gen 2x2
Type-C,2xUSB3.2Gen2,1xUSB
3.2Gen1,2xUSB 2,3 x audio

Operating system
Windows 11Home 64-bit

Warranty

One year parts and labour with first
month collect and return, then two
years labour only returnto base

Plus D4 motherboardthathas some
surprisingly potentfeatures for
this price. Attherear,ithas ahigh-
speedUSB3.2Gen2x2 Type-Cport
thatrattlesalongat20Gbps. The
boardalsohas2.5GbpsEthernet,
anditsupports overclockedDDR4
memoryat5066MHz. ThereareM.2
sockets,aThunderboltheaderand
two sparememory slotsaswell.
What's more, PC Specialisthas also
addeddual-band 802.11ax Wi-Fi,
whichis pleasing - we've criticised
the company forinstalling sluggish
wireless cardsinthe past.

Thatdecentspecenablesrapid
connectionsandampleroomfor
upgrades,buttheboardlacksin
otherdepartments. The thirdM.2
connectoronlyrunsat2xPCI-E4
speeds - halfas much asthe other
two on-boardslots -andthere’'sno
PCI-E5supportanywhere. Atthe
rear,thereare only three audiojacks,
andthe Asuslooks plain, without
lightingorlarge heatsinks.

Those omissionsaren’tasurprise
atthis price,though,andthey're
notuniquetothe PCSpecialist

—thismonth's £1,349 Stormforce Crystal Cougar
usesthe same motherboard. The Stormforce hasthe
same processortoo, and eventhe same memory and
PSUhardware.

Two factors explainthe £150 price difference between
the PCSpecialistanditsrival - the Stormforcehasa
GeForceRTX3060Tiandathree-yearcollectandreturn
warranty that covers partsandlabour. The PC Specialist
only hasoneyearof partsandlabour coverage followed
by two years of labouronly protection.

PCSpecialist'smachine also squaresuptothe
Wired2Fire PhoenixIntel, whichwas our previous
favouritebudgetbuild. ThatPCdoesn't compare well
withthe Novathough -the Wired2Fire has aweaker PSU,
abasicmicro-ATX motherboardand asimple CPU air
cooler,comparedwiththe240mmliquid cooling system
intheNova.

Meanwhile, PC Specialist’s Prism chassis ticks most
oftheboxeswhenitcomestomid-range enclosures. Its
frontandside panels aremade fromtemperedglass, it
has RGBLED fans,andusers benefitfrom magneticdust
filtersandaPSU shroud. Ontopthere’'sone USB3.2 Gen1
portandtwo slower USB 2 connections, and build quality
is consistently good.

Therearenosurprisesontheinside - youwon'tfind
afanhubhere -butthe Prism canaccommodate two
2.5indrivesandasole 3.5inhard disk. There'sloads of
spaceinwhichtoworktoo,andthere’s clearancefora
front-mounted 360mmpradiator. At490mmtalland
450mmdeep,it'slargerthanthe Cougar chassisused
by Stormforce, butit's farroomier,andit’s betterthanthe
Wired2Fire's basic case.


http://custompc.co.uk/PrismNova

PERFORMANCE

TheRTX 3060 stillretains decent1080p gamingability.
Its Assassin’s Creed Valhallaand Cyberpunk 2077 99th
percentileresults of 51fps and 55fps proveithas enough
powertohandle mainstream ssingle-playertitles,and
theaverage framerates wentbeyond 60fps. TheDoom
Eternalaverage of 261fps also shows thatthisPChas
enough powerto play undemanding gamesin syncwith
240Hz1080p screens.

The Novawas consistently fasterthanthe Wired2Fire
PC,buttheRTX3060 runs outofjuice whentasked with
gameplayat2,560x1,440. While this PCwill play some
titles atthis higherresolution, its 34fps 99th percentilein
Cyberpunkandsub-30fps scorein Metro Exodusindicate
thatmore demanding games will prove too muchfor this
core.Ifyouneedthatextrapace, you'llgetitfromthe RTX
3060 Tiinthe Stormforce.

Switchto processingtests andthe PCSpecialistand
Stormforcereturnednear-identicalbenchmarkresults,
whichdon'tsetthe world alightbutarefine forthe money.
TheNova's overallscore of 213,913is fine, being only
marginally slowerthanthe Cougar, anditshowsthere’s
enough powertotackle everyday computingtasksand
light content creation. The award-winning Wired2Fire
deliveredthe samelevel of performance,andyou’ll
haveto spendseveralhundred pounds moretogeta
significantimprovementhere.

DRAX RONAN
Good1080p gaming = RTX3060 Tiis much quicker
performance

= Limited motherboard

Excellent price
= Middling CPU speed
Quiet operation

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

PC Specialist Prism Nova 163fps 261fps
2,560 x 1,440, Vulkan, Ultra Nightmare settings
PC Specialist Prism Nova 117fps 198fps
ASSASSIN’S CREED VALHALLA
+ 1,920 x 1,080, Ultra High settings, High AA
PC Specialist Prism Nova 55fps 78fps
2,560 x 1,440, Ultra High settings, High AA
PC Specialist Prism Nova 44fps 61fps
CYBERPUNK 2077
i 1,920 x1,080, Ultra preset, no ray tracing
PC Specialist Prism Nova Sifps 59fps
2,560 x 1,440, Ultra preset, no ray tracing
PC Specialist Prism Nova 34fps  38fps
METRO EXODUS
: 1920 x1,080, Ultra, HairWorks off, Advanced PhysX off, High RT
PC Specialist Prism Nova 31fps 56fps
2,560 x 1,440, Ultra, HairWorks off, Advanced PhysX off, High RT
PC Specialist Prism Nova 24fps 40fps
93th percentile Average

Happily,the PCSpecialistdoesn’'t make much noise
either —it's subtleinall situations andif you'reusing
speakersoraheadsetyoujustwon'thearthe system.It's
abitquieterthanthe Stormforce when gaming,andatad
louderduringworkloads, andits CPU and GPU delta Ts of
35°Cand48°Caregreat.

CONCLUSION
The PCSpecialist’'s £1,199 price does mean compromises
—thisPCcanonly comfortably handle 1080p gaming,
anditdoesn't offerhigh-end motherboardfeatures or
processinggrunt.lt'saperfectly capable gamingPC
forthe price, though, andit supplies consistently quiet
performance andatidy, accessible chassis.
ThisPCisbetterthanthe Wired2Fire systemthatit's
knocked offtheElite List,and you'llhave to pay £150
moreifyouwantadecentperformance gain.Ifyou're
onatightbudget, thisisagreatgamingPC.
MIKEJENNINGS

VERDICT
Good mainstream gaming pace in a quiet, robust and
accessible build.
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/PC SYSTEMS

INTEL B660 GAMING PC

STORMFORCE CRYSTAL

he Crystal Cougaris the pricier of the two PCs
. reviewed inthisissue, andithas the most graphics

power too - its Nvidia GeForce RTX 3060 Tiis astep
up fromthe RTX 3060 usedinside PC Specialist's Prism Nova.
The Asus RTX 3060 Ticard usedin this machine also hasiits
boost clockimproved from 1665MHz to 1710MHz, and the GPU

has atotal of 4,864 CUDA cores.

Inmost other areas, though, the Stormforce and PC
Spedialist systems are nearidentical. They shareIntel's Core
i5-12400F CPU, which has six Hyper-Threaded P-Cores that
peak at4.4GHz, and they both have 16 GB of DDR4 memory.
They evenuse the same Corsair TX650M power supply.

Bothrigs also use the same motherboard, and the Asus
Prime B660-Plus D4 is a solid slab of mid-range PCB.
Positively, it's gota USB 3.2 Gen 2x2 Type-Cport, 2.5Cbps
Ethernet and support for fastmemory alongside all the usual

SPEC

CPU
2.5GHzIntel Corei5-12400F

Motherboard
Asus Prime B660-Plus D4

Memory
16GB Corsair Vengeance LPX
3200MHzDDR4

Graphics
MSI GeForce RTX3060 Ti 8GB

Storage
1TB WD Blue SN750 M.2 SSD

Networking
2.5Gbps Ethernet, dual-band
802.11ax Wi-Fl, Bluetooth 5.2

Case
Cougar MX430 AirRGB

Cooling

CPU: Cooler Master MasterLiquid
ML 120L V2 with 2 x 120mm fans;
GPU:3x90mm fans; front: 2 x
120mm fans; rear: 1x 120mm fan

Ports

Front:2xUSB 3.2 Gen1,1x USB
2,2 xaudio; rear: 1x USB 3.2 Gen
2x2 Type-C,2xUSB3.2Gen2,1x
USB3.2Gen1,2xUSB2, 3 xaudio

Operating system
Windows 11Home 64-bit

Warranty

Three years collect and return
parts and labour

essentials, butit doesn't support PCI-E 5 andit
looks aesthetically underwhelming.

Aside fromthe graphics card, there aren't
many areas where the specifications diverge.
The Stormforce has a1TB SSD, just like the PC
Spedialist, andits read and write speeds of
3,556MB/secand 3,110MB/sec outpace those
of the Prism, but you're unlikely to notice much
of adifferencein real-world use. Meanwhile,
the Stormforce’s Realtek wireless card only
supports 802.1Macratherthanthe latest
802.11ax standard. The Stormforce does have
abetter warranty, though, with three years of
parts and labour coverage, while PC Specialist
only supplies one year of parts cover.

Allof the gearis housedina Cougar MX430
Air chassis. It looks decent, thanks to an angular
frontarea with RGB LEDs, and it measures just
467mmtalland 37Imm deep, soit's smaller
thanthe PC Specialist's enclosure. Thatbodes
wellif youwantto cram your gaming PCinto
asmall space.

Atthe front of the Cougar, you'll find neat
cabling and the radiator for a Cooler Master
MasterLiquid ML 120L V2 liquid cooler sitsin
the roof, while there's afan hub around the
back. Build quality is solid, and on top of the
case there are two USB 3.2 Gen1ports —one
more than the PC Spedcialist.

It's not allgood news though. The PC's smaller size means
the CPU cooler blocks the memory slots, and there's only
room for sole 3.5in and 2.5in drives at the rear. The hard disk
bay also doesn'thave a caddy. The PC Specialist's case might
belarger, butit's easier to manage and upgrade.

Performance

The RTX 3060 Timight have less memory thanthe RTX 3060,
but 8GBis more than enough, and the fact thatit's attached to
a256-bit wideinterface, rather thanthe RTX3060's 192-bit
interface, gives it plenty of memory bandwidth. Add the extra
CUDA cores, anditdelivers a convincing lead in game tests
overthe standard RTX3060.

It will play any game well at 1080p - its 64fps 99th
percentile resultin Cyberpunk 2077 is testament to that - and
a320fps average in Doom Eternal shows you'llbe able torun
undemanding games at decent settings on monitors with high
refreshrates. The scores remained consistent withray tracing
and DLSS activated, and at 2,560 x 1,440 the Stormforce hit
99th percentile results beyond 40fpsin Assassin’s Creed
Valhalla and Cyberpunk 2077.

CRYSTALMAZE
Rapidin1080p games

CRYSTAL SKULL

= Mediocre CPU
Small, good-looking case = Cramped enclosure
Generous warranty = Missing motherboard features

Faster SSD thanrivals


http://custompc.co.uk/CrystalCougar

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

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

Stormforce Crystal Cougar 200fps 320fps Stormforce Crystal Cougar 64fps 76fps
2,560 x 1,440, Vulkan, Ultra Nightmare settings 2,560 x 1,440, Ultra preset, no ray tracing

Stormforce Crystal Cougar 116fps 181fps Stormforce Crystal Cougar 42fps  48fps
ASSASSIN'S CREED VALHALLA METRO EXODUS

1,920 x 1,080, Ultra High settings, High AA 1,920 x 1,080, Ultra, HairWorks off, Advanced PhysX off, High RT

Stormforce Crystal Cougar 59fps 85fps Stormforce Crystal Cougar 40fps 74fps
2,560 x 1,440, Ultra High settings, High AA 2,560 x 1,440, Ultra, HairWorks off, Advanced PhysX off, High RT

Stormforce Crystal Cougar 48fps 66fps Stormforce Crystal Cougar 3lfps 53fps

93th percentile Average 99th percentile Average

It's animpressive slate of results that allows gamers to
tackle most mainstream scenarios, from 2,560 x 1,440
displays and modest widescreen monitors to 1080p panels
with highrefreshrates. There's also a significant gap between
this RTX 3060 Tiand the RTX 3060 inside the cheaper PC
Specialist system.

The Stormforce has a clear lead over the PC Specialist
ingames, but the presence of the Corei5-12400F inboth
machines means there’s little to choose between the two
inapplicationtests. The Cougarhad a smallleadin all of our
benchmarks, includingits overallresult of 216,776, and the
Corei5 chip will handle everyday gaming, loads of browser
tabs and light content creation without complaint. If you want

PN N

040,301 248223 216,176

HANDBRAKE H.264
VIDEO ENCODING

i —

GIMP IMAGE
EDITING

HEAVY MULTI-
TASKING

SYSTEM
SCORE

more power, you'llneed to spend more money on a machine
witha Corei5-12600K, whichis far more capable with multi-
tasking and creative workloads.

Interms of noise, the Cougar was marginally louder than
the PC Specialist when gaming, butit's still one of the quietest
gamingrigs you'llfind. It was almost silent during processing
benchmarks, andits CPU and GPU delta Ts of 48°Cand 43°C
arerock solid.

Conclusion
There's plenty to like here for the £1,349 inc VAT price,

including loads of 1080p gaming power and solid COOLING
performance in more demanding games, alongside a well- 20/25
balanced specification,adecentSSD andagoodwarranty. "

This PCisn'tflawless though. The caseis small but FEATURES
cramped, and the motherboard misses high-end features, 19 / 25
while the processoris amid-range affair. Also, theprice ...
difference between RTX 3060 and 3060 Ticardsis around DESIGN
£100, rather than £150. Nevertheless, the Stormforce delivers 20 / 25
plenty of gamingpower, andit's greatthatyoucannowbuy
this sort of gaming pace for £1,349inc VAT. It's anideal choice if VALUE

you'd like more headroom than the PC Specialist can offer.
MIKE JENNINGS

VERDICT
A pacey, quiet and compact PC that offers a decent
amount of gaming performance for a reasonable price.




/ CUSTOM KIT

Phil Hartup checks out the latest gadgets, gizmos and geek toys

KIKKERLAND FELTIBED STORAGE /£34.46 ncvar

The FeltiBed Storageis a handy
marriage of a static tablet stand and
a simple box. It works because both
aspects are similarly uncomplicated and
each part complements the other.
Forinstance, the FeltiBed's tablet stand is
raised to a good height off whatever surface
onwhichit's resting, by doubling as the lid
of the box.
Meanwhile, the box itself is
comfortably large enough to contain any
tablet thatfits in the 31cm long stand, as
well as cables, chargers and other minor
miscellanea that comes withit.

REDTHUNDERMINICAMING
KEYBOARD /£17.99 incvar

The RedThunder Mini Gaming Keyboard tries to take the left half of a
keyboard and turnitinto a different device - it feels almost exactly like
half akeyboard. There's no ergonomic refinement - it's like somebody
lopped a chunk off aregular keyboard and wired it back up.
Thisimmediate familiarity makes it surprisingly easy to getused to
the RedThunder if you're coming from a full-sized keyboard. The lighting
is good enough, and easy to control using a function button that replaces
the Windows key — you can pick static colours,
wave patterns, orjusttumnit off. It's not
mechanical, butitfeels fineinuse.
The RedThunderis unambitious
but competently assembled,andas a
space-saving, sawed-off alternative to
afull-length keyboard, it's solid enoughif
you don'thave much money to spend.

Seen off Sawn off

The flat space of the lid is also large enough to fita
small keyboard if you want to go for a laptop-style setup.
There are no dividers or compartments in the box, which
gives a great degree of freedom, but also sounds
anote of caution in terms of bits and pieces
bouncing around. Using felt as the box
material also gives the whole unita
comfy and fuzzy vibe. Neither the
tablet stand nor the box have been
radically re-envisioned, but sticking
them both together makes for a very
convenient setup.

Feltrough Felt good

BLACKSHARKMANTAPG/

£19.99 incvaT (80 x30cm); £24.99 inc VAT (90 x 40cm)

The Black Shark Manta

P6isanextended mouse

padthatalso sports

USB-powered RGB lights,

because why not? The lighting has 11 different colour and pattern options,

and you canrather awkwardly cycle throughthem sequentially with a

single button, although they're wellimplemented - the lights are bright

andlooks good, aslong as you're not shooting for an ARGB grade show.
Amouse pad of these elongated proportions canaccommodate a

keyboard as well, andit works wellin this regard. lts 4mm thickness also

makes it comfy to rest your wrists, andithas a water-resistant fabric top

layer and arubbery base layer for stability. The RGB version of the Mantais

available intwo sizes, with the largest size being 90 x 40cm, which offers

alittle more wiggle room. It's fine to use, anditlooks good for asuch ahefty

pad - it couldjust do with amore sophisticated lighting controller.

One button does everything Simpleinterface


http://kikkerlandeu.com
http://rugdlife.com
http://amazon.co.uk

CREATIVE BT-W4 / £49.99 incvar

The Creative BT-W4 is a Bluetooth audio transmitter with a whole
bushel of functions. Firstly, it beefs up the quality of the sound from
the device to whichit's attached. Secondly, it boosts the signal and
thirdly, itimplements a simple method to switch between up to
four paired audio outputs. The sound quality upgrade is achieved
by using the aptX Adaptive codec, which adjusts the bit rate of the
audio stream on the fly to try to maintain an unbroken and glitch-free
stream of sound.

The BT-W4 also makes use of Bluetooth 5.2, whichis still the
latest version of Bluetooth, evenif it's not entirely new. Swapping
between paired Bluetooth devices is achieved by pushing a button
onthe top to cycle through them; compared with the regular
way of swapping Bluetooth devices, this feels like a borderline
revolutionary feature.

An analogue microphone s included, whichis suitable for
connection to agamepad, potentially acting as a mic for Bluetooth

If the Swiss Army needed cables instead of tiny
sporky knives, it might come up with a device
such as the Propen. It's amagnetically
connected loop of flat cable that you
can attachto akeyring, and there are
connectors at either end of the cable that
have a foldaway plug that you can flip into
different types of connector.
Both ends have USB Type-C, and then one end also offers
conventional USB, while the other end offers a combination of Apple

Lightning and micro-USB. The micro-USB plugisn't the most solid fit,

butitisn'tbad consideringit's sort of a hybrid version to fit both sorts
of socket.

The cableitselfis 14cm long, and there’s a bit of clumsiness that
goes with using it when the alternate connectors are deployed,

headsets that might not have them. It does all this

on PCs, Macs and Nintendo Switch consoles too. The

devices connect via USB Type-C by default, but it comes with
aregular USB adaptor. The stack of functions, combined with the
ease of use, makes the Creative BT-W4 an extremely handy helper
if you're struggling to stay on top of your Bluetooth audio devices.

Creeps Features

but that's a fair trade-off for the whole unit being so small and
convenient that you can basically forget it's there until you need

it. Overall, the Propenis a clever way to carry an almost universal
connector around - it's much less hassle than a pocket full of wires.

Fondue Chocolate

Seen something worthy of appearing in Custom Kit? Send your suggestions to [E phil.hartup@gmail.com
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http://uk.creative.com

MOTHERBOARDS

/HOW WE TEST

TEST PROCESSORS

> Intel LGA1700 Intel Core i5-12600K

> Intel LGA1700 mini-ITX Intel Corei7-12700K
> AMD AM4 AMD Ryzen 95900X

Common test hardware between our testrigs includes aWD Red
SN750 SSD, plus a WD Black SN850 SSD to test the speed of M.2
ports, and an Nvidia GeForce RTX 3070. We use 16GB (2 x 8GB)
of Corsair Vengeance RGB Pro 3466MHz DDR4 RAM, or 32GB (2
x16GB) of Corsair 5200MHz Dominator Platinum DDR5 RAM.

All CPUs are cooled by a Corsair Hydro-X water-cooling loop
with two XR5240mm radiators, an XD3 RGB reservoirand an
XC7 RGB waterblock. We test with our RealBench suite and Far
Cry 6 on Windows 11. We also test each board's M.2 ports, and
record the noise level and dynamic range of integrated audio
using RightMark Audio Analyzer.

PROCESSORS

TEST MOTHERBOARDS
> Intel LGA1700
Asus ROG Maximus Z690 Apex
> Intel LGA1200 MSIMEG Z490 Ace
> AMD AM4 APU MSIMPG Gaming B550 Carbon WiFi
> AMD AM4 MSIMEG X570 Unify

Common gearincludes a2TB Samsung 970 Evo SSD and
Nvidia GeForce RTX 3070 FE graphics card. For LGA1700 CPUs,
we use 32GB (2 x 16GB) of Kingston Fury 5>200MHz DDR5
RAM and a Thermaltake Toughliquid Ultra 360 CPU cooler. For
other systems, we use 16GB (2 x 8GB) of Corsair Vengeance
RGB Pro 3466MHz RAM and a Corsair Hydro-X water-cooling
loop, withtwo XR5 240mm radiators, an XD3 RGB reservoir
and an XC7 RGB waterblock.

We use the latest version of Windows 11 with security
updates, plus the latest BIOS versions and drivers. We record
results at stock and overclocked speeds, and tests include our
RealBench suite, Cinebench, Far Cry 6 and Dirt 5.

For games, we record the 99th percentile and average frame
rates either using the game’s built-in benchmark or Nvidia
FrameView. Finally, we note the idle and load power draw of the
whole system, using Prime95’s smallfft test with AVX disabled.

We testimage quality with an X-Rite

iDisplay Pro colorimeterand

DisplayCal software to check colour

accuracy, contrastand gamma, while assessing more subjective
details such as pixel density and viewing angles by eye. For
gaming, we testamonitor's response time with an Open Source
Response Time Tester, and use Blur Busters' ghosting UFO test to
check the sharpness of adisplay in high-speed motion.

CPU COOLERS

We use CoreTemp to measure the CPU temperature, before
subtracting the ambient air temperature from this figure to give
us adelta T result, which enables us to testinalab thatisn’t
temperature controlled. We use Prime95's smallest FFT test
with AVXinstructions disabled to load the CPU and take the
temperature reading after ten minutes.

Forthe Intel LGA1200 system, we take an average reading
across all eight cores, and for the LGA1700 system, we take an
average reading across both the P-Cores and E-Cores. AMD's
CPUs only report a single temperature reading, rather than per-
corereadings, so we listwhat's reportedin CoreTemp.

TESTKIT
Fractal Design Meshify C case, 16GB of Corsair Vengeance RGB
Promemory, 256GB Samsung 960 Evo SSD, Corsair CM550 PSU.

INTELLGA1700
Intel Corei9-12900K at stock speed, Asus ROG Maximus Z690
Apex motherboard.

INTELLGA1200
Intel Corei9-11900K at stock speed with Adaptive Boost
enabled, MSIMEG Z590 Ace motherboard.

AMD AM4

Ryzen75800X overclocked to 4.6GHz with 1.25V vcore, or
Ryzen55600X overclocked to 4.6GHz with 1.25V vcore on low-
profile coolers, MSIMEG X570 Unify motherboard.



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
1,440 and 3,840 x 2,160, usingan AOC U28G2XU monitor.

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,
CorsairRM850 PSU, Cooler Master MasterCase HSOOM case,
AOCU28G2XU monitor, Windows 10 Professional 64-bit.

GAMETESTS

Cyberpunk 2077 Tested at the Ultra quality preset and Medium
ray tracing presetif the GPU supportsit. We runa 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.
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LABS TEST /120MM FANS

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

Antony Leather tests a dozen of the latest 120mm
fans to find the best balance of noise and airflow

How we test

ans are vital PC components, but not all fans are created
. equal. Some are highly efficient and shift more air while

generating less noise than their siblings, while some lack
the gruntto be flexible enough to handle heavy heatloads on hot days.

This month we're pitching 12 fans against each other, focusing on
efficiency and raw performance. We've tweaked our fan testing to
include amore sensitive anemometer to measure airflow, and we've
also changed the way we actually test fans. Inthe past, we've focused
on specific voltages to measure fan speed performance, but thisisn't
realistic given the clever ways motherboards control fans with PWM
controlrather than brute force voltages these days.

To take this factinto account, we've tested each fan using PWM
control where possible, atits maximum speedin terms of airflowin
metres per second (m/sec) and noise in decibels (dBA), but also at
certain fixed settings.

To start, we set each fanto 1,000rpm to give a speed-normalised
result that's more useful than comparing at 7V, for example, where each
fan will likely be spinning at different speeds. Not all fans have the same

Contents

> AntecPrizm X120 ARGB /p41

> be quiet! Silent Wings 4 High Speed / p41
> CorsairLL120RGB /p42

> Deepcool FC120 / p42

> EKVardar X3MD-RGB /p43

> Gamemax Velocity /p43

> GelidRadiant-D /p44

40

maximum speed either, so using afixed speed they all can achieve
means every fan can be tested at the same speed.

Thisis also closer to the speed at which your fans are likely to be
spinning atlow to medium loads, so the airflow and noise it produces
here are clearindicators of efficiency. We've also carried out a noise-
normalised testat 50dBA, which typically saw most fans spinning
between1,000rpm and 1,400rpm. If you're noise-sensitive and tend
to tune your fan speed according to the noise it makes, then knowing
which fans shift more air than others at the same noise levelis
very useful.

As some fans are extremely quiet at 1,000rpm, we place our sound
meter closer to the fan than you would typically sit from your PC. We're
not so muchinterested in proving manufacturers’ noise level claims
as we are in obtaining results for all fansin anisolated test, so we can
compare them all fairly, even at lower speeds.

We've scored fans on their raw air-shifting potential, but given more
points for efficiency, while also taking into account sound quality,
features such as RGB lighting and finally value to give an overall score.

NoctuaNF-P12redux / p44
Phanteks T30 /p45

Scythe Kaze Flex 120RGB / p45
Thermaltake Toughfan12 / p46
XSPCRGB Series 2 / p46
Results graphs / p47/



ANTEC PRIZM X120 ARGE / £50 nevariorsmeo

imited to triple packs at the time of
. writing that will set you back around

£50, the Antec Prizm X120 ARGB
offers three digital RGB fans that extend their
brightand punchy lighting to the fan hub as well
as anouterring, offering a little more pizzazz
thanthe Deepcool FC120.

They use standard 4-pin PWM fan plugs and
3-pindigital RGB connectors, so they're easy to
hook up to your PC and don'thave proprietary
cables. Antecalsoincludes ahub andlighting
controller with five fan and lighting ports, which
canbe controlled from your motherboard or
other devices with single PWM and LED cables.

Noise was mid-table against the other fans
ontestthis month, but a fairamount of vibration

PRISM PRISON

RGBlighting = Poor airflow
Fanand lightinghub = Sub-par efficiency

Standard connectors = Uncompetitive price

npaper, the Silent Wings 4 High
. Speed boasts some hefty specs.

Hitting a peak of 2,500rpm, this
model offers amassive claimed 3.96mmH,0
static pressure, in part thanks to small blade-tip
clearances, while a six-pole motor and fluid-
dynamic bearing reduces vibration and noise.
The fans come with easy-to-use push-pin
corner clips formountingin cases, with
separate clips for use with coolers and radiators.
However, there's no RGB lighting here.

Sound quality was exceptional, and at full
speed, the be quiet! managed the second
lowest noise level ontest, despite also hittinga
massive 2.6m/secin airflow, which was second

SILENT WING SILENT WIND
Great airflow-to-noise = Average airflow at
ratio 1,000rpm

Good sound quality = NoRGBlighting

Decenttop-speed
airflow

= Pricey

meantthe Antec Prizm X120 ARGB's sound
quality was average. At full speed, it was a poor
resultinterms of airflow and efficiency, though,
sitting at the opposite end of the scale to the
Deepcool FC120.

Droppingto 1,000rpm didn'timprove
matters for noise and airflow, althoughits
efficiency was better. While the Antec's speed
was mid-tablein our noise-normalised test,
its airflow and efficiency were again near
the bottom, while the Deepcool FC120 was
cheaper and consistently in the top three.

Poor airflow and efficiency let down the
Antec Prizm 120 RGB, despite the good
package. If you want affordable, decent-
performing RGB fans, the DeepCool FC120s
are farbetter and cheaper.

PERFORMANCE EFFICIENCY

A 5%

FEATURES VALUE

910 12

OVERALL SCORE

VERDICT
Poor airflow and noise efficiency let down
this otherwise decent package.

only to the monstrous and deafening Phanteks
T30.This gave it the third best efficiency. It
managed the lowest noise at1,000rpm, butit
did slip down the airflow table here to 0.76m/
sec, while the Phanteks T30 was only slightly
louderand managed 0.9m/sec.

Still, the Silent Wings 4 High Speed beat the
Phanteks in efficiency,and was a match for the
Deepcool FC120, while it topped the chartinall
three noise-normalised tests.

With superb high-speed airflow, excellent
efficiency at all speeds and great sound quality,
the fantastic be quiet! Silent Wings 4 High
Speedis attractive for any situation. ltwon'tbe
cheaptokit outaPC case orlarge radiators, but
if you want great airflow and static pressure
withlow noise, it's worth every penny.

PERFORMANCE :  EFFICIENCY

........................................ OVERALL SCORE
16/20 : 48/50

VERDICT s

Fantastic efficiency, airflow and low noise, FEAmens ﬂALUZEu 0%

but it's not cheap.


http://scan.co.uk
http://overclockers.co.uk

/120MM FANS

CORSAIRLLTI2ZO0 RGB /£18 wevar

orsairsLL120RGBis availablein
. single and triple-pack form, butif you

wantto use the lighting, you'llneed
tohookitup to a Lighting Node Pro and control
the lighting usingitsiCUE software. Those
components come with the triple pack, but not
the single fan, so make sure you factor thisinto
your budget. Once the lightingis running, it
looks fantastic, withrich, vibrant colours
spanning the hub and semi-translucent blades.
Sadly, you'llneedto hook up each fan
individually, as there's no daisy-chain option.

Atfull speed, the LL1I20RGB manageda

decentairflow of 2.11m/sec, butit also produced
ahuge amount of noise to get there. It exhibited

LIGHT FANTASTIC
Fantastic RGB lighting

LIGHT HEADED

= Poor efficiency

Decent airflow at
full speed

= Loudatfull speed

= Extrasrequired

Compatible withiCUE forlighting

uppliedas atriple packinthe UK, the
. FC120s feature fantastic digital RGB

lighting, which does a good job of
diffusing across the semi-transparent blades.
The fans each have inputs and outputs, allowing
youto daisy-chain them together, so you only
need one 4-pinfanheader and one 3-pin RGB
headerto control their speed and lighting.

Eachfanhas chunky anti-vibration mounts

too, butthe bestbitis the price. Atjust £35 for
three fans, you're paying a little more than
atennerafan. They're powered by a SATA
connector, so they only need the PWM signal
from your motherboard's CPU fanheaderto
work. However, our Asus testmotherboard's

BREEZE TORNADO
Great airflow-to-noise = Limited maximum
ratio airflow
Good airflow at = Nosingle-fan
1,000rpm optionyet

Superb value

ahigh-pitch whine, while the be quiet! Silent
Wings 4 High Speed managed 2.6m/secand
was significantly quieter.

[twasn'tmuchbetter at1,000rpm, with the
Corsair's 52dBA noise level again being far
louder thanthe be quiet! fan, and again the latter
offered far greater efficiency. In our sound-
normalisedtest, itwas clearthatthe LL120
RGB lacks efficiency, with the be quiet! able to
offer more than twice the airflow for the same
noise level, adding 400rpm compared with the
Corsairfanatthe samenoise.

The Corsair LL120 RGBis one of the
more powerfulfans ontest, andits lighting
looks fantastic. However, it's far too loud and
inefficient compared with the new kits on

the block.

........................................ PERFORMANCE : EFFICIENCY IR 3
13/20 : 31/30

VERDICT R

A powerful fan with decent lighting, but it's FEHATUIHE]S ﬂALUZE[] 63%

loud and inefficient.

Al Suite software wasn'tkeen ontalkingto the
fans.Manually setting the EFI fan control to
PWM solved theissue, but we didn't have this
issue with other PWMfans.

The FC120 only hita peak airflow of 1.82m/
sec, butthisis stillinthe same league as the
Noctua NF-P12 redux. Sound quality was
reasonable, with only a slight audible tone and
very low noise level of 55dBA, giving it the best
airflow-to-noise ratio on test at full speed and
1,000rpm, and it came secondin the noise-
normalisedtest.

The Deepcool FC120 has excellent efficiency,
RGB lighting, decent performance and abargain
price for three of them. The be quiet! Silent
Wings 4 is abetter performer, but the Deepcool

FC120 wins onvalue.

........................................ PERFORMANCE :  EFFICIENCY IV Y VIR 3
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E|< \/ADAR XBM D_RGB/EZOmCVAT

K's Vadar X3M D-RGBiis one chunky;,
weighty fan. Its large rotoris
illuminated by digital RGB lighting

with a 3-pin connector, and the translucent fan
blades allow the light to diffuse fairly evenly
alongthem. There's extra customisation
available inthe form of optional corner sections
inavariety of colours.

It's one of the more powerful fans ontest too,
with apeak speed of 2,200rpm, although all
this comes ata price of £20 per fan. Digginginto
the data, the noise level of 67dBAisn't great,
and like so may other loud fans there's a distinct
whine atfull speed, which only peaked ata
somewhat disappointing airflow of 1.9m/sec.

DARTH VADER
RGBllighting

JARJARBINKS

= Poor sound quality
Good build quality = Loud atfull speed

Reasonable peak
airflow

= Uncompetitive price

he Gamemax Velocity retails fora
. price of just £7, anditeven comes
with digital RGB lighting, allowing for
individual LEDs to be controlled independently
viaa3-pin cable. Only the outerringonthefan
illuminates, but you can'thave everything. More
annoyingis that there’'s no 4-pin fan connector
and only a3-pinone, so you'llneed to make
sure your motherboard can either recognise the
Gamemax or setitto direct voltage mode.
The peak fan speedis also very low atjust
1,500rpm, making the Velocity primarily a
case fan, rather than aradiator or heatsink fan.
Thankfully, it was very quiet, atjust 62dBA
in close proximity, but the Velocity also had

VELOCIRAPTOR BARNEY THE
Only costs £7 DINOSAUR
= Poor airflow
RGBllighting
o = Lowly efficiency
Lighting cable canbe

daisy-chained

This was less than the slower-spinning Noctua
NF-P12 redux, which was quieter and only
marginally better than the Deepcool FC120.
The EK was alittle better at1,000rpmin
terms of noise, butits airflow at this fixed speed
was comparatively low, resultingin mediocre
efficiency compared with the Noctua NF-P12
redux and Deepcool FC120. The EK again failed
toimpressinour noise-normalised test, with
the two aforementioned fans offeringmore
airflow and the similarly-priced be quiet! Silent
Wings 4 High Speed completely outclassingit.
The EK Vadar X3M D-RGB has excellent
build quality, great RGB lighting and
customisation options, as well as being quite
eye-catching. However, at this price, it struggles
to competeinterms of efficiency and airflow.
PERFORMANCE

12/20

VERDICT
Decent build quality, but let down by poor
sound quality and efficiency.

FEATURES

/10

the worst airflow ontest at full-speed, with a
measurement of just 1.13m/sec.

The Deepcool FC120 managed 1.82m/sec
and was quieter too. Dipping downto 1,000rpm
saw the Velocity beingamong the louder fans
ontest, butitagainfailed to put that noise into
airflow with the second lowest result ontest, as
well as the lowest efficiency. This was mirrored
inthe sound-normalised tests, where it was
either atthe bottom of the results or next to the
bottom result across the board.

If youjust wantto kit out a case withRGB
fans, the Gamemax Velocity is a temptingly
cheap option. However, its airflow and
efficiency credentials leave alot to be desired -
it's only worth considering for low budgets and
systems that don't need much airflow.

PERFORMANCE

10/20

VERDICT
A great price for RGB lighting, but its airflow
and efficiency are poor.

FEATURES

/10

EFFICIENCY
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VALUE
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OVERALL SCORE
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GEL| D RAD|ANT_D / £V incvart

he £12 Gelid Radiant-D boasts a
. reasonable peak speed of 2,000rpm

and also has RGBlighting. There are
no accessoriesinthe box, andithas abasic fan
frame and design, but thankfully Gelid hasn't
cutthe 4-pin PWM connector. Despite havinga
4-pin RGB connector, though, it only supports
5V 3-pinheaders, and using the former can
actually kill the lighting circuitry. There's
nothinginthe box mentioning this, whichis
aserious problem.

Atfull speed, there was a mild whine but
significant airflow noise. The noise did at least
translateinto airflow and static pressure, with
the Gelid landing the third best airflow speed on

GOOD RADIANCE GOOD RIDDANCE
RGB lighting = Rather noisy
Great airflow = Loudatfull speed

Reasonable price = Should have 3-pin

RGB plug

icking up our Premium Grade award
inour last fan Labs, the Noctua
NF-P12 redux offered great

performance forthe price. There's some stiff
competition now, though, with alternatives that
canramp up further than the NF-P12redux’s
paltry 1,700rpm.

That's likely all you need for a case fan, but
youmight need moreif you need to deal with
significant amounts of heat onrare occasions.

Italso lacks RGB lighting, unlike several
similarly priced fans. However, in the flesh,
itlooks fantastic, shedding Noctua's usual
brown colouringin favour of gunmetal grey.
The NF-P12 redux still holds its own, although

REDUCTION REDACTION
Good airflow-to-noise = NoRGBlighting
ratio

= Average sound quality
Excellent airflow at

1,000rpm = Lackshigh-speed

grunt
Good value

testof2.2m/sec, only beaten by the Phanteks
T30 andbe quiet! Silent Wings 4 High Speed.

Its airflow-to-noise efficiency was poor,
but gotbetter at1,000rpm. Here, despite a still
mediocre S0dBA, itagain achieved one of the
better airflow results and even bettered the be
quiet! Silent Wings 4. When sound-normalised
itmanaged a mid-table result, despite only
managing to hit1,000rpm at this sound level.

The Gelid offers great airflow and RGB
lighting for areasonable price, althoughit's
noisy. If you're not particularly bothered by noise
andjust wantanRGB fan and decent airflow, it's
definitely worth considering.

However, the terrible decisionto ship witha
4-pin RGB connector definitely mars our view. If
you buy this fan, proceed with caution.

PERFORMANCE

14/20

VERDICT
Decent airflow and RGB lighting for a
reasonable price, but it's noisy.

FEATURES

o/10

it slips downthe tablein afew tests. Ilthas
decent efficiency at full speed, outstripping
the XSPCRGB Series 2, Scythe Kaze Flex

120 RGB and Gelid Radiant-D, but the XSPC
did have slightly better sound quality, with
the NF-P12 redux exhibiting a slight whine at
1,700rpm. The XSPC was also slightly quieter
at1,000rpm, but shifted noticeably less air, with
the NF-P12 redux offering better efficiency
here, while shifting more airin our noise-
normalised testtoo.

The Noctua NF-P12 redux remains agood
choice as an affordable fanto pad out vacant
fanmountsinyour PC. It's abetter performer
than the similarly priced offerings from XSPC,
Scythe and Gelid as well, although we'd pick the
Scytheif you also want RGB lighting.

PERFORMANCE

12/20

VERDICT
Good performance for the cash, but it could
do with a little more power now.

FEATURES

o/10

EFFICIENCY

¥l

OVERALL SCORE

EFFICIENCY

150 OVERALL SCORE
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PHANTEKS T30 /£30 nevar

he Phanteks T30 offers great build
. quality and built-in speed control,

withits Advanced mode allowingitto
peak atamonstrous 3,000rpm. You get afew
accessories too, suchasa50cmPWM
extension cable, radiator screws with 6-32
threads, plus an extended set of these screws
to enable youto use Phanteks' Halos RGB fan
frames on top with aradiator. However, it lacks
RGB lighting out of the box.

Not surprisingly, noise atits peak speed was
high, although the Corsair LL120 RGB was
slightly louder. Thankfully, that noise buys you
agargantuan airflow of 3.79m/sec, which was
over Im/sec higher than the be quiet! Silent

PREMIUM OVERPRICED
Monstrous airflow = Loud atfull speed
Excellent efficiency = Expensive
Low noise at = Cheaperfansare
low speeds more efficient

cythe'sKaze Flex 20RGBhas a
. 4-pinheader, so lighting controls

impactallLEDs, resultingin one
colour atatime. The lighting looks good, though,
with the semi-translucent blades allowing the
illuminated hub to dish out colour all the way
alongthem. There's also only 3-pin speed
control, rather than 4-pin PWM, but most
motherboards can still control 3-pin speed
effectively. You geta Molex cable inthe box too.

There are several variations available, with

our sample hitting a peak speed of 1,800rpm.
Its peak noise of 66dBA here was average,
with anoticeable whine, but many other fans
exhibited the sameissue. Airflow was excellent,

LAWNMOWER SCYTHE
Good airflow = Loudatmost speeds
Reasonable efficiency = NoPWM control
Low price = No 3-pindigital
RGB lighting

Wings 4 High Speed. Despite this, efficiency
was also fairly good.

At1,000rpm, italso racked up the second
bestairflow, along with the fourth lowest noise
level, giving it the third best airflow-to-noise
ratio ontest. Its noise-normalised test was
similar, with the fourth best airflow on test,
despite only needing 1,100rpm to get there and
coming fourthin the efficiency chart.

The Phanteks T30 has huge airflow ontap
whenyou needit,and also delivers at lower
speeds with excellent airflow and low noise
levels.If money were no object, we'd strapitto
allour cases andradiators, but £30is alot of
money for a single fan and the be quiet! Silent
Wings 4 and Deepcool FC120 also offer good
performance for much less money.

........................................ PERFORMANCE
VERDICT e FEATURES
Mega performance and efficiency, but it's

really pricey. 5 ].ﬂ

though, at2.16m/sec. This putsitjust behind the
slightly louder Gelid Radiant-D, but comfortably
ahead of the Noctua NF-P12 redux - only the be
quiet! Silent Wings 4 and Phanteks T30 offered
noticeably more airflow.

The Scythe was also the loudest fan on test
at1,000rpm. However, it also offered the best
airflow here, meaningits efficiency isn't bad.
Our noise-normalised test saw the Scythe
struggle, asitonly reached 950rpm before it hit
our noise level limit, but it stillhad far from the
worst efficiency ontest here.

Thanks to alow price, reasonable efficiency,
RGB lighting and decent airflow, the Scythe
Kaze Flex 120 RGBiis a decent offering,
althoughthe Deepcool FC120is better and
cheaperif youneedthree or more fans.

PERFORMANCE

13/20

VERDICT
Decent airflow, lighting and efficiency, but
not particularly quiet.

FEATURES

/10

EFFICIENCY

55

OVERALL SCORE

EFFICIENCY

¥

OVERALL SCORE

VALUE
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THERMALTAKE TOUGHFAN 12/ £18 weusr

hermaltake’s Toughfan 12 looks
premium, feels premiumandhas a
relatively premium price, at £18 each

or £32forapair. It can cope with any situation
too, withits peak speed of 2,000rpm sitting
higher than that of the Noctua NF-P12 redux
and Deepcool FC120.

Italso has ahydraulic bearing and steel-
reinforced motor hub, plus large anti-vibration
mounts and liquid crystal polymer fanblades,
which Thermaltake claims reduces vibration. It
lacks RGBllighting, but it does comein avariety
of colours, allowing amodicum of colour
matching to the rest of your hardware.

TOUGHFAN TOUGH CROWD
Great airflow-to-noise = Limited maximum
ratio at full speed airflow
Good sound quality = Mediocre airflow

at1,000rpm

Reasonable price
= NoRGBlighting

or £11,the XSPC RGB Series 2 doesn't
. look like abad deal, with its digital

RGB lightingand a2,200rpm peak
speed. There are large anti-vibration pads too
although, as you'd expect at this price, there are
no accessories or other features. The RGB
lighting sits only in a patternedring around the
fanframe (thoughitis visible on both sides),
with no light finding its way onto the fan blades
or hub. Thankfully, unlike Scythe, XSPChas
stuck with PWM control, so your motherboard
should have fullmanagement overit.

The XSPC's sound quality was well above

average, despite ahigh noise level, withonly a
slight drone noticeable above the airflow noise.

MODERATION

Good airflow

EXCESS
= Loudatfull speed

= Poor airflow-to-noise
ratio

Snazzy RGB lighting

Low price
= Not very efficient

Atfull speed, it matched the Deepcool
FC120's lowest noise level on test of 55dBA,
but wasn't quite able to match the Deepcool's
airflow and efficiency, despite having a higher
RPM. Dropping back to 1,000rpm saw the
Toughfan 12 offer a slightly lower noise level
than the Deepcool, but less airflow. When fixed
at50dBA, itmanagedto hit1,400rpm and was
amatchforthe Deepcool fan.

The Thermaltake's airflow is only average at
full speed, butitmakes up for this in efficiency,
especially at full speed. Its raw airflow trails
pricier fans, butits good noise-to-airflow
ratio meansit's worth considering for cases,
coolers and radiators if you can't afford to really
splash out. If you don't care about lighting, the
Toughfan 12is well worth considering.

VERDICT
Good efficiency and low noise with
a reasonable price tag.

ltmanaged a decent2.03m/secairflow too,

although the amount of noise saw its efficiency
fall. Dropping down to 1,000rpm saw the noise

level sitlower than the majority of fans ontest,
butits sub-par airflow harmedits efficiency
here.Finally, the noise-normalised test once
againhad mediocre airflow at the same noise
level as other fans despite, being the XSPC
hitting1,150rpm at 50dBA.

The XSPCRGB Series 2is an affordable
fan with decent airflow and great-looking
digital RGB lighting, but its efficiency letsit
down andit generates too much noisein
order to outputitsimpressive peak airflow.
The Deepcool FC120is abetter buy if you
want affordable fans with RGB lighting, while
the be quiet! Silent Wings 4 High Speed
offers abetter noise-to-airflow ratio.

VERDICT

Decent airflow, but it generates too much noise.

PERFORMANCE

12/20

FEATURES

o/10

EFFICIENCY

55

OVERALL SCORE

PERFORMANCE :  EFFICIENCY

13/20 98 /50 OVERALL SCORE
"""" FEATURES  VAE 730/
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111 120MM FANS BENCHMARK RESULTS :iiiiiiiiiii
FULL SPEED

NOISE (DBA) AIRFLOW (M/SEC) AIRFLOW-TO-NOISE RATIO

Deepcool FC120 55 Phanteks T30 379 Deepcool FC120 2489
Thermaltake Toughfan 12 55 be quiet! Silent Wings 4 High Speed 26 Thermaltake Toughfan 12 2604
be quietl Silent Wings 4 High Speed 61 Gelid Radiant-D 22 be quiet! Silent Wings 4 High Speed 26.41
Gamemax Velocity 62 Scythe Kaze Flex 120 RGB 216 Phanteks T30 3382
Noctua NF-P12 redux 63 Corsair LL120 RGB 21 Noctua NF-P12 redux 4288
Antec Prizm X 120 ARGB 66 XSPCRGB Series 2 203 Scythe Kaze Flex 120 RGB 4497
Scythe Kaze Flex 120 RGB 66 EK Vardar X3M D-RGB 19 EK Vardar X3M D-RGB 5479
EK Vardar X3M D-RGB 67 Noctua NF-P12 redux 184 XSPCRGB Series 2 5497
XSPCRGB Series 2 68 Deepcool FC120 182 Gelid Radiant-D 58.27
Gelid Radiant-D 70 Thermaltake Toughfan 12 174 Corsair LL120 RGB 651
Phanteks T30 70 Antec Prizm X 120 ARGB. 147 Gamemax Velocity 6514
Corsair LL120 RGB 7 Gamemax Velocity 13 Antec Prizm X 120 ARGB 66.08

0 25 50 75 100 125 0 1 2 3 4 5 o] 25 50 75 100 125
Lower is better Lower is better

SPEED NORMALISED (1,000RPM)

NOISE (DBA) AIRFLOW (M/SEC) AIRFLOW-TO-NOISE RATIO
be quiet! Silent Wings 4 High Speed 43 Scythe Kaze Flex 120 RGB o091 Deepcool FCI20 2573
Thermaltake Toughfan 12 a3 Phanteks T30 09 be quiet! Silent Wings 4 High Speed 2594
Deepcool FC120 5 Noctua NF-P12 redux 089 Phanteks T30 2890
Phanteks T30 a7 Deepcool FC120 088 Gelid Radiant-D 3813
XSPCRGE Series 2 48 Gelid Radiant-D 084 Noctua NF-P12 redux 3857
Antec Prizm X 120 ARGB 49 be quiet! Silent Wings 4 High Speed 076 Thermaltake Toughfan 12 3883
EK Vardar X3M D-RGB 49 Thermaltake Toughfan 12 067 Scythe Kaze Flex 120 RGB 40.43
Gelid Radiant-D 50 Corsair LL120 RGB. 064 XSPC RGB Series 2 4571
Noctua NF-P12 redux 51 XSPCRGB Series 2 061 EK Vardar X3M D-RGE 5336
Corsair LL120 RGB 52 EK Vardar X3M D-RGB 056 Antec Prizm X 120 ARGB 57.47
Gamemax Velocity 52 Gamemax Velocity 054 Corsair LL20RGE 57.49
Scythe Kaze Flex 120 RGB 52 Antec Prizm X 120 ARGB 052 Gamemax Velocity 6814
25 50 75 100 125 0 1 2 3 4 5 0 25 50 75 100 125
Lower s better Lower s better

NOISE NORMALISED (50DBA)

AIRFLOW (M/SEC) MAXIMUM SPEED (RPM) AIRFLOW-TO-NOISE RATIO

be quietl Silent Wings 4 High Speed 12 be quietl Silent Wings 4 High Speed 1,400 be quietl Silent Wings 4 High Speed 2167
Deepcool FC120 " Thermaltake Toughfan 12 1,400 Deepcool FC120 45.45
Thermaltake Toughfan 12 109 Deepcool FC120 1350 Thermaltake Toughfan 12 2587
Phanteks T30 093 XSPCRGB Series 2 1150 Phanteks T30 5376
Noctua NF-P12 redux 089 Phanteks T30 1100 Noctua NF-P12 redux 56.18
Gelid Radiant-D 084 Antec Prizm X 120 ARGB. 1,050 Gelid Radiant-D 5952
Scythe Kaze Flex 120 RGB 084 EK Vardar X3M D-RGB 1050 Scythe Kaze Flex 120 RGB 5952
XSPCRGB Series 2 068 Corsair LL120 RGB 1,000 XSPCRGB Series 2 7353
EK Vardar X3M D-RGB 06 Gelid Radiant-D 1,000 EK Vardar X3M D-RGB 8333
Corsair LL120 RGB 057 Noctua NF-P12 redux 1,000 Corsair LL1I20 RGB 8772
Antec Prizm X 120 ARGB 056 Gamemax Velocity 950 Antec Prizm X 120 ARGB 8929
Gamemax Velocity 049 Scythe Kaze Flex 120 RGB 950 Gamemax Velocity 10204

0 1 2 3 4 5 0 500 1,000 1,500 2,000 2,500 0 25 50 75 100 125
Lower is better
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LABS TEST /271N GAMING MONITORS

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

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

With monitor prices steadily fallinginrecent years, 2,560 x 1,440
27in gaming screens can now readily be bought for well under £300.
Edward Chester puts seven of the latest models through their paces

How we test

alancing screen size, resolution and affordability, 27in
. monitors with a resolution of 2,560 x 1,440 (1440p) have

longbeen a great all-round option. They have a high enough
resolution to look sharp, with enough desktop space for a couple
of windows to sit side by side, but not so high aresolution that you
needan RTX 3080 Tijust to run the latest games at native resolution.
What's more, unlike even larger screens, you don't need to worry
about finding desk space to accommodate them.

While the upper echelons of 27in gaming monitors now have
144Hz, 4K panels or 1440p screens with 240Hz refresh rates, at the
lower end of the market you can still get up to 180Hz, 1440p screens
forunder £300. Not all the screens in this test are quite so cheap, but
allare £400 or under. To test these screens, we focused on three
main areas: image quality, gaming performance and features. Image
quality is tested largely with an X-Rite iDisplay Pro colorimeter, which
we use to assess the maximum brightness, contrast, colour balance,
gamma (the rate of change from dark to light tones), uniformity of the
whole panel and the colour space coverage.

Many modern displays stretch beyond the standard sRGB colour
space used as standard on PCs, and instead can produce the larger

Contents

> AOCAGONAG273QXP /p49

> Asus TUF Gaming VG27AQLI1A /p50

> BenQ Mobiuz EX2710Q /p51

> iiyamaG-Master GB2770QSU-B1 / p52

48

range of colours usedin HDR content. We test for this and also look
for whether a monitor has an sSRGB mode that reduces the colour
range of the display so that it can still be used to correctly show
coloursintended for the SRGB colour space. We also check the
viewing angles, look for any obvious backlight bleed and look out for
any anomalies.

Gaming performanceis initially tested subjectively by playing fast-
paced games such as first-person shooters. These sorts of games
demand a high refresh rate and fast pixel response time, so we can
quickly detect when a screen feels sluggish.

We also test the response time using an OSRTT device. This
switches the screen between various grey tones and measures the
brightness change, providing a comprehensive picture of how quickly
the LCD panel's pixels respond.

We test at every overdrive setting, and report the results for the
ideal overdrive setting that balances the fastest response time with
the least colour overshoot.

Finally, we look at what features, such as USB hubs, video
connections and stand adjustability the monitor offers, and look at
how all the above is balanced with the price.

> LGUltragear27GP850 / p53
> MSIMAG274QRF-QD /p54
> ViewSonic XG2705-2K /p55
> Results graphs / p56



AOC AGON

AG2/30OXP /£260 e

0OC's AGON AG273QXP hosts the
. same core specs of the other

displays ontest, with a27in IPS
paneland2,560 x 1,440 resolution, but the
AG273QXP adds afew extra goodies to the
formula. The most prominent oneis the
quality stand. It's made from solid metal, from
its curved pointy feet all the way up to the
useful carry handle atits top. It looks great,
feels secure andits range of ergonomic
adjustments - height, rotation, pivot and tilt -
allfeel smooth.

Around the back you also getaring of RGB
lighting. It's not bright enough to provide an
eye-strain-reducing glow behind the panel,
butit's a fun decorative extra. Other premium
touchesinclude the use of USB 3.2 ports for
the 2-port hub, the addition of side-mounted,
flip-down headphone stands and a clip-on
hoodtoreduce glare.

This display also goes allthe way upto a
170Hz refreshrate, rather than the 165Hz or
144Hz of some other models. The gaming
advantage of 170Hz over 144Hz s certainly
modest, let alone the tiny advantage over
165Hz, butit's an advantage nonetheless.

SPEC

Screensize 27in

Resolution 2,560 x 1,440

Paneltechnology IPS

Maximum refreshrate 170Hz

Stated response time Tms

Max brightness 400cd/m?(SDRand HDR)

Stated contrastratio 1,000:1(SDRand HDR)

Adaptive sync FreeSyncand G-Sync compatible

Display inputs 2x DisplayPort1.4,2xHDMI2

Audio Headphone out, 2 x2W speakers

Stand adjustment Height, pivot, rotation, tilt

Extras 100 x 100mm VESA mount,2x USB 3
ports, monitor hood, headphone stands

What's cleareris the
responsiveness of this
display's panel. Atits default
and optimal Medium
overdrive setting, it produced an average initial
response time of 4.36msin our tests - the
second fastest ontest - with an average
perceived response time of 6.53ms.

There's alittle bit of colour overshoot
atthis overdrive setting (an average

RGB value miss of 6) leading to that
slightly higher perceived response

time, butit's not enough to be aconcernin
most gaming scenarios.

You can getan even faster average initial
response time of 3.34ms with the Strong
overdrive setting, but this causes overshoot
toleap upto 25, so we don'trecommendit for
most circumstances.

One gamingfeature this display lacks is
any sort of backlight-strobing blur reduction
mode. It's not commonplace on displays of
this price, but the Asus VG27AQL1A includes it
anditjust pips the AOC for motion clarity when
it'sengaged.

Elsewhere, the AG273QXP has a smart
design and ample connection options, with
two HDMI ports and even two DisplayPort
inputs. There's aheadphonejack and
speakers too, though the latter are quite weak.

The menu systemis controlled by a single
mini D-pad on the central underside of the
panel. The control works well, and the menus
offerall the settings you'd want, including
aproper sRGB mode thatreins inthe wide
default colour gamut of 140 per cent sSRGB to
96 per cent sRGB, although the menu layout
canbe alittle confusing attimes.

Image quality is otherwise largely good
too. Contrastisn't outstanding (874:1) foran
IPS panel, butis still enough for the display
not to look washed out. The default colour
balance and gamma are also decent, but
not perfect (evenin the SRGB mode), so
some calibrationis required for colour critical

HERE TODAY AGONTOMORROW

Loads of features = No backlight strobing

blur reduction
Excellent gaming

performance = Middling contrast
Excellent value = Default colour balance
isn't perfect

Solidimage quality

work. The maximum brightness is massive,
though, which will help in bright environments,
andit gives HDR content a boost, evenif the
lack of amulti-zone backlightmeans HDRisn't
truly impressive.

Conclusion

AOC has done it again with a truly fantastic
gaming monitor that delivers features,image
quality and gaming performance that belies its
modest price. The defaultimage quality isn't
quite as good as that of some competitors, but
this will only be of concern for colour critical
work and can be corrected with calibration.

VERDICT
Features and performance aplenty for a
petite price.

GAMING

IMAGE QUALITY - : OVERALL SCORE
o/ 23
FEATURES VALUE
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ASUS TUF CAMING
VG2/7AQLTA /£320 mevr

sus' TUF gaming monitors have
firmly established themselves as
excellent-value, no-frills options.

Withits latest 27in IPS panel this trend certainly
seems to continue, with anear-£300 price tag
and all the usual features. Plus, itincludes
Asus'aceinthe sleeve,its ELMB Sync
technology, which combines adaptive sync
(such as FreeSync and G-Sync) with backlight
strobing blur reduction technology. Only Asus
currently combines both technologies at once.

Otherwise, the VG27AQL1A looks smart
enough, using a simple black plastic stand
with flat, V-shaped feet. The stand offers
afull range of ergonomic adjustments -
height, rotation, pivot and ilt — and they move
smoothly enough. It's not quite as snazzy-
looking or stable as the AOC display butit's
entirely adequate.

Unlike the AOC, you don't get RGB lighting
nor any other physical extras beyond the USB
hub, although you atleast get USB 3 ports. For
display inputs you get one DisplayPort 1.2 and
two HDMI 2 inputs, and all the connections
are on the back of the display, aiming down

SPEC

Screensize 27in

Resolution 2,560 x 1,440

Paneltechnology IPS

Maximum refreshrate 170Hz

Stated response time Tms

Max brightness 350cd/m?(SDR), 400cd/m?
(HDR)

Stated contrast ratio 1,000:1(SDR and HDR)

Adaptive sync FreeSyncand G-Sync compatible

Display inputs 1x DisplayPort1.2,2 xHDMI2

Audio Headphone out,2 x2W speakers

Stand adjustment Height, pivot, rotation, tilt

Extras 100 x 100mm VESA mount,2x USB 3
ports, ELMB Sync

towards the desk. Speakers

areincluded, but sound

weedy with a peculiar floaty,

almost pretend surround

sound quality. Most monitors

have rear or down-firing speakers, so have a
similar lack of true stereo placement, butit's
particularly pronounced here.

Meanwhile, the menu systemis
controlled via a mini D-pad and four
buttons down the screen’s rear, right
edge. The controls feel responsive, and the
menus are intuitively laid out. Image quality
is also largely excellent right out of the box.
Colour balanceis near perfectata 6,468K
colourtemperature, while gamma (2.15) is
very good too. Contrastis also on the higher
sideforanIPS panel at1,053:1and you
getareasonably wide 138 per cent SRGB
colour gamut.

Switching to the User colour mode (from
Warm default) to calibrate the display further
worsened the colour balance slightly, requiring
ustodialin the RGB colour balance to 98 x
100 x 96, and even then the default setting
was better. There's also an sRGB setting, but it
doesn'treduce the sRGB colour gamutto 100
per centand drops contrast tojust 565:1.

Whenit comes to gaming, we were
shocked to find this panel performed quite
badly in our response time tests. Nearly all the
average response times from the monitors
ontesthover around 4-5ms, with an average
perceived response time of 6-8ms. However,
even with overdrive atits maximum, this
display'sinitial response time only hit 6.5ms,
with a perceived response time of over 10ms.

TOUGHTYRES

Decentimage quality

TOUGHTIMES

= Sluggish native

. . responsetime
Good motion clarity

thanks to ELMB Sync = Weedy speakers

= Low contrastin
sRGBmode

Nice simple design

This sluggishness was perceptiblein
games, with a smeariness and loss of clarity in
fastmotion. It's still better than many older IPS
panels and most VA panels, but trails most of
the other panels ontest.

Onthe plus side, the backlight strobing
blur reduction works wonders for masking
the slow response and tricking your eyes into
seeing a clearer picture during fast motion.
When enabled, ELMB Sync elevates this
display to among the best of the bunch for
clarity infast motion, although not by as much
asitwould haveif the panel had afaster
response timein the first place.

Conclusion

ELMB Syncrescues this monitor from alow
score, adding back in the motion clarity that's
lost due to a quite sluggish pixel response
time. Still, some people don't get on with
backlight strobing blur reduction, soit's not
afix-all - thisis still a half-decent gaming
monitor, but it could do with a faster panel.

VERDICT
ELMB Sync is great, but the rest of this monitor
is less impressive.

GAMING
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BENQMOBIUZ

EX2/100 /£400 s

enQ has carved out anicheinthe
gaming monitor market, creating
aline of displays with premium

touches. It's alaudable attempt to stand out,
butitdoes mean the likes of the EX2710Q
demand a higher price than simpler displays.
For your extra £100 inc VAT, the EX2710Q
buys you uprated speakers, with a pair of 2W
tweeters and a 5W subwoofer.

The speaker quality improvementis vast
too, with good clarity and genuine bass
presence. We happily listened to music and
watched longer-form YouTube videos on this
paneland didn'tfind itlacking. It's only when
sitting back and wanting a more room-filling
sound thatit starts to struggle. For the sake

MORPHEUS MORBIUS

Great speakers = HDRimodes

. . are pointless
Decentimage quality

= Clutteredmenu

Solid gaming system

performance
= High price

SPEC

Screensize 27in

Resolution 2,560 x 1,440

Paneltechnology IPS

Maximum refreshrate 165Hz

Stated response time Tms

Max brightness 250cd/m?(SDR),250cd/m?
(HDR)

Stated contrastratio 1,000:1(SDR and HDR)

Adaptive sync FreeSyncand G-Sync compatible
Display inputs 1x DisplayPort1.4,2 x HDMI2

Audio Headphone out, 2 x2W speakers and 5SW
subwoofer

Stand adjustment Height, pivot, tilt

Extras 100 x 100mm VESA mount,2x USB 3
ports, HDRibutton

of avoiding

the cable and

desk clutter

of dedicated desktop speakers,
there’s a definite

advantage for paying

the premium here.

Another extrafeature
is a dedicated HDRi button on the front of
the thick lower bezel. This brings up various
image quality presets to enhance the screen,
to match whatever you're watching or
playing. Unfortunately, it's a far less impactful
addition than the speakers. Without a multi-
zone backlight, the panel simply doesn'thave
the native contrastto do HDR contentjustice
- asis the case with all the displays in this
test. And evenifit did, you shouldn't need all
these esoteric modes to get the most from
the panel - it should just be good enough.

Therest of the menu systemis controlled
by a mini D-pad on theright rear of the panel
and the system works smoothly and quickly.
However, the menu systemitselfis a bit of
ahead scratcher. There are so many extra
modes and settings buried within those
modes - it gets you thereinthe end butit's
farmore hassle thanit should be.

One crucial settingis the availability of an
sRGB mode. This properly clamps the sRGB
colour gamut to under 100 per cent, while the
default colour gamut of the display reaches
to 143 per cent, giving you vibrant, HDR-ready
colours. Less obviously HDR-ready is the
modest maximum brightness of 230 nits,
but this restriction only applies for non-HDR
modes. InHDR mode, the screen stretches to
400 nits. Otherwise, image quality is solid, if
not spectacular, with decent out-of-the-box
colour balance and gamma, but arather low
contrast ratio of just over 789:1.

When it comes to gaming performance,
the EX2710Q tops out at 165Hz butits
response timeis reasonably nippy. Its

average initial response timeis 4.66ms,

with a perceived response time of 5.81ms,
using the Overdrive 2 setting that comes with
minimal overshoot. The display supports
FreeSync and G-Sync with compatible cards
too, butit doesn't have a backlight strobing
blur reduction mode.

Meanwhile, the display itself is quite
hefty, with a thick panel and wide lower
bezel, butit gives off a reassuring feeling of
sturdy quality, rather than just a cheap and
chunky quality.

The standis very robust too, and offers
height, rotation and tilt adjustment, but can't
pivot the screeninto a portrait orientation.

Conclusion

The addition of genuinely good speakers
elevates this monitor considerably, but

it otherwise struggles tojustify its high

price. Gaming performanceis solid, if
unexceptional, and the same can be said for
most other aspects of the display. If a clutter-
free desk s a priority, it's a decent option, but
otherwise you can find competing displays
with the same core features for less money.

VERDICT
Fantastic speakers but more middling
elsewhere, despite a relatively high price.

GAMING
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IYAMA G-MASTER
G 82770 QSU_B1 / £250 incvar

he GB2770QSU s the cheapest
. display ontest this month, though

not by a huge margin. Nonetheless,
its low price makes for a strong start, and
while there are a few signs of cost cutting, it
largely keeps up withiits pricier peers. Where
thatlow costis somewhatin evidenceis the
basic design. While several of the monitorsin
this Labs test have quite plain styling, the
iiyamais perhaps the most lacking in any flair.

The centre of the V-shaped standis about
the only curve used on the whole display,
andit’s a similar story with the ergonomic
adjustment of the stand. It offers height, pivot
and tilt adjustment, but rotation (turning the
display left and right) has been left out. It's a
small omission but a surprisingly frustrating
one nonetheless.

Connection options sees afurther
omission with just one HDMI port along with
the single DisplayPortinput, though you do
geta2-port USB 3 hub. On a positive note,
though, this display is one of only two on
testto use amains kettle lead - most others
have an external power brick. Speakers
areincludedtoo, along with a headphone

SPEC

Screensize 27in

Resolution 2,560 x 1,440

Paneltechnology IPS

Maximum refreshrate 165Hz

Stated responsetime 0.5ms

Max brightness 400cd/m?(SDRand HDR)

Stated contrastratio 1,000:1(SDRand HDR)

Adaptive sync FreeSyncand G-Sync compatible

Display inputs 1x DisplayPort1.4,1x HDMI2

Audio Headphone out, 2 x2W speakers

Stand adjustment Height, pivot, tilt

Extras 100 x 100mm VESA mount,2x USB 3
ports

output, but their quality
is particularly bad, with
very little volume and a
generally tinny sound -
they're useful for basic
system pings and little more.

Meanwhile, the on-screen display is
controlled via five buttons on the underside
of the panel, rather than aminiD-pad. The
arrangementis intuitive enough but, on
several occasions whentryingto
change a setting, we accidentally
hit the power button and turned
off the display.

Overallimage quality is decent, with a
particularly high contrastratio of over1,100:1
being the main highlight. The default colour
balanceis alittle off, but still passable, while a
high colour gamut of 140 per cent of the SRGB
colour space makes for dazzling coloursin
standard or HDR content. As with the other
displays on test, though, the lack of a multi-
zone backlight means this display lacks the
contrast to make a big visualimpactin HDR.

One factor with theimage quality is
thatdark colours seemed to lack a little
differentiation. Nothing was flagged in our
tests — we'd normally expect ahighgamma
level to be the culprit - but we found that
using the Black Tuner setting to slightly
increase the black level brightness helped
bring out these colours. The display also
includes an sRGB range limit setting, but we
didn't find this reduced the colour gamut so
it's of little use.

As for gaming, the GB2770QSU putina
decent performance with an average initial

MASTER

Very low price

PADAWAN

= Speakers are pathetic

= Dark colours look a
little crushed

Decent performance

Solid feature set
= Slightly better displays
for only £10 more

response time of 4.69ms and an average
perceived response time of 5.62ms, with
just a little bit of colour overshoot, using the
default middle overdrive setting. Cranking
the overdrive right up drops the average
initial response time to 3.13ms but overshoot
then hits an average of 27 (deviation from
expected RGB value), which has a very
obvious negative impact onimage quality
and clarity.

Conclusion

A class-bottoming price makes the G-Master
GB2770QSU appealing, and with decent
features and performance all round it delivers
enough to be worth considering. However,
that cost savingis evidentin several areas, so
if you don't mind spendingjust a little more,
you can get afew more features and better
image quality. The difference isn’'thuge, but
neitheris the price gap.

VERDICT

A low price and decent performance make
for a good combination, but you don’t have to
spend much more cash to get a little more.

GAMING
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LG ULTRAGEAR

2/GPE50/£280 nar

G’s nano IPS gaming monitors
have topped the charts for pixel
response time for some years now,

whichin turn has tended to make them some
of the pricier panels available. However, the
Ultragear 27GP850 is very competitively
priced, plusittops out at 180Hz when
overclocked and wants for little in terms of
other features too.

This is areasonably smart-looking display,
butit's also one of the few displays on test
to add meaningful gamer-centric touches
toits design. Red plastic highlights along the
stand's base, on the back of the paneland
hiddeninthe recess of the cable-tidying slot
onthe back of the stand leave little doubt that
thisis agaming panel.

The stand offers height, pivot and tilt
movements, but like the iiyama, it annoyingly
lacks left-to-right rotation. Like all the other
displays ontest, though, it does at least
include 2100 x 100mm VESA mount for
fitting alternative monitor arms.

LG's signature move of having all the
connections stick straight out the back of
the panel, rather than facing downwards,

SPEC

Screensize 27in

Resolution 2,560 x 1,440

Panel technology IPS

Maximum refreshrate 165Hz (overclockable to
180Hz)

Stated response time Tms

Max brightness 400cd/m?(SDR and HDR)

Stated contrastratio 1,000:1(SDR and HDR)

Adaptive sync FreeSyncand G-Sync compatible

Display inputs 1x DisplayPort1.2a,2x HDMI2

Audio Headphone out

Stand adjustment Height, pivot, tilt

Extras 100 x 100mm VESA mount,2x USB 3
ports

is present here too. It makes

it easier to plug cables into

the monitor, but generally

makes for a less tidy setup

afterwards. The connection options are fairly
typical, with one DisplayPortinput, two HDMI
ports and a2-port USB 3 hub. There's also
aheadphonejack but no speakers.

A single mini D-pad on the
central underside of the panel
controls the on screen display,
andit's largely a slick, intuitive system,
althoughittends to take just a second longer
than you expect toinitially get youinto the
main menu. A key feature for someimage
and video editing operations is the inclusion
of aproper sRGB mode, which reduces the
default 140 per cent sRGB colour space of the
display tojust under 100 per cent SRGB.

Defaultimage quality is also superb, with
essentially no need to adjust any setting
unless you're dealing with seriously colour-
critical work, in which case a gaming display
such as this one shouldn't really be your first
choice. The only caveatis that contrastis a
little low at just 871:1, whichiis a typical trait of
nano IPS panels.

As for gaming performance, the 27GP850
is excellent, comfortably topping our pixel
response time graphs.

While the average initial response time
of 4.24ms wasn't that far ahead of some
other panels when using the default Fast
overdrive mode, the almost complete lack
of overshoot meant the perceived response
time was just4.36ms.

What's more, using the Fastest overdrive
mode drops the initial response time to just
2.78ms, and although overshoot jumps up
considerably to an average RGB value error
of 15, this is still well below the level most
other monitors hit at these extreme overdrive
settings (typically 25 or above).

Moreover, subjectively we found the
overshoot when gaming at this overdrive
setting much less distracting than using the

ULTRAMARINE CHAOS MARINE
Class-leading gaming = Stand lacks left/
performance right rotation
Excellent default = No speakers
image quali

ge quallty = Basicdesign
Exceptionally low
responsetime
Usable sSRGB mode

other screens at their maximum overdrive
settings - we'd consider usingit for gaming
when seeking the fastest possible response.

Conclusion

LG continues its run at the top with yet
another gaming monitor that can claim to

be the fastest-respondinginits class. With
superb out-of-the-box image quality, an
adequate feature set and a low price, it's hard
to beat. There are no speakers and no stand
rotation, butits price is low enough that these
omissions don't feel like dealbreakers.

VERDICT
Class-leading performance and excellent
image quality make the LG a compelling buy.

GAMING

IMAGE QUALITY OVERALL SCORE
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MSIMAGZ2 /40RE-

D /£400 s

ith arelatively high price, the MSI
. MAG274QRF-QD comes with high

expectations. It's good, then, that this
display comes with features such as quantum
dottechnologyinits LCD panel,and a USB
Type-C connectionround the back.

Another additionis a slash of RGB lighting
across the back. Along with some aggressive
anglesinthe plastic of the base and back of the
panel, this makes for one of the more obviously
gamer-centric designs of the monitors ontest.
Thankfully the designisn'ttoo wacky, and this
displayis alsoimpressively slim.

Otherwise, it's largely on par with the
other monitors on test, with the same core
panel specs and arefreshrate thattops out
at165Hz. The monitor's stand offers a full
complement of ergonomic adjustments, and
canalsoberemovedtoreveala100 x 100mm
VESA mount.

Connection options consists of one
DisplayPortinputand two HDMI ports, along
withaUSB Type-Cinput that can be used for

SPEC

Screensize 27in

Resolution 2,560 x 1,440

Panel technology IPS

Maximum refreshrate 165Hz

Stated response time Tms

Max brightness 300cd/m?(SDRand HDR)

Stated contrastratio 1,000:1(SDR and HDR)

Adaptive sync FreeSync G-Sync compatible

Display inputs 1x DisplayPort1.2a,2 xHDMI2,1x
USB Type-C

Audio Headphone out

Stand adjustment Height, pivot, rotation, tilt

Extras 100 x 100mm VESA mount, 2 x USB 2
ports

video, making this anideal display to

use withamodern laptop. Itonly has 15W
power delivery, though, soit won't charge high-
powered laptops. There's also a2-port USB 2
hub and aheadphone jack, but no speakers.

A single miniD-pad ontherightrear of the
panel controls the on-screen menus, which are
intuitively laid out and respond quickly. There
isn'tan sRGB mode for reducing the display's
otherwise high colour gamut though. Speaking
of which, this panel's use of quantum dots —an
alternative to the traditional colour filters usedin
LCD panelmanufacturing - helps this screento
hita whopping 166 per cent sSRGB colour space
coverage according to our tests, making for
truly dazzling colours.

As with the other panels ontest, this doesn't
translate into amazing HDR reproduction, as
there’s no boostin contrast from a multi-zone
backlight, but you certainly getthe extended
colourrange of HDR. The native contrast of the
panelis decenttoo, at1,100:1.

What's more, the default colour balance
is excellent, atleast at full brightness. At our
standard 150 nits test brightness, itwasn't quite
so good but still acceptable, so there should be
no need formostusers to jump into the custom
colour settings to balance the RGB values. In
fact, when we switched to the custom colour
mode, contrast dropped to under 500:1,soit's
notaroute we'drecommend.

The MSIdoesn'tboast any particularly
groundbreaking features whenit comes to

DAZZLING

Very high
colour gamut

DAZED
= Highprice

= NosRGBmode
UsefulUSB

Type-C connection = No speakers

Good default
colourbalance

Solid gaming
performance

gaming, butit putsin a very solid performance.
Atits default and optimal overdrive setting,

the panel delivered a slightly sluggish 4.97ms
average initial response time, but animpressive
5.02ms average perceivedresponse time,
thanks to minimal overshoot.

Moreover, atits maximum overdrive setting,
theinitialresponse time droppedtojust 3.57ms
while over/undershoot only hit an average of
14. That still makes for some obvious colour
overshootbutit'smuchmore usable than
some panels for those times you need the
fastestresponse possible.

Conclusion

The addition of quantum dot technology
certainly makes the MSIMAG274QRF-QD
adazzling display, with areasonably high
maximum brightness and chart-topping colour
range. The addition of a USB Type-Cinput

is also useful for those wishing to connecta
laptop. Gaming performanceis decent too, if not
quite class-leading. The lack of an sSRGB mode
and speakers feel like major commissions
considering the premium price though.

VERDICT

A dazzling colour gamut and useful Type-C
connection, but it's not cheap and lacks a few
other features.

GAMING
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VIEWSONIC

><G 27@ 5 N 2 |< / £370 incvar

iewSonic's flagship Elite range of
gaming monitors pack premium
features aplenty, leaving the likes of

the Elite XG270QG demanding a high price,
despite having nearly the same core spec as
many monitorsin this test. It's good, then, that
ViewSonic has amore value-orientated non-
Elite range of displays, such as the XG2705-
2K. Thisis a144Hz model, rather thanthe
165Hz of the XG270QG, but otherwise it sports
all the core features you'd expect at this price,
including a stated Ims response time.

Physically, the XG2705-2Kis more
mundane thanits Elite sibling, with none of
thatmodel's RGB lighting or anti-glare side
wings. For this calibre of monitor, though, it's
very muchinline with expectations, with three
slim bezels around the top and sides, and an
otherwise plain black exterior.

The stand offers a full range of ergonomic
adjustments, and can be unscrewed to reveal
a VESA mount for using other monitor arms.
The stand’s base also has a slight brushed
effecttoits top, which looks a little more
fetching than the black mottled effect of the
rest of the display.

SPEC

Screensize 27in

Resolution 2,560 x 1,440

Paneltechnology IPS

Maximum refreshrate 144Hz

Stated response time Tms

Max brightness 350cd/m? (SDRand HDR)

Stated contrastratio 1,000:1(SDRand HDR)

Adaptive sync FreeSync G-Sync compatible

Display inputs 1x DisplayPort12,2xHDMI2

Audio Headphone out, 2 x2W speakers

Stand adjustment Height, pivot, rotation, tilt

Extras 100 x 100mm VESA mount

Connection options consist of
the usual single DisplayPortinput and two
HDMI 2 ports and a headphone jack. You also
get some basic 2 x 2W speakers, although
there’sno USB hub atall. The ports all face
downwards, and this display also uses amains
kettle lead with aninternal power supply,
rather than an external power brick.

The on-screen display is controlled via five
buttons on the right underside of the panel.
Unlike those onthe iiyamadisplay, these
ones constantly change function depending
onwhat's on-screen. We found this helped
to prevent us from accidentally turning off
the display, as the button positionis clearly
shown on-screen, butit's stillnot as slick as
using a mini D-pad. The menus are mostly
comprehensive, butthere’'s no SRGB mode.

Image quality of this panelis broadly very
good. Atmaximum brightness, its colour
balanceis near perfect, and although the
balanceisn't quite as good at our standard
150cd/m?test brightness, it still puts in a solid
showing. Meanwhile, contrastis solidly middle
of the pack, colour gamutis plentiful and
gammais pretty close to perfect.

What's more, switching from the default
Standard overdrive setting to the Ultra Fast
settingimproves some measurements, with
abetter colour balance and slightly higher
contrast. Thatbodes well for being able to
leave the monitor on a high overdrive setting
allthe time — notjust when gaming.

Unfortunately, while our response time
tests showed absolutely no overshoot
regardless of which overdrive setting we
used, in games, the Ultra Fast overdrive mode
looked bad to the subjective eye. There were
very clear bright trails around moving objects,
which were very distracting, which just goes
to show that raw response time results don't
always give you the big picture.

Regardless, whichever overdrive setting
was chosen, this display is a bit sluggish when

ELITE LITE
Great default = Sluggish
image quality responsetime
Solid feature set = Only144Hz
refreshrate
= High price for spec

gaming. That Ultra Fast setting brought the
initial response time down to 8.84ms, but at
the Standard and Advanced settings, it was
above 10ms.

Conclusion

The ViewSonic XG2705-2K makes for a
much more affordable alternative to the
company's Elite XG270QG, yet it wants for
little in terms of core features and its default
image quality is also largely very good.
However, its response time s sluggish, making
it a slightly underwhelming screen for high-
speed competitive gaming. Consideringit's
farfromthe cheapest panelinits class, that
makes it hard to recommend against the
stiff competition. cre

VERDICT

Solid image quality and features, but
underwhelming gaming performance for
the price.

GAMING
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DEFAULT

COLOUR TEMPERATURE (KELVIN)

Deviation from ideal result (6,500K)

Asus TUF Gaming VG27AQLIA 32
ViewSonic XG2705-2K
LG Ultragear 27GP850
iiyama G-Master GB2770QSU
MS] Optix MAG274QRF-QD
BenQ Mobiuz EX2710Q
AOC AGON AG273QXP

AVERAGE GAMMA
Deviation from ideal result (2.2)
ViewSonic XG2705-2K
iiyama G-Master GB2770QSU
Asus TUF Gaming VG27AQLIA
MSI Optix MAG274QRF-QD
AOC AGON AG273QXP
LG Ultragear 27GP850
BenQ Mobiuz EX2710Q

CONTRAST RATIO
Ratio of white-to-black luminance
lyama G-Master GB2770QSU
MS| Optix MAG274QRF-QD
Asus TUF Gaming VG27AQLIA
ViewSonic XG2705-2K
AOC AGON AG273QXP
LG Ultragear 27GP850
BenQ Mobiuz EX2710Q

SRGB COLOUR SPACE

Percentage of sRGB colour space covered

MS| Optix MAG274QRF-QD
BenQ Mobiuz EX2710Q

LG Ultragear 27GP850

AOC AGON AG273QXP
ViewSonic XG2705-2K

Asus TUF Gaming VG27AQLIA
iyama G-Master GB2770QSU

COLOUR ACCURACY
Average delta E 2000

Asus TUF Gaming VG27AQLIA

liyama G-Master GB2770QSU

MsI Optix MAG274QRF-QD

BenQ Mobiuz EX2710Q

ViewSonic XG2705-2K

AOC AGON AG273QXP

LG Ultragear 27GP850

D 27INMONITOR BENCHMARK RESULTS i
CALIBRATED GENERAL
COLOUR TEMPERATURE (KELVIN) MAXIMUM BRIGHTNESS
Deviation from ideal result (6,500K) Brightness in cd/m? (nits)
ViewSonic XG2705-2K 2 iiyama G-Master GB2770QSU 448
127 ilyama G-Master GB2770QSU 4 AOC AGON AG273QXP 443
174 MSI Optix MAG274QRF-QD 23 LG Ultragear 27GP850 415
209 BenQ Mobiuz EX2710Q 30 Asus TUF Gaming VG27AQL1A 393
286 LG Ultragear 27GP850 43 MSI Optix MAG274QRF-QD 390
324 Asus TUF Gaming VG27AQL1A 47 ViewSonic XG2705-2K 359
423 AOC AGON AG273QXP 1n2 BenQ Mobiuz EX2710Q 230
Lower is better Lower is better
AVERAGE GAMMA PANEL UNIFORMITY
Deviation from ideal result (2.2) Deviation from ideal 150cd/m’ (nits)
0.02 ViewSonic XG2705-2K 003 MSI Optix MAG274QRF-QD 12
0.04 AOC AGON AG273QXP 0.05 ViewSonic XG2705-2K 23
005 Asus TUF Gaming VG27AQL1A 0.05 LG Ultragear 27GP850 27
0.08 iiyama G-Master GB2770QSU 0.05 Asus TUF Gaming VG27AQL1A 273
008 LG Ultragear 27GP850 0.07 AOC AGON AG273QXP 312
010 BenQ Mobiuz EX2710Q on ilyama G-Master GB2770QSU 32
on MSI Optix MAG274QRF-QD 012 BenQ Mobiuz EX2710Q 38
Lower is better Lower is better Lower is better
CONTRAST RATIO AVERAGE INITIAL RESPONSE TIME
Ratio of white-to-black luminance Time in milliseconds (ms)
1104 iiyama G-Master GB2770QSU 1142 LG Ultragear 27GP850 424
1100 Asus TUF Gaming VG27AQL1A 1,089 AOC AGON AG273QXP 436
1,053 ViewSonic XG2705-2K 931 BenQ Mobiuz EX2710Q 466
880 LG Ultragear 27GP850 835 iiyama G-Master GB2770QSU 469
874 LG Ultragear 27GP850 835 MS! Optix MAG274QRF-QD a97
8n AOC AGON AG273QXP 789 Asus TUF Gaming VG27AQLIA 921
789 BenQ Mobiuz EX2710Q 789 ViewSonic XG2705-2K 10.05
Lower is better
SRGB COLOUR SPACE AVERAGE PERCEIVED RESPONSE TIME
Percentage of sRGB colour space covered Time in milliseconds (ms)
168 MSI Optix MAG274QRF-QD 158 LG Ultragear 27GP850 436
143 LG Ultragear 27GP850 141 MSI Optix MAG274QRF-QD 5.02
141 AOC AGON AG273QXP 140 iiyama G-Master GB2770QSU 5.62
140 ViewSonic XG2705-2K 140 BenQ Mobiuz EX2710Q 5.81
139 Asus TUF Gaming VG27AQL1A 139 AOC AGON AG273QXP 6.53
138 iiyama G-Master GB2770QSU 136 Asus TUF Gaming VG27AQLIA 98t
136 BenQ Mobiuz EX2710Q 126 ViewSonic XG2705-2K 1021
COLOUR ACCURACY Lowerls beter
Average delta E 2000
0.09 Asus TUF Gaming VG27AQL1A 008
009 MSI Optix MAG274QRF-QD 0413
0.10 BenQ Mobiuz EX2710Q 014
012 ViewSonic XG2705-2K 025
0.25 AOC AGON AG273QXP 027
0.28 ilyama G-Master GB2770QSU 03
031 LG Ultragear 27GP850 03

Lower is better

Lower is better
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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
roomin 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 componentbundle. You can then choose whether you want a PSU with modular or captive cables.

8-core CPU, basic gaming

Needs a micro-ATX or ATX case. We recommend
a450W 80 Plus Bronze power supply. See Issue
218, p76 for an example build guide.

AMD Ryzen7

cPU 5700G

scan.co.uk

AMD Wraith air
coolerincluded N/A
with CPU

CPUCOOLER

AMD RadeonRX
Vega 8integrated N/A
into CPU

GRAPHICS CARD

16GB (2x 8 GB)
Corsair
Vengeance LPX
Pro 3200MHz
(CMK16GX4M
2B3200C16)

MEMORY scan.co.uk

Asus TUF
B450M-PLUSII
(micro-ATX) with
BIOS flash

MOTHERBOARD awd-it.co.uk

500GB WD Blue
SN570 (M.2
NVMe)

STORAGE scan.co.uk

Total £473

#218
p20

#218
p20

#218
p20

#218
p78

#218
p78

#222
p20

£280

£0

£0

£59

£90

£44

6-core CPU, 1080p gaming
Needs an ATX case. We recommend a
500W 80 Plus power supply. See Issue
224, p76 for an example build guide.

Intel Core . #227
CPU i5-T2400F cclonline.com p51 £174
ARCTIC #224
CPU COOLER Freezeri13X scan.co.uk p76 £20
AMD Radeon #228
GRAPHICS CARD RX 6600 XT overclockers.co.uk P90 £350
16GB (2 x8
GB) Corsair
Vengeance LPX #224
MEMORY DDR4 3200MHz scan.co.uk p76 £59
(CMK16GX4
M2B3200C16)
Gigabyte B660 #224
MOTHERBOARD  Gaming X DDR4 scan.co.uk 50 £148
(ATX) P
1TB WD Blue #222
STORAGE SN570 scan.co.uk >0 £70
(M2NVMe) P
Total £821

UPGRADES

SWAP Nvidia GeForce #228

GRAPHICSCARD ~ RTX3060Ti GEEtdEs@Uk ey EEC
1TB WD Black #225

SWAP STORAGE SN850 scan.co.uk p27 £120
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10-core CPU, 2,560
x 1,440 gaming and
ray tracing

Needs an ATX case. We
recommend a550-600W 80
Plus Bronze power supply.

Intel Core #227
CPU i5-12600K scan.co.uk P56 £290
ARCTIC Liquid
Freezerl1240 #226
CPUCOOLER RGB (240mm scan.co.uk 49 £80
AIO liquid p
cooler)
Nvidia GeForce #228
GRAPHICS CARD RTX 3070 scan.co.uk P90 £540
16GB (2 x 8GB)
Corsair
Vengeance RGB #221
MEMORY Pro3200MHz scan.co.uk 76 £72
DDR4 P
(CMW16GX
4M2(C3200C16)
Gigabyte Z690 #222
MOTHERBOARD Gaming X DDR4 scan.co.uk D46 £210
1TB WD Black #225
STORAGE SN850 scan.co.uk p27 £120

Total £1,312

UPGRADES

ADD SECONDARY  Western Digital #166

STORAGE Blue 4TB Eelveren ps4 =86

10-core CPU, smooth 2,560 x 1,440 gaming
and ray tracing, some 4K gaming

Needs an ATX case with room for a240mm all-in-one liquid
cooler. We recommend a 750W 80 Plus Bronze power supply.

Intel Core #227

CPU i5-12600K scan.co.uk pS6 £290
ARCTIC Liquid
Freezer|1240 #226
CPUCOOLER RGB (240mm scan.co.uk 49 £80
AlO liquid P
cooler)
Nvidia GeForce #228
GRAPHICS CARD RTX308010GB scan.co.uk p90 £690
16GB (2 x 8GB)
Corsair
Vengeance RGB #221
MEMORY Pro 3200MHz scan.co.uk 76 £72
DDR4 p
(CMW16GX
4M2C3200C16)
MSIMAG Z690 #222
MOTHERBOARD  Tomahawk WiFi scan.co.uk 48 £260
DDR4 p
1TB WD Black #225
STORAGE SN850 scan.co.uk p27 £120

Total £1,512

UPGRADES

ADD SECONDARY  Western Digital buver.com #166
STORAGE Blue 4TB ebuyer.co p54
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Core component bundles cont ...

12-core CPU, 4K gaming
and ray tracing

Needs an ATX case with room for
a360mm all-in-one liquid cooler.

We recommend an 850W 80
Plus Gold power supply.
Intel Core
CcPU i7-12700K
CorsairiCUE
H150i Elite LCD
CPUCOOLER (360mm AID
liquid cooler)

GRAPHICS CARD

MEMORY

MOTHERBOARD

STORAGE

UPGRADES

Nvidia GeForce
RTX3080Ti

16GB (2 x 8GB)
Corsair
Vengeance RGB
Pro3200MHz
DDR4
(CMW16GX4M2
C3200C16)

MSIMAG 2690
Tomahawk WiFi
DDR4

2TB WD Black
SN850

scan.co.uk

scan.co.uk

nvidia.com

scan.co.uk

scan.co.uk

scan.co.uk

Total £2,202

ADD SECONDARY  4TB Western

STORAGE

Digital Blue

ebuyer.com

#227
p59

#226
p78

#226
p78

#226
p78

#226
p78

#215
p49

#166
p54

£420

£220

£1050

£72

£260

£180

£86

16-core CPU,
1,920 x 1,080 gaming
Needs an E-ATX case with room for a 360mm all-in-one liquid
cooler. We recommend a 750W 80 Plus Gold power supply.

CPU

CPU COOLER

GRAPHICS CARD

MEMORY

MOTHERBOARD

STORAGE

SWAP GRAPHICS
CARD

ADD SECONDARY
STORAGE

Intel Core
i9-12900K

CorsairiCUE
H150i Elite LCD
(360mm AIO
liquid cooler)

AMD RadeonRX
6600 XT

32GB (2 x16GB)
Corsair
Dominator
PlatinumRGB
5200MHz DDR5
(CMT32GX5M2
B5200C40)

MSIMEG 2690
Unify

2TB WD Black
SN850

cclonline.com

scan.co.uk

overclockers.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

Total £2,135

Nvidia GeForce
RTX3080Ti

4TB Western
Digital Blue

nvidia.com

ebuyer.com

#227
p62

#226
p78

#220
p53

#221
p76

#222
p50

#215
p49

#221
p48

#166
p54

£567

£220

£350

£298

£520

£180

UPGRADES

£1,050

£86
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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
Intel Z690 Gigabyte Z690I #228
(LGA1700) Aorus Ultra Plus amazon.co.uk p46 £330
Intel B660 Gigabyte B660I 228 AMD 8450 psusTUF awd-it.co.uk "8 £80
ntel igabyte # (AM4) B450M-PLUSII I 76
(LGAT700) Aorus Pro DDR4 SERERIK pa7 | 2B B
AMD X570 (AM4)  ASuSROGStrix cclonline.com #2028 a0
X570-1Gaming p40 AMD B550 MSIMAG B550M ccancok #2040
AMD B550 Asus ROG Strix clonline.com %228 (AM4) Mortar p42
(AM4) B550-1Gaming : p39
Cases Cases
Cooler Master . .
#21
ALL-PURPOSE MasterBox scan.co.uk ”;1%6 £100 BUDGET I\Kﬂo;?hkéicltgdel overclockers.co.uk n2 68 £65
NR200P
TOWER I%/IS:smdlicious overclockers.co.uk #[)25215 £90
HIGH AIRFLOW igarﬁéilt?\‘?r:g” scan.co.uk ‘;24255 £117
Streacom DA2 . #214
PREMIUM V2 quietpc.com P51 £203
Other components
'E?,YJVE%%(’LFE"&E Noctua NH-L12S scan.co.uk ’;2515 £55
SFXPOWER Phanteks Revolt -, #228 £130
SUPPLY SEX 750W p74 BUDGET Belkin s ok 26
ROUTER RT3200-UK ¥s:€o- p52
Asus #216
ROUTER RT-AX68U scan.co.uk pS1 £177
Asus ZenWiFi AX #226
MESH ROUTER Hybrid XP4 amazon.co.uk p59 £260
Antec DF700 ) #214
BUDGET RGB lonline. £84 ol #
Flux ccioniine.com P26 WI-FIADAPTOR 153'3’(‘)'5%““” overclockers.co.uk p15986 £60
TmTE o0 w2 oo
Fractal Design DUAL-BAY NAS ) #200
COMPACT Meshify 2 scan.co.uk ’;2215' £125 BOX Synology DS220] box.co.uk p22 £154
Compact
HIGH AIRFLOW gzzﬁ;\?gs'g” scan.co.uk 231152 £155 DUAL-BAY Synology box couk s
MEDIANASBOX  DS218play ox.co.U! p34
PREMIUM HIGH Fractal Design scan.co.uk #225 £245
AIRFLOW TorrentRGB TG p20 2.5GIGABIT
- #212
CorsairiCUE #224 DUAL-BAY QNAPTS-231P3 box.co.uk £295
LUXURY 5000T RGB scan.co.uk p22 £300 NAS BOX p25
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F-FREESYNC, G- G-SYNC, W - ULTRAWIDE

24IN, 144Hz,1PS,
1,920 X1,080,F,G

25IN, 240Hz, IPS,
1,920 X1,080,F,G

25IN, 360Hz, IPS,
1,920 X1,080,F,G

27IN, 144Hz,IPS,
1,920x1,080,F,G

27IN,165Hz, IPS,
2,560X1,440,F,G

27IN,165Hz, VA,
2,560X1,440,F,G

27IN,240Hz, TN,
2,560x1,440,F,G

27IN, 240Hz, IPS,
2,560 X1,440,F,G

28IN, 144Hz, IPS,
3,840X2,160,F,G

BUDGET TKL

OPTICAL
ESPORTS

MECHANICAL
TKL

MECHANICAL
MMO

PREMIUM TKL
MECHANICAL

PREMIUM
MECHANICAL

PREMIUM
WIRELESS
MECHANICAL

AO0C24G2U

Acer Predator
XB253Q

Asus ROG Swift
PG259QN

AOC27G2U

LG Ultragear
27GP850

AOC
CQ27G3sU

AOCAG273QZ

Alienware
AW2721D

AOCU28G2XU

cclonline.com

box.co.uk

ebuyer.com

overclockers.co.uk

currys.co.uk

box.co.uk

overclockers.co.uk

dell.com

amazon.co.uk

Monitors

#214
p28
#209
p57
#212
p20

#201
p53

#229
p48

#223
p45

#202
p27

#212
p21

#221
p29

£160

£269

£659

£180

£280

£249

£570

£699

£571

31.5IN, 60Hz, VA,
3,840X2,160,F

32IN, 144Hz, VA,
2,560 X1,440,F,G

32IN, 165Hz, IPS,
2,560X1,440,F,G

34IN,144Hz, IPS,
3,440x1,440,W,F

34N, 144Hz, IPS,
3,440X1,440,W,
F.G

38IN, 144Hz, IPS,
3,840X1,600,W,
F.G,HDR
32IN,240Hz, VA,
3,840X2,160,F,G,
HDR

27IN, 75Hz, IPS,
2,560 X1,440,F

ilyama ProLite
XB3288UHSU
iiyama
G-Master
GB3266QSU

LG UltraGear
32GP850
iiyama
G-Master
GB3461WQSU

LG UltraGear
34GN850

LG UltraGear
38GN950

Samsung
Odyssey Neo G8

LG27QN880

scan.co.uk

scan.co.uk

currys.co.uk

overclockers.co.uk

currys.co.uk

currys.co.uk

overclockers.co.uk

amazon.co.uk

Peripherals and audio

SteelSeries
Apex3 TKL

Asus ROG Strix
ScopeRX

NZXT Function
MiniTKL

Corsair K95RGB
Platinum

Corsair K70
RGB TKL

Corsair K70 RGB
Pro

Razer
BlackWidow
V3 Pro

currys.co.uk

amazon.co.uk

cclonline.com

scan.co.uk

scan.co.uk

overclockers.co.uk

overclockers.co.uk

#221
p59

#209
pa3

#226
p32

#164
p26

#214
p31

#225
p30

#208
p60

£40

£73

£100

£180

£150

£160

£230

BUDGET GAMING

FIRST-PERSON
SHOOTER

AMBIDEXTROUS

MULTI-BUTTON

WIRELESS

PREMIUM
WIRELESS

ULTRA
LIGHTWEIGHT

PREMIUM
LIGHTWEIGHT
WIRELESS

NZXT Lift

Glorious PC
GamingRace
Model O

Razer Viper 8K

Roccat Kone XP

Razer Viper
Ultimate
Razer
DeathAdder
V2Pro

Asus TUF
Gaming M4 Air

Logitech GPro X
Superlight

scan.co.uk

overclockers.co.uk

currys.co.uk
roccat.com

currys.co.uk

scan.co.uk

overclockers.co.uk

currys.co.uk

#205
p43

#224
p30

#220
p38

#206
p53

#206
p55

#208
p30

#229
p17

#210
p26

#226
p32

#215
p57

#215
p59
#225
p60
#217
p54

#210
p28

#227
p36

#217
p52

£370

£320

£349

£440

£649

£1,199

£1299

£402

£40

£50

£40

£80

£60

£80

£48

£109
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Peripherals and audio cont ...

Logitech G29 #202
RACING WHEEL Driving Force currys.co.uk p50 £239 BUDGET STEREO = RoccatElo X Stereo scan.co.uk ‘:325160 £40
BUDGET PowerA Spectra #228 Epos | Sennheiser #210
GAMEPAD Infinity Xbox Series X | 2Mazon-couk g £35 STEREO 2P 300 Arsmmngsle o £50
MID-RANGE #228 i
Sony DualSense scan.co.uk £60 Corsair Virtuoso #204
GAMEPAD p58 WIRELESS RGB Wireless ebuyer.com P50 £146
PREMIUM . . #228
Scuf Instinct Pro scufgaming.co.uk £200 PREMIUM Razer BlackShark #21
GAMEPAD p57 WIRELESS V2Pro SE NS p26 A
BUDGET FLIGHT  Logitech Extreme ATREER #207 £36
STICK 3D Pro Joystick ys.co. p52
Thrustmaster #207
FLIGHT STICK T16000MFCS scan.co.uk 56 £15
HOTAS P
STEREO Edifier R280DB overclockers. #2241
co.uk p59
WIRELESS 84-KEY o #220
ELECTRO-CAPACATIVE RlizRinis B keyboardco.com 529 £165
BUCKLING SPRING . #219
MECHANICAL Unicomp New ModelM keyboardco.com p26 £129

BUDGET GAMING

QUIET GAMING

MID-RANGE GAMING

4K GAMING

WATER-COOLED ULTIMATE

PERFORMANCE

BUDGET GAMING

ULTRA PORTABLE
GAMING

MID-RANGE GAMING

HIGH-SPEED GAMING

PCs and laptops

PC Specialist Prism Nova

Gladiator Nocturnal
CCLHorizon5IntelRTX3080
GamingPC

PC Specialist Magnus Pro
K500

CyberPower Hydro-X
Infinity RTX

Intel Corei5-12400F

Intel Corei5-12600K

Intel Corei5-12600K

Intel Core i7-12700K

Intel Corei9-12900KS

. Nvidia GeForce RTX
Lenovo Legion5Pro AMD Ryzen75800H 3070 Laptop
Nvidia GeForce RTX
Razer Blade 14 AMD Ryzen 9 5900HX 3070 Laptop
Asus ROG Strix Scar 15 . Nvidia GeForce RTX
G5337W Intel Corei9-12900H 3070 TiLaptop
Nvidia GeForce RTX

Alienware x17 R2

Intel Corei7-12700H

3080 TiLaptop

Nvidia GeForce RTX3060  custompc.co.uk/PrismNova

Nvidia GeForce RTX3070 custompc.co.uk/Nocturnal

vidiaGeRorceRIZE0S0 custompc.co.uk/CCL3080
10GB

Nvidia GeForce RTX custompc.co.uk/
3080Ti MagnusPro

Nvidia GeForce RTX

3090 Ti custompc.co.uk/CPHX

16in,2,560 x 1,600 IPS
165Hz G-Sync

14in1,920x1,0801PS

custompc.co.uk/
Legion5Pro

custompc.co.uk/Blade14

144Hz
15.6in2,560 x 1,440 custompc.co.uk/
IPS240Hz AsusScar15

17.3in1,920 x1,0801PS
360Hz G-Sync

custompc.co.uk/
AlienwareX17

#229
p30

#225
p36

#228
p28

#225
p34

#228
p26

#222
p32

#220
p40
#227
p40

#227
p38

£1199

£1799

£1905

£2,499

£4,630

£1,499

£2,120

£2,399

£3173
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RICK LANE / INVERSE LOOK

ONTHEMOVE

PC and mobile gaming are growing closer together, bringing some
exciting benefits, but also some major risks, says Rick Lane

C and mobile gaming have historically been treated
. as separate entities, on the face of it, with good

reason. The PC is the home of premium gaming, of
the best-looking mainstream experiences and the most
complex strategy games. On the flip side, mobile’s most
popular experiences have tended to be casual puzzlers, such
as Angry Birds and Candy Crush Saga.

However, PC and mobile gaming aren’t as different as they
might first appear. The gap between the two has shrunk
markedly over the past few years, and the amount of crossover
is growing. This opens up some intriguing new opportunities
regarding how we play games together, but it also
comes with significant risks in terms of how the
biggest games are made.

Today’s smartphones are markedly more

Minecraft and
Fortnite rank high

of PC gaming’s global annual revenue than traditional
premium games.

This shared lineage between PC and mobile gaming will
probably continue to expand, and the growing parity makes
it much easier to play games with your friends and family.
Most people would struggle to afford one high-end PC, let
alone several, so being able to host a server for Minecraft or
Among Us on your PC, and have your pals or partner join on
their Android phone, is a welcome bit of flexibility.

But there’s a big caveat. The hostility from core PC gamers
towards free-to-play gaming means most free-to-play PC
games tread carefully about how they eke money
from players, with most microtransactions limited
to cosmetic purchases and optional gameplay
enhancements, such as Apex Legends’ alternate

powerful than they were even a few years ago, onthe Play store playable characters.

enabling them to support more technically
demanding and mechanically complex games. While the
most popular mobile games remain light affairs, such as
Candy Crush and Clash of Clans, you'll also see games such as
Minecraft and Fortnite ranking high on the Google Play store.
We're also seeing more simultaneous releases of major titles
across both platforms, such aslast year’s JRPG smash Genshin
Impact, and the recent launch of Blizzard’s Diablo Immortal.
The PC is also broadly much more tolerant of free-to-play
gaming than consoles. Indeed, the PC is where free-to-play
gaming was invented, with MMOs such as Runescape and
browser games such as Farmville blazing the trail. Despite
the intense dislike of free-to-play gaming by die-hard PC
gaming fans, these games account for a much bigger portion

There’s no such resistance in the mobile space,
where free-to-play tactics are generally far more predatory.
Diablo Immortal, for example, uses every psychological trick
in the book to get players to spend money, from artificially
slowing down player progression to basing the core of the
game around buying tokens to use with randomised dungeons,
which are essentially virtual slot machines.

Fortunately, the overwhelmingly negative response to
Immortal’s free-to-play design shows that PC players remain
hyper-aware of when a game is taking them for a ride.In an
ideal world, this will serve as a warning to other designers
looking to cross the streams between mobile and PC,and they'll
have to soften or outright eliminate the most exploitative
practices when bringing their games to the platform.

Rick Lane is Custom PC's games editor El @Rick_Lane
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https://twitter.com/Rick_Lane

Hardspace: Shipbreaker / £29.99

DEVELOPER Blackbird Interactive/ PUBLISHER Focus Entertainment

hile most games are either about creation or
. destruction, Hardspace: Shipbreaker is about

careful, methodical disassembly. Its brilliant
premise sees you dismantling decommissioned spaceships
for aninterstellar manufacturing corporation.

You play atrainee shipbreaker for Lynx Industries known
simply as Cutter who, like all of Lynx’s other shipbreakers,
is trying to clear the enormous debt accrued through his
training by working daily shifts for the company. Each
in-game 'day’ sees you tasked with dismantling a ship of
your choice, ranging from small, multipurpose spacecraft,
such as the Mackerel, to huge shipping freighters such as
the mighty Javelin.

Your primary tools for this delicate and dangerous job are
alaser cutter and an energy grapple, which are used to break
down the ships into more manoeuvrable parts, then dispose
of them. Waste metals are melted downin furnaces,
advanced materials such as nanocarbons are recycledin
the processor, and reusable items such as pilot seats and
computer terminals are collected on a giant green barge.

How you disassemble a shipis entirely up to you, but
the safest way is to cut through each ship’s hazard-yellow

connection points, then carefully prise the ship apartlike
ajigsaw puzzle in reverse. As you work, you'll periodically
hit corporate-assigned goals, resulting in promotions that
let you take on ships that are more lucrative, but also riskier
to dismantle. Itisn't long before you're dealing with ships
whose massive thrusters begin to ignite the moment you
start cutting, or that are riddled with air pockets air that must
be carefully depressurised.

Speaking of pressure, each shift lasts exactly 15 minutes,
and every passing day sees the interest on your debt
balance eat at your profits, so the thrill of Shipbreakerisin
balancing efficiency with safety.

There are many tricks you can use to speed up the
shipbreaking process, from using the pressurised
crawlspaces of a Mackerel to pop the cockpit off the ship
like abottlecap, to performing a clean ‘reactor pull, so these
lucrative but unstable nuclear generators reach the barge
before exploding.

Visually and mechanically, Shipbreaker is a quality
experience. The story is strong too, a low-key tale about
corporate exploitation and unions, told with empathetic and
intelligently written characters. The only downside is that
Shipbreaker cantoo accurately represent the drudgery of
working a nine-to-five job. The ranking system that gives
you access to new ships advances too slowly, and there are
only so many Mackerels you can dismantle before the game
really does start to feel like work.

Aside from occasionally driftinginto repetition,
Shipbreaker executes its concept as well as you could
imagine, and finds some time to explore the themes
beneathits systems. There's also nothing else quite like it,
which alone makes it worth putting in a shift at the shipyard.
RICKLANE

HARD SPACE

4+ Innovative concept

+ Smart, tangible
disassembly puzzles

4+ Thematically
intriguing story

HARD CHEESE

Some shifts
canbetedious

/VERDICT
Original, clever
and topical,
Hardspace:
Shipbreaker puts
in the work.
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Sniper Elite 5/ £44.99 v

DEVELOPER Rebellion / PUBLISHER Rebellion

BULLSEYE

4+ Fantastic stealth
sandboxes

+ Flexible and
refined stealth

+ Greatmultiplayer
components

BULLPLOP

Missions could still
be more open

Unremarkable
character
progression
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tfirst glance, little has changed in Sniper Elite 5.
. You still play as Karl Fairburne, a veteran

sharpshooter who is increasingly responsible for
winning World War Il single-handed. The game still blends
open-world stealth, action and killing Nazis from ludicrous
distances. You spend a lot of time watching bullets rip
through Nazibodies in slow motion, courtesy of the game's
grisly yet fascinating X-Ray system. Sniper Elite 5 is
familiar, yetit's also completely different from any of the
games that precededit.

Having already wiped out Hitler's forces in North Africa
and Italy, Karl Fairburne now travels to France, laying the
groundwork for the D-Day invasion. As he stalks between
the Normandy hedgerows, he uncovers a secret Nazi
projectknown as Operation Kraken that threatens the
entire Allied war effort.

As with all the Sniper Elite games, the story isn't the
main draw, but it does a good enough job of providing
aframework for all the sneaking and sniping you'll be
doing. Indeed, on paper, Sniper Elite 5 should be the most
derivative entry in the series, as Normandy is a far more
familiar World War Il setting than either North Africa or Italy.

But this potential problem forces Rebellion’s level
designers to be more creative, resulting in the most
imaginative collection of scenarios in the series yet. This
is most evidentin the third level - Spy Factory - that sees
Fairburne gatheringintelligence in a meticulous recreation
of the famous Mont St Michel Abbey, situated atop a craggy
tidalisland. With a glorious opening reveal followed by

some knotty navigation of theisland’'s medieval streets, it's
a superb setting for stealth gaming.

But this is only one of several standout maps. The fourth
level, War Factory, sees you exploring a vast industrial
complex that's truly stunning in scope, while the sixth level,
Liberation, offers a huge chunk of French countryside to
explore, complete with three villages to clear of Nazi scum.

Even the weaker levels, such as the second level's
Chateau and Fairburne’s trip to the island of Guernsey, still
impress with their size and varied angles of attack.

Indeed, what truly makes these levels specialis how
they push you to use all the equipmentin your arsenal.
Although sniping still occupies the lion's share of the game,
there are often situations when your sniper rifle isn't the
best tool for the job.

Spy Academy is a great example. The early part of the
levelis pure sharpshooting fun, as you pop the heads of
counter snipers and enemy patrols from across the bay;,



the noise of your shots masked by the drone of enemy
aircraft patrolling overhead. Once you get onto the island
itself, however, the twisting streets make sniping more
difficult, so you're better off using silenced pistols or melee
kills to quietly deal with enemies.

Every level demonstrates a similar knack for
encouraging a varied play style, rather than treating the
game as a straightforward shooting gallery. This variety
is enabled by your secondary equipment, including items
such as the non-lethal‘schu’ mines that can act as lures,
and decoys in the form of German helmets on a stick.

Suchitems are great for pulling enemies away from
patrolroutes or guard posts. It also helps that the Al is
cannier thanin previous games. Able to spot you at long
distances and callin reinforcements if alerted to your
presence, your enemies make using these tools necessary
to progression.

Overall, the leap in quality is impressive, but Rebellion’'s
approachto stealth game design stillisn't without its
problems. Although levels allow sufficient flexibility,
they're not always as open as possible, with the player
occasionally funnelled through pathways by fences or
hedges, over which Fairburne arbitrarily can’t climb.

In addition, every level has myriad side objectives,
including optional sabotage targets such as anti-aircraft
guns, and bonus assassination missions that you can
complete as you explore. These are fun to tackle for their
own sake, but the game struggles to provide a more
tangible reasonto do them.

Meanwhile, the game’s character upgrade system offers
some useful abilities, such as extrainventory space or
faster melee takedowns, but there’s nothing memorable
about these upgrades. New weapons are also primarily
unlocked by visiting workbenches scattered through the
level, which is an odd way to mete out these rewards.

As adedicated single-player experience, Sniper Elite 5
isthe bestin the series, butit still falls behind the leaders
of its the genre, such as Hitman and Metal Gear Solid V.
However, Sniper Elite 5 also has extensive multiplayer
options. As with Sniper Elite 4, the entire game canbe
played cooperatively, and coordinating with a fellow
marksman in these massive levels is enormous fun.

What seals Sniper Elite 5's greatness, however, is its
invasion mechanic. Inspired by games such as Dark Souls
and Deathloop, Sniper Elite 5 allows other players to drop
into your single-player campaign, assuming the role of
rival Jaeger’ snipers who will try to hunt you down. At this
point, the tempo of your mission switches from methodical
stealth to a thrillingly tense game of cat and mouse, as you
and the Jaeger try to sniff each other out and get the drop
onone another.

Jaeger mode cleverly balances freedom with fun. You
can hide anywhere on the level, but the minimap will
always highlight the general direction of your target.
Moreover, if you stay in one place too long, it will reveal
your exact locations to one another, forcing you both to

/VERDICT
A great single-
player stealth

relocate. Once the roundis over, the game lets players game, and

request arematch. If thatrematchis declined, it will drop ;ﬁ;ﬁ:};

you back into your game at your last save point. stealth game,
Sniper Elite 5's multiplayer offerings elevate the whole Sniper Elite 5

hits the mark.

experience. By weaving all the benefits of cooperative and
competitive multiplayer through the campaign, Rebellion
turns what would be a decent single-player experience
into athoroughly excellent broader package. It's without a
doubt the definitive sniping game, and a hot contender for
the best stealth game of the year.

RICKLANE
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VAMPIRE: THE MASQUERADE -
SWANSONG/ £34.99 v

DEVELOPER Big Bad Wolf Studio/ PUBLISHER Nacon/Bigben Interactive

DRACULA

+ Interesting
premise

+ Some decent
detective puzzling

MORBIUS

Boring characters

Over-elaborate
dialogue system

Inconsistent
puzzle design

/VERDICT
Swansong

may drain the

life from you,

but otherwise
this tedious
narrative vampire
puzzleris an
underwhelming
experience.
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ased on the famous pen-and-paper roleplaying
. game, Vampire: The Masquerade - Swansongis
an ambitious affair. Setin modern-day Boston,

Swansong sees you play as three different vampires all
working for the Boston Camarilla, essentially the governing
body/crime syndicate of Boston's vampire community. The
story kicks off when a potential alliance between the
Camarilla and another vampire factionis threatened after
the negotiators are massacred by unknown forces, and your
trio of vampires are individually dispatched to investigate.

The game plays out over three acts, with each
character leading at least one scene per act. Galeb is the
Camarilla's right hand, a sophisticated and unflinchingly
loyalhenchman. Ememis a more rebellious figure who
constantly straddles the line between an asset and a liability.
Finally, there’s Leysha, a vampire with powerful psychic
abilities who also suffers from debilitating mental delusions,
making her a useful but potentially dangerous ally.

Each scene sees you following a differentlead as
one of these characters, whichinvolves a combination
of conversations and puzzle solving. The game’s
mostinteresting feature s its dialogue system, where
conversations can be influenced by around a dozen different
character skills, alongside several vampiric powers.

However, the systemis too broad for the game’s limited
scope, makingit difficult to gauge where best to place your
experience points. These points are also awarded based on
how well you complete each scene, so afew bad choices
can hobble that character’s progression for the whole game.

Outside of dialogue, Swansong offers a weird mix of
ideas that never fully gel together. The gameis strongest
in Galeb's first two chapters, which are both well-crafted
detective puzzles that resemble smaller, more scripted
versions of Hitman's lavish sandboxes.

However, the scenes focusing on Emem and Leysha
are far less consistent. One of Emem's chapters features
a cleverly designed puzzle themed around hacking, but
the other involves aterribly designed pattern-matching
conundrum, which Emem herself complains about having
torepeat.

By far Swansong's biggestissue, however, is that the
writing simply isn't strong enough. The scriptis flatand
almost entirely humourless, while the characters are neither
sympathetic nor funto be around. It's a shame, because
some of the plot threads are interesting, particularly a
subplot revolving around Leysha'’s adoptive vampire
daughter. Unfortunately, the portrayal of the relationship is
intensely annoying, which undermines the twists when they
eventually happen.

If you want to play a vampire game with a great story;,
check out2004's Vampire: The Masquerade - Bloodlines.
Whilereleasedin abuggy state, today it's perfectly playable
with the addition of a freely available unofficial patch. For
amore modern vampire experience, the Early Access
V Rising offers some entertaining bloodsucking action.
Sadly, Vampire: The Masquerade - Swansong s best left
slumberinginits coffin.

RICKLANE



TREK TO YOMI/ £16.79 wevar

DEVELOPER Flying WildHog/ PUBLISHER Devolver Digital

rek to Yomiis a playable homage to Japanese

cinema’s most famous director, Akira Kurosawa.

Players assume the role of Hiroki, an honourable
samurai whose village is embroiledin a generational conflict
with a gang of local bandits. When said bandits kidnap a
group of foragers from the village, Hiroki sets out alone to
rescue them. However, the kidnappingisn't whatit seems,
and Hiroki spends the rest of the game dealing with the
fallout from his decision to pursue them.

Trek to Yomi's main attractionis its aesthetic, which
superbly mimics the look of Kurosawa's films. It isn’t simply
the fact that the gameis presented in black and white, but
that Kurosawa's styleis also reflectedin every aspect,
from the movement of the in-game camera and transitions
between scenes, to tiny details, such as the kanijititle cards
separating chapters and the simulation of film artefacts.

Eventhe way characters move s inspired by Kurosawa’s
films. Your character’s stance when drawing his bow is
taken directly from the way actor Takashi Shimura stands
in Seven Samurai's mosticonic scene. In play, Trek to Yomi
most closely resembles games such as Little Nightmares

or Playdead's Inside, with you exploring 3D spaceson a
mostly two-dimensional axis.

The game combines lavish environments with a
cinematic eye, creating dramatic set-pieces thatrange from
large-scale sequences, such as Hiroki exploring a burning
village, to smaller encounters, such as duels with other
samurai onrickety wooden bridges.

Indeed, Trek to Yomi's interactions are almost exclusively
combat-focused. Most scenes will see Hiroki battle one or
several foes, using blocks, parries, dodge-rolls and arange
of attacks that expands as you progress through the game.
Hiroki can also use an array of ranged weapons, such as a
bow and throwing knives, to thin the ranks of his enemies
before drawing his sword.

Visually, these fights fit well with the broader style.

Most duels are over in ahandful of sword swipes, and the
combination of an authentic, percussive soundtrack and
judicious use of slow-motion action makes every fightlook
and feel dramatic. However, the counter systemis highly
unreliable, and timing your parries successfully comes
mostly down to guesswork.

Combined with the fact that saving is checkpoint based,
this makes it difficult to experiment with the combat. The
most effective way to progressis to rely on a handful of basic
moves which, while reliable, isn't much fun.

Given the overwhelming focus on combat, this looseness
atthe core of the systemis a significant flaw. Fortunately,
the strength of Trek to Yomi's setting and style, alongside
its spooky, surrealist second act, makes it worth grappling
with this system eveninits most frustrating moments.
RICKLANE

SEVEN
SAMURAI

+ Fantastic
visualstyle

4+ Good story

+ Dramatic setpieces

SEVEN
PSYCHOPATHS
Overwhelming

emphasison
combat

Combatisn't
refined enough to
carry the game

/VERDICT
An entertaining
suffusion of
cinema, but not
quite the playable
Kurosawa movie
it deserves to be.
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Rick Lane sets his
clonesto follow his
movements for pulping
virtual fruit, and looks
ata great-looking Half-
Life: Alyx mod, inthis
month’s VR roundup

REVIEW

The Last Clockwinderis the mostinnovative
VR game since Half-Life: Alyx. This brilliantly
designed puzzler uses the player's own
physicalmovements to create Rube Goldberg-
style contraptions. The game's premise sees
you trying to save ahistorically significant
clocktower builtinto an ancienttree onan
aquatic planet, which has been abandoned
by its resident ‘Clockwinder’ for reasons
unknown. You play a former apprentice of the
Clockwinder, who returns to save the tree by
restarting the pump that keeps the clocktower
from becoming flooded by the planet's ocean.

It's aninteresting yet bizarre setup, made
even stranger by two additional points. The
pump runs on the juice of various fruits grown
by the Clockwinder, far more fruit than you
could ever process yourself. Fortunately, you
can speed up the growing process with the aid
of some special cloning technology developed
by your former master. This tech lets you
record your body’s own movements, whether
that's throwing an object or pulling alever,
andthen spawns arobotic ‘clone’ thatrepeats
those exact movementsinaloop.

You canthenuse these recordings to create
animation-based assembly lines. A simple
example mightinvolve recording one clone

THELAST CLOCKWINDER / £19.cvar

DEVELOPER Pontoco / PUBLISHER Cyan Ventures

picking a piece of fruitand then tossing it across
aroom, and a second clone catching that fruit
and placingitina press for pulping. The two
clones will thenrepeat this process infinitely,
and because the recordings are allbased on
your own timings, itall lines up perfectly.

The potentialin thisideais enormous,
and developer Pontoco wisely keeps the
early puzzles open-ended. There's no limit
onthe number of clones you can create to
solve apuzzle, so you could create a conga
line of robots handing fruit to one another if
you wanted.

However, the challenges become sterner
as the game progresses. The contraptions you
need to build become more complex, while
later fruit types have quirkier traits around
which you must work, such as ‘bomb-berries’
that explode if held for too long, turning your
contraptions into agame of single-player
hot-potato.

This system alone would make The Last
Clockwinder a special event, but the game
is also superbly presented. The visual style
elegantly blends sci-fi, fantasy and steampunk
elements, while the story offers a quietly
intriguing personal drama that manages to
be emotional without becoming sentimental.

The action also takes place entirely ina single
room, but the way the game works around
this limitation is astonishingly clever.

The only real ‘issue’ with The Last
Clockwinder is how it exposes the terrifying
data-gathering abilities of VR headsets.
Seeing arecording of your physical
movements play outinreal timein front of you
is surreal, especially when those recordings
doinvoluntary actions, such as punching
the air when you land a perfect throw. We
should probably be worried that Metahas
access to this data, but that doesn't change
the fact that Pontoco’s gameis amarvellously
cleverpuzzler.

CLOCKSGOBACK CLOCKSGO

=+ Ingenious concept FORWARD
Exposes the horror

+ Beautifully crafted of our data dystopia

puzzles
+ Pleasantstory

+ Looks pretty

VERDICT
The Last Clockwinder
joins the small but
elite ranks of VR
masterpieces.




NEWS

HALF-LIFE: ALYX: LEVITATION

Half-Life: Alyx's modding scene is
surprisingly vibrant, with available mods
ranging from alternate stories in the Half-
Life universe to an attempt to recreate
BioShock’s Rapture in VR. But by far the
most exciting mod projectin the works
is Half-Life: Alyx: Levitation, which could
easily be mistaken for an official expansion
to Valve's VR masterpiece.

Developed by a pair of veteran Source
modders, Levitationis a four or five-
hour campaign that continues Alyx’s

solo adventure. Specifically, it sees her
investigating a distress signal from two
Resistance members about a mysterious
floating building in an area of City 17's
Quarantine Zone named Sector X.

Levitationis so impressive thatit was
shown off at this year's PC Gaming show.
The seven-minute demo centred around
a chapter called Dig Deep, in which Alyx
battles Combine soldiers on and around
agiantindustrial quarrying machine.

The scale and detail of the
environments, alongside the pacing of the
combat, highlights the professionalism
with which the mod is being made, and
the creators’ understanding of how a
Half-Life game should function. Even the
actor playing Russell, originally voiced by
New Zealand comic Rhys Darby, sounds
impressively on point.

The modis also designed specifically
to follow on after the ending of Half-

Life: Alyx; given the spectacularly weird
nature of the original game’s ending, this
makes for a tantalising premise. Half-Life:
Alyx: Levitation is scheduled to launch

in Q3 of this year, and will be free to
download on Steam.

NEWS

HELLSWEEPER

Swordfighting games are commonplace
on VR now, but Hellsweeper's fantasy
actioninvolves a lot more than swords.
Infact, itresembles a distant cousinto
Dark Messiah: Might and Magic, the 2007
swashbuckling adventure.

The game puts youin the role of anundead
warrior blazing through the underworldina
whirlwind of slaughter. Its key featureis an
‘intense, no-holds barred locomotion systenm’,
that will see players able to power-slide, run
along walls and perform backflips. Whether
ornotit comes bundled with a free bucket for
vomitingis yet to be confirmed.

Putting aside the game’s nauseating-
sounding movement system, we're intrigued
by the sheer number of ways you can fight
your enemies. Yes, there's a highly detailed
melee combat system that lets you hack
your demonic foes into pieces, but you can
also wield an array of firearms and conjure
powerful magical spells, such as fireballs and
piercing shards of ice.

You can also combine weapons in myriad
ways, wieldinga swordin onehandanda
pistolinthe other, or using your spells to
enchant your weapons, imbuing them with
flame or freezing abilities.

Hellsweeper will be somersaulting over
aVRheadset near you before the end of the
year. It'sinitially releasing as an Early Access
project, with a further year or so worth of
developmentplanned. cPe
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FEATURE / CUSTOMISATION

CHOOSE
COMPATIBLE
COMPONENTS

It goes without saying that you need

to ensure you've chosen the correct
hardware in order to avoid any compatibility
issues with your newly PC.

You can see our Elite list (see p58)
for help picking the right hardware, but
make sure you're aware of the various
motherboard sizes available, that you pick
the right motherboard for your case or vice
versaand that your chosen CPU cooler
is compatible with your motherboard.

It's also worth checking case clearances.
Cases have limits for the length and height
of CPU coolers and graphics cards. A typical
ATX case doesn'tusually have any issues, but
occasionally a particularly large CPU cooler
might notfitinto a smaller-than-average case.

You'llalso need to ensure your CPU is
compatible with your motherboard. The
easiest way to do thisis to head to your
motherboard manufacturer's website,
or even an etailer website, and use the
menus to select products that only use
a specific chipset or CPU socket.

ForIntel's 12th-gen CPUs, that would
be motherboards based onthe Z690 or
B660 chipsets orthe LGAT700 socket. The
website pcpartpicker.comis also a useful
tool for picking compatible components.

A

\l

Large CPU coolers may stretch the limits of some
small cases

INSTALLYQOU

We'll start with awarning, whichis thatthe
pinsinIntel's CPU sockets and the backs of
AMD'’s CPUs are extremely fragile. The socket
pins are particularly damage-prone and the
slightestknock can kill your motherboard. Be
extremely careful when youinstall the CPU
into the socket asit's by far the most hazardous
step when you're buildinga PC.

With Intel CPUs, leave the black socket cap
inplace [ iewill pop outitself whenyou
installthe CPU. It's designed to protect the
socket pins until you actually install the CPU.
Start by prising outthe CPU socket latch to the
rightand liftingitup to open the socket.

Next, lower the CPU down nextto the
socket, so there’s no chance of you droppingit
into the socket and damage the pins. There are
notches on the side of the CPU to help you
orientateit correctly [2]. Oncethe CPUisin
place, bring the CPU socket cover down over
the CPU and then bend the latch down,
securingitinplace (3].

With AMD'’s current Socket AM4 platforms,
the pins are on the CPU (4]. Like Intel's CPUSs,
they fitinto the socketin a particular
orientation, which can be found by aligning
arrows on the socket and edge of the CPU. The
pins sitinholesinthe socket, butyouneedto
openthe holes firstby opening the latch on the
side of the socket.

Lower the CPU into the socket. It should slot
freely downinto place. Occasionally it may
require asmall push to ensureits underside
sits flush with the socket all the way around.

Onceit's satflatinthe socket, lower the
latch, which this will lock the CPU in place [5].
If you ever need to remove your CPU cooler,
twistitfirst. This will loosen the thermal paste,
which can otherwise stick to the CPU and
actually pull AMD CPUs out their sockets.

The pinsinintel's CPU sockets areincredibly fragile, so
you need to be extra careful wheninstalling the CPU



http://pcpartpicker.com

INSTALLYOUR MEMORY

Memory modules can only be fitted into your
motherboard’'s DIMM slots one way around,
andit's easy to identify as the modules have
notches that match up with pinsinthe slots.

Most motherboards have four slots, but
your memory kit will probably only have two
memory modules. Youheed to place your
modules into specific slots, though, as your
motherboard has the ability to access dataon
both modules at once using afeature called
dual-channel mode. This can dramatically
increase performance andis one reason why
using just one large memory moduleis a
badidea.

To ensure dual-channel modeis activated,
place your pair of modules into slots two and
four, or the second and fourth furthest away
from the CPU socket. To actually install the
modules, insert one edge of the moduleinto
the slotfirst, lifting any latches on the ends of
the slotsfirstif they're present.

You need to press quite firmly on the middle
of the module to getitto clipinto the socket

and you'llhearit click into place. Any latches

at the ends of the CPU socket will lock into

the module. Ensure both modules are seated

properly — they needto be level and sitting at

the same height. Insertone edge of the moduleinto the slotfirst

APPLY THERMAL PASTE

Thermal pasteis often pre-applied to CPU
coolers, but there are still plenty of situations
where you need to apply it yourself. If this is
the case with your chosen CPU cooler, this

is how you doit. Aim to draw a thin cross
shape from corner to corner onthe CPU's
metal heatspreader.

Both AMD and Intel's current CPUs have
heatspreaders that are large enough to need
areasonable amount of paste, so just applying
asmallblob in the middle of the heatspreader
won't guarantee that the paste will spread over
the whole surface.

Any areas that don't have paste applied
won'ttransfer heat as quickly from the
heatspreader to the cooler’'s contact plate
and could hinder cooling. Use thinlines
around the width of a dry stick of spaghetti.
For older, smaller Intel CPUs, a single line
from top to bottomin the middle of the

Draw a thin cross shape from corner to corner on the CPU’s metal heatspreader heatspreaderis enough.

D]



FEATURE / CUSTOMISATION

FITACPU

There are two types of cooler you'll typically
wantto useinyour first PC. Thefirstis an air
cooler comprising aheatsink and fan, and
we'lllook at how to install one now. With Intel
motherboards, there are simply four mounting
holes around the CPU socket that enable
coolersto secure to the motherboard and
clamp down onto the CPU heatspreader.
Some Intel coolers use push pins [1], where
you push the usually white outside plastic
parts of the pins into the holes around the CPU
socket, then push down the usually black inner
parts of the pins and turn them to secure them.
However, air coolers that retail for more than
£20 usually have more elaborate mounting
kits that use backplates and thumbscrews.
Startby removing the plastic film onthe
base of the cooler [2]. Thisis there to protect
the polished surface asit's otherwise easy to
scratch, anditcan also tarnish whenit's
exposed to air, both of which canreduce
thermaltransfer. It's easy to forget the film
is there, though, only to see your CPU
temperature skyrocket when you leave it
accidentally onthe cooler. We've alldoneiit.
Next, install any mounting gear for your CPU
cooler onto the CPU socket. We can't cover
every variation here, but your cooler will come
withinstructions showing you step how to fitit

to avariety of CPU sockets. You'll probably
need to fita backplate to your motherboard
to mount your CPU cooler for an Intel CPU,
andthen screw the cooler's mountinto

the backplate (3],

Coolers for Intel CPUs will usually require a
specific set of mounts for your socket, and you
may need to buy a separate adaptor for Intel's
LGA1700 CPUs. Always take care with your
screwdriver when it comes to mounting your
cooler, as one slip could end up scraping atrace
on the motherboard and renderituseless.

AMD coolers use one of two routes for
securing to the motherboard. Some make use
of the standard socket brackets with which
AMD motherboards are equipped, while
othersrequire the removal of these brackets
and have their own mounting mechanisms
thatyou'llneedtoinstall.

Using the mounting clips on AMD’'s AM4
sockets s very easy, as the cooler has its own
clips that hook onto them, although you might
need a pair of needle nose pliers to press them
intoplace (a].

Removing the clips from AMD
motherboardsis simple as well. There are two
screws in each clip that need to be removed,
allowing youto lift the clips off the
motherboard [5]. Underneath, there's a

backplate, which might be used to mount your
cooleroritwillinclude anew backplate - this
will be detailedin your cooler'sinstructions.
Theinstallation process will then very probably
involve screwing the mount for your coolerinto
either the default backplate on the back of your
motherboard, or anew one that comes with
the cooler [6].

Whenit comes to mounting your cooler,
orientateit so thatthe fanis blowing air through
the heatsink and towards the rear of your case
[7]. Thisis the airflow direction for the vast
majority of cases, especially if they have arear
exhaust fan, as this helps the CPU cooler expel
its warm exhaust air out of the case. However,
some cases do differ in their airflow designs,
for example with abottom to top airflow
direction, soit's well worth checking the
manual for your case.

The fanis likely to be powered using a4-pin
connector, which needs to be connectedto
your motherboard's CPU fan header [8]. This
is usually labelled on the PCB, butits location
canvary. lt'simportant to use this header and
notany of the other ones dotted around your
motherboard’'s PCB, as this oneis specifically
designed to deal with the fan on your CPU
cooler and may dish out different fan
speeds accordingly.



KNOW YOUR PORTS AND CONNECTORS

It's generallyimpossible to plug a cableinto
completely the wrong port whenit comes to
PCbuildingthese days, so if you're afraid of
something blowing up, you canrestassured
this won't happen.

However, some connectors are more
appropriate than others for certain jobs, and
it can be useful to know what each connector
looks like, and where youinstall them.

PCI-EPOWER CONNECTOR

This powers your graphics card and usually
comes splitinto two pieces, with one 6-pin
connector and one 2-pin. Graphics cards have
either 6-pin or 8-pin ports, so with your PSU
offering several of these connectors, you
can power practically any graphics card. The
only way you'll come unstuck is if you have
avery lowly PSU that doesn’t have enough
of them, but most PSUs have at least two,
and only the most massive and expensive
graphics cards have more than this number
of power connectors.

MOLEX CONNECTOR

Rarely used today, since SATA connectors do
the samejob and are easiertoinstall. These
days, Molex connectors are occasionally used
for fans or water-cooling pumps.

Power supplies (PSUs) come with dozens
of different connectors to cater for varying
configurations of hardware. You don't need
to make sure every cable on your PSUis
connectedto acomponent - you'llalmost
certainly have some left over. Below you'll find
alist of the common cables and connectors
you'll come across, on both your PSU and your
other components.

SATA POWER CONNECTOR

If you're usinga2.5in SSD and/or a 3.5in hard
disk, you'llneed to power them using a SATA
connector. Many liquid coolers also use them.
You'llfind several on a single cable on your
PSU, which can pose a cable-tidying challenge.

SATA DATA CONNECTOR

Hard disks or2.5in SSDs need to be connected
to your motherboard to allow the back and
forth transfer of data, requiring a SATA data
cable to connectthe two. Motherboards have
atleast two of these ports, with four or six ports
being the most common.

24-PIN ATX CONNECTOR

This is the biggest port on your motherboard
with a corresponding connector on your PSU
too. It provides power to components and
ports on your motherboard.

8-PINEPS 12V CONNECTOR

This provides power to your CPU. Cheap
motherboards occasionally have just four

of the eight pins, requiring you to use just

one half of the connector. Some high-end
motherboards have more thanasingle

8-pin connector too, but thisis only needed

if you're an extreme overclocker buildinga
very powerful system. In the vast majority of
situations, youjust need to connect the 8-pin
connector from your PSU to the corresponding
socket on your motherboard, whichis usually
located above the CPU socket.
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USB Type-C

USBHEADERS

Understanding USBisn't easy these days with
so many speeds and ports available, but your'll
need to familiarise yourself with three types of
headersinyour PC, so you can getall the USB
ports on your case working properly. There are
cables coming from these ports inside your
case thatneed to be connected to headers on
your motherboard.

8
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3-PINAND 4-PIN

FAN CONNECTORS

Your case’s fans (and radiator fansif you're
using liquid cooling) will probably have one
of these two power connectors onthe end

of their cables, but both of them connect

to the same type of power header on your
motherboard - you can also plug a 3-pin plug
into a4-pin headerif necessary.

The 3-pin connector provides power and
that's it. Meanwhile, a 4-pin connector has
a clever additional pin that provides what's
known as aPWM or pulse width modulation
signal to your motherboard.

This can allow the motherboard to control
the voltage, and hence the speed, so you can
runit at lower than default speeds, makingit
run slightly quieter.

The USB 2 header provides data and power
to your case’s USB 2 ports, while the USB 3
header does the same for faster USB 3 ports.

Finally, there's the newer, short and blocky
Type-Cheader, which as you may have
guessed, needs to be connected to your case’s
front panel Type-C portif ithas one, although
this s still a feature that you only find on more
expensive cases.

3-PINAND4-PIN

RGB CONNECTORS

There are two types of standard RGB lighting
connectors, and these comein 3-pinand 4-pin
flavours. The latter allow you to control all the
LEDs in a strip or component atthe sametime,
perhaps showing the same colour or altering
the brightness for all LEDs at once. The 3-pin
RGB connectors cando all that, but also give
you control overindividual LEDs, providing
greater scope for lighting effects, or simply
having different colours showing across an
LED strip atthe sametime.

AUDIO HEADER

If your case's front panel has analogue jack
sockets for mic and headphones, thenit will
also have an audio cable thathooks up to the
header on your motherboard and enables
these jack sockets to work —it'susually inthe
bottom left corner of your motherboard.



FRONT PANELHEADER

Your case will have a power button, and often
aresetbuttontoo, as well as lights that show
whenit's powered on, and sometimes for
when the SSD or hard disk is being accessed.
All these case features work by using cables
that connect to your motherboardinthe same
way as the USB ports covered, except they're
much smaller.

You connectthem to your motherboard's
front panel header. You'llneed to refer to your
motherboard manual to identify the right
pins and, be warned, this can often be fiddly,
especially if you do it once your motherboard
is already screwedinto your case. We'lllook
atthe best ways to deal with this part of the
installation later on.

FITACPUAIOLIQUID COOLER

The AlO here stands for ‘all-in-one’,and

these coolers essentially offera sealed loop
comprisinga pump and waterblock that siton
your CPU, plus aradiator with fans mounted to
it, which work in a similar way to an air cooler.

With two key components making up the
setup, they're slightly more complicated to
install than air coolers, but the processis still
straightforward. We'llrun through the whole
process of installing one here, so you can
referback toit later when we cover the key PC
building steps.

Start by removing the plastic protective film
off the underside of the pump's contact plate
[1], thensource the parts fromthe box needed
tofitthe block to your motherboard's specific
CPU socket. As with most coolers, several
sockets are likely to be supported by your
liquid cooler.

Install the components required to secure
the pump to your motherboard (2] This
process always involves amounting kit for Intel
motherboards, while with AMD Socket AM4
motherboards you either use the plastic
brackets already on the board, or you'llbe
required to remove themin order to create a
more elaborate mounting contraption.

It's now besttoinstall the pump/waterblock
unit to your motherboard before youinstall the
motherboardinyour case EIRY may need
tohold abackplate in place while you secure
the pump fromthe top side of the

motherboard, as that's a tricky job if the
motherboardis already installed in your case.

Ideally, you want to install the radiator so
thatit's higher than the pump, and any airinthe
loop gets trapped in the radiator and notinthe
pump. For thisreason, it's best to place aliquid
cooler's radiator in your case’s roof.

Thefans will also need to be placed so that
they blow air through the radiator, which needs
to be mounted directly to the roof. Start by
fitting the fans to the radiator using the long
screws includedin the box.

These pass through the fans and secure
themto theradiator. The open side of the fanis
the intake, with the framed side of the fan
beingthe exhaust (4]

To secure the radiator to the case, you'll
need to use the smaller screwsincludedinthe
box [5]. Place the radiator in the roof fan
mounts and line up the radiator mounting
holes with the fan holesin the roof [6].

Not all cases have roof fan mounts or space
enoughforaradiator, soin this situation place
the radiatorin the front of the case with the
tubes atthetop [7].

Youideally want to have the tube end of the
radiator sitting slightly higher than the pump
attached to your motherboard.

Finally, you need to connect your cooler's
fans and pump to your motherboard. Some
AlO liquid coolers require the use of a SATA
connector from your PSU for power (81, relying




FEATURE / CUSTOMISATION

on your motherboard only for fan speed
control, while others get all their power from
the motherboard.

Inany case, unless the cooler uses some
sort of hub, or a software control system, you'll
need to connect the fans to your motherboard
to gettheir power.

Most motherboards have a dedicated
header for pumps (often labelled ‘AlO"), which
provides a steady voltage stream, asit'sa
goodideato runthe pumps at full speed all
the time - thisis the header to which you cant
to connect your cooler's pump/waterblock
unit. The only exceptionisif there'sjustasingle
cable that powers the pump and fans together,
in which case this cable should be connected
tothe CPUfanheader.

With the pump connectedto your
motherboard’s pump header B ,connectthe
fans to your CPU fan header. Your cooler
should come with a splitter cableifithas
multiple fans, allowing you to power two or
more fans from a single CPU fan header.

FITM.2SSDs

If you're building a PC for thefirsttime, or
upgrading froman old system, you mightnot
have seenM.2 SSDs before. Unlike hard disks
or2.5in SSDs, they don'trequire cables and
instead connect directly to one of severalM.2
ports onyourmotherboard, and you'llneed to
usetherightone.

If you've boughtan M.2 SSD recently, it
probably uses your motherboard's PCI-E
interface to send andreceive data. Ifit's the older
PCI-E 3 standard thenit should workinany M.2
port. Ifit's the new PCI-E 4 standard, though,
then check your motherboard's manualto see
which M.2 ports support PCI-E 4. It will still work
ina PCI-E3 M.2 slot, butit willrun slower.

Your motherboard will also very probably
provide aheatsink for atleastone M.2 SSD,
particularly ifit'sanewmodel. Thisisn't
essential for PCI-E3M.2 SSDs, butit can help
PCI-E 4 M.2 SSDs hit their maximum speeds for
long periods without thermally throttling.
Remove the heatsink from the motherboard
and peel off any protective plastic that's on the
thermal pad beneath (1],

Your SSD will be secured using a small screw
orlatch. The former screws into a standoff,
which youmay needtoinstall yourself. The vast
majority of M.2 SSDs are 80mmlongand the
correct threaded hole for the standoff willbe
labelled either 80mm or2280 [2].

Next, insertthe M.2 SSD into the connector,
soits end sectionlines up with the notchesinthe
M.2port. You'llneedto hold the other end up by
around 30 degrees, soit'sinserted ataslight
angle [3]. Next you'llneed amini screwdriver to
deal with the tiny screw that secures the M.2
ssp 4], Depending on your motherboard, this
may also secure the heatsink tooin one go.

Some newer motherboards use tool-free
latches to secure the SSD instead, which are far
lessfiddly thanusing screws. To use one of
these, installthe SSD then secure the latch by
rotatingituntilitlocks the SSDinplace BR%T
mightneedtorotateitaround afewtimesto see
how it works.



FIRST TEST

On very rare occasions, one component may
arrive faulty. The chances of this happening
are extremely slim, butit pays to test your
components before you build your PC. You
don'twantto have to go through the process
of building your PC only to have to dismantleit
againifitdoesn'twork.

There's asimple way to check all your parts
are working, whichis to build your PC outside
of the case. Thisinvolves connecting the core
hardware, pluggingin akeyboard, poweringiton
and ensuring there's an outputto your display
fromthe graphics card. If you getadisplay, then
you know the basic system works, and you
canthen getinto the EFlto confirmthe SSDis
recognised and setthe correctmemory speed.

You'llwant to have your CPU, memory, cooler
and SSD installedinthe motherboard at this
point, butif you're usingan AlO liquid cooler,
make sureit's connected to the motherboard
and power supply, but without the motherboard
orradiatorinstalledin your case yet. Put the
radiator to one side — we'll cover how tofitthe
radiatorto your case later.

Place themotherboard ontoitsbox [1],as
this willinsulate itand give youroomtoinstall
expansion card backplates. Think of theboxas a
temporary testbench.

Next, locate the 24-pin and 8-pin CPU
motherboard power connectors on your PSU
andhook themup to the corresponding ports
onthe motherboard (see Know your ports and
connectors, p77) [2].

Next, do the same for your graphics card,
using whatever combinations of PCI-E power
connectors youneed, before installing the
graphics cardinto the top 16x PCI-E slot on the
motherboard [2]. The 16x PCI-E slots are the
longesthorizontal slots onthe motherboard
underneaththe CPU socket, andthe one atthe
top always supports the fastest speed available.

Connect your mouse, keyboard and monitor,
with the firsttwo going to USB ports onthe
motherboard's /0 panel, and the latter usingan
HDMl or DisplayPort cable to a corresponding
portontherear of your graphics card [a].

Next, we needto be able to power on your
PC. Connect your PSU to the mains and ensure
it's switched onatthe back [5].

If your motherboard doesn’'thave a power
button on-board, the easiest way to turn onyour
PCis with a small screwdriver to shortthe
power button pins on the front panel header (6],

This is where you connect your case’s power
button (see Know your ports and connectors,
p77).Shorting or connecting the pins together
foramoment will tell the motherboard and
power supply tofire up. There are no high
voltages going through these pins — you're
perfectly safe.

Hopefully your PC will power on, fans will
start spinning and you can give yourself a pat
onthe back for building your first PC. However,
we're not quite done yet.

When prompted, hit the Delkey on your
keyboardto enterthe EFL.If you're not
prompted, turn off the PSU to power the PC
down, then power it on again and start tapping
the Delkey at one secondintervals.

Atsome pointthe PC should enterthe EF,
where we needto check afew settings. Start
by looking forthe XMP profile setting. This
mightbe visible onthe EFI's landing page
straightaway, butif not, look for the Advanced or
Tweaker settings tabs and check the menus for
XMP profile.

Thisis also called D.0.C.P onsome Asus
AMD motherboards. Enabling the XMP profile
that matches your memory’s speed will ensure
thememory runs at the correct settings such as
frequency and timings.

Next, locate the boot options in the EFI. Find
the boot menuand check your SSDis listed
inthe drop-down menu. This willensureit's
accessible andinstalled properly, waiting for
Windows to beinstalled.

Finally, we need to make sure the cooler
is working properly, so the CPUisn't goingto
overheat while we'reinstalling Windows. The
temperatureis visible on the home page of
most BIOS screens, orin the fan controland
monitoring section.

At stock speed the CPUtemperature
shouldn'tbe muchabove 50°Cwhileit's sitting
idleinthe EFI-ifit's above 80°Cthere'sa
problem, so make sure the CPU cooler'sfanis
spinning, or that the pump on your liquid cooler
is definitely pluggedin and working.




FEATURE / CUSTOMISATION

HELP, ITDOESN'T WORK!

YOURPCDOESN'TPOWER ON

This points atafundamental problem
somewhere, but firstmake sure the PSU'’s
power switchis on, that you've pluggeditinto
the mains and check all the power cables

to your components, giving each an extra
pressintoits port. It's even worth detaching
the 24-pin ATX connector and pluggingit

in again, as we've seen this solve problems
occasionally. It's also worth unplugging your
memory modules andreinsertingthem-asa
lastresort, do the same with the CPU.

YOURPCPOWERS ON,
BUT THERE'S NO DISPLAY

This can point again atloose components, such
as the graphics card, power connectors, CPU
ormemory, so make sure they're all seated
properly, but also make sure your BIOS is up

to date and supports the CPU you're using.

You cantry updatingitif your motherboard

has USB BIOS flashback (see p87), butit's

also worth resetting the BIOS too by using the
clear-CMOS feature. Your
motherboard may have a
buttonto do this, or you may
need to short two pins using
ascrewdriver, but consult
your motherboard manual
onthebestwaytodoit.

IDENTIFYING FAULTY
HARDWARE

Interms of component
failures, there are a couple
of ways to test some of the
hardwareto seeifit's faulty.
For example, you can check

You can usually clear your
motherboard’s CMOS by
shorting out two pins with
ascrewdriver

if your graphics cardis
faulty by removing the
graphics card, connecting
you monitor to your
motherboard and using
your CPU's on-board
graphics. Not all CPUs
have on-board graphics,
includingmost of AMD's
latest CPUs and Intel's
F-series CPUs, but this is a handy optionif you
haveitavailable.

Your memory could also be at fault, butit's
highly unlikely both sticks are dead. Remove
one and place the otherinto the last sloton
your motherboard, powering on your PCto see
if theissueis solved, then do the same with the
other stick.

Your CPU, motherboard and power supply
are more difficult toisolate, and you'llneed to
borrow a compatible model from afriend or
getthemto testthe componentsintheir PC.
Alternatively, if you have alocal PCretailer, they
will often test components for afee. Finally,
you should reach out to the retailer from which
you purchased the hardware from and explain
that you suspect one componentis faulty.

You can also return hardware under distance
selling regulations, which gives you 14 days to
make your return.

If your motherboard has a video output and your CPU
has on-board graphics, you can seeif your graphics
cardis at fault by bypassingit

'BUILDING
YOURPC

PLAN YOURPCBUILD

We now know what goes where, that our
hardware works and we're ready toinstall it
into our case. However, there are stillsome
factors to consider before you reach for your
screwdriver. Start by having agood look at your
case and cables, and working out where your
wires needto go [1].

Once you know which components go
where, youneedto work outhow to getthe
cables to and from all the right places while
minimising clutter. You case will have cable
routing holes conveniently placed around the
motherboard tray and elsewhere, enabling
youto route cables cleanly from your PSU to
your components without trailing them all
across your motherboard.

FIT THEPOWER SUPPLY

Most cases have just one PSU mount, butbe
sure to follow your case’s manual to check
whether the fan points up or down. Feed the
cablesinto the case [2] andthen secure the
PSU to the mount [3]. Modular PSUs have
detachable cables, allowing you to remove
those you don't need to save space.

INSTALL THEMOTHERBOARD
Before youinstall the motherboard, check that
there are standoffs installedin your case’s
motherboardarea [4]. These are small metal
pins that support the motherboard in specific
locations, raising it off the motherboard tray
beneath and preventingit from short circuiting.
These are usually installed out of the box, but
occasionally you need to screw them yourself,
so check the case’s manual to work outif you
need to do this, and then line up the standoffs
with the screw holes on your motherboard.

It'sagoodideatoinstall some cables before
you lower the motherboardinto the case. One
of theseis the 8-pin EPS 12V connector. Route
this from the PSU, around the back of your
case’'s motherboard tray, to the cable-routing
hole atthe top of the case and then pullit out of
the hole by afewinches. Thenlower the
motherboardinto the case and connect the
cable to the connector [5].

Now is a good time to connect your case’s
front panel cables to your motherboard's front




panelheader (see Know your ports and
connectors, p77), which will be much easier
before the motherboardis fitted into the case.
Runthem behind the motherboard tray and
out of a hole below the motherboard area,
before hooking them up to the correct headers
[6], which will be detailedin your motherboard
manual. However, if your case’s cables aren't
long enough, you may have to wait until the
motherboardis inside your case before you
candothis.

The final step before installing your
motherboardis toinstall the I/0 shield. Most
motherboards have these integrated these
days, but some still have separate shields
that you'llneed toinstall yourself. This willbe
included with the motherboard and sits around
therearports to prevent dustingress and
provide an earth.

Line up the shield withtherear of the
motherboard andits ports, then placeitinto the
1/0 panel cut-outintherear of the case L 7..
This can take some persuasion, but it will fit
into place eventually.

Finally, gently lower the motherboardinto
place sothatthel/0 panelis a centimetre or
so outfromthel/0 shield then moveitacross
so thatits mounting holes line up. Be careful
not to let the motherboard scrape against the
standoffs, as they can damage the PCB traces.
Instead, lift the motherboard slightly before
movingitacross.

Now you canuse your case’s motherboard
screws to secure the motherboard [ 8/. Make
sure you use all the available mounting points
and have the case sat flat, so the motherboard
isn't left dangling vertically.

INSTALL SATA DRIVES
Your case will likely have mounts for both 3.5in
hard disks and 2.5in SSDs, so check your
case’'s manual to see where these mounts are
located. Whenit comes to 3.5in hard drives,
you usually have to screw a mounting system
to the sides of your drive, in order to easily slide
itinand out of the drive bay [o].

The end with the connectors nearly always
needs to sit facing the motherboard tray side of

the case, so cables can be routed out of sight
and the drive can be easily removed, often by
slidingitout 1. Try to mount your drives as
close to your motherboard's SATA connectors
as possible, as this will give you an easier time
when cable tidying.

SSDs are more flexible and have mountsin
allmanner of positions, but they're usually
secured to the mount using screws in either
the sides or underside of the drives [1]. A lot of
cases have 2.5in SSD mounts behind the
motherboard tray, whichis our preferred
location forthem, as it keeps the drives out of
sightand makes cable tidying easy [12],

REMOVE EXPANSION SLOT COVERS
To prevent dustingress, your case’s rear slots,
where the rear panels for PCI-E expansion
devices such as graphics cards sit, are covered
by blanking plates. You'llneed to remove the
ones that sit where your graphics card needs
to go, asitwillhaveits ports and cooling vents
there. These usually unscrew and slide out, but
occasionally you'll need to pry out metal

D]
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sections using pliers — don'tuse your
fingers as they can get scraped [13],

INSTALLEXTRA FANS

If you have any extrafans to install, look at your
case’s airflow out of the box and aim to
complementit. If there’s norear fan, but there's
afanmount, thisis anideal place foran extra
fan, as are any vacant front fan mounts. The
former should beinstalled soit's in line with
your CPU cooler's fan 14/, while front fans are
best placed, so atleast oneisinline with your
graphics card, with most of its depth sitting
below the cardto feedits cooling fans.

TIDY YOUR CABLES
With allyour cables installed and connected,
it's time to tidy them up behind the
motherboard try. This might seem like a waste
of time, butamass of spaghettilooks hideous
and can actually hinder airflow and make your
PCrun hottertoo, as well as increasing therisk
of cables finding their way into exposed fans
and blocking access to components.

If your case has any natural channels to
which you can anchor cables, definitely use

them, but the key is consistency. Pull any slack
from the motherboard area through the cable
routing holes to the back, gather bunches of
cables together and do atest fit to see which
anchor points make sense and which are out
of range of some cables (5] You canthenuse
cable ties to secure the cables in bunches to
the case's anchors. Runthe ties under the
bunches of cables, thread the cable ties
through your case’s anchors, put the thinend
of the tie through the buckle and pullit tight.

Don'tbe afraid to gather large bunches of
cables together and stow them under the PSU
cover if your case has one 18] It will have
minimalimpact on airflow down there and
keepitall out of sight. Once you've finished
your cable tidying, it's time to use your side
cutters to trim the ends, hopefully leavinga
neatline of cable ties [17].

Remember that youneed to put your case’s
side panel back, so try to keep bunches of
cables asflatas possible, without bulging
outwards. Your cable tidying doesn’'t need to
look immaculate, butit does needto be
secure 18] Atthis point, you're basically done
with the hardware side. You can connect your

keyboard, mouse and monitor, plugin a power
cable, switch on your PSU and hit your case’s
power button ready for the next stage [*°I.

Ifit doesn't fire up, double-check all your
power cables, as well as the cables for the case
front panel - you already know your core PC
works fromthefirst test, soit should be easy to
find the problem.




EFISETUP

Power up your PC and hitthe Del key to enter
the EFl system so you can perform somefinal
tweaks. First, head to the EFI's fan control
sectionand familiarise yourself withit.

If any fansin your case are annoying loud,
you canidentify themand selectaless
aggressive speed profile, or even create your
ownfancurve [1].

Beware of limiting fan speeds too much,
though, as lengthy gaming sessions on hot
days could see your PC stifled - always allow
your fans to hit maximum speed if your CPU
temperature tops 90°C.

If your graphics card supports Resizable
BAR (called Smart Access Memory by AMD),
you'llneedto ensureit's enabledinthe EFl asit
canboost performancein some games. Thisis
located in different places depending on your
motherboard manufacturer. First, locate the
option for CSM, whichis usually located in the
bootmenu,and disableit [2].

Next youneedto enable Resizable BAR.
Gigabyte boards have the option for BAR
under the Settings menu, while Asus and MSI
boards haveitunder the Advanced tabin PCI
Subsystem Settings. ASRock motherboards
putitinthe Advanced menu and sometimes
called Clever Access Memory. Once you've
foundit, enableit [3].

SOFTWARE
INSTALLATION

INSTALL WINDOWS

If you have access to another PC or laptop, you
can download Microsoft's Media Creation Tool
software for either Windows 10 or 11
(custompc.co.uk/InstallWindows) (1] ,which
enables youto create abootable Windows
installation USB flash drive and makes the
process of installing Windows easy.

This tool will grab the latest version and
allow youtoinstall the operating system,
meaning you just need to obtain an official
licence code to enter later. Your USB stick
needs to have a capacity of atleast 8GB, and
the process will wipe everything on the drive,
so back up any data you wantto keep.
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If you don'thave access to another
computer, butalready have alicence fora
genuine copy of Windows, USB flash drives
are available on eBay pre-loaded with the
same installerfor as little as £7. Microsoft itself
now offers Windows 11on USB flash drives too,
so grab one of those if you're starting afresh
and don'thave another PC.

Once you have your bootable USB flash
drive, head to the EFl and find the boot menu.
Selectboot options and locate your USB flash
drive, whichmay indicate it has a Windows
installation onit, then pick it as your first boot
option [2]. Youthen needto save and exit your
settings and restarting the PC will see it enter
the Windows installation.

Head through the installer's menus until
you get to the part where you picking the drive
and partitions on which toinstall Windows.
Here, you should be able to identify the storage
device onto which you wanttoinstall Windows
onto, butif not, it's safer to switch off your PC,
disconnect all other storage devices apartfrom
this drive and yourinstall USB flash drive, and
try the process again.

If there are any partitions on your SSD, they'll
show up like the image above (3] and youcan
delete themif youno longer want any files on
the driveif you're reusing one.

Allow Windows to do the rest of the process
by clicking on the drive and selecting Install.
When the PCreboots, you'llbe free to enter
the EFlagain and switch the primary boot
device to your SSD rather than the USB thumb
drive - by now, your SSD willindicate thatithas
the beginnings of a Windows installation onit.

INSTALL YOURDRIVERS

Once you'veinstalled Windows, hopefully
you'llhave access to the Internet, at which
point you can download your motherboard's
chipset drivers fromits product web page,
and grab the latest networking and sound
drivers too.

If your motherboard’'s Wi-Fi or Ethernet
adaptors aren'trecognised when you first boot
into Windows, and you don'thave access to
another PC, it'sbestto getacheap 802.11ac
USB Wi-Fi adaptor from an online retailer such
as Amazon.

This basic, old-standard Wi-Fi adaptor will
be more likely to be recognised by Windows
than some of the latest integrated Wi-Fi
adaptors, and allow you to connect to your
Wi-Firouter and access the latest drivers for
your hardware.

Once you're online and able to access
your motherboard manufacturer's website
to download the drivers for your specific
motherboard, start by installing the chipset
driver first, then your networking and sound
drivers. You also need to download the latest
driver your graphics card, either from Nvidia or
AMD's website. You can then fire up Windows
Update and let it check for updates andinstall
any it finds for itself and your hardware.

INSTALL YOUR SOFTWARE

A quick way to install multiple programs at
once automatically is to us ninite.com. This
allows youto select frommultiple installers,
such as Chrome, Firefox, Steam, Skype,

Discord andiTunes, andit willinstall all of them
without you need to do anything.

Some extra bits of software to grab are
CoreTemp (alcpu.com), GPU-Z (techpowerup.
com), CPU-Z (cpuid.com) and Cinebench
R23 (maxon.net/en/downloads). CoreTemp
will show you the CPU temperature, and
Cinebench R23 canrun a ten-minute stress
testonyour CPU.

As longas the CPU temperature doesn't
top 90°C you'll be fine. Meanwhile, GPU-Z
does the same for your graphics card, except
it's worth playing your usual games for
30 minutes and recording the peak GPU
temperature. Aslongasitisn'ttopping 80°C
onaregularbasis thenit's fine.


http://ninite.com
http://alcpu.com
http://techpowerup.com
http://techpowerup.com
http://cpuid.com
http://maxon.net/en/downloads

BIOS
FLASHBACK

Motherboardreleases often coincide with

the launch of a specificrange of CPUs, so

the former are programmed out of the box

to supportthe latter. There may well be
updates to the motherboard's software brain,
also known as an EFl or BIOS, that fix certain
issues identified after launch or allow it to
perform better, but you can guarantee that the
motherboard will work with the generation of
CPUs with whichitlaunched.

Forexample, Intel's current 12th-gen CPUs
are all supported by 600-series chipset
motherboards, such as those withZ690
and B660 chipset. However, Intel plans on
releasingits 13th-gen CPUs this year, and
it's likely that motherboards for sale at the
moment won't support them out-of-the-box,
and willinstead need their EFl to be updated.
This same issue applies to using old AM4
motherboards with AMD's latest CPUs.

The problem arises if you buy anew or
second-and motherboard and try to combine
it witha CPU that's physically compatible, but
not supported by the EFI currently installed on
the motherboard. If this happens, you'll likely
be met with ablack screen and an effectively
useless PC.

If this happens, youneed to update the
motherboard's EFI. There are two ways you
cando this. You can borrow an older CPU from

Ifit's supported, your motherboard will use a specific
USB port for USB BIOS flashback and may alsouse a
flashback button

afriendto fire up your PC, install the latest BIOS
andthen drop in your new CPU. Alternatively,
you can update the BIOS using a highly useful
feature known as BIOS flashback.

Thisis afeature included with some, but
not allmotherboards, anditenables youto
update the EFl without a compatible CPU.In
fact, youdon'teven need a CPUto beinstalled
inthe motherboard. Every motherboard
manufacturer has a slightly different way of
going aboutit, butif your PCfires up, there's
nothing on the screen and you've checked all
the cables, next check if the processor was
released at the same time as the motherboard.
If it wasn't and the motherboard supports BIOS
flashback, it's well worth trying the following.

Firstyou'llneed access to another PC - ask
your friends if necessary, then download
the latest EFI from your motherboard

If you can borrow a compatible CPU from afriend,
you can enter the EFl and update it to anewer
version that's programmed to support new CPUs

manufacturer's website and unzip the file if
necessary. This willbe available inthe ‘support’
or ‘download’ section on your motherboard's
product page. Make sure you visit the

exact product page. For example, if your
motherboardis an Asus TUF Gaming Z590,
but you try to download the EFlfor the Asus
TUF Gaming Z590 WiFi, it won't work.

Next, follow the manufacturer’sinstructions
for placing the file onto a USB stick. For
example, MSl requires you to rename the
BIOS file MSI.ROM, while Asus requires you to
use a simple renaming program to allow your
motherboard to see thefile. It'simportant to
follow this advice step by step, and also ensure
thefileisn'tinafolder onthe USB drive.

Next, locate the USB BIOS flashback port
on your motherboard’s /0 panel. If you're not
sure aboutits location, refer to the manual.
Now follow the next stepinthe update guide,
whichis usually to connectthe USB stick to
the BIOS flashback port, ensure the power
cables are connected to the motherboard,
switch onthe PSU and then press the BIOS
flashback button.

There's often alight near the button that
will flash, showing you the various stages of
programming the EFI - after afew minutes
the process willbe complete. If an old,
incompatible BIOS was preventing your PC
working properly, then you'llLknow straight
away, as poweringiton willnow bringup a
display and allow youto getinto the EFI.
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AMDANDINTELHAVERECENTLY PROVIDED FRESH DETAILS OF THEIR UPCOMING
PRODUCTS AND MANUFACTURING TECHNIQUES. EDWARD CHESTER PICKS THROUGH
THEDETAILS TO SEE WHAT WE CAN EXPECT OVER THE COMING YEARS

astmonth saw AMD and Intel both
E reveal some key details of their

upcoming products, with AMD using
its Financial Analyst Day — an eventused to
show off what the company is doing to bolster
interestfrominvestors - to reveal several key
future projected technologies.

They include afew details about the
company’simminentZen 4 CPU architecture,
its future Zen 5 architecture and some
of what'sin store for its future RDNA 3
graphics products.

Meanwhile, Intel revealed some of the
details of its upcoming Intel 4 process node
attherecent|EEE VLSI (Very Large Scale
Integration) Symposium - an annual event
dedicatedto exploring ‘emerging trends and
novelideas and concepts covering abroad
range of topicsinthe area of VLSI'. Intel 4 is the
new chip manufacturing process that willbe
atthe heart of Intel's silicon products arriving
nextyear.

AMDZen4

The mostimmediate of all these recent
announcements willbe AMD's Zen 4
architecture-based products, which willbe
released later this year. These will arrivein
the form of Ryzen 7000-series (codenamed
Raphael) desktop CPUs and 4th-generation
EPYC (codenamed Genoa) server CPUs.

anew socket, withthe AM4 design thathas
beenusedfor all Ryzen processes so far
being replaced by abrand-new AM5 LGA-
based socket.

Newly announced, then, is that the company
has confirmed the new CPUs will see an
8-10 per centinstructions per clock (IPC)
improvement over Zen 3. While this may not

AMDHAS CONFIRMED THAT THENEW CPUS WILL SEE
AN 8-10 PERCENTINSTRUCTIONS PER CLOCK (IPC)
IMPROVEMENTOVERZEN 3

Many of the overarching details of Zen 4
have previously beenrevealed, such as the
use of new CPU core chiplets and anew
1/0 die that will add support for the latest
features, such as the PCI-E Sinterface and
DDR5 memory. The new chips will also use

immediately leap out as ahuge uplift, AMD has
also confirmed gainsin clock speed that, when
combined with the IPCimprovements, will net
asingle-thread performance gain of greater
than 15 per cent. AMD hasn't been specific
aboutthe clock speeds yet, but the company



AMD has revealed rough timelines and manufacturing
processes forits next two CPU architectures

has previously shown footage of aZen 4 chip
boostingto over5.5GHz.

If that 5.5GHz figure is reasonably
representative of retail chips, Zen 4 willmark
abigimprovement over current Ryzen CPUs,
whichmax outat4.9GHz. AMD has also
previously confirmed that Ryzen 7000-series
CPUs will have increased thermal design
power (TDP) ratings over current chips, moving
from a currentmaximum TDP of 105Wto a
whopping T70W.

The netresult of these IPC and clock
speedimprovements, andincreased TDPs,
is slated to be a 35 per centimprovement
in multi-threaded chip performance fora
16-core chip, movingfromZen3to Zen4
(based on Cinebench R23 muilti-threaded
tests). Although these figures hintat AMD
simply cranking up the voltage and running
these chips as hot as possible, the company
does also point out that the same 16-core Zen
4 chip will come with a 25 per centboostin
performance per watt over Zen 3.

AMD has also confirmed that at least some
Zen 4 processors willinclude ISA extensions
for Aland AVX-512instructions, althoughit
hasn't specified whether all the processorsin
theline-up willinclude them.

The silicon space required for hardware
AVX-512 supportis significant, while also being
of little relevance to desktop use, so it could
well only be added to server versions of this
processor line-up.

It'sunclear whatthe Alinstruction support
involves atthe moment, but at leastin terms of
features ticked off the list, AMD is pullingitself
back into parity with Intel.

Zen4 cores will be producedinthree
overarching variants, starting with the
standard Zen 4 core. There willalsobe aZen
4c core, whichis a compact variant meant for
high-density server applications, such as the
upcoming 128-core EPYC Bergamo processor.
Finally, AMD also announced there willbe 3D
V-Cache variants, which sandwich a separate
L3 cache chip ontop of the core chiplet dies, as
seenontheimpressive Ryzen75800X 3D.

Initial client CPUs will be produced using
a5nm process for the CPU cores and a 6nm
process for the /0 die, but AMD has said
that future Zen 4 products willbe produced
usingacombination of TSMC's 5Snm and
4nm processes. It hasn't specified which
process will be used for which parts though.
TSMC's 4nm processis arefinement of
its 5nm process, rather than a whole new
manufacturing node, soit's often classed as
a5nmnode anyway, butit technically will have
aslightly higher density.

can expecttolearn more soon, as Zen 4
products are slated to arrive in Q4 of this year,
and of course, you can expect us to be primed
andready with reviews as soon as they land.

AMD Zen5

The second bigreveal from AMD was

the officialannouncement of the Zen 5
architecture, which will be atthe heart of the
company’s CPU products from 2024 onwards.
Details are thin atthe moment, but AMD is
bullish about the level of improvements the
architecture willbring to the table.

Perhaps most significant of allis that
AMD s terming Zen 5 a‘new grounds-up
microarchitecture’,implying that it won'tjust
be anincrementalimprovement over Zen 4.
There are few details of what will change -
there's certainly noindustry standard for how
much has to changeto classify as‘new’ or
‘grounds-up’. However, AMD has said the front
endis being re-pipelined, increasing theissue
width of the processor. Zen 3 uses a 4-wide
instruction decoder, while Intel Alder Lake's
P-Cores uses a 6-wide decoder, soitlooks like
AMD may be following suit.

Zen 5 willalsointroduce further ‘integrated
Aland machine learning optimisations’,
whichis about as vague as you can get,
butagain hints at AMD learning from
andintegrating popular trends seeninits
competitors’ products.

As for manufacturing processes, AMD says
Zen 5 willuse acombination of TSMC's 4nm
and 3nm processes. Unlike the 5nm/4nm
split, where 4nmis arefinement of the 5Snm

Zen4is setto provide an 8-10 per centboostin
instructions per clock overZen3
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Zen 4 performance per wattfor a16-core processoris
settoimprove by 25 per cent

process node, the 3nm process uses awhole
new node so should bring larger gains in
efficiency and/or performance.

Notable withbothZen4 andZen5is AMD's
continued commitment to using a single-
core design for entire processors, rather than
followinginIntel's footsteps andimplementing
a separate Performance core and an Efficiency
core.So far AMD's single-core design
approach continues to deliver the goods, but
it will be interesting to see how the differing
approaches stack up over the coming years.

AMDRDNA3and4

Moving from CPUs to GPUs, AMD has also
provided more details of its upcoming RNDA 3
graphics cards, which will be arriving later this
year. Firstand foremostis the factthat AMD
has finally officially confirmed RDNA 3 willbe
available as a chiplet design, where instead of
the whole GPU being a single monolithic die,
the processing power will be spread across
multiple dies.

We don't yetknow if it will justbejustthe
highest-end card that will use the technique,
or whether it willbeimplemented at several
levels of processing power. The hope would
certainly be, though, that by combining the
power of two or more GPU dies, AMD will
finally be able to bridge the performance gap
betweenits current most powerful single-
GPU graphics cards and Nvidia's best.

Using chiplets seems like an obvious
approach to graphics card design, given that
theindustry has already proven how multiple
graphics cards can be combined for extra
performance, via technologies such as SLI

and Crossfire. However, the difficulty has
always been twofold.

Firstly, the amount of data that needs to be
transferred between GPU dies isimmense
—inthe order of terabytes of data per second
- requiring interconnects thatinvolve some
seriously sophisticated engineering. AMD has
hinted at some innovative ideas withits chiplet
design, whichit calls ‘advanced’ - aterm
generally used to refer to designs beyond the
simple placement of multiple dies on the same
package next to each other. However, given
the heat output and density of GPUs, there
are some serious heat dissipation challenges
to overcome.

The other challenge with multi-GPU setups
has been that they require developers to
specifically program their games to use the
extra GPUs, and developers haven'tbeen keen
onthat. As aresult, SLI or Crossfire support
has often been either non-existent, unstable
orresultedin underwhelming performance

The AM4 design used for all Ryzen processes so far will
bereplacedby abrand-new AM5 LGA-based socket

uplift. So, for a chiplet-based GPU to work;, it
will have to presentto developers as asingle
GPU andreliably deliverits extra performance
entirely in the background. Time will tell just
how AMD has gone about achieving this feat.

Getting back to what we do now know, AMD
has revealedthatit's targetinga 50 per cent
increase in performance per watt with RDNA 3
over RDNA 2 (Radeon RX 6000-series cards).
That's abold claim, and one of which we might
be sceptical had AMD not managed to deliver
justthat sort of improvement with its move
fromRDNA 1to RDNA 2.

One factor that will helping AMD to reach
those lofty efficiency goals willbe amove
fromthe current 7nm process node used to
manufacture RDNA 2 cards to a 5Snm process.
AMD hasn't specified which company’s 5nm
processitwilluse butit's a stronglikelihood it
willbe TSMC.

While anew smaller manufacturing process
will help whenit comes to performance per
watt, it certainly won'taccount fora 50 per
centimprovement, so there are sure tobe
plenty of architectural changes too. Details
are very vague at the moment, but AMD has

A‘grounds-up’ designfor Zen 5implies significant
architectural changes overZen4




hinted at a next generation of on-die Infinity
Cache, an optimised graphics pipelineanda
rearchitected GPU Compute Unit (CU).
Rounding out the latest AMD GPU news the
company confirmedit's workingon RDNA 4,
whichis set foravague arrival time of 2024.
There's little to unpack yet, but AMD describes

Intel 4 details

Moving onto Intel's announcements, instead
of architecture features, the big focus of

its VLSI Symposium presentation was its
upcoming manufacturing process, Intel 4,
which will be at the heart of its 14th-generation
Core processors (codenamed Meteor Lake)

AMDHAS REVEALED THATIT'STARGETING AS0 PER
CENTINCREASE IN PERFORMANCE PERWATTWITH
RDNA3OVERRDNA?2

the architecture as using an‘advanced

node’, which hints atanother changein
manufacturing process. Whether that will be
afull step downto a3nmnode, or whether it
willbe anintermediary 4nmstepasonZen5
CPUs, we'llhave to waitand see.

AMD claims that RDNA 3 will offer amassive 50 per
centupliftin performance per watt

arrivingin2023. Given the company’s troubled
development of its 10nm process, and how hot
its current top-end CPUs run, the importance
of anewreliable, denser and more power
efficientnode can'tbe overstated.

Torecap, inrecentyears Intelrejigged
the naming scheme forits manufacturing
process nodes. ltused to have aless generous

‘advanced node’, hinting atanother cha
inthe manufacturing process

components onits chips, when compared to
the likes of Samsungand TSMC.

This meantthat Intel's 10nm process node,
forinstance, was comparable in transistor
density to TSMC's 7nm process. As such, Intel
changed the name of its 10nm process to
Intel 7 (the process usedintoday's 12th-gen
Alder Lake processors), while Intel 4 was
previously the company's 7nm process but will
be comparablein density to TSMC's 5Snmand
4nm processes.

To enable this significant drop in component
size —nominally from 7nm to 4nm - Intelhas
hadto incorporate Extreme Ultra Violet (EUV)
lithography for the firsttime. Lithography is
the process of usingamaskin front of alight
source to project theimage of a CPU's circuit
onto the silicon, and EUV is the next step of
thattechnology that uses the very smallest
possible wavelengths of light to create the
smallest possible on-die components.

EUV has been used by Samsung and
TSMCfor some time, leaving Intelin catch-up
mode on this technology. Incidentally, all the
machines usedfor EUV are created by one
Dutch company imaginatively called Advanced
Semiconductor Lithography (ASML), and
to dateit's only ever made around 150 units
(costing up to $200 US million each).

As well as enabling the creation of ever
smaller components, EUV has also allowed
Intel to reduce the number of the number
of masks required to produce a chip by 20
per cent. Yields have alsoimproved - as
might be expectedby areductioninthe
number of manufacturing steps, although
Intel hasn't specified how much this situation
hasimproved.

Other changes inthe overall process
include anincreasein the number of metal
layers for logic to 16 up from 15 — these layers

A cross-section of an Intel 4 chip, showing the smallest,
lower layers produced using EUV
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An ASML EUV source vessel, where apowerful laser
hits tin droplets to generate extreme ultraviolet light

canbe seeninthe cross-sectionimage on
the previous page. The composition of some
of those layers has also changed from some
using pure cobalt to using acombined copper
and cobalt layer.

Intel hadintroduced cobalt for the smallest,
lowest layers of the Intel 7 processin order to
increase the life of the transistors by increasing
the electromigration (EM) resistance.

However, using cobalt alone proved
problematic for performance due toits
increased resistance, so now the company has
switched to this combined metal recipe that
balances improved EM lifetime with reduced
lineresistance.

Intel 4is also being targeted purely for use
with what are considered low-density, high-
performance cell libraries. Cell libraries are

Intel 3 promises more use of EUV and an 18 per cent
improvementin performance per watt

the standardised sets of logic gates that are
usedto construct the circuitsina CPU.

You candesign a chip layout thenuse
different sizes/classes of celllibrary
tomanufactureit, depending on your
requirements. Lower-density designs are
generally optimised for components with
fast clock speeds, such as CPUs, rather than
slower, denser components such as memory.

Thereason for focusing solely on low-
density designs with Intel 4 is that it gives
Intel the best chance of bringing the most
high-profile and profitable chips — desktop
CPUs and especially server CPUs —to market.

Intel Meteor Lake chips will be the company’s first
toadoptaRyzen-like chiplet design

Then, inthe meantime, it can developits
subsequent Intel 3 process, which Intel claims
will offer around an 18 per centimprovement
in performance per watt over Intel 4, to cover
both low-density and high-density products
shortly thereafter.

The upshot of these changesis that the
Intel 4 manufacturing processis set to provide
up to a2xincreasein transistor density over
Intel 7. Along with this, Intelis also expecting
big uplifts in efficiency and some gainsin
performance too.




Allthe machines used for EUV are created by one
Dutch company called ASML, and to date, it's only
ever made around 150 units

AlthoughIntel's data doesn't hint at the sort
of frequencies we'll see onretail products,
it shows that for anindustry-standard core
design with anominal power level of 0.65V,
there's a21.5 per centincrease in clock speed
withIntel 4 over Intel7.

Athigher power levels the gains drop
considerably —to 10 per centat 0.85V - soit
remains to be seenjusthow high afrequency

Intel willbe able to squeeze out of these chips.

As for power
efficiency, using
that same standard
core design setto afrequency
of 2.1GHz, Intel 4 nets a 40 per cent
reductionin power consumption compared
with Intel 7. Again, the advantage drops as
frequency increases, but at the very least
these numbers point to large dropsin power

eachdie, but we wouldn'tbe surprised to
amixture in a similar manner to how AMD
has uses older nodes to produceits I/0 dies,
saving the latest nodes for use with the CPU
coredies.

Intel graphics and Nvidia
Notable by its absence from these slews of
recentannouncements has been any word at
all from Nvidia on key upcoming products and
from Intel about its Xe graphics. Regarding,
the former, there have been many leaks
espousing the monstrous performance
and power consumption of upcoming
GeForce RTX 4000-series GPUs but still
nothing official.

The expectation was that the first
GeForce RTX 4000-series cards would
be announced and arrive around October
this year, but rumours currently suggest
this might be pushed back to December, as
retailers are struggling to clear out stock of
RTX3000-series GPUs following the crypto

TOENABLETHIS SIGNIFICANT DROPIN COMPONENT
SIZE,INTELHAS HAD TOINCORPORATE EXTREME ULTRA
VIOLET (EUV) LITHOGRAPHY FOR THE FIRST TIME

consumption for light workloads. The net
resultis that Intelis broadly claiminga 20 per
centimprovementin performance per watt for
Intel 4 overIntel 7.

Intel4is setto debut with Intel's Meteor
Lake CPUs, which are also settobe the
company’s first chiplet-based CPU designs,

crash and subsequent flooding of the second-
hand market.

Meanwhile, Intel's much hyped Arc
desktop graphics card have failed to
materialise in any meaningful sense as yet,
despiteinitial hopes that cards they would
bein our hands in the first half of this year.

The modest Arc A380 card hasjustbecome
available but only in China, although pricing
foritis impressively aggressive.

Indeed, current rumours suggest Intelis
setto be very aggressive with pricing across
the board, due both to significant stock
availability, and because of Arc performance
being apparently underwhelmingin older
non-DirectX 12 or Vulcan-based games.
Regardless, there's still plenty of time for fresh
announcements intime fora wider Q42022
launch of faster Arc cards, so let's hope we'll
hear some more news soon.

Intel's Arc GPUs have so far failed to materialise in any
meaningful way onthe desktop

A
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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

Blink Smart Camera System

ome security is one of the most
popular routes into smarthome
features, trailing behind the ever-

popular option of being able to control your
home lighting with your voice. If you're looking
for off-the-shelf systems, there's a dizzying
array of choices, butit boils down to ahorde of
smaller companies and three main giants -
Ring, Blink and Google’s Nest products.

Blink has recently started offering USB-connected
accessories, including this battery-powered 700-
lumen floodlight

Amazonhasitgood, here. The company
is playing both ends of the market, offering
Ring devices to the higher end of the market
and the more basic Blink cameras to cost-
CONSCious consumers.

Unlike Ring, which offers hardware above
andbeyond cameras, Blink focuses purely
onthe visual element. Its first product was
anindoor camera system, whichithas
since expanded to cover weather-sealed
outdoor cameras and a freshly launched
doorbell camera.

Let's start with the Blink Video Doorbell.
Available in black and white finishes, this
doorbell camera - which effectively competes
with Ring's most famous product, despite both
companies being owned by Amazon - houses
awide-angle 1080p camera with a135-degree
horizontal and 80-degree field of vision.
Below thisis a button, which sounds a chime
whentriggered.

The chime, sadly, comes out of the doorbell
itself, whichis on the other side of your door.
There’s no separate chime unit as you get with

Blink promises a
smart-home camera
without the cabling

the Ring doorbell
cameras, although
if youhave one
of Blink's wired
indoor cameras,
you can repurpose
thatasachime.

Instead, itrelies
onnatifications
throughits
smartphone app, alongside the option of
integratinginto Amazon's Alexa smarthome
infrastructure. In either case, the journey from
the doorbell camerato Blink’s servers and back
to yourhouse means adelay - as little as five
seconds oras much as 30 seconds, depending
onhow the servers are feeling that day.

If that's too much, the doorbell comes with
pigtails for attaching the device to an existing
12-24VAC doorbell systemin place of the



Like the doorbell, installing the floodlight requires
justafew screws

original button. Doing so, though, means giving
up on one of the Blink system'’s biggest selling
points. Bar a single model of indoor camera,
its devices are powered entirely by internal
AA lithium batteries, meaning that there’s no
wiringinvolved - youjust drill a few holes and
mount the cameras wherever you want them.

The Blink Video Doorbellis only partially
functional, however, until you addin the
optional Sync Module 2 accessory —asmall
local server that communicates with the
cameras over a 900MHzradio link and with
your smartphone via Wi-Fi.

Physicalinstallationis as simple as fitting two screws
and clipping the doorbell unithome

Without a Sync Module, the doorbell
operatesin‘eventresponse’ mode. While it
functions as adoorbell and a motion-triggered
alert system, it doesn't offer a live-view mode.
You'll also need to pay for a subscriptionto
Blink’s cloud service if you want the motion
trigger to actually record any video.

Addthe SyncModule, though, and all the
features unlock, including the option to record
video to a USB flash drive insertedinto the side
of the Sync Module, avoiding the need for a
subscription. The Sync Module also allows you
to define zones in the field of view that won't
activate the motion detector, as well as ‘privacy
zones', which are blocked out with grey boxes.
Oddly, however, while motion-detection zones
can be configured using a grid of blocks, the
privacy zones are limited to two rectangles
of your chosensize.

Another half-baked featureis the ‘photo
mode’. Exclusively available to paying
subscribers, this mode instructs the camera
to capture alow-resolution stillimage every
hour - and, if there's no camera activation
over the period, to stitch them togetherinto
atime-lapse video daily. There's no way to
view individual photos outside the video, and
they're not even used to update the camera’'s
thumbnail on the app.

The app, meanwhile, is set up for multiple
cameras, and you have arange of choices. We
added an Outdoor Camerato ourtest setup,
along with the optional floodlight accessory;
unusually, thisis also powered by batteries and

Microsoft launches
Jacdac standard

Microsoft has thrownits hatinto thering
of competing solderless microcontroller-
peripheral connections, with Jacdac, afree
and open standard based around three-
pin edge connectors and low-cost cabling.
Launching as an accessory for
the BBC micro:bit V2, with software
supportin MakeCode, Jacdac gives
microcontroller ‘brains’ quick plug-and-
play connections to external hardware,
including buttons, sensors and LEDs. To
encourage adoption, the company has
released both the hardware specifications
andthe software under permissive
licenses. See custompc.co.uk/jacdac
for more information.

requires no wiring. Even with a Sync Module
andjusttwo cameras, the system proved
occasionally unreliable. Messages saying that
live view is unavailable sometimes appeared,
despite good signal strength. Motion capture
is also spotty, often triggering late.

When it works, though, the Blink system
is ajoy. The simple installationisimpressive,
andthe prices are keen for the specification -
£49.99 for the Blink Video Doorbell, £29.99
forthe Sync Module 2 - or £124.98 for abundle
with the Blink Outdoor camera, floodlight
accessory and Sync Module 2 (allinc VAT).

The cloud subscription serviceiis priced
welltoo. A single-camera system costs
£2.50 amonth or £24.99 ayear, while
unlimited cameras costs £8 amonth or £80
ayear (inc VAT). Justremember that there's
aten-device limit per Sync Module 2 if you're
pricing up a big deployment. All the Blink
hardware reviewed hereis available to buy
from amazon.co.uk now.


http://amazon.co.uk
http://custompc.co.uk/jacdac
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Raspberry PiPico W

he Raspberry Pi Pico microcontroller
ﬂ developmentboard (reviewedin
Issue 212) has been an absolute
smash hit, for two key reasons. Thefirstis that
it offersimpressively high specifications for a
bargain-basement price of just £3.90 (inc
VAT). The secondis thatit's one of the few
low-cost microcontroller boards you can
actually findin stock to purchase anywhere,
as the world's component shortage crisis
continues to bite.
While the Raspberry PiPico offers plenty
of features, fromits dual Arm cores to the
clever programmable input/output (PIO) state
machines, there’s one areain whichitlacks:
connections. The micro-USB port atthe end
is effectively your only choice for getting data
into or out of the microcontroller, unless you're
willing to buy external hardware.
Oryou could pick up a Raspberry PiPico W.
Just as the Raspberry PiZero was followed
by the Raspberry PiZero W, so too has the
Raspberry PiPico gained a W suffix to indicate
the presence of aradio.

The low cost of the Raspberry
PiPico W makes it atempting
device for arange of projects

The core specifications of the
board haven't changed. There's still
aRaspberry PiRP2040 microcontroller,
the company’s first-everin-house silicon,
atits heart, along with a column of general-
purpose input/output (GPIO) pins down
each side, and amicro-USB port at the top.
Its footprintis identical to that of the original
Pico, but the layout on the top of the board
has shifted.

The three-pin Serial Wire Debug (SWD)
header at the bottom edge has been moved
further up the board, and for good reason. In
the space vacated by its repositioning, there’s
a silver box hiding the Infineon CYW43439
radio, plus a PCB antenna.

Any job that the Raspberry PiPico can do,
canalso be done by its W-suffixed sibling,
and UF2 files compiled for Pico will run
fine on a Pico Win most cases, although
you may have some missing features. For
instance, if you use the MicroPython firmware
compiled for Pico, you won't have access to
the on-board LED on Pico W — asit's wired

The Raspberry PiPico W
builds on the success of its
predecessor with an added
wireless connection

Clockwork Pi's Dev
Term gets CM4 option

Clockwork Pi's retro-themed DevTerm
portable PC (reviewedin Issue 222) has
received another system-on-module
accessory — an adaptor board for the
Raspberry Pi Compute Module 4 (CM4).
Designedto slotinto the existing DevTerm
motherboard, the CM4 carrier sits
alongside thein-house A-06 and A-04
modules and the original CM3 support,
plus the new and still experimental
RISC-V SOM built around the Allwinner D1.
The adaptoris availabletobuy asa
standalone upgrade for $19 US or with

the full DevTermkit for $238 from
clockworkpi.com (around £15.50 and
£194 respectively, ex VAT).



http://clockworkpi.com

MicroPython support for wireless is well established

tothe CYW43439 wireless chip rather than
tothe board's RP2040 microcontroller — or
any networking support. In order to access
those features, you'll need to install the latest
MicroPython UF2 file specifically compiled for
the PicoW.

Hardware, meanwhile, should be directly
compatible. Aside from the SWD header, the
pinout hasn't changed, although the on-board
LED now links to the radio chip, rather than the
RP2040. The new radiois handled over the
Serial Peripheral Interface (SPI) bus, meaning
all 26 GPIO pins are still fully accessible.

The real changes are inthe software. The
Raspberry PiPico MicroPython port has been
extended to include simple functions for
network access. Import the network library,
use the connect function to specify a wireless
network SSID and key, and you're away.

The board shares the layout of the original design,
bar the shifting of the SWD header

Signal strength from the PCB antennais
good, being easily on par with that provided
by aRaspberry PiZero W or Zero 2 W.

However, some problems have been
seen with mesh networks, andit could take
longerto connect to them thanit does with
astandardrouter.

The official documentation for the wireless
featureincludes samples for makingHTTP.
requests, hostingan HTTP server complete
with the ability to toggle the on-board
LED, and a guide to benchmarking the
device's throughput.

Those who might be expectingan 802.11n
device to easily max-out a multi-megabit
DSL connection, though, need to temper their
expectations. Intesting, the Raspberry Pi
Pico W maxed out ataround 850Kb/sec - to
be clear, however, thisis a perfectly decent
throughput for a low-power microcontroller.

Atlaunch, however, not all the board's
features are ready to go. The biggest missing

The new board is based on the same RP2040
microcontroller as its predecessor

featureis Bluetooth. While the Infineon
CYW43439 fully supports Bluetooth 5.2,
it's not currently exposedin software. Given
the original Raspberry Pi Pico’s popularity
with makers andin education, Raspberry
Pihas opted (entirely reasonably) to focus
on MicroPython support for wireless. The
supportfor C/C++is all there, and the
underlying SDK fully supports the new
networking hardware, but there isn't muchin
the way of documentation.

Software — and firmware — updates should
come thick and fast, if the original Raspberry
PiPico’s development history holds true. For
now, though, it's best to treat the new board
as being non-Bluetooth until Raspberry Pi
announces otherwise.

However, a couple of the less popular
design choices from the original Raspberry Pi
Pico haven't been addressed in this revision.
The pinout silkscreenis still on the underside,
meaningit'simpossible to read onceit's
installedin abreadboard, but to be fair, there’s
limited room for it on the top of the board
anyway. Also, the board still relies on a micro-
USB port, while the Raspberry Pi4 made
the jump to the more modern USB Type-C
connector, although that's not surprising when
you consider thatit's basically a wireless Pico,
and the original board also used micro-USB.

Despite afew minor quibbles, the
Raspberry PiPico W is an amazing device -
doubly so given thatit has launched forjust
£6 (inc VAT). Atthat price, you're guaranteed
to find adozen projects that could benefit
from being online. The Raspberry PiPico Wis
available from all Raspberry Piresellers now,
with many offering a variant with pre-soldered
headers for breadboard use.
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Linux on the Polarkire SoC Icicle Kit

hen Microchip’s ambitious PolarFire
m SoClcicle Kit first passed across our

testbench (seelssue 224), the state
of its Linux distribution was an undeniable
disappointment. The barebones set of
applications made it difficult to compile
software on-device, the tiny root partition was
already nearly full when you started, and there
was a bug that meant only half the already
limited 2GB of RAM on the board was
unavailable. It wasn't a great welcome to
the board.

While Microchip’s precompiled Linux
images are still designed for an arguably overly
spartan footprint, it's been squashing bugs
andimproving the experience nevertheless.
Forthose who want an experience closerto a
more mainstream and arguably usable Linux
environment on the board, Microchip has
released aboard support package (BSP) for
the Yocto Project.

Yoctoisn'taLinux distribution, but a way of
making a Linux distribution — one specifically
tailored for devices such as the Icicle Kit. Let's
start with the good news - the board support
packageincludes aless barren package
selectionthan the precompiledimages,
although the latter can be built too.

Expectto spend afew hours staring at this screen,
evenon afastdesktop

Bootinginto the finished
Yocto build reveals afarmore
welcoming user experience
than before, withthe
majority of the tools
you would expect
toseeona
development
platform. This goes
from text editor Vim
and version control system
Git, to compression tools gzip and
bzip2, with evenroom for utilities such as the
attractive htop system monitor.

It's all compiled and ready to run, giving you
anideal platform for on-device development.
Better still, the bugs have been fixed. The
full2GB of RAM s available to the user, and
the root partition extends across the entire
8GB eMMC storage device with no wasted
unallocated space.

Thereis, however, one little catch - you
have to build it yourself. If you're planning to
customise the build, that's no big deal; if you
just wanted a better Linux, it's alittle bitof a
slog. Microchip'sinstructions are relatively
easy to follow, with a video guideif you're a
visuallearner, but you'll need a Linux machine
with at least 120GB of free space, a decent
wodge of RAM, and patience. The build

The PolarFire SoC's limited Linux distribution
improves massively with a self-compiled replacement

process takes several hours, even on a multi-
core chip such as our testbench’'s AMD Ryzen
2700X. You'll also need to update the Hart
Software Services (HSS) on the FPGA before
the new Linuximage will boot.

Microchip recommends you write the
diskimage onto the eMMC over USB, using
bmaptool to avoid wasting time copying
empty blocks. Your effortis also rewarded
with a cross-compilation environment capable
of building 64-bit RISC-V binaries in a fraction
of the time it takes to compile them on-device.

There are also afew other build targets
available in the board support package.
There's a version whichis even more
minimalist than the stockimage, designed
torun entirely from RAM, and one that
demonstrates the asymmetric processing
mode of the PolarFire SoC - it splits the device
in half, with one core running areal-time
operating system or bare-metal application
while the other three run Linux.

While Microchip may have its reasons for
pointing users towards the smaller barebones
Linuximage, for anyone experimenting with
Linux on RISC-V, the larger Yocto BSP build
targetis definitely the way to go.

The Yocto BSP for the Icicle Kit is available
on custompc.co.uk/PolarYocto, with the
PolarFire SoC Icicle Kit sold via uk.farnell.com
for £539 (inc VAT). cre

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

A BE QUIET!
CASE AND COOLERS

If you like your PC to not make a horrendous
noise, here's an awesome chance to get some
quiet-running PC gear with RGB lighting.

The lovely people atbe quiet! are offering
some great new prizes for three Custom PC
readers, with aPure Base 500 FX case, Pure
Loop 2 FX240mm AlO liquid cooler and a Pure
Rock 2 FX high-end air cooler all up for grabs.

BE QUIET! PURE BASE 500 FX

The new Pure Base 500 FXis the RGB
upgrade of the very popular Pure Base
500DX, with a total of four Light Wings PWM
fans for high airflow and quiet operation.

* ARGBIlighting
e Multiple lighting colours and modes

® 4 xLight Wings PWM fans for high airflow
and quiet operation

® Hub enables synchronisation of six ARGB
components and PWM fans

* High-airflow intake front panel and
top cover

® Ready forup to 360mm radiators

INSIDERS' TIP

BE QUIET!
PURE ROCK 2 FX

BE QUIET! PUREROCK 2 FX

The Pure Rock 2 FX Black combines vibrant
illumination with high cooling efficiency,
and makes for an excellent CPU cooler if you
require quiet operation.

® High150W TDP coolingrating
® Light Wings 120mm PWM high-speed fan

® Airflow-optimised fan blades for high
pressure and low noise

® Four high-performance 6mm heat pipes
with HDT technology

® Asymmetrical construction avoids
blocking memory slots

As be quiet! celebrates its 20-year anniversary, allits brand-new FX products will be sold

with massive discounts of up to £30 during August and September. It's worth checking
outthe offers at participating retail partners!

BE QUIET!
PURE BASE 500 FX

BE QUIET!
PURE LOOP 2 FX

BE QUIET! PURE LOOP 2 FX

The Pure Loop 2 FX is a high-performing,
practically inaudible all-in-one CPU liquid-
cooling system with impressive illumination.
The winner gets a240mm version, butit's
availablein280mm and 360mm versions
as well.

® High cooling performance

® 2x120mm Light Wings PWM high-
speed fans offer high air pressure and
vibrantillumination

® Doubly decoupled PWM pump for quiet
operation and minimal vibration

® Nickel-coated coldplate allows optimum
use of liquid metal thermal compound

SUBMIT YOUR ENTRY AT CUSTOMPC.CO.UK/WIN

Competition closes on Friday, 9 September. Prize is offered to participants in the UK aged 13 or over, except employees of the Raspberry Pi Foundation and Raspberry PiLtd, the prize supplier, their families or friends. Winners will be notified by email no more than 30 days after the

competition closes. By entering the competition, the winner consents to any publicity generated from the competition, in print and online. If you choose to enter by subscribing to our newsletter, be assured that we don't like spam: participants’ details will remain strictly confidential and
won't be shared with third parties. Prizes are non-negotiable and no cash alternative will be offered. Winners will be contacted by email to arrange delivery. Any winners who have not responded 60 days after the initial email is sent will have their prize revoked


http://custompc.co.uk/win

MODDING / OPINION

Customised PC

Case mods, tools, technigues, water-cooling gear
and everything to do with PC modding

We shouldn'thave to modhardware
toimprove performance

here's a disturbing trend
with hardware atthe
moment. Itinvolves quite a

few items such as coolers, CPUs and
motherboards and what seems to be
an endless need to modify certain
parts of themin order to get the best
cooling performance. The most
obvious oneis delidding your CPU.

As we foundin the past with Intel's
infamous thermal paste that replaced
solder between the heatspreader and
CPU core, tweaking your CPU yielded
huge thermal benefits.

Replacingthe cheap thermal paste
with a high-performance compound
couldresultin CPU temperatures falling
dramatically, either due to the quality
of the paste, or the existence of small
gaps between the CPU die andthe
heatspreader. Thismod couldturna
hot-running CPU that no traditional
cooler couldtame, even at stock speed,
to a CPU with decent overclocking
headroom. It could even run cooler once

delidded and overclocked thanit did at
stock speedinits original configuration.

Delidding has, unfortunately, been
afeaturefornotone, but several
generations of Intel CPUs. We've
coveredthe process several times
onvarious CPUs, although Intel has
recently moved back to soldered CPUs
and mostly better thermals, assuming
all other factors are equal. However, this
month, we're looking at yet another fix
forlntel, this time relating to CPU socket
mounting pressure.

Intel's new LGAT700 socketis
elongated, andtheincreased leverage
onthe socket mechanism appears to be
applyingtoo much pressure to the CPU.
We've seen atleast one unexplained
bent CPUin our own labs, and owners
are also reporting numerous instances
of pressure or other forces bending their
heatspreaderstoo. This canresultin
higher CPU temperatures, which canbe
arealissue when Intel's 12th-gen CPUs
don'texactly run coolinthefirst place.

Youcanusea
supportbracketto
preventLGA1700
CPUs from bending

Thankfully, this situationhas been
alittle better with AMD CPUs, but
this doesn'tmean AMD has been
completely immune to outside
influences. The movetoits chiplet
design withZen2 meant that
components under the hood were laid
out very differently to Zenand Zen+
CPUs. So differently, in fact, with core
complexes and|/0 dies spread all
over the CPU substrate, that coolers
that had performed well with previous
Ryzen CPUs sometimes required you



to adjust the contact plate to get decent
performance onthe newer CPUs.

German overclocker De8auer
produced the OC bracket to fix thisissue,
and whenwe looked atitbackinlssue
203 wefounditresultedinuptoa5°C
dropinloadtemperatures. Admittedly,
this was nowhere nearas much as
delidding, but| didn't see any cooler
manufacturers taking advantage of this
situation, by offering slightly tweaked
versions of existing coolers, with an
adjusted mount to cut temperatures.

In addition, only this week a Twitter
user by the name of @Madness7771
managedto delid his Ryzen 75800X3D,
whichmost people have foundto be
particularly hot-running as a side effect
ofits 3D V-Cache. He found the load
temperature dropped by up to 10°C after
replacing the CPU's stock solder with

Thermal Grizzly Conductonaut liquid
metalpaste.

Allthis leaves mein two minds. Firstly,
I always love tinkering and optimising
my hardware. It's part of why | love PCs,

Adelidded CPU,
courtesy of a
De8auer kit

especially the cooling and overclocking
aspects of them. Youmight only gaina
few degrees here and there for afew
hours work, butit's fun and rewarding,
and can even alittle therapeutic too,
evenif youhaveto spendatenneron
fancy thermal paste or abitmore on
deliddingtools or other gadgets.

However, the other part of me feels
thatmany of theseissues shouldn'tbe
leftto consumersto fix. This is especially
true with Intel's delidding and bending-
relatedissues. The temperature drops
with the former were unacceptable, and
Intel should have spentmore onR&D to
fix theissueinthefirst place.

Intel stillhasn't admitted to the
bending problem withits 12th-gen CPUs
either, butin one of this month's guides
(see p106) you can see what you need
to doto preventit fromhappening.

Hands-on with Alphacool's slimradiators

here are dozens of radiator
T manufacturers, but only
XSPC has so far offered slim

radiators for squeezing water-cooling
hardware into confined spaces.

These slimradiators aren'tjust
useful for mini-ITX cases - they can
look neater compared with their
standard counterparts, and as they're
acentimetre or more thinner thanthe
usualsizes, there are someinstances
where they're beneficialin ATX
systems too.

However, last month Alphacool sent
me some of its new thin radiators that
have the same 20mm thickness as the
XSPCmodels.

They're wellmade and have afew
useful features as well, but what's great
is thatthe range doesn'tjust cater for
120mm and 240mm sizes, but 140mm
and 280mm radiators too. We've not
seen slimradiators for 140mm fans
before, and this will open up more
possibilities for water cooling, with
greater cooling capacities possible.

Forinstance, many cases witha
limited number of 120mm fan mounts
also support 140mmfans, so upsizing
to a140mm radiator will add cooling
capacity. Delvinginto niche areas, some
mini cases such as Ssupd's Meshlicious
canactually house two double-fan
radiatorsif the onein the side panelis
aslimmodel. Untilnow, that's been
limited to 240mm, but this is one of
several cases that could benefit from
using 280mm radiators.

Alphacool's

slim radiators

are availablein
140mm variations,
which offer much
greater surface
areas than their
120mm equivalents

Infact, the perfect mini-ITX case for
water coolingis now one that can house
two slim280mm radiators, especially
as ARCTIC now offers 140mm slimfans
- you could have oneintheroof and one
inthe base. This would offer enough
cooling capacity to keep all but the
highest-end hardware cool and quiet.

Another featurelike about the
Alphacool radiatorsis that their screw
holes pass right through the radiator,
soif you're using slimfans, you can
use standard-length fan screws and
not worry about damaging the radiator
whenthey're fully tightened.

Sadly, however, the screws that
Alphacoolincludes have very short
threads. If they were longer, they could
screw further downinto the radiator
to support slimmerfans, but the
threads are so short they only work
with standards fans. That's a shame
given thatthe company actually makes
its own slimfans too. You can see
Alphacool's new range of slimradiators
over ataquatuning.co.uk cre

Antony Leather is Custom PC's modding editor

@antonyleather
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MODDING /HOW TO GUIDES

Fita CPU
coolerduct

Antony Leather shows you how to
install a ducting systemin orderto
improve your CPU temperatures

fyou've noticed your CPU running hotter on warmdays, you
might also have wondered if shoving cool air from outside

your case directly into your CPU cooler would have the

opposite effect. Doing so would shave afew degrees or more off the
CPU temperature, thanks to cooler air flowing through your cooler's
heatsink, and the resulting larger temperature difference betweenthe
heatsink fins and air temperature.

That's notto say modern cases are flawed, as many have excellent
airflow. However, your motherboard, CPU cooler and graphics card all
dump significantamounts of heatinto your case, meaning your chassis’
internal air temperature will be noticeably higher than the airin the room.
However, you can use ducting to feed your CPU cooler with air fed
directly from outside your case, instead of from withinit. In this guide,
we'll show you how it's done.

4ininsulated ducting
amazon.co.uk

Fanscrews
ebay.co.uk

120mmor140mm4in
ducting fan adaptors
ebay.co.uk

Ducttape
Most hardware stores

/ CHECK TEMPERATURES
You can obtain CPU temperatures before you install the ducting, to
compare against the temperatures with itinstalled. Grab Prime95
from mersenne.org and run the smallfft test with AVX instructions
disabled. Then go to alcpu.com and grab CoreTemp to measure the
average core temperature after ten minutes.

/ USE INSULATED DUCTING
The preferable size of ducting for ATX casesis 4in, asit's small enough
to be flexible while not limiting airflow. It'simportant to use insulated
ducting - you don't want bare metal tubes in your case, as they canrun
therisk of short-circuiting your components. We got ours from Amazon,
which hadjubilee clips onboth ends.

/ IDENTIFY CPU FAN SIZES
You'll need to get the ducting to fit to the fans on your CPU cooler and
front case fan, soidentify their size by measuring the width of the fan
frames. Adaptors are available in both 120mm and 140mm sizes, soit's
not a problemif your case and cooler have different fan sizes.
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/ USE THE RIGHT FAN ADAPTOR
Now you can purchase the correct adaptors to connect your 120mm
or 140mm fans to the 4in ducting. These are available to buy on eBay
forunder £10, but make sure your adaptors have the correct ducting
hose diameter.

/ SECURE ADAPTOR WITH DUCT TAPE
If you're unable to use the existing fan holes to secure the adaptor, the
easiest alternativeis duct tape. Thisis available in a variety of colours,
allowing you to matchit to your cooler and ducting. Wrap it sparingly around
both components, holding the adaptor firmly in place while you doiit.

/ TEST FIT DUCTING TO ADAPTOR
Once the parts arrive, test-fit the ducting and fan adaptor, so you know
they fittogether. The ducting will probably have ajubilee clip that
securesitto the adaptor, so check this works with your setup and that
the ductingisn'tloose.

/ ROUTE DUCTING AND CUT TO SIZE
With the adaptorsinstalled, go ahead and test-fit the ductingin place so
you cancutittolength. You'll probably needto route it around your graphics
card, buttry to keepit clear of componentsiif possible, and avoid it sagging.

/ USE SCREWS TO SECURE ADAPTORS
You canuse standard fan screws to secure the adaptor to your CPU
cooler's fan, butif the fanis heldin place using its outer mounts, you might
be able to extend components such as fan clips a little further, so they
secure the adaptor and fantogether.

/ FITTO ADAPTORS
Our ducting had jubilee clips at both ends, but you can purchase large
jubilee clips from eBay or use duct tape to secure your duct at the other
end. Atfirst we only saw a 1°C difference, but running Prime95 for 15
minutes saw the difference in CPU temperaturerise to 5°C, with the
ducting providing cooler air than the airinside our toasty PC.
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Fitductingto
a low-profile
CPU cooler

You can evenfitductingin amini-
ITX system, using alow-profile CPU
cooler. Antony Leather shows you
how it's done

here oftenisn'tmuch room to add extra airflow to mini-ITX

cases, and low-profile CPU air coolers are often left to draw air

thathas beensittingin the case, which has been warmed by
exhaust air from graphics cards and the CPU cooler itself. Getting cool air
from outside the case to your low-profile CPU cooler as quickly as
possibleisimportant, and there’'s away to doit easily usingNoctua's
NA-FD1fan ductKkit.

Thiskitis designed specifically for the company’'s NH-L9 low-profile
coolers and 92mm fans, enabling you to easily direct cool air to the fan
as quickly and easily as possible. We'll show you how to install the kit,
measure theimpact on temperatures and give you the minimum and
maximum CPU clearance your case will needin order to getit to work

Ruler
Mosthardware stores
NoctuaNH-L9-
series CPU cooler
Scissors quietpc.com
Most hardware stores

NoctuaNA-FD1
fan duct kit
quietpc.com

Dry spaghettior
cocktail sticks
Most grocery stores

/ CHECK TEMPERATURES
As with any cooling modification, you need before and after
temperatures, so you can see if the changes actually made your
hardware run cooler. Run the Prime95 (mersenne.org) smallfft test
with AVX instructions disabled, and use CoreTemp (alcpu.com) to
measure the average core temperature after ten minutes.

/ USE NOCTUA DUCTING KIT
The Noctua NA-FD1ducting kitis inexpensive and reusable, thanks to
extra duct supports beingincluded, so you can create up to four ducts for
different casesif you change your setup in the future. However, it's only
compatible with Noctua's popular NH-L9 coolers.

/ USE SPAGHETTI
You can put spaghetti sticks, cocktail sticks or similar through your
case’s vents to measure the clearance between the cooler fan and
your case's side panel mark the spaghetti when it hits the cooler fan,
measure it and then subtract the width of the side panel. You canthen
create the correct height of duct using the pieces provided.
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/ MEASURE SIDE PANEL INSET
Some side panel meshes are inset, meaning you can'tjust subtract the
total panel width from your measurement down to the cooler. Instead,
use spaghettiagainasin step 3, or arulerif there's room, to work out how
much further the duct willneed torise, so it seals against theinset side
panel's mesh.

/ ATTACH DUCT SUPPORTS
The black duct supports fit over the replacement fan screw ends and
thread through the ducting. Apply one duct supportto each fan screw,
ensuring they're fully pressed onto the screws.

/ USE A RULER
Unfortunately, some cases have mesh that's too fine to even use
spaghetti, so we used aruler sat on the case edge over the cooler,
before marking the spaghetti to work out how far above the cooler
the side panel sits. You may then need to do step 4 if you have aninset
panelas well.

/ INSTALL DUCTING AND TRIM SUPPORTS
Create aduct stack using the provided pieces that matches your total
measurements from the previous steps, then place them onto the duct
supports, with the thinnest section at the bottom for stability. Use scissors
to cut each support flush with the ducting, then trim another 2mmto ensure
the top section sits flush with the side panel.

/ INSTALL REPLACEMENT FAN SCREWS
The kit comes with replacement screws, enabling you to secure the
fanand mount the duct supports at the same time. Install one of these
screws in each corner of the fan.

/ TEST THE DUCTING
After fitting the ducting, our system took several minutes longer for our
CPU toramp upits fan speed and reach a peak temperature. Without
the ducting, it hit 87°C after a ten-minute stress test, but this dropped to
amaximum of 84°C after the ducting was installed.
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Fitan LGA1/00
CPUDbending
corrector

Antony Leather shows youhow to
prevent your Alder Lake CPU from
bending under pressure, by fitting
acorrectorframe

ur reviews have already established that Intel's 12th-gen

CPUs are fantastic, offering awesome content creation and

multi-threaded performance, as well as killer gaming pace.
However, the elongated latch mechanism onthe LGA1700 socket can
putalot of pressure onto the lengthened CPU packaging, causingit to
bend, which canin turnincreasing CPU temperatures.

Thankfully, a cheap and easy fix that solves theissueis available, by
removing the latch completely. What's more, it can be installed on any
LGA1700 motherboard. Using a protection frame, the CPU is stillheld in
place as normal, but without the usual latch mechanism, removing the
pressure that's focused on the middle of the CPU. If you suspect your
CPUis running hotter thanit should theniit's worth refitting it with a
bending corrector frame.

We're using a Thermalright LGA1700-BCF Bending Corrector Frame
in our example, which you can find on ebay.co.uk and aliexpress.com,
but you can get similar devices from other manufacturers too.

Microfibre cloth
amazon.co.uk

Thermalright LGA1700-BCF
Bending Corrector Frame

TIM cleaner or ebay.co.uk

isopropyl alcohol
amazon.co.uk

/ GET TEMPERATURES
Check the temperatures before and after installing the corrector
frame. You'll need to remove your cooler, reapply thermal paste and
thenreinstall your cooler to ensure that the first testis comparable to
the second one. Run the Prime95 (mersenne.org) smallfft test with
AVX instructions disabled, using CoreTemp (alcpu.com) to record the
average core temperature after ten minutes.

/ REMOVE SOCKET LATCH MECHANISM
After you've removed your CPU cooler, and cleaned off any thermal
paste with TIM cleaner orisopropyl alcohol and alint-free cloth, remove
the four screws on the CPU socket with the supplied screwdriver. You
canthenremove the CPU latch mechanism and clear the way for the
corrector frame. Leave your CPU in place while you do this, in order to
protect the delicate pins beneathit.

/ INSTALL PROTECTION PLATE
Install the corrector plate, and then secure it using the original socket
mounting screws. Turn each screw three times, then move from corner
to corner, so pressureis applied evenly. Rerun your temperature test
and compare the results. We found an average 2°C drop. GP&
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Nvidia partnered
up with the likes of
Creative (pictured),
STB, Hercules and
Diamondto deliver
cardsbased onits
chip. Photo own
work by Tors,
Public Domain

RETRO TECH / ANALYSIS

Retro tech

NVIDIARIVATNT

Stuart Andrews (00ks back at the first graphics chip that really put
Nvidia onthe map, keeping pace with the Voodoo 2 and proving
you didn't need separate 2D and 3D cards any more

nMarch 1998, Nvidia launched a product that
n punched ahole inthe 3D graphics map. It's hard to

imagine, but at this point, Team Green was very
much a secondary player. 3dfx ruled the sector withiits
mighty Voodoo 2 - the dedicated 3D graphics card every PC
gamer wanted.

The Voodoo 2 offered a vastly higher level of performance
thantheintegrated 2D/3D chipsets of the time, including
ATI's 3D Rage Pro and Nvidia's Riva 128. There was some
hype around Nvidia's next 2D/3D chipset, codenamed NV4,
but arguably more around ATi's upcoming 3D Rage 128 and
S3'sSavage 3D. As atechjournalist at the time, I'll tell you
frankly — we weren't prepared for what NV4 would do.

Admittedly, the NV3 chip in the Riva 128 should have given
us some idea. With 3.5 million transistors, a 100MHz core
clock speed and support for Intel's new Accelerated Graphics
Port (AGP), it was one of the first 2D/3D chipsets fast enough
to slugit out with the original 3Dfx Voodoo Graphics cards.

However, dodgy drivers and odd choices whenit came to
mipmapping and texture filtering — both key to making PC
games look good — meant thatimage quality wasn't where it
should have been. It was another contender, nothing more.

This made the debut of NV4 as the Riva TNT all the more
shocking. Here was a chip that could go toe-to-toe with the
Voodoo 2. What's more, in early briefings, Nvidia claimed it
would hitthe same performance levels as two Voodoo 2
cardsinan SLI configuration.

Ontop of that, it would be able to run games at resolutions
of upto 1,600 x 1,200, where a single-card Voodoo 2 stopped
at800 x 600, while an SLI setup was limited to 1,024 x 768.
Just as crucially, Nvidia's image quality problems were over.
Some even believed the TNT's render quality was superior to
3dfx's best.

TWINTEXEL ACTION

So how did Nvidia pull this off? The secretingredientis
actually hiddenin the product name, with TNT standing for
TwiN Texel. Whererival 2D/3D chips had a single rendering
pipeline, the TNT had two, operatingin parallel to produce
one pixel per clock cycle. This effectively doubled the pixel
fill-rate — the number of pixels the card could render to the
screen every second — and did much the same to overall
performance. It was a feat that, at this pointin time, only 3dfx
had managed.
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By doubling up on the Riva 128’s technology with its Twin Texel
engine, the TNT redefined what a single 2D/3D chip could do. Photo
own work by Hyins, Wikimedia, CCBY-SA 2.5

Nvidia's timing here was nearly perfect. At this pointinthe
development of 3D graphics, game engines and APIs were
growing more sophisticated. With 1st-generation products,
such as 3dfx’'s Voodoo Graphics or Rendition’s Verite V1000,
it was enough to render fairly simply polygon scenes with
bilinear filtered textures and gouraud shading - the hallmark
of realistic 3D graphics of the time.

By 1998, however, programmers were implementing
techniques such as bump mapping and multi-texturing,
allowing new lighting, shadow and depth effects to be used
ingames.

Crucially, these same features were supported in DirectX
6 - the next version of the APl and the first to get real traction
withmost game developers - along with OpenGL, as usedin
id Software’s Quake Il and the soon-to-be-released Unreal.
With a single texture pipeline, most graphics chips had to
process these effects in two passes, slowing down frame
rates at atime when sub-30fps frame rates were the norm
formany PC gamers.In1998, every last frame counted.

The Voodoo 2 had areal advantage here, with two pipelines
through which to accelerate these new effects, while the Riva

With 8 million transistors in a 128mm? die, the Riva TNT pushed
0.35-micron technology hard. Running at 120MHz was a step too far.
Photo own work by Fritz Fritzchens, Wikimedia, CCBY-SA 1.0

One of themost
cutting-edge games
of 1998, Forsaken
used arange of new
DirectX 6 effects.
This screenshotis
takenfromthe 2018
HD remaster

128 - like all other 2D/3D graphics chips then — hadjustthe
one. As aresult, while earlier 3D titles flew on Nvidia's chip,
newer games with multi-texturing effects were a different
story. The Riva TNT was the first graphics chip produced
outside 3dfx that could handle these operationsina single
pass. What's more, it supported higher-resolution textures
and trilinear texture filtering, enhancing visual quality.

Nor had Nvidia neglected key upwards elsewhere. It had
already moved to the faster AGP 2x speed with the ZX spin of
the Riva 128, doubling bandwidth over the bus from 266MB/
secto 533MB/sec. What's more, it had shifted from the EDO
DRAM of previous graphics cards — the same EDO still being
usedinthe Voodoo 2 - to much faster SDRAM. Plus, where
the Riva 128 had been limited to 4MB and the Riva 128ZX
to 8MB, the Riva TNT had a glorious 16MB, clocked up from
100MHz to 11OMHz.

The TNT also supported 32-bit colour at a point where
many graphics chips were limited to 16-bit. This wasn'ta
big deal, given that most game engines couldn’'t handle any
more than 64,000 on-screen colours, butit gave the TNTin
adegree of futureproofing as more advanced titles came out.

PROOF OF PERFORMANCE

When Nvidia announced the Riva TNT atthe WINHEC
conferencein March 1998, it pushed out some pretty big
numbers. Cards would be capable of a250 megatexels

per secondfillrate, and an 8 million triangle per second
polygon throughput, at atime when most2D/3D chips were
struggling to reach 100 megatexels per second and 2 million
triangles. Nvidia claimed that early performance tests showed
results that competed directly with two VVoodoo 2 cards in SLI.

Sadly, this didn't translate to the finished product, as
Nvidia's new chip struggled with overheating. The Riva TNT
was designed to run at 125MHz, butit was a massive chip with
8 million transistors, pushing the limits of the 0.35-micron
technology of the time.

At 125MHz, the chip rantoo hot to be reliable, particularly
when most graphics cards relied on passive cooling. As a
result, Nvidia clocked the final Riva TNT down to 90MHz,
with a corresponding loss of performance. The single chip
built to thrash the Voodoo 2 was now ‘only’ on a par.




The 3dfx Voodoo
2dominated3D
graphics likeno
other card before
or since. Before

the TNT,no2D/3D
card couldrivalit.
Photo own work by
Stonda, Wikimedia,
CCBY-SA25

The Vantawas the
firstinalongline of
cut-down Nvidia
graphics chips. You
might have found
this oneina Compaq
desktop PC. Photo
ownwork by
Raimond Spekking,
Wikimedia, CC
BY-SA2.5

Did this matter? Alittle, but not much.In 1998, a Voodoo 2
was still expensive, and you needed a separate 2D graphics
cardto handle every job outside 3D games. Whereas the
Voodoo 2 onits own would set you back around £200, you
couldfind aRiva TNT cardfor slightly less money, andit was
the only graphics card you needed. What's more, the early
benchmarks told their own tale.

The Riva TNT was also one of
the first graphics processors
that rewarded overclocking

In Forsaken, one of the era’s big Direct X showcase games,
Nvidia's card was significantly faster than any of its 2D/3D
rivals, and ahead of the Voodoo 2 at both 640 x 480 and
800 x 600.Itwas a close match for the Voodoo 2 in Turok:
Dinosaur Hunter, it could beatitin Quake 2 at 800 x 600, and
it wasn't far behindin 640 x 480. We putit to the testin the
lab and came away amazed; where even the most advanced
2D/3D chips slowed down and stuttered, this thing flew.

Game developers were equally impressed. Nvidia put out
apress release around the ECTS game show in September,
where superstar developer David Perry raved about the Riva
TNT. With this card, his new game Messiah could run at 1,920
x 1,080 and still look good. Paul Finnegan of Rage Games, the
team behind hot new title Incoming, said the Riva TNT had the
DirectX 6 key features needed to deliver ‘a visual experience
secondtonone’.

However, there were still two caveats to the Riva TNT's
performance - 3dfx stillhad the edge on many games that
usedits own proprietary Glide API, while its cleverly optimised
MiniGL drivers sometimes gave it the edge in games based
on OpenGL. As thisincluded any game running on the Quake
engine, and many of the era's biggest blockbusters, this
remained athorninthe side of the Team Green challenger.

More seriously, Riva TNT was still dependent on the CPU
to handle theinitial triangle setup, whereas the Voodoo
2 handledthat on-board. As aresult, the Riva TNT was a
monster on the fastest Pentium MMX and Pentium Il systems
of the day and pretty good on AMD's K6. Give it the older
AMD K35, afloating-point challenged Cyrix 686 or lower-end
Celeron, however, and the CPU just couldn'tkeep pace.On
those machines, you were better off sticking with a Voodoo 2.

THETNTLEGACY

The launch of the Riva TNT had bigimplications for the future
of the graphics cardindustry. It put paid to the idea that you
needed a dedicated 3D card, and pushed both 3dfx and
Videologic's PowerVR team to focus on their own 2D/3D
processors. Eventhen, Nvidia opened up a technology lead,
withits successor TNT2 chip outperforming 3dfx’s Voodoo 3.

The TNT's success also made it harder for existing graphics
specialists to compete in an aggressive market. Rendition
and S3 would soon abandon their own 2D/3D efforts, while
Matrox largely retreated from the gaming market to focus on
high-resolution, high-colour chips for professional graphics
and design. Only 3dfx and ATiwould remainin the battle, the
former eventually purchased by Nvidia, the latter by AMD.

The Riva TNT was also one of the first graphics processors
that rewarded overclocking, as enthusiasts and some card
manufacturers realised that a chip designed to run at 125Hz
could still be pushed to 100MHz or over, particularly with
some help from active cooling. The manufacturers released
utilities with which you could push the core clocks and
memory clocks upwards, and soon gamers were enjoying
the free speed boost.

Most of all, the Riva TNT and its successor put Nvidia on the
pathittreads today: aleaderin graphics, Al accelerators and
even system-on-chips in certain markets. It would have other
revolutionary products, such as the GeForce 256 and the first
RTX chips - but the TNT was where it all kicked off. ere

TAKING ADVANTAGE

Nvidia set a new standard for the graphics card industry by
releasing abudget version of the TNT, dubbed Vanta. This was
effectively the same chip running at a lower clock speed, with
a64-bit memory interface and half the amount of RAM as a
standard TNT.

Designed to bring Nvidia's graphics tech to business desktops,
italso foundits way into budget gaming systems, leading to
some disappointment when it didn’t deliver the same levels of
performance. Today, of course, using GPUs that don't make the
grade at theirintended specin alower-end productis standard
practice, and this wasn't to be the last time that Nvidia released
cut-down chips to expandinto a cost-conscious market.
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Sponge

SquarePar

Armed with aload of EVA foam and
plenty of yellow paint, Dewayne

Carel built this SpongeBob
SquarePants PC case mod

GPG: Wholivesin a pineapple

under thesea?

Dewayne: SpongeBob

SquarePants PC!

GPG: How did this SpongeBob

project come about?

Dewayne: It was EVGA that wanted
this project —the company wanted to
dosomething special
forone of its partners,
Arabian Prince from
the rap group NWA,
whoby the wayis
ahuge SpongeBob
fan.He even showed
up tothe unveiling
ofthe case mod-not
knowing what it was
about or that it was for
him-in SpongeBob
shoes, pants and shirt.
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GPG: How did you plan
and design thisbuild?
Dewayne: Ilooked
attonnesofimages
ontheInternet of
SpongeBob, and it
became apparent
thatthe EVGADG-77
caseI'dbeen given

and SpongeBob were
basically the same
shape.Some would

@

say,'Now that is good luck!’ Maybe,
butIknewIhadtocreateacase mod
where people’s reactions wouldn’t
be:‘Allyouhad todowas painta case
yellow’—yes, you know who you are.
Ineededtogotothenextlevelto
create a PC that didn’tlook like it was
aweekend project.

Once again,ITheaded offto
theInternetin search of some
inspirationalimages of SpongeBob.I
was, of course, able to find an endless
supply of images. This was great to
getthe colours and detailsneeded
—close-ups of his eyes, mouth, nose,
shoes,and yes, his pants.

However,inmost of theimages,
hewas either standing or running,
and I knew this wouldn’t work—how
wouldIbalance a fullyloaded PCon
toothpick legs without some sort of
support? Then it hit me—he could be
sitting down with hislegs sticking
straight out. With that visionin
my mind,Iquickly worked out the
design with pencil and paper, which
ismy normal way of visualising my
ideas.This plan was perfect—his
feet would extend outand hisarms
would be to his side with hishands
flat, making itlook like he was sitting
and holding himself up.

The face of SpongeBob was the
make-or-break feature of the whole
build. If it didn’tlook like him then
Imightaswell just scrap the whole
casemod and save myself fromthe
modding community’s comments.
Ispent many hours on the design
—working out how big tomake his
eyes, for example,as well as the size
ofhis mouth and how it curves—his
smileis amainrecognisable feature,
and the bottom and top of hismouth
protrudes out to formlips.Thad to
gethisnoseright too.

GPEG: Youneeded toship this PC
toyour customer after you'd
finished it. How did this affect
thebuild process?
Dewayne: The SpongeBob mod
hadtobe able tobe shipped, which
meantithadtofitintosomesortof
boxor case. That wasn’t going tobe
easy with twolegs and large shoes
sticking out from his body by around
12in, his arms on each side and, most
importantly,his nose, which was
goingtobe atleast 3.5-4inlongand
rightinthe middle of one side of the
case mod.

Youneeded tobe able toreattach
these partstothe casein theright
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spots, they needed tobe secure and,
mostimportantly,they had tostill
look like part of the overall design.
Looking around my modding shop,
Ispotted some 0.25in-diameter
magnets, whichI'd used before.I
thoughtIcould embed the small
magnets intothe EVA foamI'd used
onthe case (more onthatlater), and
then glue a small/thin piece of metal
totheflat parts of thelegs,arms
and nose, which would match upto
where the magnets were placed.

GPEG: How did you make that case
look like SpongeBob’s head?
Dewayne: Iwanted tomake sure
that SpongeBob looked like he'd
walked out of the show and then sat
downonadesk.Ithadtolookreal,
withrecessed holes and notches, as
well as sponge-like feel. Ineeded to
createthat spongelook and effect,
butthe machine alsohad tobe
able towithstand being shipped,
moved around, and taken apart for
maintenance and future upgrades.
Before this case mod,IThad been
watching people making Cosplay
props and outfits,and thought it
would be something funtodo,as
Ienjoy creating stuff. That's when
ithitmethatIcould usethe same
EVA foam they used for this project.
Thisfoamisrugged and dense,and
it'salso easyto carve and shapeinto
any shape youwant. After some
measurements and brainstorming,
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¢ CPUlIntel Corei7-9700K

GPUEVGA GeForce RTX

i 2080TiXCUltra

| CaseEVGADG-77

Storage Intel Optane SSD 9

: Memory 16GB Viper
3200MHzDDR4

Motherboard EVGA Z390 FTW
! PSU 800WEVGA

Cooling EVGA280mm

{ AlO liquid cooler

Iordered some different thickness
and sizes of EVAfoam.

Thelarger pieces of EVA foam were
forthe actual body of SpongeBob
—they’re gluedtotheall the side
panelsand the front of the case.

The EVA foam was o.5in thick,
andIfiguredIcould doubleupthe
foam to give me the two different
levels of depththatIneeded forthe
transition from SpongeBob’s body to
his pants,and thatIcould carve holes
and sculpt the edgesto create the
sponge effects.

After getting all the foam attached
tothe case with some heavy-duty
spray glue,Imade sure that it looked
fairly seamless, sothat itlooked
like one huge piece of foam.Ithen
had towork on the design of his
eyes,nose, mouth,arms,hands,
legs and shoes to make sure that
they were in proportion to his
body. Using a pencil, paperand a
grease pencilIdrew directly onto
the EVA foam. After many revisions
and adjustments,Ifound alook
thatIliked.

The side panels for this case were
held on by thumbscrews that went
through the panels themselves.I
didn’t want any screws tobe visible,
astheywould ruin thelook,sol
made sure the carved holesinthe

| wanted it to look like he'd
walked out of the show and
then sat down on a desk

m



‘sponge’would be located where the
screws went through the panels.
Icarved out the holes in different
shapestomake sure theylooked like
randomholes in the sponge.

To cover the screws,Icut some
thin sheet metal into the shapes of
theholes around the screws.Ithen
glued EVA foam over them, and left
asmalltabthat could be used to pull
off the concealment covers.Ithen
embedded some small magnets into
the thick foam and the removable
concealment covers for the screws.

GPG: How did you go about making
the arms,legs and shoes?
Dewayne: SpongeBob wears some
pretty big, old-style shoes with a
very distinctive look. There’s a huge,
rounded end at the front of the shoe,
and a very small, narrow part for his
legs.Howinthe heck wasIgoingto
make these without them weighing
toomuch?

Isearched onthe Internet and
found a yoga block that wasmade
from, you guessed it, EVA foam -
whenIcutitinhalf,it wasthe perfect
size for carving out two shoes. It took
acouple of hours for the first shoe to
come tolife from the block foam, but
itlooked great,soThammered out
the second one inless time.
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IntheimagesI'd seenonline, it
appeared that SpongeBob’s arms
andlegs were the same diameter.
Afteraquickrummage through
someleftover modding supplies, I
found a section of 0.75in PVC pipe,
which was exactly the correct
diameter to bein proportiontothe
overalldesign.Ifigured out the
lengthsIneeded forthelegsand
arms and continued with the build.

Tofinish offhislegs,Ineeded to
make the ‘pants’part that would
come off hisbody and attach to his
PVCpipelegs.

Icut some strips of EVA foam,
rolled them, glued them and put
anend piece onboth sides—oneto
attach tothe case viathe magnet
setup,and one for hislegtogo
through.Ithenmadeaholeinthe
top of one of the shoes, inserted the
leg piece and SpongeBob now had at
least one completed leg.

Switching overtothe arms,I
figured Iwould use the sameideas
and materials asthelegs. However,I
didn’t want totryto carvethehands
out of EVA blocks.

IfirstthoughtIcould create them
out of clay, butIsoon tossed out that
idea,asitwould berather heavy and
easy tobreak.Iwanted a material
that would give me the same

texture andlook as the rest of the
SpongeBob’s body.

Ichecked to seeif there wasa‘clay-
like’ material like EVA foam,and
there was!Tknew this foam would
need some sort of support insideit,
soldesigned and 3D-printed a bone-
like skeleton around whichIcould
mouldtheclay.

GPG: How did you create thelittle
details, such as SpongeBob’s eyes
andnose?

Dewayne: For SpongeBob’s face,I
attached some long skinny strips
of EVA foam tomake theraised
portions of his mouth, and then
used some of the clay foam tofill
intherest of the shape.

Ithen proceeded to sand down
and shapeittothefinallook.
Meanwhile, his eyeshad tobe
large, slightly rounded and smooth.
IknowIcouldn’t get theright
look with the foam,soIdesigned
themin SketchUp and 3D-printed
them.Ithen applied a thinlayer of
Bondoonthemandsandedittoa
smooth finish.

Thenthere’s the nose, which you
might think was easy—it's kind of
round and afew incheslong. But
again, it's a very distinctive feature
thathad to beright to make his face



look perfect.I probably spent as
much time getting the nose tolook
rightasIspent carving out both
shoes.OnceIgotthe appearancel
wanted, it was time tosee if a single
magnet would hold the nose in place
without it falling off.I placed one
magnetintothe foam onthecase
and attached a small piece of sheet
metal tothe flat part of the base of
the nose —it worked perfectly.

GPG: What paints did you use to get
those striking colours?

Dewayne: A huge mountainto
climbwas getting the right colour
of yellow.If the yellow was toolight,
SpongeBob would look washed out
and pale.If it was too dark, he would
look like he wasliving in a cave
instead of a pineapple.

Iwent toa couple of mylocal
hardware stores and, like a miracle, I
found a yellow colour thatIthought
would be perfect,soIbought one
can. After doing a few test sprays,I
determined that it was the perfect
colour of yellow for SpongeBob, sol
went back tothe hardware storefora
fewmore cans.

With theright shade of yellow in
hand,Ipainted the entire caseinside
and out with the yellow paint. This
was done so that any exposed parts
of the case weren't covered with
the foamwould match,and giveita
seamlesslook. SpongeBob’s clothes
were just basicred, white, brown and
black colours, thank goodness.

GPG: How does the airflow system
work with all that solid material
surrounding the case?

Dewayne: That was the same
questionIasked myself throughout
the build process.I knew that
adding about aninch offoamtothe
outside of the case would defeat the
conduction process that normally
happenswith acase.

Ifirstmade sure that any of the
original airflow design was kept
intactas muchas possible and
worked around it.

Anyhidden areas with airintakes,
suchasthebottom ofthe caseand
bottom of the front bezel, got special
treatment-IU enlarged existing
holes and added more holes in order
toincrease the airflow.

Iwas quite pleased withmy
stress testing, as it showed the
temperatures were only afew
degrees above those of a stock setup.

GPG: How long did it take you

to complete thisbuild, from start
tofinish?

Dewayne: The actual build time
was around 8o hours ormore,
butthetime dedicated tothe
design,learning how to work with
unfamiliar materials and soon
went way pasti2o hours.

GPEG: Are you completely happy
with the end result, or do you wish
you'd done some of it differently in
retrospect?

Dewayne: Iwill admit thatIwas
surprised that it came out as well
asitdid! Allthroughthe build,I

was hoping that it would all come
togetherand notlook terrible. The
end result really impressed me when
Iwasdone.
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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
can choose a version for Intel or AMD CPU sockets.

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

GET YOURPC

James Gorbold makes the case for making
PCs cooler and more power-efficient

o, you've finally managed to get hold of the GPU of
. your dreams, and no doubt stocked up on a tonne
of new games in the recent Steam and GOG sales,
but now it’s time for the next challenge — summer.
WhenIfirst gotinto PCs decades ago, British summers were
a bit of a joke — you did get a few warm days here and there,
but by and large, the climate didn’t have any impact on your
PC use apart from your parents pleading with you to spend
more time outside. Not only was the weather cooler, but PCs
also didn’t require enormous cooling systems. However, with
ambient temperatures now going over 30°C on aregular basis
in the UK, it’s starting to become an issue.
A big part of the problem is that gaming PCs
emit a lot of heat, with modern CPUs and in
particular GPUs, dissipating hundreds of watts

There have been

too.The situation is further exacerbated by so much of British
housing stock being badly insulated, not just for cold weather
but hot weather too.

Air conditioning your PCroom isn't going to be practical for
most gamers on cost grounds, so what can PC enthusiasts do
to alleviate the problem? The biggest impact you can make
is voting with your wallet, choosing components or systems
that are less power-hungry, or at the very least cool-running
and power-efficient.

A good example is one of my pet hatreds —hard drives. While
I still have fond memories of my very first 10MB hard drive,
these daysIcan't stand theirlaggy performance, rattling and
excessive heat. One of the best things you can
dois buy an SSD instead, and if you do need the
larger capacities that hard drives offer, put them

into the air. This situation is only gettingworse ~ sSome days wherel've  asfaraway from you as possible in a NAS box.

with each generation, despite valiant efforts
from PSU manufacturers to produce more
efficient designs.

Afew extra per cent efficiency is helpful, but it barely makes
a dent when current GPUs consume 100W more than their
predecessors. And, if rumour is to be believed, Nvidia's next-
gen Lovelace gaming GPUs will be even more power-hungry.
Certainly, the company’s next-gen Hopper datacentre GPUs
are power guzzlers, with a TDP of 700W, a 75 per cent increase
over the equivalent Ampere GPU.

There have been some days where I've had to stop gaming,
thanks to my PC getting obnoxiously noisy, or it raising the
ambient room temperature too high. I know I'm not alone
either, having experienced multiple gaming sessions end
early because the other players and their PCs were suffering

hadto stop gaming

Keeping your PC clean can also really help.
Whether your PC is air or water-cooled, if the
heatsinks, fans and radiators are covered in dust,
they can’t work at their full potential. Older PCs are often
really bad in this respect, doing sucking far too much dust
into your case’s delicate interior. Modern cases are far better
in this regard, as many include easily removable dust filters
that can be washed under a tap or hoovered.

Then of course there is undervolting. Even typing the
word still feels weird as an ex-reformed overclocker, but
there’s something to be said for dialling down the voltage
of components in order to reduce their energy consumption
and heat output. There isn't room in this column to get into
specifics, but it’s well worth looking into it, particularly when
the next generation of energy-guzzling GPUs is released. epe

James Gorbold has been building, tweaking and overclocking PCs ever since the 1980s. He now helps Scan Computers to develop new systems.



-.)'. EMAerR
‘ #MONITORS GAMERS
,'bellvama

AMDZ1

FreeSync

Premium

lIYZmE
=

,\1/
v !

A
N

Get the competitive edge you need to unleash your full gaming potential with the 24" and 27** G-Masters

offering 0.8ms MPRT and 165Hz refresh rate. Armed with FreeSync Premium you can make split second

decisions and forget about ghosting effects or smearing issues. The ability to adjust brightness and the

dark shades with the Black Tuner delivers greater viewing performance in shadowed areas and the IPS
panel technology guarantees superb image quality.

FAST BLACK HDMI nmen
1651 | 7Pg | | oms | | 7omes | [Gupeer | |58

Fixed stand versions:
24" G2470HSU-B1 & 27°* G2770HSU-B1

Version with height adjustment:
24" GB2470HSU-B1 & 27" GB2770HSU-B1

Find your match at
gmaster.ilyama.com



https://gmaster.iiyama.com/gl_en/
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