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/ FROM THE EDITOR

Sockettome

MD hasn’t been left cowering by Intel’s Alder Lake

assault, and it’s continuing to return competitive fire.

Asyou can see fromthis month’s Labs test (see p50), the
CPU market is really complex at the moment. Intel is going all out
on performance and pricing, while AMD is bolstering its aging
Zen 3 microarchitecture with new tech, such as 3D V-Cache.

AMD has also added another interesting weapon to its
arsenal,and it’s one where Intel simply doesn’t have an answer
—backwards compatibility. For a lot of people, it doesn’t matter if
your latest CPU is awesomely fast inisolation, if it then also needs
anew motherboard then it’s a bigger investment. AMD knows
this,and the longevity of its AM4 socket gives it an advantage.

Socket AM4 was first launched way back in 2017,a good five
years ago,but AMD’s recent move to open up 300-series chipsets
tothelatest CPUs means you could put a brand-new Ryzen 7
5800X3D CPU in amotherboard that you bought back then. It
will involve removing support for a whole load of older CPUs,
of course, as the old BIOS chips simply don’t have room for that
much information, but it’s an olive branch for people using older
systems. Youmight not get access to new tech such as PCI-E 4, but
you'll get a fast CPU,and many aging motherboards also already
support new features such as Resizable BAR.

Compare this with Intel, which introduced its 8th-gen Coffee
Lake CPUs with the LGA1151 socket in the same year. Since then,
LGA151 has been dropped in favour of LGA1200, which has now
beenreplaced by LGA1700.Forget opening up room in the BIOS -
the new CPUs simply won't even go in the old sockets.

Thisisn’t just about cynically building obsolescence into your
products—there are benefits to Intel’s new sockets from the extra
pins, evenifit's sometimes just grounding. However, Intel really
needs tolook at the longevity of its sockets, and think about
adding those extra pins for future CPUs before they’re needed.

If AMD can make one socket last through three different
microarchitectures, and five years of CPUlaunches, then so can

Intel. If you make your platform as flexible as possible, then more
people are going to sign up toit and continue to buy intoit as
time goes on.
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RICHARD SWINBURNE / VIEW FROM TAIWAN

DO WE NEED A 240W LAPTOP?

Richard Swinburne takes a sceptical look at Asus' latest top-end
gaming laptop, which packs a 16-core CPU and RTX 3080 Ti GPU

ntel recently launched its new Core-ig 12900HX and
. 12950HX mobile CPUs —16-core, 24-thread beasts

with peak clock speeds of 5GHz and 5.2GHz
respectively. It’s not the first time we’ve seen 16-core chips
shoehorned into laptops, as both the AMD Ryzen 9 3950X
and 5950X found their way into a couple of desktop-
replacement designs, but these Intel models are official
mobile CPUs for laptops.

I say laptops, but we're talking occasionally portable
machines at best here. There’s no way one of these machines
is going to sit on your thighs without you repurposing several
pairs of oven gloves into shorts first.

The Asus ROG Strix Scar 17 Special Edition
crams both a Core i9-12950HX and an Nvidia
GeForce RTX 3080 Ti GPU into a reasonably

A gigantic vapour

Rounding off the uncompromising excess, the Scar 17 SE also
packs up to 4TB of M.2 storage in RAID o configuration, up to
64GB of DDR5 memory and an extremely fast 360Hz display
if you only need a 1,920 x 1,080 resolution, or ‘just’ 240Hz if
you want a roomier 2,560 X 1,440 resolution.

But how many people are going to be really interested
in such a machine and, what’s more, who is the competitor
here? It seems Intel is pushing this new chip because,
finally, AMD Ryzen 6000 laptops are starting to appear on
the market. Launched at CES in January six months ago, we
had only seen a smattering of laptops from just two brands
- Asus and Lenovo. Since late May, suddenly several more
laptops, and even a handled Steam Deck
clone, suddenly started appearing with them.

Asus’new ROG Flow X16 features a Ryzen 9

slim slab for your desk. Asus claims its design chamber covers half 6900HS too, and at just over half the price of

can handle up to a sustained 240W of power
—65W from the CPU and 175W from the GPU.
That's 25W more legroom for the RTX 3080 Ti
over the previous Scar 17 launched just a few months ago.

The fact that all this top-end gear is packed into a machine
measuring 2.83cm thick is impressive. Asus has managed
this by using a gigantic vapour chamber that covers half the
motherboard, plus a special Conductonaut Extreme thermal
compound co-developed with Thermal Grizzly.

However, that heat still needs to get out of the machine, and
Asus uses just two fans to push out the heat via four vents. It
claims the fans produce under 40dB in its Performance Mode,
but doesn’t reveal how hot the surface temperature becomes
during extended use. This sounds like a marketing opportunity
for desk-sized, water-cooled mouse mats.

the motherboard

the Scar 17 SE, it seems a much better option.
Its 16.1in QHD display may ‘only’ be 165Hz, but
its mini-LED display provides proper HDR with
512 dimming zones and 1,100 nits of maximum brightness.
The 16:10 aspect ratio also gives a touch more useful vertical
height, and its 360-degree hinge design folds back on itself like
atablet, or it can sit tented, keeping the keyboard out the way,
so you can use your own mechanical keyboard and mouse.
The Flow X16 can come with up to an Nvidia RTX 3070 Ti
GPU and 2TB of M.2 storage, which is plenty. Importantly, it's
thinner, lighter and cooler-running, although Asus does use
three fans to cool the (and I'm not making this up) ‘Frost Force
Technology with Pulsar Heatsink’ You'll probably get a few
hours of use away from a plug socket from this machine too,
unlike the Scar 17 SE. More power isn’t always better. 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

FIFA FO FUM

Tracy King looks at the current row between FIFA and EA
for official video game rights to the beautiful game

IFA and EA are no longer playing on the same team,
. although it’s impossible at this stage to tell which

of them has taken the ball and gone home. FIFA
wanted a billion pounds over four years, a bigger cut of a
franchise worth 20 times that, and now the fans at the
intersection of football and video games are torn. Should we
remain loyal to EA and the game we’ve known and loved for
20 years? Or is FIFA's stamp of officialdom —and all the perks
that might include - ultimately a dealbreaker?

In an official statement, FIFA said it ‘is currently engaging
withleading game publishers, media companies and investors
inregard tothe development of a major new FIFA
simulation football game title for 2024’ which is
laughably ambitious. Starting from scratch would

The biggest selling

Cup every two years instead of four, a worldwide fan survey
showed that over 60 per cent of fans would support the idea.

Of course, that survey was done by FIFA and had the slightly
dodgy caveat ‘provided that player workload does not increase’.
However, continued fan support for the World Cup in Qatar,
despite multiple accusations of humanrights abuses, modern
slavery and corruption, does also lend some weight to the
FIFA side. But there isn’t an alternative World Cup to support
instead, so that point is moot.

Whatisn't moot, though, is whether that real-life loyalty has
a significant impact on video game loyalty. A 2004 study in
the Journal of Interactive Advertising showed that
gamers are keen on in-game billboard adverts if
they add torealism, which in this case would mean

require more than two years, unless FIFA partners po int Of EA's Offe rin g real brands and ideally copies of real in-stadium

with, say, Konami or 2K.

Last year, Pro Evolution Soccer — EA's biggest
competitor — rebranded as eSoccer and lost a
lot of fans, with its janky gameplay earning it a kicking on
Steam. A great way to regain some trust and bring in loads
of new players (and investor cash) on the back of a failing
reputation would be to partner with FIFA. Alternatively, 2K
isriding high in the sports franchise wars with the NBA, and
could plausibly rework its resources to turn round a football
game in two years.

Without investing in and rebranding an existing game, FIFA
riskslaunching a duff, and then it won't matter what name is
on the front. But what does the data say? Football fans might
stay loyal in the face of criticism. For example, while the
International Olympic Committee and other major sporting
bodies widely condemned FIFA's plans for a men’s World

isreal players

billboards. Another study by the same researcher
suggests that sports gamers in particular feel
positively about in-game ads. Authenticity matters
in football. Teams, grounds and players are huge brands.

The biggest selling point of EA's offering is real players, real
kits andreal clubs. EA has a contract with FIFPRO, extended at
the sametime that the EA SPORTS FC trademark was registered
back in October 2021. A sort of a union for footballers, the
association negotiates image and mediarights for players,and
has committed to EA for the foreseeable future, which includes
alicence for the major leagues, including the Premier League.

And that’s where EA currently has the advantage, but for
how long? Big players including Zlatan Ibrahimovic have
recently criticised EA and FIFPRO, and a controversy is brewing.
If there’s a mutiny over image rights then FIFA will sweep in
and it will be game over for EA. epe

Gamer and science enthusiast Tracy King dissects the evidence and statistics behind popular media stories surrounding tech and gaming @tkingdot
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AMD UNVEILS ZEN 4 GOODIES

AMD has revealed a few more snippets of
information aboutits forthcomingZen 4
platform. The company says that the chiplets
forits forthcoming Ryzen 7000-series
desktop CPUs are still on schedule to be
manufactured ona 5nm process node, and
will also feature anew /0 die manufactured
ona6nmprocess.

AMD says the latter will feature integrated
RDNA2 graphics, as wellasaPCI-E5
controller and DDR5 memory controller. The
latter willbring AMD's CPUs inline with the
I/0 standards of Intel's 12th-gen CPUs, while
the former will potentially give AMD CPUs an
advantage over Intel equivalents for people
usingintegrated graphics. The platform will

offer24 PCI-E 5 lanes and up to 14 high-speed

20Gbps USB ports.

AMD states that the CPUs canhave
maximum boost speeds in excess of 5GHz,
MB of L2 cache per core (double the 512KB
inZen 3 CPUs) and a15 per cent upliftin
single-threaded performance. AMD has
alsolifted the lid onits motherboard chipset
line-up, which will feature the new AM5
socket with 1,718 LGA pins. Atthe top of the
lineis the X670 Extreme chipset, which
AMD says offers PCI-E 5 everywhere, as

well as ‘extreme overclocking' capabilities.
Meanwhile, the standard X670 chipset offers
‘enthusiast overclocking’ capabilities, and has
supportfor PCI-E 5 storage and graphics. At
the bottom of the pile is the B650 chipset,
which supports PCI-E 5 storage.

Regarding the latter, AMD says that several
manufacturers are already liningup to
make PCI-E 5 SSDs based on Phison's new
controller,including Seagate, Micron, Crucial,
Corsairand Sabrent.

Accordingto AMD, these SSDs are projected
toimprove the sequentialread speed by up to
60 per cent compared with PCI-E 4 drives. The
new CPUs and chipsets are due to be officially
launchedin autumn this year.

ASUS ANNOUNCES ZEN 5BOARD

Following onfrom AMD's Zen 5 reveal, Asus has announced
atop-end motherboard based on the forthcoming X670
Extreme chipset. The ROG Crosshair X670E Extreme will

offertwo 16x PCI-E 5 slots, along with five M.2 slots, four of
which support 4x PCI-E 5 mode. Other top-end features
include both 2.5Gbps and 10Gbps networking, an ESS
ES9218PQ Quad DAC for the audio system and a very fancy
‘AniMe Matrix’ display, made up of anarray of LEDs that
Asus says can ‘show off custom retro-style animations'.

CORSAIRSHOWS
OFFITSFIRST
GAMINGLAPTOP

Corsair has revealed thatit's branching
outinto the laptop market, withanew
portable machine that's aimed at
streamers. The Voyager al600is based
onall-AMD coressilicon, includinga
Radeon RX6800M GPU and a choice
of two 8-core CPUs - the Ryzen7
6800HS andRyzen 9 6900HS.

The laptop also comes with either
1TB or 2TB of PCI-E 4 storage, 32GB
or 64GB of DDR5 memory, Cherry
MX Ultra-Low Profile mechanical
key switches and arow of ten Elgato
Stream Deck keys at the edge below
the screen. Meanwhile, that screenhas
aresolution of 2,560 x 1,600, giving it
a16:10 aspectratio, and a super-fast
240Hzrefreshrate.

Corsair has also kitted out the
keyboard with Capellix LEDs on aper-
key basis, and there are plenty of other
streaming features too, including a
directional array of four microphones
with ambient noise cancellation,anda
1080p webcam. Prices startat $2,700
(around £2,579inc VAT) forthe Ryzen 7
6800HS model with 32MB of RAM and
1TB of storage.
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Water really works

TheIssue 225 editorial, called
Water works, says that the thermal
benefits of water cooling have no
importance. An editor trying to
be...what? 'mhoping that you
getafewletters commenting on
this. My own system, whichIuse
forhome computing plusa DVD
jukebox,is aRyzen g 39ooXinan
Asus X470 Crosshair motherboard
withtwo 28omm radiators,
without overclocking.

My typical CPU temperatures
are between 30-65°C—usually on
thelow side, but with occasional
peaksto71°C.Iwould prefer the
temperatures tobe lower, butit’s still
better than whenIuseda good air
cooler, from the Titan Fenrirto the
Corsair Asoo.I'mhoping thata 65W
CPUwill soon perform almost as
well asa3900X,as that will be easier
to get running really cool.
ANNEVE JANEBARKER

Ben: Don't getme wrong - | love water
coolingand, to be pernickety, | said the
thermal benefits aren't thatimportant

Our water-cooled
PCkeeps our CPU
super-cool, while
alsopresentingafun
building challenge
andrewarding you
withanawesome-
looking PC

When's the nextissue out?

07

Issue 228

Onsale on Thursday, 7 July

now, not that they have noimportance
-I'mnotdeliberately trying to be one
of those columnists who pushes
people’s buttons forareaction,and I'm
sorryif that's how | came across. To

be clear, water-cooling your system
canbe agreatway to not only reduce
temperatures, but also fan noise (the
latteris one reason why | water-cool
my hardware).

However, it can also be a struggle to
justify these benefits to the average PC
gamer whenthe cost of buyingall the
gearforacustomloopis so enormously
higher thanthe cost of adecent air
cooler or AlO cooler, and the benefits
interms of tangible performance and
throttling are minimal. Your 12-core CPU
is obviously going to challenge an air
cooler, butadecent AlO cooler would
do the job without your CPU throttling,
evenif the temperatures weren't as low.

My pointwas thatthere’s alot more
to water cooling than thermals, such as
the fun of building and planning a loop,
the challenge of cutting and bending
hard tubing, and the reward of having
asystemthatlooks amazing atthe
endof it.

Mini coolers
I'malong-term subscriber now
livinginthe USA and reading
digitally,and Istill routinely read the
magazine cover to cover,sokeep up
the excellent work!

Quick question-Ilove the Lian
Li W58 and will hopefully pick one

We use aNoctua LH-L9ito cool our CPU for
mini-ITX casetests

upforanew systemusinga Core
i5-12600K (I'lrun it at stock speed
—ITagree withrecent comments by
James Gorbold on overclocking not
being worth it these days, sadly).
Ijust wondered what CPU air
cooler you used in the mini-ITX
case Labs—the casehasa 67mm
CPU cooler heightlimit,and the
Noctua NH-L12S unfortunately is
7omm high.
JOSHUA PRIEST

Antony: We used the Noctua LH-L9i.
Thisiis a very low-profile cooler,and
the Corei5-10600K we usedinthe
Labs pushedittoits limitinthe poorer-
performing cases. However, using
this cooler means we canuse the
same motherboard, CPU and cooler
inany mini-ITX case. The trouble with
mini-ITXis thatmany cases, the Q58
included, are more geared towards AlO
liquid coolers, as they use a sandwich-
style setup with space in the roof and
sacrifice CPU heatsink clearance.
Irecommend you also look at
the NoctuaNH-L9x65; asits name
suggests, thisis only 65mm tall but has
athicker heatsink than our LH-L9i, so
it should be able to cope with a stock
speed Core i5-12600K. In addition,
Lian Lisells full vented side panels for
the case, whichreplace the top glass
section forimproved airflow.
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SAPPHIRE NITRO+RADEON
RX6/50 XT /£650 neuar

eterminedto
squeeze every last
drop of performance

fromits RDNA2 GPU architecture

beforeit disappears over the horizon,

AMD has introduced some ‘new’ GPUs thatadd a

50 to their predecessors' model names. At the top of

the lineis the Radeon RX 6950 XT (see over), while inthe

SPEC

Graphics processor

AMD Radeon RX 6750 XT,2554MHz game
clock,2623MHz boost clock

Pipeline

2,560 stream processors, 64 ROPS
ﬁé‘/'Aé'céi‘éEa't'(ifus" e
40

Memory

12GB GDDR6, 2248MHz (18 GHz effective)
Infinity Cache

96MB

Memory interface

192-bit

Card interface

16x PCI-E 4
B
432GB/sec

Power connectors

1x 6-pin, 1x 8-pin

Card length

310mm

'I'E‘S‘(b'a'ris'if)'r‘i's'lb't;m e
3

Lighting

3 x ARGB fans, 2 x ARGB lighting zones on cooler
Extras

Expansion slot support bracket, BIOS switch

mid-range sits the Radeon
RX 6750 XT.

Don'tgettoo excited here
-these aren'tnew GPUs by
any stretch of the imagination.
They're not even old GPUs with
a couple more Compute Units
enabled. The Radeon RX 6750
XTis basically exactly the same
asthe RadeonRX 6700 XT
that came beforeit. There are
2,560 stream processors, 40
Ray Accelerators and 12GB of
GDDR6 memory attachedto
a192-bit wide interface.

The only differences are
the clock speeds. For starters,
the memory speedhas been
increased from2GHz (16 GHz
effective) to 2250MHz (18 GHz
effective), whichis faster than
the reference memory clock
onany of AMD's previous
RDNA2 GPUs. The core clock
has also beenimproved, with
AMD's reference spec having

a2495MHz game clock
and 2600MHz maximum
boost clock, comparedto
2424MHz and 2581MHz respectively
forthe Radeon RX 6700 XT.
The Sapphire Nitro+ card we're reviewing here
alsoincreases those clock speeds alittle further to
2554MHz and 2623MHz effectively. However, monitoring
the clock speed during testing showed the real-world figures
were much higher, with the GPU peaking at 2789MHz and
averagingaround 2697MHz.

Thecard

Unlike Sapphire’s Nitro+ Pure card over the page, the Nitro+
Radeon RX 6750 XT looks more like the Nitro+ cards we've
seen before. It's a bit wider, taking up three expansion slots,
rather than the two and a half of the Nitro+ 6700 XT, and
there are some changes to the design of the backplate, but
the two cards look very similar from the front.

You also get an expansion slot support bracket to prevent
the card from droopingin your case, and there’s RGB
lighting on the side edge and backplate of the card. There's
no RGB lighting on the fans, but that doesn't really matter
much when you won'tbe able to see the fans in most
cases anyway.

It's a great-looking card, and as with the Nitro+ Pure card,
you can switch between BIOSes by flicking a switch ontop
of the card, or using Sapphire’s Trixx software, which also
enables you to control the lighting. The lighting options are a
bit limited, with no option to cycle through different custom
colours, for example, but the addition of a 3-pin ARGB
header on the back of the PCB enables you to connect the
lighting system to your own controller and syncit with the
rest of your system.


http://scan.co.uk

SAPPHIRE

Attractive design

LEAD GLASS

= Struggles withray tracing

Cool and quiet card = Can'tcompete withRTX3070

FasterthanRadeonRX6700XT = Too expensive

Performance

Let's start with the good news, whichis that the Sapphire
Nitro+ 6750 XT's extra clock speedreally helpsitin AMD-
optimised games. At1,920 x 1,080 and 2,560 x 1,440 with
Resizable BAR enabled, it was even faster than the GeForce
RTX 3080 Tiin Assassin's Creed Valhalla, for example, with
frame rates staying well above 60fps at the latter resolution,
and averaging a mighty 118fps at the former.

Sadly, the picture isn't so rosy in our other test games.
The Sapphire Radeon 6750 XT was consistently behind the
GeForce RTX3070in Cyberpunk 2077 and Metro Exodus, for
example, even withoutray tracingandit's pricedin a similar
league to RTX 3070 cards.

Once you add some ray tracing, the situation gets worse,
with the Sapphire 6750 XT even lagging behind the cheaper
GeForce RTX 3060 Tiacross the board. You cangeta
playable frame rate in Cyberpunk 2077 at 1,920 x 1,080 with
Medium ray tracing if you enable FSR, but that's a low bar for
a£650 card.

It could handle Doom Eternal with ray tracing at 2,560 x
1,440 withray tracing, though, at a decent average of 130fps.
It also held up surprisingly wellin this game at 4K without
ray tracing, averaging 137fps, compared to 120fps for the
RTX3070.In comparison, the Radeon RX 6700 XTisonly a
little slower than this card. That extra clock speed givesita
solid 20fps advantage in Assassin's Creed Valhalla at 1,920

x 1,080, butin other games, the difference is more muted,
especially once you start playingat 2,560 x 1,440 - it'snotan
enormous upgrade.

Onthe plus side, we love Sapphire’'s work on the cooler.
The fans hitapeak of 1,620rpm under loadin our tests,
and you could barely hear them even then. The peak GPU
temperature of 60°C, and peak junction temperature of
86°C, are also fine, and there was no evidence of throttling,
withthe GPU able to go well beyond the stated maximum
clock speeds. You'll need to make sure your case has room
forit, butthisis a good-looking, quiet and cool-running card.

Conclusion

We've been fans of Sapphire’s Nitro+ cards for a while,
with their low-noise operation, decent build quality and
greatlooks, and the Nitro+ Radeon RX 6750 XT is another
fine example. It's cool, quiet, great-looking and really well
designed. However, that's not a lot of help when the GPU
under all that cooling gear struggles to keep up with the
competition, and that's the case here.

The Radeon RX 6700 XT enjoyed a brief moment as
our mid-range GPU of choice for a while, whenit was
significantly cheaper than the GeForce RTX 3070, but
the price of Nvidia's GPUs has now come right down, and
not even ahealthy injection of clock speeds can help this
GPU compete withthe RTX 3070 now thatit's in the same
pricerange.

This is atop-end example of aRadeon RX 6750 XT card,
of course, and there are cards going for around £570, but
the sameis also true for the RTX3070. That's ashame, as
Sapphire has done a great job with the build. If you have
£650 to spend on a graphics card, though, you'll get better
all-round performance from a GeForce RTX 3070 card.
BEN HARDWIDGE

VERDICT

A solid bump in clock speed and a cool, quiet and good-
looking card, but at this price, you'll be better served by
a GeForce RTX 3070.

PERFORMANCE

38/50

FEATURES

17/20
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SAPPHIRE NITRO+ PURE
RADEONRX 6950 XT/£1,200 nevar

h,remember those
halcyon days when
a£1,200 graphics

card price tag seemed

extortionately expensive,
rather than comparatively

good value after two years of

chaos? While Nvidia's all-out Ampere swansong, the
GeForce RTX 3090 Ti(see Issue 226, p19) will set you back at
least £1,879inc VAT, AMD is hoping to tempt 4K gamersiits
way with the much cheaper Radeon RX 6950 XT.

Of course, the GeForce RTX3090 Tiisn'tjust a speed-
binned RTX 3090 with higher clock speeds - italso has two
extra Streaming Multiprocessors enabled, givingit a (very
slight) advantage in parallel shading power. Comparatively,

SPEC

Graphics processor
AMD Radeon RX 6950 XT,2162MHz game clock,
Hz OCboost clock

Memory interface
256-bit

Card interface
16x PCI-E 4

Bandwidth
575.5GB/sec

Power connectors
1x 6-pin,2x 8-pin

Card length
320mm

Expansion slots
35

L|ght|ng ..............................................................................
3 x ARGB fans, 3 x ARGB lighting zones on cooler

Expansion slot support bracket, BIOS switch

the Radeon RX 6950 XT's Navi
21GPUis the same as that of the
Radeon RX 6900 XT -itjusthas
faster clock speeds.

Inthis case, though, Sapphire
has paired these new speed-
binned GPUs with a super-
powerful PCB and cooler setup
that frees the GPU to boost far
beyond the stated spec. AMD
quotes atypical board power of
‘atleast' 330W for Radeon RX
6950 XT cards, witha2100MHz
game clock and 2310MHz
boost clock.

Comparatively, Sapphire
quotes a2162MHz game clock
and 2368MHz maximum boost
clock for the Nitro+ Pure Radeon
RX 6950 XT, thanks to a 370W
totalboard power. What's more,
there's the ability to pushitup to
390W with a2425MHz boost
clockinits OC mode, enabled
by swappingthe cardtoa
different set of BIOS settings. It

comes with a handy BIOS switch on the top of the card, which
enables you to switch between modes.

However, we found that the OC mode made little
difference to performance, as the Sapphire card's extra power
andimmense cooling system already frees up the GPU to
boost much further than the stated specs. We observed
a2660MHz peak in our game tests, with the clock speed
generally running at around 2555MHz, so we happily left the
cardrunning atits default settings.

AMD has also taken this opportunity to increase the
memory clock speed fromthe RadeonRX 6900 XT's
2GHz (16 GHz effective) to the 6950 XT's 2250MHz (18 GHz
effective), and Sapphire has left this setting alone. As with the
Radeon RX 6900 XT, you still get 16 GB of GDDR6 memory
attachedto a 256-bit wide interface, butthe 6950 XT's extra
clock speed boosts the total bandwidth from 512GB/secto
575.5GB/sec. That's still along way off the 1TB/sec+ speeds
Nvidia now command, but the Radeon RX 6950 XT can also
fallback ona128MB pool of Infinity Cache to help here.

Pure white
Sapphire has really gone to town on the Radeon RX 6950 XT
Nitro+ Pure, building on the existing Nitro+ cooler design to
create an enormous brick of a card that stillmanages to look
attractive. It's wrappedin a well-engineered, two-part chunky
white metal frame (the Pure in the name refers to this colour)
made from die-cast aluminium-magnesium alloy.

It's peppered with large vent holes to allow the heatsinks
beneathitto breathe, and the backplate partis thermally

PUREBLISS

Fantastic design

PUREEVIL

= Struggles withray tracing
Amazing boost speeds = High price

Very fast atrasterisation


http://overclockers.co.uk

attached to the PCB with a pad. The card also has three areas
of ARGB lighting - two onthe back and one on the edge.

The trio of fans also sport ARGB lighting, butit's hard to see
them through a case window on a card that's this thick and,
let's faceit, you're not going to put this 3.5-slotmonsterina
vertical GPU mount.

The lighting can be controlled through Sapphire’s Trixx
software, which also offers options for creating custom
resolutions toimprove performance, along with temperature
and clock speed monitoring features, and the ability to switch
between BIOSes.

There's anumber of lighting effects available, although
custom colours are disappointingly left static, with no way to
cycle between two custom colours, for example. Thankfully,
Sapphire has also provided another option, with a standard
3-pin RGB cable on the edge of the PCB, which you can
access under abackplate vent to tie the card to your own
lighting control system.

You also get a support bracketin the box, although we
foundthatthe card's thick metal frame already prevented
the card from droopingin our testrig. It's a well-built hunk of
metal with a solid structure.

Performance
While the Radeon RX 6950 XT doesn't offer any extra stream
processors or Ray Accelerators over its predecessor, the
extra clock speed does make a difference. In particular, this
is the fastest card we've ever testedin Assassin's Creed
Valhalla - here, the Sapphire Nitro+ Pure 6950 XT even beats
the GeForce RTX 3090 Tiby 3fps at 4K with Resizable BAR
enabled, and by larger margins atlower resolutions, whichis
where extra clock speed usually makes a bigger difference.

For this game, we also forced the Sapphire card down to
AMD's reference spec to see how much more power you get
from the Nitro+ Pure and there’s a stark difference. While the
reference spec Radeon RX 6950 XT's average framerates
are 3-6fps quicker than those of the Radeon RX 6900 XT,
theimmense boosting power of the Sapphire card pushes
itmuch further - it gets you an extra 6fps than the reference
spec at4K, and 14fps more at 1,920 x1,080.

Innon-ray-tracedtests at 1,920 x 1,080, this cardis also
the king of the benchmark graphs, happily beating the pricier
GeForce RTX3090 Ti. In standard game tests without ray
tracing, this clocked-up RDNA2 GPU is generally competitive
withthe RTX 3080 Tiat 4K as well, either beating it or only
being a small margin behind.

However, once you add ray tracing, the Radeon starts to
struggle. The RTX 3080 Tiwas 12fps faster in Metro Exodus

with High ray tracing at 4K, for example. Likewise, in Doom
Eternal, the Sapphire card did manage a decent average of
103fps with a 68fps 99th percentile result with ray tracing
at4K, butthe RTX 3080 Tigets better results of 140fps and
113fps respectively, and the RTX 3090 Tiis even quicker.

The Sapphire couldn't achieve a playable frameratein
Cyberpunk 2077 with Mediumray tracing at 4K either, even
with FSR enabled, although to be fair, even the GeForce RTX
3090 Tistrugglesinthis test.

One definite advantage of this Sapphire card, however, is
its awesome cooler. [t remained barely audible throughout
testing, withits noise always eclipsed by the 240mm AIO
liquid cooler on our CPU. That's amazing for a card that's
regularly achieving such high clock speeds.

The latter shows that there aren’t any throttling problems
too, and we measured a GPU peak temperature of 71°C during
testing, with ajunction temperature of 88°C (Sapphire claims
74°C and 89°C for these results respectively).

What's more, despite the sky-high clock speeds, and
the need for three power connectors (2 x 8-pinand 1x
6-pin), the peak total system power consumption of 558 W
with this Sapphire card was 133W lower than with the new
GeForceRTX3090Ti.

Conclusion
The Nitro+ Pure Radeon RX 6950 XT is atriumphinterms
of card design, allowing great boost clocks without making a

racket, and all packaged in a satisfyingly well-built and good- PERFORMANCE
looking chunk of expansion card. Its only problemis that the 44/50
GPUonwhichitsbased can'thandleraytracingaswellas ..
the competition from Nvidia, and if you're spending this much FEATURES

18/20

money on anew graphics card, you're going to want to enable
the top eye candy. If ray tracing isn'timportant to you, though,
thisis an awesomely powerful, well-built graphics card.
BENHARDWIDGE

VERDICT

A really well-designed and well-built high-end graphics
card. This is as good as RDNA2 gets with air cooling,
although it still struggles with ray tracing.
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1,920 x 1,080

GPU BENCHMARK RESULTS

ASSASSIN’S CREED VALHALLA

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

Ultra high settings, High AA
Sapphire Nitro* Pure 6950 XT 96fps. 1376ps ‘Sapphire Nitro+ Pure 6950 XT 80fps Mifps
Radeon RX 6950 XT 86fps 123fps Radeon RX 6950 XT 77ps 103fps
Radeon RX 6900 XT 84fps. 120fps. Radeon RX 6900 XT 71fps 98ips.
Radeon RX 6800 XT 80fps 112eps. GeForce RTX3090 Ti 70fps o7fps
Sapphire Nitro+ 6750 XT 72ips 104fps Radeon RX 6800 XT 67fps 9tips
Radeon RX 6800 73fps 102fps Radeon RX 6800 6lips 821ps
GeForce RTX 3090 68fps 9lfps Sapphire Nitro+ 6750 XT 59fps 8ifps
GeForce RTX 3080 Ti 66fps. 90fps. GeForce RTX 3090 6lips 80fps
Radeon RX 6700 XT 65fps. 90fps GeForce RTX 3080 Ti 5fps 79ips
GeForce RTX 3080 62(ps 85fps GeForce RTX 3080 56fps 74ips
GeForce RTX 3070 Ti 60fps. 8ifps Radeon RX 6700 XT SOfps 69fps
GeForce RTX 3070 S6fps. 76fps GeForce RTX 3070 Ti S0fps. 67fps.
GeForce RTX 3060 Ti s3fps| 72is GeForce RTX 3070 S0fps| Bdips
GeForce RTX 3060 Ti 46fps 59fps
1,920 x 1,080 - RESIZABLE BAR 2,560 x 1,440 - RESIZABLE BAR
Ultra high settings, High AA Ulra high settings, High AA
Sapphire Nitro+ Pure 6950 XT Mfps 163fps Sapphire Nitro+ Pure 6950 XT Qifps 129fps
Radeon RX 6900 XT 101fps 145fps Radeon RX 6900 XT B4fps, 11Sfps
Radeon RX 6800 XT 93fps 133fps Radeon RX 6800 XT 76fps. 105fps
Radeon RX 6300 83fps 118fps GeForce RTX 3090 Ti 74ips 103fps
Sapphire Nitro+ 6750 XT 82fps 118fps Radeon RX 6800 B69fps 93fps.
Radeon RX 6700 XT 76ips. 105fps Sapphire Nitro+ 6750 XT B5fps 89fps
GeForce RTX 3080 Ti 70fps. 97fps GeForce RTX 3080 Ti B4fps. 86fps.
GeForce RTX 3070 Ti 65fps 88ips Radeon RX 6700 XT 60fps. 79fps
GeForce RTX3070 Ti SSfps. 73fps
99th percentile Average
99th percentile Average

3,840 x 2,160
Ultra high settings, High AA
Sapphire Nitro+ Pure 6950 XT 54ips 72fps
Radeon RX 6950 XT 52fps|  66fps
GeForce RTX 3090 Ti 49fps 66fps
Radeon RX 6900 XT 46fps | 60fps
GeForce RTX 3090 44fps| 58fps
GeForce RTX 3080 Ti 44fps| 58fps
Radeon RX 6800 XT 42fps| 56fps
GeForce RTX 3080 39fps 50fps
Radeon RX 6800 38fps 48fps
Sapphire Nitro+ 6750 XT 37fps| 47fps
GeForce RTX 3070 Ti 35fps | 45fps
GeForceRTX3070  32fps|  4lfps
RadeonRX 6700XT  32fps  40fps
GeForceRTX3060Ti  30fps | 38fps
3,840 x 2,160 - RESIZABLE BAR
Ultra high settings, High AA
Sapphire Nitro+ Pure 6950 XT 56fps 75fps
GeForce RTX 3090 Ti 56fps 72fps
Radeon RX 6900 XT Slips 67fps
Radeon RX 6800 XT 48fps | 62fps
GeForce RTX 3080 Ti 46fps 60fps
Radeon RX 6800 40fps| 52fps
Sapphire Nitro+ 6750 XT 38fps 48fps
GeForce RTX 3070 Ti 37fps| 47fps
Radeon RX 6700 XT 3dips | 4dips

99th percentile

1,920 x 1,080

CYBERPUNK 2077

2,560 x 1,440

Ultra preset, noray tracing

Ultra preset, no ray tracing
Sapphire Nitro* Pure 6950 XT 90fps 127fps GeForce RTX 3090 Ti 70fps| 85fps
GeForce RTX 3090 ElS 18fps GeForce RTX 3090 68ips  84ips
Radeon RX 6900 XT 78fps 16fps ‘Sapphire Nitro+ Pure 6950 XT 66fps 83fps
GeForce RTX3080 Ti 87fps 112fps GeForce RTX3080 Ti 66fps 79fps
Radeon RX 6800 XT 78fps 108fps Radeon RX 6900 XT 59fps. 79fps
GeForce RTX 3080 80fps 104ips Radeon RX 6800 XT 54ips 74ips
Radeon RX 6800 67fps’ 92fps. GeForce RTX 3080 59fps. 70fps
GeForce RTX3070 Ti 73fps 90fps GeForce RTX3070 Ti Sifps| 60fps,
GeForce RTX 3070 68fps 85fps Radeon RX 6800 50fps 60fps
Sapphire Nitro+ 6750 XT 64fps 8ifps. GeForce RTX 3070 48fps | 55fps
Radeon RX 6700 XT 57fps 79fps Sapphire Nitro+ 6750 XT 4dfps| 52fps
GeForce RTX3060 Ti 63fps 75fps Radeon RX 6700 XT 42fps|  52fps
GeForce RTX 3060 Ti 43ps| | afps
1,920 x 1,080 - RAY TRACING* 2,560 x 1,440 - RAY TRACING"
Medium ray tracing preset Medium ray tracing preset
Sapphire Nitro+ Pure 6950 XT 4lfps. 49fps GeForce RTX3090 Ti 4dfps | Stips
Sapphire Nitro+ 6750 XT  28fps | 32fps Sapphire Nitro+ Pure 6950 XT  28fps| 32fps
Sapphire Nitro+ 6750 XT 17fps  20fps
1,920 x 1,080 - RAY TRACING + FSR*
Medium ray tracing preset, FSR Balanced 2,560 x 1,440 - RAY TRACING + FSR"
Medium ray tracing preset, FSR Balanced
Sapphire Nitro+ Pure 6950 XT 64ips. 79fps
Sapphire Nitro+ 6750 XT 48157 57105 Sapphire Nitro+ Pure 6950 XT 52fps| 62fps
Sapphire Nitro+ 6750 XT 37fps | 42fps
9Gth percentile Average
90th percentile Average

“Note: The latest Cyberpunk 2077 patch causes a substantial drop in performance at
this preset, meaning previous results from our graphics cards Labs aren’t comparable.

3,840 x 2,160
Ultra preset, no ray tracing
GeForce RTX3090 Ti 40fps_ 4sfps
GeForce RTX 3090 40fps | 45ps
GeForce RTX 3080 Ti 37ips | 42fps
Sapphire Nitro+ Pure 6950 XT  34fps| 39fps
RadeonRX 6900 XT  33fps || 39fps
GeForceRTX3080  33fps| 37fps
RadeonRX 6800 XT ~ 30fps  36fps
GeForceRTX3070 T 27fps | 30fps

GeForceRTX 3070 25fps| 27fps
Radeon RX 6800 ~ 23fps | 27fps
GeForce RTX 3060 Ti ~ 21fps | 24fps.
Radeon RX 6700 XT  20fps 24fps

Sapphire Nitro+ 6750 XT 20fps  23fps

3,840 x 2,160 - RAY TRACING"
Medium ray tracing preset

GeForce RTX 3090 Ti ~ 23fps | 26fps
Sapphire Nitro+ Pure 6950 XT _ 13fps 15fps

Sapphire Nitro+ 6750 XT  8fps 9fps

3,840 x 2,160 - RAY TRACING + FSR*
Medium ray tracing preset, FSR Balanced
Sapphire Nitro+ Pure 6950 XT  32fps | 37fps

Sapphire Nitro+ 6750 XT  21fps | 24fps

99th percentile

Average

Average




1,920 x 1,080
UltraNightmare settings

‘Sapphire Nitro+ Pure 6950 XT
GeForce RTX 3090

Radeon RX 6900 XT

GeForce RTX 3080 Ti
Radeon RX 6800 XT
GeForce RTX 3080
Radeon RX 6800
GeForce RTX 3070 Ti
GeForce RTX 3070
‘Sapphire Nitro+ 6750 XT
Radeon RX 6700 XT
GeForce RTX 3060 Ti

Sapphire Nitro+ Pure 6950 XT
Radeon RX 6800
Sapphire Nitro+ 6750 XT

1,920 x 1,080

Sapphire Nitro+ Pure 6950 XT
GeForce RTX 3090

Radeon RX 6900 XT

GeForce RTX 3080 Ti

Radeon RX 6800 XT

99th percentile

Ultra settings, HairWorks off, PhysX off.

sasips | |assrps
asems| | 4seis
s 4s2mps
s2efps|la7iips
asips| adorps
289ps| |433mps
26sips|  |3seis
255ips||390ms
2a3ips| 3706
238fps.  36lps
22ips|3atps
208ms| L 3azks

100 200 300 400 500

2,560 x 1,440 - RAY TRACING"
Uttra Nightmare settings, ray tracing enabled

te2ips|  268fps
=
2ips|  190ks

100 200 300 400 500

1] Average

ezps | a7
S
7rps.13emps
7sips13ss
73sl s

. GPUBENCHMARK RESULTS (i

DOOMETERNAL

2,560 x 1,440 3,840x2,160
Ultra Nightmare settings Ultra Nightmare settings
GeForce RTX3090Ti sps|a2ips GeForce RTX 3090 Ti t6dips|  |256fps
GeForce RTX 3090 303ps l4o8ips GeForce RTX3090 wofps | 247hs
Sapphire Nitro* Pure 6950 XT 268ps.  4odips GeForce RTX3080Ti tagips. 227fps
Radeon RX 6900 XT 26tps. |39tps Sapphire Nitro+ Pure 6950 XT taghps | 2Mokps
GeForce RTX 3080 Ti 2s3ps| 3ssps Radeon RX 6900 XT 1a3fps| | 2tdips
Radeon RX 6800 XT 220ps|  3s2ps GeForce RTX 3080 1atips| 201fps
GeForce RTX 3080 23s||3dsms Radeon RX 6800 XT 25fps190ks
Radeon RX 6800 1e8ips|  310ps Radeon RX 6800 10sfps| 165ips
GeForce RTX3070 Ti 1e2ps|  300fps GeForceRTX3070Ti  100fps|  158fps
GeForce RTX 3070 12| |28aips Sapphire Nitro+ 6750 XT 89fps|137fps
Sapphire Nitro+ 6750 XT s 268fps Radeon RX 6700 XT sifps| 129fps
Radeon RX 6700 XT 60ps| 254ips GeForceRTX3070  74fps||120fps
GeForce RTX3060 Ti tssips|  250s GeForceRTX3060Ti  74fps|  tiefps
0 100 200 300 400 500 0 100 200 300 400

2,560 x 1,440 - RAY TRACING
Ultra Nightmare settings, ray tracing enabled

3,840 x 2,160 - RAY TRACING
Uttra Nightmare settings,ray tracing enabled

GeForce RTX3090 Ti 1e3ps|  282fps GeForce RTX3090 Ti tiorps| 17tfps
Sapphire Nitro+ Pure 6950 XT 125ips| 193fps Sapphire Nitro+ Pure 6950 XT  68fps| | 103fps
Radeon RX 6800 106fps| | 164ips RadeonRX 6800 50fps| | 86fps
Sapphire Nitro+ 67S0XT  80fps | 130fps Sapphire Nitro+ 6750 XT 4ifps | 66fps
0 100 200 300 400 500 0 100 200 300 400
99th percentile 1 Average 93th percentile 1| Average

METRO EXODUS

2,560 x 1,440
Ultra settings, HairWorks off, PhysX off

3,840 x 2,160
Uttra settings, HairWorks off, PhysX off.

9gth percentile 1] Average

N Y Yo H N L R N RN R/

GeForce RTX 3080 seps| 12k
Radeon RX 6800 s2ps|  momps
GeForce RTX3070 Ti sefps| l106fps
GeForce RTX 3070 ssips| 10ifps
Sapphire Nitro* Pure 6950 XT s7ips| 9%ps
Radeon RX 6700 XT saps| l93ms
GeForce RTX 3060 Ti asips|  lsss
0 0 80 120 160 200
1,920 x 1,080 - RAY TRACING
PhysX off, "9
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POWER DRAW

PEAK TOTAL SYSTEM POWER CONSUMPTION (WATTS)"

Metro Exodus, 2,560 x 1440, Ultra settings.

Sapphire Nitro+ 6750 XT 446
Sapphire Nitro+ Pure 6950 XT 558
GeForce RTX 3090 Ti 691
0 400 800 1200
Lower is better

*Note: We had to change our PSU to test the GeForce RTX 3090 Tilast month, so
previous power draw results from our last graphics card Labs aren’t comparable.

500

500

200

TN T I ee [[4¥




/MOTHERBOARDS

Z690 ATX MOTHERBOARD

NZXTN/ /690 /£269 nevar

hileitmightbelatetothe Z690 party,
. NZXT'sN7Z690 was aninteresting

itemtolandinourlab.ltfeaturesaPCB
coverinblack or white, with our white sample
justbeggingtobeplacedinaclean, white PC

case, preferably with other white hardware.
At£270,it'salsoreasonably pricedforaZ690

motherboard. ThisisinpartthankstoitusingDDR4
memory ratherthan DDRS5, as wellits lack of fancy
features suchas Thunderbolt4 or 10 Gigabit Ethernet.
However,as you'dexpectatthis price, nearly every other
feature you couldwantishere.

Youget802.11ax Wi-Fi,2.5 Gigabit Ethernet, Realtek

SPEC

Chipset
IntelZ690

CPU socket
Intel LGA1700

Memory support
4 slots:max 128GB DDR4
(up to 4800MHz)

Expansion slots
One 16x PCI-E 5, one 16x

Sound
8-channel Realtek ALC1220

Networking
1x Realtek 2.5 Gigabit LAN

Cooling
Seven 4-pinfan headers,
VRM heatsinks, M.2 heatsink

Ports

4 x SATA 6Gbps, 3xM.2 PCI-E
4,2xUSB3.2Gen2,3xUSB3,
2xUSB2,1xUSB 3.2 Gen2x2
Type-C, 3 x surround audio out

Dimensions (mm)
305x244

ALC1220 audioandwe're pleasedtosee
thatNZXT'sboard partnerwiththe N7Z690,
ASRock, hasadded on-board overclocking
andtestingtools as well. There are power
andresetbuttons,andthel/O paneloffers
clear-CMOS and USBBIOS flash buttons,
withthe latter potentially beingusefulif
youpickuptheboardlatertouse withintel's
forthcoming13th-gen CPUs.

We had one major gripe about previous
NZXTmotherboards, whichwas thattheM.2
covers, which didn'tmake thermal contact
withthe SSDs, could end up cookingyour
SSDs, orattheveryleastmakingthemrun
farhotterthan with aheatsink orevenwith
the coversremoved. TheN7Z670 has solved
this problem, atleastwiththetop PCI-E 4
M.2 connector.

This sitsabovethe primary 16x PCI-E slot,
andnow includes aseparate plate below
the coverthat’'s equipped withathermal pad
andactslike aheatsink. We saw apeak M.2
SSD temperature of 45°Cusing this system,

whichisavastimprovementthanwithoutthe heatsinkon
previous versions of theboard, soif you'llbe hammering
aPCI-E4SSD, be suretoinstallitinthisslot.
Therearethreeslotsintotal, all of which offer PCI-E 4
supportandare hiddenby magneticcovers. These can
betricky toremove, especiallyifthere’sagraphics cardin
the way, butthankfully, the top cover cleared our graphics
card’'sbackplate, soyoushouldbe abletoremovethe
cover withoutneedingtoremove your graphics cardtoo.
Meanwhile, the power delivery stands at13 CPU power
phasesandis cooled by two slabs of black aluminium,
althoughthey'renotlinked usingaheatpipe. There's
plenty of space aroundthe CPU sockettooand, to
keepthe PCB coverascleanaspossible, the four SATA
6Gbps portsand USB 3 headerarebothatrightangles
tothe PCB, withjustasmall cut-outforthe 24-pin ATX
connectorandUSB Type-Cheader.
Therearpanelalso offersareasonable amount of
USB ports, withseven Type-Aportsintotal fromamix of
USB2,USB3andUSB3.2Gen?2,plusaType-Cportthat
supportshigh-speedUSB 3.2 Gen2x2too. There are
also aerialconnectorsforthe on-board Wi-Fi,aswellas
thefullcomplementofaudiojacks, plus anHDMIloutput
shouldyouwanttousetheboardwithoutadiscrete GPU.
As withprevious versions of the N7, there are both
NZXT proprietary and standard 3-pinand 4-pinRGB
headers, plus seven4-pinfanheaders, althoughthere’s
nofancontrolgraphicalinterfaceinthe EFl. Theideais
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GIMP IMAGE EDITING

NZXT N7 Z690 76,770

76,328

82,942
MSIMPG Z690 Gaming Carbon WiFi 83,786
HANDBRAKE H.264 VIDEO ENCODING
NZXT N7 2690 772,273
758,686

852,328

MSIMPG 2690 Gaming Carbon WiFi 827,957

HEAVY MULTI-TASKING
NZXT N7 2690 307,672, 323,134
MSIMPG 7690 Gaming Carbon WiFi 307,257 || 312,310
SYSTEM SCORE
NZXT N7 2690 296,641
293,030

322,063

MSIMPG Z690 Gaming Carbon WiFi 313,475

Stock speed Overclocked

CINEBENCH R23 MULTI-THREADED
NZXT N7 2690 17,621

17,401

19,449
19,278

MSIMPG 2690 Gaming Carbon WiFi
CINEBENCH R23 SINGLE-THREADED

NZXT N7 2690 1910 1,932

MSIMPG 2690 Gaming Carbon WiFi 1,901 1,931

Stock speed Overclocked

thatyouinstead use NZXT's CAM softwareto controlthe
fansandRGBlighting.

Unlike NZXT's coolers, the softwareis hardwiredto
controlthefanand RGB headers withoutthe needfor
separate USB cables. It works well, givinggood control
overthefanheaders, while givingyoureal-timereadouts
of speedsandeventhe ability to switchbetweenthe CPU
and GPU fortemperatureinput. However, thelighting
wasn'tthatflexible, withno way tomanually change
the colourexcepttowhite orto one of several preset
lighting effects.

PERFORMANCE
Audioperformance fromthe Realtek ALC1220 codec
was decent, withadynamicrange of 110dBA, noiselevel
of -110dBAand THD of 0.0021-these aremuch better
resultsthanmany of theless capable codecs doingthe
rounds onB660 motherboards. Overclockingwas simple
too, withthe EFlprovingto be basiccompared withthe
likes of Asus and MSI, but offering simple and easy-to-
navigatemenus.

We hitthe usual 5GHz onour Corei5-12600K's
P-Coresand4GHzacrossits E-Cores, usingavcore of

ii{: BENCHMARK RESULTS i:

FASHIONABLY
LATE
Bt Looks great
NZXTN7Z690 98fps. 131fps Decentfeature set
10405 [N 13500 EffectiveM.2
MSIMPG Z690 Gaming Carbon WiFi 99fps 131fps heatsink
104fps [N 135%s
TOOLATE
Stock speed 99th percentile Stock speed avg = Comparatively
Overclocked 98th percentile [l Overclocked avg poor value
TOTAL SYSTEM POWER CONSUMPTION - Eirlsg#tj\l,\l,’giﬁs
e — BasicEFI
NZXT N7 Z690 99w | 102w
MSIMPG Z690 Gaming Carbon WiFi 100w 123W
Lower is better
Load
NZXT N7 Z690 261W 375W
MSIMPG Z690 Gaming Carbon WiFi 237W 288W
Lower is better
Stock speed Overclocked
1.36V. This sawtheimage editingscorerisefrom 76,770 to
82,942, thevideoencodingscoreincreasefrom772,273
t0 852,328 andthe Cinebenchmulti-threaded score go
from17,621t019,449, withthe lattertwo beingthe highest
results we've seenfromthis CPU at stock speed and
when overclocked. The downsideis thatoverclocked
power consumptionwas quite highat375W forthe whole
system, whichwas much higherthanthe other Z690
boardswe'vetestedrecently.
CONCLUSION
Lookingatalternative Z690boards for £300 andbelow,
the NZXTN7Z2690 does have some stiff competition.
Forexample, the Gigabyte Z690 Gaming XDDR4 costs
around £200, anditalsohas 2.5 Gigabit Ethernet, Realtek
ALC1220 audio, PCI-E4 M.2 ports withheatsinks, plus it
overclockedjustaswellandhasmore USBportsonthe
/0 panel.ltalsohasagoodfancontrolsectioninits EFI
thatmeansyoudon'tneedtouse software.

However, itlacks Wi-Fiandthe extensive aesthetic PERFORMANCE
shroud, plusithas fewerfanheadersandaudioports,and 32/35
itlacksallthe overclockingandtestingtoolstoo. Whether oo
allthatis worthan extra£70is largely down to personal FEATURES

28/35

preference, butif you're buildingawhite orblack-themed
PC,need Wi-Fiandthe other extragubbins wejust
mentioned,the NZXTN7Z690 doesthejob well.

ANTONY LEATHER

VERDICT

Great-looking with plenty of features, although the need to
use software for fan and lighting control isn’t for everyone,
and it's a bit pricey too.
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/ CASES

ATX CASE

COOLERMASTER

MASTERBOX 500 /£97 s

SPEC

Dimensions (mm)

209 x505x499 (W x D xH)

fyou'reinthe market for a PC case that costs
. under £100, there are some excellent options

available, whether you want RGB lighting, or
handy building features such as removable top sections and
tool-free side panels. Getting most of these featuresin one
box at this priceis a tall order, but Cooler Master mightjust
have pulled it off with the MasterBox 500.

It will only leave you with enough change from £100 to
buy couple of chocolate bars, but we were impressed by
how muchit provides, both externally and internally, for the
price. Let's start with the RGB lighting, which stems from a
digital RGB fan located in the base of the front section - the
only area to have mesh. However, additional fan mounts
do sit behind the (two thirds-height) removable front panel,
which has RGB lighting channels embeddedintoiit.

While the front panel conforms neither
to the cleanly sealed or fully meshed ethos,
it strikes a good aesthetic balance between
the two approaches to front panel design.

Material
Steel, plastic, glass

There’s avibrantretro feel to the lighting,
which can be controlled using a button on top

Available colours
Black

of the case, which cycles between modes

Weight
7.7kg

and colours, or using a 3-pin RGB cable
connected to your motherboard.

Front panel

Power, reset,2x USB 3,3.5mm
headphone /micjack, LED control

There's also a SATA-powered fan and
lighting hub, butit only offers a handful of
channels, so you'llneed to use fanand RGB

Drive bays

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

splitter cables to control any extensive
cooling or lighting systems.

Form factor(s)

E-ATX, ATX, micro-ATX

The front panelis sadly devoid of a USB

Cooling

Type-C port, however, and only has two USB

3x120mm/2 x 140mm front

fan mounts (1x 120mm fans
included), 1x 120mm rear fan
mount (120mm fanincluded), 3 x
120/2 x 140mm roof fan mounts
(fans notincluded)

CPU cooler clearance
165mm

Maximum graphics card length '
410mm

3 ports and a single 3.5mm audio jack that
supports tri-pole connectors for headphones
and microphones. We don't have too many
other criticisms though. The tempered glass
side panelis tool-free, albeit with optional
thumbscrews being pre-applied out of the
box tolockitin place, but otherwise pulling on
atab attherear of the case hinges the panel
open fromthe top.

Cooler Master has taken a leaf out of Fractal Design's
book too, by providing aremovable top section. Remove
afew screws and the entire top panel lifts out of the case,
makingit far easier to install your hardware in the case, as
well as making light work of adding a radiator or fans to
the roof.

Both the roof and front fan mounts can handle some
serious cooling hardware too. Despite the case only
stretching to around 50cmin terms of depth and height,
360mm radiators can beinstalled in both locations, with
space for 280mm radiators too.

A120mm SickleFlow ARGB fanis pre-installed into
the front of the case, withanon-LED 120mm fan also
includedintherear. The latter can also slide up and down
onrails, so you can alignit with your CPU cooler in order to
boost airflow.

Cable-routing options are decent too, with plenty of
grommet-covered holes, although the situation is very basic
behind the motherboard tray, with just a bunch of cable ties
included, and an average amount of clearance between the
motherboard tray and the side panel.

Thankfully, there's a PSU cover underneath which you can
stow cables, and there's plenty of space here despite there
also being a cage for two hard disks in this location. Each tray
mountin this cage can handle a2.5in SSD and 3.5in hard
disk atthe same time, and you get a further count of two
dedicated 2.5in SSD mounts as well.

If you're hoping to use an E-ATX motherboard then
you're alsoin luck, although the MasterBox 500 will only
accommodate a PCB with a width of up to 272mm and
hitting this limit will resultin you slightly obscuring some of
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iiiiiiiiii TEMPERATURE RESULTS

CPUDELTAT

Cooler Master MasterBox 500 . 47°C

SaharaGaming P44M W 47c

NZXT H510 Flow . 47°C

Fractal Meshify 2 . 47°C

Antec DF700 Flux W 47c

Antec NX700 W 48°C
Corsair 5000D Airflow . 48°C
Fractal Meshify 2 Compact . 50°C
Lower is better
GPUDELTAT
Fractal Meshify 2 Compact .41“C
Cooler Master MasterBox 500 . 42°C
SaharaGaming P44M . 42°C
NZXT H510 Flow W 42c
Corsair 5000D Airflow . 42°C
Fractal Meshify 2 . 42°C
Antec NX700 W4sc
Antec DF700 Flux W43c
Lower is better

the cable-routing holes. There's plenty of clearance for CPU
cooler heatsinks and graphics cards as well, with 165mm

of CPU cooler clearance and room for graphics cards
measuring up to 410mm wide, do you're highly unlikely to
runinto issues with squeezing large hardware into the case.

As you'd expect from a case at this price, there are dust
filters too. The top features alarge magnetic filter, while the
front sectionrelies on the area of mesh at the bottom of the
panelto prevent dustingress.

Thankfully, there are no open vents inthe base of the
panel that we've seenin other cases. Combine all of this
with (an admittedly fiddly to remove) PSU dust filter, and the
MasterBox 500 is well protected.

Build quality is decent too, thanks to the case’'s mostly
steel construction. Our only real complaintis that, aside from
the removable roof section, the interioris a little bland and
by-the-books, with no standout features.

Performance
The MasterBox 500's fans weren't particularly powerful, but
this resulted in pleasantly low noise levels, with the sound
fromthe case fans outgunned by the noise from our CPU
cooler and graphics card. Thankfully, despite this, the case
was still able to dish out some decent thermal performance.
Its CPU delta T of 47°Cis amatch for any other case we've
testedrecently, such as the Antec NX700, and it was afew
degrees cooler than the Fractal Design Meshify 2 Compact.
The GPU delta T of 42°C was certainly aided by the front fan
pointing at our graphics card, and it matched the rest of the
field, bettering the Antec NX700 by one degree, although
the Fractal Design Meshify 2 Compact was slightly cooler.

Conclusion

If youjust want a case that gives you loads of RGB lighting
for the best price possible, thenthe Antec NX700is a better
option than the Cooler Master MasterBox 500, but if you
want a smooth and enjoyable PC building experience, the
ample cooling options and removable top sectioninthe
MasterBox 500 shouldn't be overlooked.

It's fun to work with this case, it stands out from the usual
mesh and RGB-laden cases, and it can house a seriously
powerful PC with more space for fans and radiators than
the Antec case. Our main complaintis thatit's otherwise a
slightly plain package, but it comes recommended whether
you're building a budget-focusedrig or going all-out with
custom liquid cooling, particularly with its price of just £97.
ANTONY LEATHER

VERDICT

Some great features and good cooling for the money,
making for a smooth PC building experience, although
it looks a bit bland.

BOXOF
DELIGHTS

GoodCPUand
GPU cooling

Unique RGB
lighting

Removable
roof section

BOX OF SHAME

= Notmany stand-
out features

= Fanhub haslow
number of ports

= Blandinterior

COOLING

26/30

FEATURES

16/20

29/30




/ COOLING

240MM AIO LIQUID COOLER

COOLERMASTER MASTERLIQUID
PL240 FLUX/£133 nevar

Theincluded hub only has a trio of 3-pin RGB ports, but
this should be enough for most setups, especially if you add
a couple of splitter cables. Sadly, the software lacks control
for the fan or pump speeds, so you'll still need to configure
these speeds in your BIOS or motherboard software.

Meanwhile, splitter cables are included for both the
RGB and fan PWM cables, but the Cooler Master doesn’t

ooler Master's MasterLiquid PL240 Flux costs a
. good £60 more than the Antec Symphony 240

we've also reviewed in thisissue (see over), and it
also doesn't come with afancy LCD, so what exactly do you
get for that extra cash?

Atfirst glance, it looks good for justifying the extra
premium. The fans included with the Cooler Master are

much more powerful thanthe 1,600rpm fans on the Antec
cooler, peakinginstead at 2,300rpm, meaning they're likely
to provide enough airflow for the 240mm radiator to cope
with any desktop CPU. The RGB lighting on the fansis also
far more evenly spread and vivid than the lighting on the

offer any innovations to make cable routing easier, such as
running some of the cables inside the cooler’s tubes from
the pump to the fans, or daisy chaining the fansin some
way. Other CPU cooler manufacturers have achieved both
these feats, soit's a shame Cooler Master seems to be

Antec Symphony 240'’s fans too, spanning out over the
entire fan blades, and looking as vibrant as it appears in the

press photos. AMD SOCKET AM4
You don't need to use your motherboard's software to Phanteks Glacier One 240 T30 49°C
control the lighting either. Cooler Master instead gives you Cooler Master PL240 Flux 51°C
the option of usingits MasterPlus+ software by using a Corsair iCUE H100i Elite Capellix 51°C
USB-powered RGB controller, from where you can control EK EK-AIO 240 Basic 52°C
the fans and lightingindependently. In fact, you can even Antec Symphony 240 53%C
control eachindividual LED, which gives you the ARCTICLF 11 240RGB se°C
SPEC ability to create some interesting patterns on Lower s better
Intel compatibility the fan blades. INTEL LGA1700
I|:82127oo£é L&?ggﬁ, LGATSX, Cooler Mgster‘s new EL—Flux fans don'tjust Pranteke Clacier One 240 T30 ke
AMD com;) AT look good either, accor_d_lng to Cooler Mas_terA K EK-AIO 240 Basic hote
Socket AM4, AM3/+, TRA/X They also offer an additional T0CFM (cubic I CorsairiCUE H100i Elite Capellix 50°C
Radiator size with fans (mm) feet per minute) of airflow and nearly 20 per ARCTIC LF 11 240 RGB 55°C
120%272x52 (W x D xH) cent higher static pressure than the company’s Cooler Master PL240 Flux 57°C
Fans older SickleFlow fans. Its 240mm radiator only Antec Symphony 240 62°C

2x120mm measures 27mm thick too, which means it _
gt;::;dAnoise might be able to squeeze into tighter spaces bowerisbeter

than other models.
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behind the curve here, as it will mean you have to spend
extratime tidying cables in order to avoid making a mess.

Onthe plus side, the Cooler Master has aninteresting
pump design with dual chambers. This allows fora
compact design that's unlikely to foul any heatsinks or
memory modules, even on space-starved mini-ITX
motherboards. The ultra-thin contact plate fins sitina
thinned section of copper, reducing the distance between
them and your CPU's heatspreader, in theory boosting
heat transfer.

The pump section feels extremely well made too,
although you still need to manually attach the mounting
brackets using screws, whichis afiddlier process than on
many other coolers. There's a tube of thermal paste too, so
if you switch CPUs or motherboards in future, there will be
enough thermal paste for another application or two.

It's good to see Intel's LGA1700 socket supported out
of the box as well, with the new socket just requiring a
different backplate from other sockets, in order to lower
the mounting pin height to cater for the lower heatspreader
height onIntel's 12th-gen CPUs.

Installationis otherwise fairly simple, and the short
threads on the fan screws, combined with large screw
heads, meant we didn't need to reach for a screwdriver to
fit them either, with our thumbs sufficing. The same was
nearly true for the nuts that lock the pump sectionin place,
but these needed a small tweak with a screwdriver.

Performance

Once the cooler was up and running, the pump was
inaudible above the noise made by the rest of our system,
exhibiting a low-level whirring sound, but not an annoying

FLUX CAPACITOR
Top-notch RGB lighting

BLOWNCAPACITOR
= Struggles with Corei9-12900K

Easyinstallation

LGA1700-compatible
outof thebox

= Notmany standout features

= Competition offers
better cooling

whine. The fans proved to be much quieter than we were
expecting at full speed too, making a significantly less
noticeable noise than those on the CorsairiCUE H100i Elite
Capellix, for example, while also seeming to shift less air.

However, the latter was also much better at dealing with
our Corei9-12900K, with the Cooler Master's CPU delta T
of 57°Cbeing 7°C warmer than the result from the Corsair
cooler. It did at least better the Antec Symphony 240 by a
substantial 5°C, butit's clear that if you have Intel's Core
i9-12900K, or the more recent 12900KS, then you'd do
betterto get a cooler with a wider or thicker radiator. For
example, the Phanteks Glacier One 240 T30is agood 12°C
coolerthan the Cooler Master, thanks to its 45mm-thick
radiator and powerful fans.

In our less toasty AMD Ryzen 7 5800X system, however,
the MasterLiquid PL240 Flux managed a CPU delta T of
51°C - agreatresult that's second only to the and Phanteks
Glacier One240T30inourtests.

Conclusion

We were expecting more from the Cooler Master
MasterLiquid PL240 Flux in our Intel system given Cooler
Master's claims, but it seemed to struggle a little against
our Corei9-12900K. However, you need a powerful pump
and monstrous airflow to hit the top spots in the cooling
graphs with this CPU. We'd feel comfortable pitching it
againsta Corei7-12700K or below, but the fact remains
that there are better options if you want the best cooling
forIntel's most powerful CPUs.

In our AMD system, though, the Cooler Master fared
much better thanks to lower heat loads, and here the pump
seemed to perform well, with the cooler able to match or
better all except one other cooler we've recently tested.

Even then, though, the trouble for Cooler Master is that
Corsair has cut the price of the iCUE H100i Elite Capellix,
soitretails forjust £100inc VAT on ebuyer.com at the
moment. With software fan control and similar or better
cooling, the Corsair cooler is still the best buy, but for more
restrained noise levels and universally compatible RGB
lighting, the Cooler Master MasterLiquid PL240 Flux s still
worth considering, especially if you have an AMD system.
ANTONY LEATHER

VERDICT

Not quite as potent on LGA1700 as we were hoping, but
its quiet operation and universally compatible RGB lighting
makes it still worth considering.

LGA1700
COOLING

33/40

FEATURES

16/20

17/20

FITTING

EASY

OVERALL SCORE

SocketAM4
COOLING

37/40

FEATURES

16/20

17/20

FITTING

EASY
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/ COOLING

240MM AIO LIQUID COOLER

ANTEC SYMPHONY
240 /€70 newar

SPEC

f you've scoffed at the prices of some AlO liquid
. coolers recently, then you're not alone, as fancy

features such as software control, RGB lighting
and LCDs allbump up the price. In some situations, a custom
water-cooling kit would be cheaper, but thankfully, there are
still ways to own a240mm AlQ liquid cooler and get plenty
of change from £100. One exampleis Antec's new £70
Symphony 240, which has to live up to some expectations,
being the successor to the excellent Neptune 240.

At £70, the priceis very reasonable indeed, especially as
the Symphony 240 sports digital RGB lighting not only on
its fans, but on the pump as well. The colours on the fans’
lights don't quite pop as vividly as the photos suggest, with
the lighting sitting at the centre of the fan hub and diffusing
outwards across translucent fan blades. The pump looks
very snazzy, though, with alarge square top that sports an
attractive RGB lighting design.

The downside is that you have to deal with quite afew
cables when you're installing the Symphony, especially as

there’s no fan and lighting hub included, unlike
the Neptune 240. At least the fans are equipped

Intel compatibility
LGA1700, LGA1200,
LGA15x%, LGA2066, LGA2011

AMD compatibility
Socket AM4

Radiator size with fans (mm)
120 x277 x 52 (W x D x H)

Stated noise
30dBA

with a splitter cable, so you just need to connect
themto asingle fan header.

The pump has a single 3-pin connector, so
you'llneedto ensureit's connected to the AIO
pump header on your motherboardif you have
one.Meanwhile, the RGB lighting requires just
one 3-pin header, as both the fans and the pump
are daisy-chained, so at least this setup shouldn’t
resultintoo much cable spaghetti. There's also
an adaptor to convert the standard 3-pin cables

to Gigabyte's 3-pin RGB headers, which are slightly different
fromthe usual ones.

We also love the fact that the fans are pre-installed onto
the cooler. The out-of-the-box setup will cater for PCs with
the cooler located in the roof or front of the case, where
you wantto push air through the radiator, but pull setups
will require the fans to be flipped around. The fans are also
rotated, so their cables sit on the side of your motherboard
tray for easy cable routing.

You get atube of thermal paste rather thanit being
pre-applied, which we prefer, as it means you won'thave
to buy more pasteif you upgrade your CPU in future, or if
you accidentally touch the pre-applied paste. Out of the
box, the cooleris compatible with all current CPU sockets
too, including Intel's new LGA1700 socket forits 12th-gen
Alder Lake CPUs, which uses a specific backplate and
mounting pins.
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Theinstallation processis largely the same across other
sockets, with sprung thumbscrews securing the pump
sectionto the motherboard. It's alittle overcomplicated,
though, with the need to manually screw different mounting
plates to the pump depending on whether your CPU
ismade by AMD or Intel, and the backplates don't hold
themselves to the CPU socket with double-sided tape or
some sort of securing system on the CPU side either. This
means you'll need to hold the backplate in place while you
install the cooler, which can be tricky.

Performance

The two 120mm fans supplied with the Symphony

are atad underpowered, with their peak of 1,600rpm
meaning they're up to 1,000rpm slower than some of the
more powerful coolers we've tested. This did mean the
Symphony 240 was quieter at full speed than the likes of
the CorsairiCUE H100i Elite Capellix, but the downside

is thatit lacks the flexibility to ramp up its fans to similar
cooling levels, perhaps dealing with extended high loads
on hot summer days with a high-end CPU.

The pump proved to be very quiet, with just a low droning
noise evident with our ear againstit, but otherwise, it was
inaudible above the noise from the rest of our components.
The slower than average fans predictably struggled, though,
with the CPU delta T hitting 62°C when battling against a
Corei9-12900K in our LGA1700 system - our ten-minute
stock speed stress test clearly pushed the coolertoits limits.

As apoint of comparison, the Phanteks Glacier One 240
T30 was awhole 17°C cooler, with its radiator noticeably
being less warm, whichis a clear sign that the lowly fan

SYMPHONY

Pre-installed fans and cables

CACOPHONY

= Fansaren't very powerful

Low noise = Limited RGB lighting

Excellent price

= Uncompetitive cooling

AMD SOCKET AM4
Phanteks Glacier One 240 T30 W 4oC
Corsair iCUE H100i Elite Capellix l51“C
Cooler Master PL240 Flux l 51°C
EK EK-AIO 240 Basic 3 52C
Antec Symphony 240 l 53°C
ARCTICLF 11240 RGB l 56°C
Lower is better
INTEL LGA1700
Phanteks Glacier One 240 T30 g 45°c
EK EK-AIO 240 Basic i «s°c
Corsair iCUE H100i Elite Capellix ISO"E
ARCTICLF I 240 RGB Wssec
Cooler Master PL240 Flux . 57°C
Antec Symphony 240 . 62°C

Lower is better

speeds were the main culprit behind the Symphony 240
struggling to cope. It was also 7°C warmer than the ARCTIC
Liquid Freezer 11240 RGB, which also has fans that can spin
up to 200rpm faster at peak speed.

In our AMD system, pitched against our Ryzen 7 5800X,
the Symphony 240 held up alittle better, with the CPU delta
T of 53°C actually being slightly cooler than the ARCTIC
cooler, perhaps thanks to a better mounting mechanism
orits more powerful pump. However, it was still along way
from bettering the best-performing 240mm AIO liquid
coolers we've tested recently.

Conclusion

It's pretty clear that, when it comes to dealing with toasty
high-end CPUs, the Antec Symphony 240 doesn'thave
the fans and airflow to deal with the added heat those
components produce. It's quiet for sure, but the fact

its radiator got very warm after dealing with our Core
i9-12900K for ten minutes under full load is a clear sign
that the radiator was overloaded, and the fans weren't
shifting enough air to deal with the heat.

Our LGA1700 testrig represents exceptional
circumstances, though, with one of Intel's top-end CPUs
that's known for being a toasty customer, with its 16 cores
and 24 threads under full load for ten minutes, which few
people will be doing on aregular basis. Its performance in
our AMD system with the cooler-running Ryzen 7 5800X is
evidence that, whenits fans do shift enough air to deal with
the heat load, the Symphony 240 is actually pretty good.

What's more, its price is £10 cheaper than that of the
ARCTIC Liquid Freezer 11240 RGB, making the Antec
Symphony 240 abetter-value option for mid-range
AMA4 CPUs, as you get similar cooling, as well as more
extensive RGB lighting, for less money. However, if you'll
regularly be putting you CPU under full load and it has more
than 12 cores, especially where Intelis concerned, we'd
look elsewhere.

ANTONY LEATHER

VERDICT

A great price for the lighting, and decent cooling on mid-range

CPUs, but it struggles to cool high-end LGA1700 CPUs.

Intel LGA1700
COOLING

28/40

FEATURES

15/20

16/20

FITTING

MEDIUM

AMD SocketAM4
COOLING

33/40

FEATURES

15/20

16/20

FITTING

MEDIUM




/MONITORS

27IN GAMING MONITOR

ASUS ROG SWIFT
PG2790M/ £799 nevar

THEREFLEX orseveral years, 144Hz and 165Hz
Solidimage quality displays with aresolution of 2,560 x
S ) 1,440 (1440p) have been
uperb gaming
performance commonplace. However, it's only recently that
Very high displays of this resolution have stepped up to 240Hz,

colour gamut andthe Asus PG279QMis one of those select few.
This 27in, IPS panel also includes support for

G-Sync Ultimate (complete with dedicated

THE REFLUX
— Reflex Analyzer hardware) acrossits full 1-240Hz range and
of limited use includes Nvidia's Reflex Analyzer. This tech lets you connect
— Nocontrast your mice via the monitor's USB hub, and then uses a built-
boost for HDR in detection tool to work out the latency between clicking a
~ Very expensive mouse button and the effect being shown on screen.

It's aninteresting addition but requires specific game
supportand has limited use. Your old wireless mouse may
cause significantinput lag, rather than your monitor. You

canalso use the feature to optimise in-game
SPEC settings, but most such gains would also be
Screen size flagged by anincreasein framerate.

27in The most obvious use caseis for highlighting

Resolution the benefits of another Nvidia feature, whichis
2560x1440 the Reflex option foundin a handful of games.
lr;gel technology When enabled, this optimises the game for

8 reduced latency, and sure enough, we saw our
Maximumrefreshrate )
240Hz latency in Apex Legends drop from22ms to

Response time 18ms with this feature turned on. However, you
ms don't need this monitor to enable that feature.

Max brightness Elsewhere, the PG279QM generally
350cd/m?SDR,400cd/m’HDR  jmpresses. Itsimage quality is decent out of the
Backlightzones box, with contrast that exactly matched ts rated
! : 1,000:1ratioin our tests, and it has the option of
fga(t)eoicontrast ratio either an sSRGB mode for reducing the colour
Ataptive sync gamut whenneeded and a high gamutmode

FreeSyncand G-Sync Ultimate

Display inputs
1x DisplayPort 1.4, 3 x HDMI 2

Audio
2 x2W speakers, headphone out

Stand adjustment
Height, pivot, rotation, tilt

Extras

100 x 100mm VESA
mount, 2-port USB 3
hub, rear RGB lighting

HDR standard
VESA DisplayHDR 400

that will dole out 100 per cent of therec.2020
colour space, for truly dazzling coloursinHDR.
However, colour balance was allittle off,
hitting a colour temperature over 7,000K
eveninits SRGB mode, so alittle tweaking
will be requiredif you're using this display
for colour-critical work. HDRs also a little
underwhelming, as the mere 32 edge-lit
backlight zones can't produce ameasurable
boostin contrastin most content.
Meanwhile, the physical designis a little
fussy, with ametallic grey finish, copper

highlights and RGB lighting on the rear. The connections
around the back are also awkward to reach, thanks to alip
onthe bottom edge of the screen sitting directly in line with
the ports and pushing against the cables.

Gaming performanceis excellent though. The 240Hz
refresh rate combines with animpressive average initial
response time of 3.7ms at maximum overdrive and 4.4ms
atmedium overdrive, making for a very snappy, responsive
feel. Overshoot can creep up at high overdrive settings, but
ismanageable at medium overdrive, so we'd stick with that
setting. It's ashame Asus hasn'tincluded a backlight strobing
blur reduction mode though.

The step up to a1440p resolution over 1080p - asis more
common for240Hz displays - is significant for some games
butless so for others. In Counter-Strike: Global Offensive,
Valorant and even Apex Legends, the extra resolutionisn't
so critical, butin Call of Duty: Warzone, the extra detail is
essential for picking out enemies among the distant trees.

Conclusion IMAGE QUALITY
The Asus ROG Swift PG279QM's

combinationofa2,560x 1,440 28/30
resolution and a240Hz refreshrate GAMING
works to great effect, butit comes 26 / 3 U
ataveryhighprice.Severaldirect
competitors are similarly pricey, but FEATURES

there are many 165Hz options for under
half this display’s price that will serve
many gamers fine.

EDWARD CHESTER

14/20

VERDICT

Cutting-edge gaming performance and
fantastic image quality, but boy, does it
come at a price.
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32IN GAMING MONITOR

MSIOPTIX

MPG32TUR-QD

/ £900 incVAT

Excellent
image quality

Solid gaming
performance

Decentvalue

hile the Asus PG279QM (opposite) feels a
. little lackingin meaningful features forits

high price, the same can'tbe said of the MSI
MPG321UR-QD. As well as an extra 5in of screenreal

estate, this 32in bruiser packs in a4Kresolution with a
144Hz refreshrate, quantum dot filter technology for

boosted brightness and colourrange, plus ithas a built-in
KLF KVM and even amouse bungee.
This versatility is directly aimed at people who wantto

= Only edge-lit
backlight zones

connect their PCand games consoles through a single big

screen, with the KVM feature enabling you to easily switch

= High priceif
you don'tneed
the KVM

= Ed:Oi,llike
The KLF!

single cable.

SPEC
Screen size
32in
Resolution
3,840x2,160

Panel technology
IPS

Maximumrefreshrate
144Hz

Response time
1ms (MPRT)

Max brightness
400cd/m?SDR, 600cd/m?*HDR

Backlight zones
16 (edge-lit)

Stated contrastratio
1,000:1

Adaptive sync
FreeSyncand G-Sync

Display inputs
1x DisplayPort, 2 x HDMI, 1x USB Type-C

Audio
Headphone out

Stand adjustment
Height, pivot, rotation, tilt

Extras

100 x 100mm VESA mount, KVYM
with six USB 2 inputs and two USB
2 outputs, rear RGB lighting

HDR standard
VESA DisplayHDR 600

between devices. The USB Type-C connection canalso
be usedforvideo, makingit easy to connectalaptop viaa

It's fantastic if you use so many devices, butif you only
intend to use the screen for one desktop PC, there are cheaper

ways to geta 4K 144Hz monitor. Also,
considering the multi-device focus, it's
surprising there are no speakers.

The physical designis mostly black
with a small strip of RGB lighting on
the back -it's simple, but nottoo
garish. Meanwhile, the stand offers
height, swivel andtilt adjustment, and
there’s a100 x 100mm VESA mount
formonitor arms. The connections are
arranged around the back, facing down,
andinclude three USB uplink ports for
distributing the KVM switch to your
devices, along with four USB downlink
ports for peripherals, two HDMI 2.1
ports (for 4K at 120Hz compatibility),
one DisplayPortinputand one USB
Type-Cport.

Also onthe underside are holes to the
leftandright edges of the display, where
you can attach the included mouse
bungee for either left or right-handed
use.It's auseful addition for wired
mouse users. The extensive menus are
controlled via aminijoystick onthe back
that works well, or you can download
the GamingOSD app to control them.
The menus are so comprehensive that
we foundthe display quite confusing to

setup, so expectto spend a while searching through every
optionto work out what the display is doing.

You getan sRGB mode (with adjustable brightness) and
ahigh gamut mode, along with an HDR option but,asHDR
contentis held back by just having 16 edge-lit backlight zones,
you getno real-world contrastboost.

Overallimage quality fromthe IPS panelis very good, with
solid viewing angles, dazzling colours in high gamut mode
and a decent colour balance. The sSRGB mode dips to only 92
per cent sRGB coverage, though, so looks a tad desaturated.

Gaming performanceis also good, but not at the level
of the Asus PG279QM . Its initial response time averaged
12.7ms atnormal overdrive and 8ms at maximum overdrive.
Combine these figures with the 144Hz refresh rate, and this
monitorisn'tatop choice foresports, butit's great fora4K
monitor. What's more, that maximum overdrive came with
almostno overshoot, soimage quality remains excellent.

Conclusion

MSI's MPG321UR-QDis animpressive IMAGE QUALITY
display, and worthits price for those that 2 4 / 30
wanttoplugmany devicesintoonebig, T T
4K display. MSl really has left very few GAMING
stones unturned to add all the features 22 / 30
youmightneed, otherthanspeakers . .. ...
and proper multi-zone backlighting for FEATURES

true HDR. For single-PC users, though,
there are cheaper ways to get the same
core 4K at144Hz performance.

EDWARD CHESTER

20/20

VERDICT

An impressively feature-packed
panel for those wanting one display
for many devices.
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/PERIPHERALS

ERGONOMIC MOUSE

LOGITECHLIFT/£70 nevar

LIFTMEUP
Smartappearance

Useful Logitech
Flow features

Long battery life

LETME GO

= Vertical design
impairs movement

= Only modest
comfort
improvement

= Nowired
connection option

SPEC

Weight
125¢g

Logitech optical
(4,000DPI)

he Logitech Liftis a new, more compact variant of
. the company’s MX Vertical mouse, designed for

users with smaller hands or smaller wallets - the
MX Vertical costs £25 more than the Lift. The idea behind
both these ergonomic miceis that they tilt your handinto a
much more upright angle than typical mice, in order to
reduce wrist and forearm pain.

Conventional mice typically set your wrist at an angle of
around ten degrees from your desk, while some slightly
more ergonomic mice, such as the Logitech MX Master,
might open this angle up to around 25 degrees. However,
the Lift goes all the way to 57 degrees.

The effectiveness of this change isimmediately apparent
butnotall positive. Your wrist angle does indeed open up,
reducing any inherent forearm aggravation. However, the
way your hand grips the mouse canfeel a little odd. Your
fingers stretch out flat over the side with the buttons, rather
than curling round, as they would when holding ajoystick,
forinstance.

We found this meant we had to grip the mouse with the
meat of the palmto pullitback and liftit — as you need to do
on occasion when you run out of mouse mat area witha
normal mouse - incurring more hand strain and decreasing
dexterity and accuracy.

The switch to a different forearm angle also means you
no longer rest your arm on the meatier muscular part of your
forearm between the ulna and radius, butinstead expose
the side of the ulna to the surface of your desk. You can get
around this by using a wrist rest, but these can limit your
movements, as your arm snags on the wrist rest. Raising
your arm slightly so thatit doesn'trest on the desk
canwork too, but we didn't find this comfortable, as
you have to bend your wrist back further.

Instead, it feels like the Lift (and MX Vertical) could
do with an extension on the back of the mouse to

6 (left, right, scroll wheel,

2 x side buttons, DPI)

Connects to up to three

devices, supports
Logitech Flow

restand slightly raise your hand away from the desk, such as
onthe Posturite Penguin. This would take the strain off your
hands and fingers to grip the mouse, and protect your arm
from rubbing on your desk.

Elsewhere, the Liftis available in both left and right-
handed versions, and comes in fetching pink and white
shades, as well as grey. It has a basic feature set with five
main buttons - left, right, middle/scroll, back and forward -
along with a button for switching the DPI.

This mouse also supports Logitech’s Flow technology,
which uses the company’s Options software to allow you to
transfer files between different devices that are connected
to the mouse, which can be very handy. A button onthe
underside lets you cycle through the three connected
devices. Here, there's also a hatch that houses the AA
battery (that will last for up to two years) and a hole for the
USB dongle. The Lift doesn't support wired connection,
unlike the MX Vertical.

Conclusion

The Logitech Liftis alaudable attempt DESIGN

to create arelatively affordable vertical

mouse design that's better suited to 12/20 _____
smaller hands than the company’'s MX FEATURES
Vertical. However, we're not entirely 12 / 20
convinced aboutthebenefitsofthe ...
overall ergonomicimprovements, and PERFORMANCE

find it more difficult to move accurately
than conventional mice. It's a capable
productivity mouse otherwise though.
EDWARD CHESTER

18/30

VERDICT

Despite admirable ergonomic aims,
this otherwise solid productivity mouse
needs a bit of a redesign in places.



http://amazon.co.uk

'ECHNOLOGY IN YOUR HANDS

ZINE
OD RN MAKER

— T
TO
M 20

| HACK | 'EATE ZLEEEI

35%

on the cover prlce

|

| |

TECHNOLOGY (¥ YOUR ”AMD.S ‘ s

w

Gt startodwitha

+ pake 3 r-obm"c

ith
% drawing machine v
Raspberry P PiPico . ey

...mn e

Hydraulies)
W_.u ) ' i £

Available on the GETITON
I ‘ App Store P> Google Play [



https://itunes.apple.com/us/app/hackspace-magazine/id1315673274?ls=1&mt=8
https://play.google.com/store/apps/details?id=com.apazine.hackspace
https://hackspace.raspberrypi.com/

/PERIPHERALS

GAMING MICE

ASUS TUF CAMING M4 AIR AND
MAWIRELESS / £42 nevarmane E54 nevarmawreiess

espite sharing the same name,
shape and overarching feature
set, Asus' new M4 Air and M4

Wireless are quite different mice. Oneis
an ultralight, wired-only option that's

coveredin weight-saving holes, while the

M4 AIR SPEC
Weight

Dimensions (mm)
64 x126 x40 (W x D xH)

Sensor

PixArt PAW3335 optical
(16,000 DPI, 40G acceleration,
4001PS)

Buttons
5 (left, right, scroll wheel, 2 x
side buttons)

Cable
1.8m, lightweight braided

Extras
None

M4 WIRELESS SPEC

Weight
77g (AAAbattery) / 86g (AA
battery)

Dimensions (mm)
64 x126 x40 (W x D xH)

Sensor
PixArt PMW3311 optical (12,000

Buttons
5 (left, right, scroll wheel, 2 x
side buttons)

Extras
Wireless and Bluetooth
connections, AAA battery

DPI,35G acceleration, 300 IPS)

otheris a wireless-only model
thatruns on conventional AA or
AAA batteries.

Their shared M4 shapeis reminiscent
of the likes of the Glorious Model O, with a
symmetrical form but with thumb buttons
only on the left sides of the mice, so they're
not ambidextrous. With dimensions of

64 x126 x 40mm (W x D x H), it's a mid- onto the sides of the mouse, but there's just enough of a dip
sized mouse design that's ideally suited to to each triangle to make for a useful grippy surface.
fingertip grip for medium to large hands, It's an effective weight saving implementation butit's not
but also works well for palm and claw grips particularly elegant. There are visible mould seams to the
formedium to smaller hand sizes. There's inside edges of the holes, and the intentional variationin
areason this shape and size of mouse has the size of the holes and how much they're filled in makes
become so prevalent - it's so versatile. itlook abituneven. The size and number of the holes also
Both M4s have just five main buttons leaves the insides very exposed. A water-repellent coating
- left, right, middle, back, forward and a top- should keep the electronics safe from spills butit's nota
mounted DPI button, and use a lightweight particularly interesting or good-looking interior.
scroll wheel with very defined notches. These Meanwhile, the M4 Wireless weighs in at 77g with the
make the scroll wheelideal for precise control  included AAA battery (86g with an AA battery). It's still
in games, although they're less useful for technically quite alight mouse, but you certainly notice the
quickly scrolling through documents on the weight difference compared with the M4 Air. The battery
Windows desktop.

The slightly confusingly named M4
Air (where ‘air means ‘light’, rather than | M4 Wireless |
‘wireless') is coveredin holes that help
bring down its weight to animpressive
47g, making itamong the lightest
mice you can buy. Despite
this, its build doesn't feel
compromised, with a
generally sturdy feeland no
creaks fromthe panels. The
holes are filled in where the
triangular hole pattern continues
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M4 CARBINE

Great overall shape

M4 MOTORWAY

= M4 Wirelessis unbalanced

M4 Airisincredibly light = M4 Wireless lacks wired option

Excellent overall performance = M4 Airlooks a bit basic

also makes the mouse a little back-heavy, while the lack of
the triangular texture on the sides makes this mouse less
easy to grip thanits wired counterpart.

Onthe plus side, the versatility and months-long battery
life are handy, but there’s no doubt a smaller rechargeable
battery would have saved weight and provided better
balance. The lack of ameans to use the mouse in a wired
mode also means that you're out of luck if you're caught
short without areplacement battery.

There are no weight-saving holes on the M4 Wireless.
Instead, the smooth back slides off to reveal the battery
compartment and a stowage hole for the USB dongle.
Onits underside s a sliding switch for turning off the
mouse or sliding betweenits USB dongle’s wireless or
Bluetooth modes.

Tracking performance for both mice is excellent, despite
them using slightly different sensors. Combined withits
incredibly low weight, this makes the M4 Air a top-class
affordable gaming mouse for sheer performance, but
the M4 Wireless is let down slightly by its higher and
uneven weight.

Conclusion

The Asus TUF Gaming M4 Air's

incredibly low weight, excellent M4 Air M4 Wireless
performance and low price make it DESIGN DESIGN
atop-choice ultralight gaming mouse 18/20 12/20
foritsprice,aslongasyoudon'tmind e,
its slightly utilitarian design and FEATURES FEATURES
budget build quality. The M4 Wireless 12/20 14/20
also offersdecentvalue forits SpeC, i e
butits slightly back-heavy design and PERFORMANCE PERFORMANCE

lack of an optional wired connection
letitdown.
EDWARD CHESTER

28/30

23/30

VERDICT

Asus' latest gaming mice are decent
value options, though the lightweight
wired M4 is a bigger hit than the
wireless model.
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/LAPTOPS

GAMING LAPTOP

ALIENWARE

he x17isthe biggestexpression of Alienware’s
Legend2designlanguage we've seen,andit’s
animposingbeast. The white body shines, the

distinctive x17logo dominates thelid and the familiar
ringof RGB LEDs glows attherear. Build qualityis
impeccable, andthe Alienwareis only 21lmmthick —a
slimfigureforahigh-end gaminglaptop. Bearinmind,
though, thatthis laptop weighs 3.2kgand measures
399mmwide, soitwill weighdown yourbagandoccupy
alarge areaof yourdesk.

SPEC

CPU
2.3GHzIntel Corei7-12700H

Memory
32GB 4800MHz DDR5

Graphics
Nvidia GeForce RTX
3080 TiLaptop 16GB

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

Storage
1TB Kioxia XG5 M.2 SSD

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

Weight
3.2kg

Ports

1x Thunderbolt 4/USB
Type-C/DisplayPort, 1x
USB3.2Gen2Type-C,2
xUSB3.2Gen1,1xaudio,
1xHDMI 2.1, 1x microSD

Dimensions (mm)
399x300 x21(W xDxH)

Operating system
Windows 10 Home 64-bit

Warranty
One year parts and
labour returnto base

Happily, Alienware hasfilled the sizeable
body withgoodfeatures. There'sa
Thunderbolt4 connectionandaUSB3.2 Gen
2 Type-Cport, both of which offerpower
delivery, alongside two full-sized USBports.
Thelaptop has amicroSD slot, HDMloutput
and2.5Gbps Ethernettoo,andontheinside,
there’sKiller 802.11ax Wi-Fiand Bluetooth 5.2.
Almostallthe ports sitatthe machine’'srearas
well, whichishandy for cabletidying, although
Alienware’s brightring of RGB LEDs makes
them difficultto see.

Meanwhile, thekeyboardsitsinthe middle
ofthelargebase, andthe switches are fast,
crisp andpretty quiet. They keyboard has per-
key RGBLED lightingand extramediakeys,
andit’'sarobust chicletkeyboard. That said,
it'snotwithoutflaws - there’'snonumberpad,
despitethe sheersize of thislaptop, and other
machines have macrokeys and extrabuttons.

Thel.5mmoftravelisalsomediocre;
Alienware’s low-profile CherryMX optionis
miles better, withasnappieractionand2mm of
travel. Thisisa£100 upgrade, andit'sone we'd
seriously consider.Infront of the keyboard sits
asmalland unassumingtrackpadthat’sfine
fordaily use,butyou'llwantapropermouse
forgaming.

Not surprisingly, this brute of alaptop has muscular
internals. The Nvidia GeForce RTX3080 TiLaptop GPU
has 7,424 CUDA cores and 16 GB of memory alongside
anunfettered150W TDP. Youalso getanintel 12th-gen
CPU, withthe Corei7-12700H deploying six P-Cores
withaturbo speedof4.7GHz, alongside eight E-Cores.
Inaddition, the specincludes 32GB of DDR5 memory
anda1TBSSD withrock-solid read and write speeds of
6,413MB/secand4,131MB/sec.

Thex17isn'tcheap. This configuration, whichincludesa
360Hzdisplay, costs awhopping£3,184, andit still costs
northof £3,000if you settle forone withanRTX 3070
TiGPU.The entry-levelmodel, with16GB of memory, a
165Hz display andanRTX 3060, still costs £2,149,and
if youmax outevery customisationoption, you'll pay
beyond£4,000.

Remarkably, the x17representsrelatively good value
though. Only acouple of laptops from Gigabyte and Razer
mimicthe x17's specification, includingthe RTX3080 Ti
and360Hz screen, andthey’reallmore expensive.

PERFORMANCE
TheRTX3080 Timobile GPUisabeast.Itssmooth 99th
percentile of 56fpsin Assassin’s Creed Valhallaisa
greatresultwiththe 87fps average, andthe 64fps 99th
percentileresultin Cyberpunk2077insuperb.Notonly
that, butitstayed above 60fps withMediumray tracing
andBalanced DLSS enabled.
There'snohigh-endgamethisrigwon’trun smoothly
atthescreen’snative 1,920 x1,080resolution.
Meanwhile, its 322fps averageinDoom Eternal showsit
canhandleundemandinggames athighframerates - it
mightnot quite hit360fps, butit's close,andthe screen'’s
G-Syncsupportmeansthe screenwill still sync with your
graphicscard’'sframerates whenthey slow downtoo.
Itevenhita42fps 99th percentilein Metro Exodus with
Highraytracingenabled, andthatwillimprove further
withDLSS enabled.


http://custompc.co.uk/AlienwareX17

LEGENDARY

Fantastic gaming speed

FORGETTABLE

= Tinny-sounding speakers
Immersive display = Underwhelmingkeyboard

Decent thermal abilities = Largeandheavy

Good-looking, robust exterior

Thatsaid, youmightnothitthese figures outof the box.
By default, the x17 uses Nvidia Optimus, but with that
optionselected, therig’'s Metro Exodus 99th percentile
resultdippedto 36fpsandits DoomEternal 99th
percentile droppedto 127fps. With Optimus deployed,
the GPUrarely drew 150W, andinstead hovered between
130Wand140W.

You'llwanttodisable thisfeatureif you're plugged
intothemains andusethe x17's Balanced thermalmode,
whichweusedto gettheresults above. The x17 produced
moderate, manageable fannoise under these settings,
the GPU'sdeltaT of 60°Cwasfineandonly the area
abovethekeyboardbecame uncomfortably warm.

Ifyouwantevenmoreperformance, the Full Speed
thermaloptionsawtherig'sDoomaveragejumpto
342fpsandthe GPU’'s powerdrawrise beyond 150W.
Whilefannoiseislouderhere, we've heardworse from
conventionallaptops,andaheadsetwill easily drown
outtheracket-it's certainly notprohibitive. Elsewhere,
the Quietmodereduces fannoise atthe expense of
performance, while the two overclocked options had
littleimpactonpace.

The Corei7-12700His more predictable.lts overall
systemscore of 280,778 isfastenoughto manage any
mainstream creative task, andits Handbrake H.264 video
encodingresultof 756,770is superb.Noise levels are
neverbadduringprocessingbenchmarks,andthe CPU
achievesdecentspeeds -insingle-threadedtests, the
chip hititsturbo speed of 4.7GHz, andinheavily multi-
threaded benchmarks,itpeakedat3.7GHz.

Meanwhile, the 17.3in display pairsits super-fast
360Hzrefreshrate with G-Syncsupport,almsresponse
time and ample quality. The 385cd/m?brightness and
0.32cd/m?black point create a contrastratio of 1,203:1,
socoloursarevibrantandnuanced. ThedeltaEof1.78
means colours are accurate,andthe panelrendered

b, 361

GIMP IMAGE HANDBRAKE H.264 HEAVY MULTI-
EDITING VIDEO ENCODING TASKING

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

Alienware x17 R2 199fps
ASSASSIN’'S CREED VALHALLA
1,920 x 1,080, Ultra High settings, High anti-aliasing

Alienware x17 R2 56fps
CYBERPUNK 2077
1,920 x 1,080, Ultra preset, no ray tracing

Alienware x17 R2 64fps

METRO EXODUS
1,920 x 1,080, Ultra settings, High RT, PhysX off, HairWorks off
Alienware x17 R2 42fps
99th percentile Average

N

196,170 260,022 280,178

PN

SYSTEM
SCORE

322fps
87fps

82fps

77fps

98.8 percentofthe sRGB gamutwithamoderate 115.7 per
centvolume. Thisdisplayisboldandrealisticratherthan
oversaturated, andit’'s greatforgaming.

Notsurprisingly, battery lifeis dismal - expectanhour
of gameplay andthree hours of work or media playback
time. You'llwantto stick to the mains with thismachine
wherepossible. Finally, the speakers have loads of
volume andbass, butthetop endistinny - you'll want
touse aheadsetorexternal speakers.

CONCLUSION

The Alienware x17 R2 has fantasticdesign, superb
gamingperformance and anexcellentdisplay.Plus, given
the componentsinside,itevenoffersreasonable value.
Negatively, the speakersandkeyboard shouldbothbe
better,butyoudo atleasthave the option of upgradingthe
latter.If you've gotthe cash, the x17is afast,immersive
gaminginvestment.

MIKEJENNINGS

VERDICT

Alienware’s high-speed gaming rig offers sensational speed
and design alongside a top screen, although it's a chunky
beast and the keyboard could be better.

PERFORMANCE

24/25

DESIGN

22/29

22/25




/LAPTOPS

GAMING LAPTOP

ASUSROG STRIXSCAR

sus'ROG Strixlaptops are some of the most
gregarious machinesaround, andthat’'s not
changedfor2022 -thisrigis still littered with

RGBLEDsandbiglogos, withtranslucentplasticonthe

wristrestandatrio ofinterchangeable panels thatadd

some customisationtothe areabehindthedisplay.
Itshouts aboutits gamingambitions, but this machine

SPEC

CPU
2.5GHzIntel Corei9-12900H

Memory
16GB 4800MHz DDR5

Graphics
Nvidia GeForce RTX

15.6in 2,560 x 1,440
IPS240Hz

Storage
1TB Samsung
PM9A1M.2SSD

Networking
2.5Gbps Ethernet, dual-band

1x Thunderbolt 4/USB
Type-C/DisplayPort, 1x
USB 3.2 Gen2 Type-C,
2xUSB3.2Gen2,1x
audio, 1x HDMI 2.1

Warranty
One year parts and
labour returnto base

also offers substance alongside style. Build
qualityis good, with only alittle movementin
its panels, andits 2.3kg weightis comparatively
lightforapowerful15.6inmachine. The only
minorphysicalissueis the 27mm-thick body,
whichmakesthe Asus feel chunky.

Ontheleft-handedge, you'llfindtwo USB
3.2Gen1portsandaheadphonejack, whilethe
restofthe connectionslurk aroundthe back -
there’'saThunderbolt4 connector,aUSB3.2
Gen1Type-Cportwithpowerdelivery,andan
HDMI2.1output. Youalsoget2.5Gbps Ethernet,
dual-band 802.1ax Wi-Fi,and Bluetooth 5.2.

Fasterfull-sized USB ports wouldhave been
welcomethough-there’'sonefewerhere
thanonlastyear'smodel. The Scaralsohas
nowebcam, cardreader orbiometrics either,
andtheright-handside still retains the notch
forthe gimmicky Asus Keystone - aslotthat
holds RFID devices thatcanbe customised with
settingsorencryptedstorage.

Ontheplusside, there’slotstolike aboutthe
Scar'skeyboard. Thekeyshave2mmoftravel,
whichismorethanmostlaptopkeyboards,and
theiractionis crispandresponsive - they’renot
amillionmiles away from opto-mechanical
hardware andthey’re excellentforgameplay.
Beyondthe satisfyingtyping, the keyboardhas
per-key RGB lightingand extramediabuttons,

butnonumberpad. The Scar15'slarge and snappy
trackpadcanfunctionasanumperpadtoo, although
inpractice,itdoesn'twork anywherenearaswellas
physicalbuttons.

Ontheinside, Asus deploysanRTX 3070 Timobile GPU
with 5,888 CUDA cores, 8GBof memoryandapeak TDP
of 125W that can hit150W with Dynamic Boost - figures
thatarerightatthe chip’s upperlimit. Meanwhile, its
Corei9-12900H CPUis similarly muscular, containing
sixHyper-Threaded P-Cores witha5GHzturbo speed,
underpinnedby eight3.8GHz E-Cores. The 1TB Samsung
SSDisfasttoo, deliveringquick read and write scores
of 6,961MB/secand5,074MB/sec,andyou get16GB of
4800MHzDDR5memoryaswell.

That'salotof fasthardwarefor£2,399inc VAT, but
whenitcomestovalue,the Scar’s biggestthreatactually
comesfromwithinthe Asus stable. The 17.3in version of
thismachine costs £2,599 forthe same core components,
butwith32GB of memory,a2TBSSD and alargerdisplay.
Ifyouwon'tmovethelaptop much, that’sanaffordable
upgradeforaddedperformance andimmersion.

PERFORMANCE

InAssassin’s Creed Valhallaat1,920 x 1,080, the Scar
15delivered agreataverage of 81fps, and only dropped
toa99th percentile of 52fps, with a similarly smooth
resultin Cyberpunk2077.1tfaredless wellinthesetests
atthescreen’snative 2,560 x 1,440 resolution, butour
testsarerunatdemanding settings - alittle tweaking
inthe settings willmake these games playable at this
resolution. Thismachineis also well suitedtorunning
lessdemandinggames athighframeratesonthe 240Hz
screentoo —-theScar15averaged202fpsinDoom Eternal
at2,560x1,440, whichimprovedto266fpsat1080p.


http://custompc.co.uk/AsusScar15

ii BENCHMARK RESULTS i

67,848 809,617

GIMP IMAGE HANDBRAKE H.264
EDITING VIDEO ENCODING
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ebd2fl 241,826

HEAVY MULTI- SYSTEM
TASKING SCORE

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

Asus ROG Strix Scar 15 164fps 266fps

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

Asus ROG Strix Scar 15 123fps 202fps

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

Asus ROG Strix Scar 15 52fps 81fps

2,560 x 1,440, Ultra High settings, High anti-aliasing

Asus ROG Strix Scar 15 37fps. 62fps

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

Asus ROG Strix Scar 15 57fps 8ifps

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

Asus ROG Strix Scar 15 39fps  45fps

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

Asus ROG Strix Scar 15 37fps 67fps

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

Asus ROG Strix Scar 15 30fps 49fps

99th percentile Average

Meanwhile, the Corei9-12900Hproduceda
systemscore of291,826inourRealBench application
benchmarks, whichisagreatresultforaportable
machine.ltsHandbrake H.264 video encodingscore of
809,617is particularly potent, thanksto allthose cores,
makingthe Scar15 aformidable machine forheavily
multi-threaded content creationtasks.

The Asusisagoodthermalperformertoo.During
gameplay, thenoiselevels are noticeable but quieterthan
most15.6ingaming machines,andthere arenointernalor
externalheatissues, withthatextrathickness providing

abitofthermalheadroom. The noise was quieter during
processingtests,and CPU speeds werereasonable - the
P-Coreshit3.6GHzinaheavily multi-threadedtestand
4 9GHzinsingle-threaded workloads.

TheScarhasaTurbomodeaswell,butwedon't
recommendusingit-thehugenoiseincreaseisn’'tworth
theextra3fpsingamesanda5percentapplication
benchmarkimprovement. Conversely, the Silentmode
isworthwhile - itruns mainstream games atstill playable
framerates, while keepingdown thenoise,andthe
machine stillhas enough powerforeveryday computing.

Therearenosurprisesinbatterytests. The Scarlasted
foronehour, 47 minutesinagamingbenchmark, whichis
adecentresult, albeit withreduced graphical power, and
five hours duringwork andmediaruns. As with allgaming
laptops, you'llgetthe mostout of the Scarif youkeepit
pluggedintothe mains.

TheScar'sdisplayis excellenttoo. Alongwithits 240Hz
refreshrate,its1,157:1contrastratio suppliesample
vibrancy,thedeltaE of 2.4 ensures solid colouraccuracy
andthedisplayrendered 99.6 per centof the SRGB gamut
and 97.2 percentofthe DCI-P3 colour space - this screen
producesevery shade needed by games withaccuracy
andpunch.Finally,the speakersarebassy andloud, so
they provide abooming (if abitunbalanced) experience.

CONCLUSION

The AsusROG Strix Scar15isagreatgaminglaptop.It's
fast, thekeyboardis satisfying, the displayis rock-solid
andthe exteriorisn’'thotorloud.Noteveryone willbe
keenonthe chunkybodyorgamingstyle,and connection
options couldbebetter,butthe Scaris sturdy, well built
andeasytouse.

MIKEJENNINGS

VERDICT
A fast, bold and sturdy gaming notebook with few
significant issues.

SIMBA

Consistently
superb
performance

Accurate and fast
240Hz screen

Satisfying
keyboard

Robust, eye-
catching exterior

SCAR

= Thickerthanrivals

= Connection options

couldbe better

= Mediocre

battery life

PERFORMANCE
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DESIGN
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/PC SYSTEMS

AMD B550 GAMING PC

OCUKSPECTRA

CAMING CELESTE
/ £1,399 weunr

he Celeste,madeby Overclockers
UK,isanimpressively cheap
gamingsystemthataimsto

deliver mainstream gaming pace without
anabsurdcost,anditgets offtoagoodstart
byusingaGeForceRTX3060TiGPU. This
mid-range Nvidia GPUhas 4,864 stream
processors,8GBof memoryand38RT
cores,andthe Asus-made cardinthisrig
overclockstheboostfrequencyfrom

1665MHzt01710MHz.
Sittingabovethe graphics cardisan AMD
Ryzen55600G APU, whichhas six SMT-

SPEC

CPU

3.9GHz AMD Ryzen 55600G
Motherboard

Asus TUF Gaming B550-Plus WiFill
Memory

16GB Team Group Vulcan
T-Force 3200MHz DDR4
Graphics

Asus GeForce RTX 3060 Ti 8GB
Storage

500GB WD Blue M.2 SATASSD,
1TB Seagate Barracuda hard disk
Networkin

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

Phanteks Eclipse P360 Air

Cooling

CPU: Corsair Hydro Series HIOOx with 2 x
120mm fans; GPU: 3 x 90mm fans; front:
3x120mmfans;rear: 1x 120mm fan

Front:2xUSB 3.2 Gen 1,2 x audio;
rear:1xUSB 3.2 Gen2 Type-C, 1x
USB3.2Gen2,4xUSB3.2Gen1,2x
USB 2, 1x optical S/PDIF, 5 x audio

0perating'system“
Windows 11Home 64-bit

Warranty
Three years parts and labour
collectandreturn

enabledZen3cores
andapeakpaceof4.4CHz.

It'salittle unusualthat Overclockers
haschosenanAPUforthisPC,
givenitsdiscrete graphicscardand
itsrelative lack of performance
alongside conventional CPUs, butwe
canonlyassumeitwasabudgetary
decision,asthe5600Gisalittle
cheaperthantheRyzen55600X.

Elsewhere, the Celeste has 16GB of
dual-channelDDR4 memory running
at3200MHz andaKolink PSU with
80 PlusBronze certificationbutno
modulardesign. The Celestealso
offersa500GBWDBlue SSD and
a1TBharddisk. Whilethat's decent
storage capacity foranaffordable
gamingPC,theSSD usesthe SATA
ratherthanNVMe protocol, soitcan
onlyreadandwrite atmodestspeeds
of 422MB/secand455MB/sec.

The Celesteisresponsivein
everydayuseandtheSSDwon't
hindergaming, butyou'llnoticeits
lack of paceif youusethis machinefor
largefiletransfers,andthe absence of
NVMehardwareis disappointingina
PCatthisprice.

The Asus TUF Gaming B550-Plus WiFillmotherboard
ismorebefittingthebudget.lthastwoM.2 sockets,and
two sparememory sockets.Beneaththe GPU, you'llfind
three 1xPCI-E slotsandplenty of fanandlightingheaders.
Themilitary-inspired designis attractive,and attherear,
therearesevenUSB ports of varyingspeeds. Itevenoffers
2.5GbpsEthernetalongside dual-band 802.11ax Wi-Fiand
Bluetooth5.2.

It's stillnotahigh-endboard, though, sothereare
limitations - the Realtek ALC897 audio codecis entry-
level, forexample,andyoudon’tgetany fastUSB3.2 Gen
2x2USBports. Also, while one of theM.2 connectors
supportsthelatestfastPCI-E4SSDs,the AMD APU
doesn't,soyou'llneedtoupgradethe CPUto getthemost
outofafuturestorageupgrades.

It'sallhousedinaPhanteks P360A chassis, whichis
sturdy, cleanandattractive -twoRGB LED intakefans
glowthroughameshedfrontpanelandthe cablingisneat.
ThePSU shroudhasRGBLEDs, Overclockershas added
morelightingandthe entire motherboardis accessible and
unobstructed, withtheradiatorforthe CorsairHI00x AIO
CPUcooleroccupyingtheroof.

Twobuttonsontop of the chassis allow forlighting
changes,andtherearetwo USB 3.2 Gen1portsherebutno
USB Type-Cport.Elsewhere, the cables are untidy around
therear, with onelarge cable draggingrightacrossthetwo


http://overclockers.co.uk

2.5indrive mounts, andthetool-free 3.5inbays are only
accessibleif youremovethe system’'sfrontpanel.

Ontheplusside,it'sreally goodto seeadecent
warranty withaPCatthis price, with Overclockers offering
athree-yearcollectandreturndealthat coversbothparts
andlabour.

PERFORMANCE

The GeForce RTX3060 Tiremains an effective mid-range
GPU.At1080p, itdelivered 99th percentile minimums
beyond60fpsinAssassin’s Creed Valhallaand Cyberpunk
2077 withMediumraytracingandDLSS, soitcanplay
demandingbig-name games withoutissues.ts 287fps
averageinDoomEternalalso showsitcanchurnout
super-fastframeratesinundemandinggameson
240Hzdisplays.

Uppingtheresolutionto2,560x1,440 sawtheRTX
3060 TiremainplayableinDoomEternaland Assassin’s
CreedValhalla, butthis GPU doesn’t quite have the cloutto
rungames withray tracingatthisresolution.

TheRyzen55600G provedunderwhelmingthough.lts
overallsystemscore of 205,827is alittle slowerthanthe
scorefromthe Corei5-12400F inthe £1,099 Wired2Fire
PhoenixIntel (seelssue 224,p38),andit's miles behind
the294,013 scoredby the £1,499 PC SpecialistMagnus
Supreme’s Corei5-12600KF (seelssue223,p26).

Comparatively,the Ryzen55600X scores around
230,000. Whilethe Celeste's chipwon'thindereveryday
gamingandmulti-tasking,itdoesn'thave the chopsfor
contentcreation orothertricky workloads. Thankfully, the
Celeste’s pairingof alarge cooler withthis APUmeans

MOUNT CELESTE

Decent gaming performance

DAPHNE & CELESTE

= Sluggish processor
Sturdy, smart case = Overpriced

Consistently cool and quiet = Slow SATASSD

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

Spectra Gaming Celeste 185fps 287fps

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

Spectra Gaming Celeste 137fps 229fps

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

Spectra Gaming Celeste 61fps 84fps

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

Spectra Gaming Celeste 50fps 66fps

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

Spectra Gaming Celeste 62fps 77fps

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

Spectra Gaming Celeste 41fps. 48fps

ii! METRO EXODUS
i 1920 x1,080, Ultra, HairWorks off, Advanced PhysX off, High RT

Spectra Gaming Celeste 39fps 73fps

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

Spectra Gaming Celeste 31fps 53fps

99th percentile

Average

66,408

GIMP IMAGE
EDITING

ol1,848

HANDBRAKE H.264
VIDEO ENCODING

HEAVY MULTI-
TASKING

SYSTEM
SCORE

therearenothermalissues.It's extremely quietduringall
gamingandwork situations,andthe CPUand GPUdelta Ts
of34°Cand42°Caregreat. Theprocessoralso attainedits
statedboostspeedof4.4GHz.

CONCLUSION

ThefirstPCwe've seenfrom Overclockers’ Spectrabrand
hasagreat GPU, arobustandattractive chassis,adecent
motherboardandapowerful CPU cooler-plusit'svery
quiet.However,those solid attributes are underminedby
poorstorage andanunderpowered processor.

It's expensivetoo - youcaneasily find GeForce RTX
3060TiPCselsewhere withbetter CPUs and storage for
similarprices. The Celeste supplies capable gamingspeed
inside asturdy, quietchassis, butitneedsto offerabetter-
balanced specatthisprice.

MIKEJENNINGS

VERDICT
Solid gaming pace inside a robust and quiet machine,
but the processor and storage disappoint.

PERFORMANCE

18/25

DESIGN

19/25

18/25




/ CUSTOM KIT

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

IBLREFLECT FLOW PRO /£129.99 incvar

The JBL Reflect Flow Prois a set of surprisingly comfy
earbuds. Beneath their sleek exterior,
they pack extremely effective noise
cancelling, and enough clarity and
power to deliver all the good noises
and none of the bad ones with
substantial force. A comfortable fit
is provided by not only being able to
swap the ear tips, but also with JBL's
‘Powerfins’ — squashy rubber fins that
helps the buds to fit to your outer ears.
The noise-cancelling system has two
modes, one that does what you'd expect
(actively cancels noise), while the second is adaptive,

The Skins are fairly simple

plastic covers for Nanoleaf Lines

lighting systems. Two colours are

available, mattblack and matt

pink, making themideal for both

traditional goths and pastel goths,

although others might find the

changein colour from the default

stark white used by the Nanoleaf Lines animprovement too.

The covers slot onto the panels easily enough, although removing
andreplacing the covers on the connection points can be alittle fraught.
The Skins themselves don't change the lighting or anything to do withit,
since thatemanates from the uncovered underside of the Lines andis
more dependent on the surface onto which the light s shining. However,
they do have an overall softening effect on the whole installation. It's
hardto say if a series of lighting panels can ever be understated, but the
Skins can make them fitin more comfortably with background décor.

Skin Reskin

allowing you to hear some background noise and making it safer for
situations where you might need more of your wits about you. Being
designed with exercise in mind, the buds are rated to
IP68, sothey're fine to useintherain as well.
Meanwhile, the charging caseis
compatible with wireless charging and
provides an extra 20 hours of battery
life. The sound quality is very good as
well - it's clear and sharp where necessary
but beefy at the lower range too. This high quality
also extends to the microphones, however, so be
sure to get your breath back before calling anybody.

Comfy

Itis difficult to quantify the power of arhino, but atleast thanks to

RUGD, the capacity to transfer that power between USB Type-C

ports apparently exists. The RUGD Rhino Power cableiis, as the name

suggests, aheavily reinforced USB Type-Cto USB Type-C charging

cable. The cableis rated to be able to pull 100kg, whichis probably more

thanmost people needto pull witha USB Type-C cable, unless you've

gotapower bank the size and weight of atombstone, butit's the sort of

reassuring level of overkill that's expected from toughened hardware.
The cableis braided andresistantto tangles and bends, anditeven

has alittle Velcro tab, so you can loopit tidily for storage, whichis a smart

addition for any hardware designed

fortravel. Outdoorsy and tough,

the RUGD Rhino Powerisa

good upgrade on a standard

plastic cable if you're worried

aboutkinks, breaks and general

instability letting you down.

Undercooked Overkilled


http://uk.jbl.com
http://rugdlife.com
http://nanoleaf.me

SANDISK EXTREME PRO S5D/

£189.99 incvat17e); £305.99 incvaT (27B);
£612.99 incvaT(4TB);

The long-named SanDisk Extreme Pro
Portable SSD V2is aUSB 3.2 Gen2x2 SSD
that's available in a range of capacities.
Like most SSDs using the latest USB technology, it's extremely
fast, boasting aread speed of 1,089MB/sec and a write speed of
1,070MB/sec when tested with CrystalDiskMark. This isn't nearly
as fastthe peak speeds you can get from a PCI-E M.2 motherboard-
mounted SSD, but for an external drive, it's fast enough to juggle
huge amounts of datarelatively quickly.

As well as being fast, the SanDisk is also small and surprisingly
tough. Measuring 11cm long, 6cm wide and 1cm deep, it's relatively
small compared with a smartphone. It's rated for a 2m drop height,

The Treois abold
attempt to stack
as many different
devices as possible
ontoasingle
hanger mounted
underneath a shelf
or desk.On one side
it has two shelves,
which accommodate
ordinary-sized wireless
gamepads. Any pad
that fits within the same
general size and shape
parameters as a standard

which should be

enough formostuse

situations outside of

usingitas aprojectile,

andithas anIP55rating

for water and dustresistance. Thisis a

formidable example of the quality of external drives now.

Bignames Big numbers

Xbox or PlayStation controller should be fine here, unless it has
a cable, in which case there's no chance.

Onthe other side of the Treo, there’s another shelf from
which to hang headphones, and this is fine for any headphones
or headset regardless of whetherit's wireless or not. The Treo
attaches with a big slice of double-sided tape, giving it plenty of
stability, and its plain black look isn't garish or distracting.

However, due to its size in accommodating all these items,
you'll need a fair bit of underdesk room for it not to interfere
with your legs. It's probably a better fit for a shelf above a
desk rather thanunderneath it. That size, coupled with the
lack of accommodation for wired controllers, undermines the
intended versatility.

Underneath Overboard

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

MOTHERBOARDS

/HOW WE TEST

TEST PROCESSORS

> Intel LGA1700 Intel Corei5-12600K
> IntelLGA1200 Intel Corei9-11900K
> AMD AM4 AMD Ryzen 95900X

Common test hardware between our CPU testrigs includes a
WD Red SN750 SSD, along with 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 x 16GB) of Kingston Fury 5200MHz 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 /PROCESSORS

CPU megatest

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

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

Antony Leather straps 12 of the latest mainstream desktop CPUs from Intel
and AMD to the test bench, to find the best options for a variety of budgets

How we test

ith AMD’s Socket AMS5 and Zen 4 CPUs still some way off,
. andits current Zen 3 CPUs having received substantial

price cuts, the CPU market has changed significantly in the
past six months. Intel's 12th-gen CPUs have also been well received
for the most part, offering compelling performance, especially
below the £400 mark.

However, there are some newcomers from AMD as well; when
combined with some price cuts, these could put Intel on the back
foot. We've picked 12 of the latest CPUs to put them through our
usual mix of game and application benchmarks, to see where you
should put your cash, whether you have £170 to spend or £500.

Our CPU test systems include an Asus Maximus Z690 Apex for
Intel 12th-gen CPUs, and an MSI MEG X570i Unify for AM4 CPUs.
We use 16GB (2 x 8GB) of Corsair Vengeance RGB Pro 3466MHz
DDR4 memory for our AMD system, and 32GB (2 x 16GB) of Corsair
Dominator Platinum RGB 5200MHz DDR5 memory for our Intel

Contents

> AMDRyzen75800X /p57

> AMDRyzen95900X /p58

> IntelCorei7-12700K /p59

> AMDRyzen75800X3D /p60
> AMDRyzen 95950X/ p61

> Intel Corei5-12400F /p51

> AMDRyzen55600 /p52
> AMDRyzen55600X /p53
> AMDRyzen75700X /p54
> Intel Corei5-12600K / p56

50

system (none of our benchmarks uses more than 16GB of memory).
The other test components comprise a2TB Samsung 970 Evo and
an Nvidia GeForce RTX 3070 graphics card, along with dual240mm
radiators and a custom water-cooling system.

All systems use the latest version of Windows 11, along with
the latest security updates, BIOS versions and drivers. We record
results at both stock speed and overclocked, and our benchmarks
include the CPC RealBench suite, which covers image editing
(lightly threaded), video encoding (heavily multi-threaded) and
multi-tasking tests. We also run Cinebench's single and multi-
threaded tests.

For our game tests, we run Far Cry 6 and Watch Dogs: Legion,
recording the 99th percentile and average frame rates, either using
the game’s built-in benchmark or Nvidia Frame View. Finally, we
also measure theidle and load power consumption of the whole
testrigusing Prime95's smallfft test with AVX disabled.

> Intel Corei9-12900K / p62
> Intel Corei9-12900KS / p63
> Results graphs / p64



INTEL CORE

i5_124OOF/£165ichAT

n previous CPU generations, Intel's
. Corei5 CPUs have usually had the

same underpinnings, just with
different frequencies and cache amounts, but
the Corei5-12400F is a very different CPU to
the Corei5-12600K. The 12400F sticks to the
familiar 6-core design, while the more
expensive Corei5-12600K adds four E-Cores
into the mix for a total of ten cores and 16
threads, compared to six cores and 12 threads
forthe CPU onreview here.

Thankfully, the Corei5-12400F is also
significantly cheaper, retailing for just £165,
whichis £100 less thanits Corei5 sibling. The F
inits name denotes the factithas no on-board
GPU, and it costs alittle less than the standard
model as aresult. This price also makes it
around £20 cheaperthan AMD's Ryzen 5
5600, whichis its main competitor.

Its peak boost frequency is significantly
lower thanits sibling this month, atjust
4.4GHz, while the Corei5-12600K can hit

SPEC
Base frequency 2.9GHz

Max boost frequency 4.4GHz

Core Alder Lake

Manufacturing process 10nm

Number of cores 6 x P-Cores (12 threads)

IGP None

Hyper-Threading Yes

Cache18MBL3,7.5MBL2

Memory controller Dual-channel DDR4 up to
3200MHz, dual-channel DDR5 up to 4800MHz

Packaging LGA1700

Thermal design power (TDP) 65W

Features Turbo Boost2, FMA3, F16C, SHA,
BMI/ BMI1+BMI2, AVX-512, AVX2, AVX, AES,
SSE4a, SSE4, SSSE3, SSE3, SSE2, SSE, MMX

4.9GHz. The lattercan

also hit4.5GHz onits

P-Cores under full

load too, while the

Corei5-12400F falls

back tojust 4GHz. Still,

with plenty of change from £200 and some
affordable LGA1700 motherboards available
now, the 12400F is still a potential winner if
you're onabudget.

Itsimage editing score of 69,757 was a
match for that of the AMD Ryzen 55600 but
alongway off the 76,451scored by the Core
i5-12600K. It was alittle slower than the
AMD CPU in our heavily multi-threaded video
encoding test, but ahuge amount off the pace
of the more expensive Corei5. It also posted
the lowest system score ontest, althoughits
result wasn't far behind the Ryzen 5 5600.

However, Cinebench saw the Intel
CPU beatthe Ryzen 55600 convincingly,
and not even a massive overclock could
help the AMD chip here, althoughit did
cementthe Ryzen 55600's lead in our
image editing, video encoding and multi-
taskingtests. Thisis a benefit of the AMD
chip, as the Core i5-12400F's locked multiplier
prevents overclocking.

Likewise, the Core i5-12400F was much
fasterthanthe Ryzen 55600 in Far Cry 6, but
the AMD CPU matched it once overclocked.
The Intel CPU took the lead in Watch Dogs:
Legion, though, even when the AMD chip was
overclocked. It fared well against the Core
i5-12600K in games too, but the latter did
manage anoticeably higher average frame
rateinFarCry 6.

Finally, with 2 180W peak power draw for
our system as awhole, our Core i5-12400F
test system was barely any more power
hungry than our Ryzen 5 5600 setup at stock
speed, while the AMDrig drew a further 31W
fromthe mains when it was overclocked.

LOCKED FRONT LOCKED

DOOR MULTIPLIER
Greatvalue = No overclocking
Faster than equivalent = Lowly boost
AMD CPUsingames frequencies
Reasonable content = NoE-Cores
creation performance

Conclusion

Withits ability to keep pace with AMD’s
Ryzen 55600 at stock speed, and with better
performance in our game tests, the Core
i5-12400F makes a strong case as a budget
CPU. The AMD CPU claws back ground once
it's overclocked in anumber of tests, though,
soit's far from an outright win for Intel.

If you can afford a bit of extra slack in your
budget, the Corei5-12600Kis also much
more powerful, thanks toits extra cores,
threads and higher boosting frequencies.
However, if you won't be overclocking, and you
want the best gaming CPU possible on atight
budget, the Core i5-12400F is the chip to buy.

VERDICT

Solid gaming performance and reasonable
all-round speed for a generous price,
although it can’t be overclocked.

PERFORMANCE FEATURES

B IS

OVERALL SCORE
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AMDRY/ZENS
5600 /£179 nevar

he Ryzen 55600 is designed for
. one purpose - to make AMD more

competitive atthe low end. The
company has struggled to appeal to budget
gamers withthe Ryzen 5 5600X which, while
brilliant, still set you back £300 until very
recently, yet has been the cheapest Zen 3
Ryzen CPU.

AMD has insteadrelied onits aging Zen 2
CPUs to cater for those on lower budgets. This
means that Intel has enjoyed some success
here, given that Zen 2's now mediocre
performance in games means even low-end
Intel CPUs were comparatively decent budget
gaming chips. It's another reason why the
Corei5-12600K was such a great choice too,
costing significantly less than the Ryzen 5
5600X, but matchingitin most tasks, with no
AMD offering below it able to get close.

Clearly, if you have around £200 to spend
onan AMD CPU, you'll need to consider
either this CPU or its slightly dearer sibling.
Thankfully, it's a fairly simple comparison.

SPEC
Base frequency 3.5GHz

Max boost frequency 4.4GHz

CoreZen3

Manufacturing process 7nm

Number of cores 6 x physical (12 threads)

IGP None

Simultaneous Multithreading Yes

Cache32MBL3,3MBL2

Memory controller Dual-channel
DDR4, up to 3200MHz

Packaging AMD Socket AM4

Thermal design power (TDP) 65W

Features Precision Boost 2, Precision
Boost Overdrive, FMA3, F16C, SHA, BMI
/BMIT+BMI2, AVX2, AVX, AES, SSE4a,
SSE4, SSSE3, SSE3, SSE2, SSE

Like the 5600X,the 5600
has six cores and 12
threads, the same 32MB
L3 cache,a65W TDP
andit stilluses the 7nm
Zen 3 architecture.

The only differenceis frequency, with the
more expensive Ryzen 5 5600X stretching
to a4.6GHz maximum boost, with us
observingan all-core boost of 4.4GHzin
multi-threaded applications. The Ryzen 5
5600, meanwhile, can only peak at 4.4GHz
and we saw an all-core boost frequency of
4.1GHz at stock speed.

Overclocking proved very fruitful, though,
and while other Zen 3 CPUs topped out at
4.6GHz here, we managed to clock the Ryzen
55600 to 4.7GHz with a vcore of 1.25V. This
means we gain 300MHz over the peak boost
frequency, and a massive 600MHz over the
highest all-core boost we saw - its clock
speed also eclipses the more expensive
Ryzen55600X.

Its stock speed results were average, with
the lowestimage editing and Cinebench
multi-threaded scores ontest, as well as the
lowest frameratesinboth our game tests.
However, the overclock saw it rise from last
to mid-table inthe image editing test, even
beatingthe Ryzen 9 5900X, and having the
measure of the Core i5-12400F in every
RealBenchtest.

The Intel CPU was faster in Cinebench
though - even when overclocked, the Ryzen
55600 couldn't better the Intel chip’s multi-

SIXFEET TALL SIXFEET UNDER

Generous price = Intel CPUs quicker
ingames

Good multi-threaded

performance = Meagre stock
speed performance

Decent overclocking

headroom = Cheaper Core
i5-12400F is faster
inmany tests

threaded or single-threaded scores. The Intel
CPU was also quickerin Far Cry 6, with the
Ryzen 55600 only managing to matchitonce
overclocked, whileit failed to get that farin
Watch Dogs: Legion, even when overclocked.
Foronce, AMD didn't hold much benefitin
power consumption either, with our test
system only drawing T0W more under load
with the Intel CPU installed.

Conclusion

Thanks to decent overclocking potential and
aprice that's significantly south of the Core
i5-12600K’s price, the Ryzen 55600is a
great choice, and amanual overclock will see
it match or better the Ryzen 5 5600X too. It
offers decent content creation performance
and, as a sweetener, AMD's older B350 and
X370 motherboards now support Ryzen
5000-series CPUs too, potentially saving
cash compared to buying an Intel LGAT700
boardif you already own aRyzen system. The
Intel Corei5-12400F is a slightly better choice
inraw performance terms, though, especially
ingames.

VERDICT

A brilliant, overclockable low-end CPU
that's a great upgrade for 1st-gen or
2nd-gen Ryzen owners.

PERFORMANCE FEATURES

We T

OVERALL SCORE
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AMDRY/ZENS
5600X/£210 nevar

ike most original Ryzen 5000-series
. CPUs, the Ryzen55600X has

recently enjoyed a significant price
cut, thanks to Intel's 12th-gen CPUs being
rather good. Significantly, the Core i5-126 00K
substantially undercut the AMD chip, but was
justas fast. As we went to the printers this
month, though, the Ryzen 55600X had
become cheaper still, retailing for just £210 inc
VAT, whichis £100 less than when we first
reviewedit.

This means it now undercuts Intel's Core

i5-12600K by quite amargin, but with the
latest drivers, Windows updates and BIOS

XMARKS XMARKS ON YOUR
THESPOT HOMEWORK
Goodvalue = Corei5-12600K s

significantly faster

Decent multi-threaded
performance = Overclocked Ryzen5

5600is as fast
Power-frugal

= Cheaper Core
i5-12400F is faster
ingames

SPEC
Base frequency 3.7GHz

Max boost frequency 4.6GHz

CoreZen3

Manufacturing process 7nm

Number of cores 6 x physical (12 threads)

IGP None

Simultaneous Multithreading Yes

Cache32MBL3,3MBL2

Memory controller Dual-channel
DDR4, up to 3200MHz

Packaging AMD Socket AM4

Thermal design power (TDP) 65W

Features Precision Boost 2, Precision
Boost Overdrive 2, FMA3, F16C, SHA, BMI
/BMI1+BMI2, AVX2, AVX, AES, SSE4a,
SSE4, SSSE3, SSE3, SSE2, SSE

versionsinstalledin

ourtestsystems,

performance

canswing either

way. Still, you

getalotof CPU

formoney. It

has thelatest7nm Zen

3 architecture and, beinga 65W CPU, it's
particularly easy to cool, especially at stock
speed. Its peak boost of 4.6 GHz is paired with
an all-core boost of 4.4GHz, soit's noticeably
quicker than the slightly cheaper Ryzen 5
5600, makingit abetter optionif you don't
wantto overclock.

This was very evidentin our benchmarks,
withthe 5600X having a 9 per cent advantage
intheimage editing test over the 5600,
and scoring a few hundred extra pointsin
Cinebench’'s multi-threaded and single-
threaded results too. Both our game tests
revealed the Ryzen 55600X adding afew
frames per second to the 99th percentile
results as well, so ultimately it's worth the
extra cash at stock speed. It now makes fora
compelling upgrade from older Ryzen 4-core
and 6-core CPUs, especially as AMD has
opened up Zen 3 compatibility to B350 and
X370 chipsets.

The Corei5-12400F is a fair bit cheaper, but
noticeably slowerinthe image editing test
and video encoding test, andithas an overall
slightly lower system score. However, it was
much fasterin Cinebench, with ahuge gulfin
the single-threaded scores of 1,531compared
totheIntel CPU's score of 1,668 - the Intel chip
was quickerin our game tests too.

You can squeeze out a bit more
performance with overclocking too. Our
manual overclock hit4.6GHz across all cores,
matching what we saw on the peak boost of
one core at stock speed, and adding 200MHz
tothe stock all-core boost speed. The Ryzen
55600 managed 4.7GHz, though, so it was
slightly faster once overclocked.

The overclock still didn't provide enough
power forthe 5600X to eclipse the Core
i5-12400F in Cinebench, though, despite
adding nearly 1,000 points to the score, and
while its gaming performance improved a
little, it was still slower than the Intel chip.
Thankfully, the overclocked CPU manage to
cementits lead in the RealBench tests, edging
outasystem score of 249,776 compared to
221,139 for the Intel chip.

Conclusion

The Ryzen55600X’s price cutis timely, but
also necessary, as the Corei5-12600K is
significantly fasterin nearly every test. The
latter now costs £60 more thanthe 5600X,
butthe Intel CPU s still worth the extra cash,
asit'smuchfasterinmosttests. The Ryzen 5
5600is also abetter betif you're up for some
overclocking, while the Corei5-12400F is
cheaper and fasterin games. As agood all-
rounder for around £200, though, the Ryzen
55600Xis stilla solid choice, especially if you
don't wantto overclock your CPU.

VERDICT

A hefty price cut means the Ryzen 5
5600X now offers decent value, despite
its aging architecture.

PERFORMANCE FEATURES

W5 T

OVERALL SCORE
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AMDRY/ZEN/
5/00X/£270 nevar

nlike the Ryzen 55600, the second
. new AMD CPU to landin this Labs

testisn'taiming to battle Intel atthe
budget end of the market, butinstead trade
blows with the similarly priced Core
i5-12600K, while offering a cheaper 8-core
AM4 optionthanthe Ryzen 7 5800X.

That said, there's barely £20 between the
two Ryzen7 chips. Plus, as we saw with the
Ryzen 55600 and 5600X, there are slim
pickings whenidentifying the spec differences
between the two chips. Both the Ryzen7
5700X and 5800X have eight cores and 16
threads via SMT. They also bothuse AMD's
7nm Zen 3 architecture and have 32MB of L3
cache. Despite being anew model, the Ryzen
75700X lacks the 3D V-Cache of the Ryzen7
5800X3D.

The only differences are the clock speed
and TDP. The latter sits at 105W for the pricier
chip, but atjust 65W for the Ryzen 7 5700X,
makingit alittle easier to cool at stock speed.

SPEC
Base frequency 3.4GHz

Max boost frequency 4.6GHz

CoreZen3

Manufacturing process 7nm

Number of cores 8 x physical (16 threads)

IGP None

Simultaneous Multithreading Yes

Cache32MBL3,4MBL2

Memory controller Dual-channel
DDR4, up to 3200MHz

Packaging AMD Socket AM4

Thermal design power (TDP) 65W

Features Precision Boost 2, Precision
Boost Overdrive, FMA3, F16C, SHA, BMI
/BMI1+BMI2, AVX2, AVX, AES, SSE4a,
SSE4, SSSE3, SSE3, SSE2, SSE

The peak boost

frequency you'll see

withthe new CPUis

4.6GHz, while the

Ryzen75800X can

hit4.7GHz, whichisn'ta

significant difference. However, the 5800X
canalso hitupwards of 4.4GHz across all
cores in multi-threaded tasks, while the Ryzen
75700X could only hit 3.9GHz inthe same
test, soit's likely to be noticeably slower than
the 5800X as you load more cores.

Sure enough, there were a few thousand
points betweenthe 5700X and the Ryzen7
5800Xin ourimage editing test, but a sizeable
gulf of over 11per centin our heavily multi-
threaded Handbrake video encoding test
and 16 per centin Cinebench’'s multi-threaded
testtoo, thanks to that much lower all-core
boost clock.

Italso didn't manage to topple Intel's Core
i5-12600K, which beatitin nearly every test -
the only exception was our RealBench multi-
taskingtest. It's whenit comes to games that
Zen 3isreally showingits age againstIntel
now - even the far cheaper Core i5-12400F
was either faster or kept pace with the
Ryzen75700Xinthese tests, while the Core
i5-12600K was noticeably quicker.In quite a
few cases, the Ryzen 55600X is almost as
quick as the 5700X.

Meanwhile, overclocking the 5700X saw
us hitanall-core frequency of 4. 6GHz with
a125V vcore, which closed the gap alittle

ZENOMORPH ZENOPHOBE
Good multi-threaded = Slower than Core
performance i5-12600Kiin
most tasks

Power-frugal

= Ryzen75800Xonly
Compatible with £20 more
1st-gen AM4 boards

= CheaperRyzen5

5600Xis oftenas fast

compared with the Core i5-12600K, which
only offered small advantages in games

and content creation. One area where the
5700X excels, though, is power efficiency.
Our system drew nearly 60W less from the
mains with the 5700X atload compared with
the 5800X, and our Intel system drew 30W
more thanthe 5700X system with the Core
i5-12600K installed too.

Conclusion

With just £20 separating the Ryzen75700X
and 5800X at the time of writing, there
doesn't seem much point opting for the
former when the latter offers tangible benefits
inanumber of tests for such a smallamount
extra. However, it does draw a lot less powver,
requiring less lavish cooling andit can be
overclockedto similar levels. Even so, the Core
i5-12600K is still a better overall buy, retailing
forthe same price - the Ryzen 75700X

is really only worth considering if you're
upgrading from an older Ryzen CPU.

VERDICT

Very power-frugal, and overclocking unlocks
its multi-threaded potential, but it needs a
more competitive price.

PERFORMANCE FEATURES
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INTEL CORE

i5_12600l</£270ichAT

istorically, Intel's Corei5 CPUs were
. usually the best bang-per-buck

options for building an affordable, but
still powerful PC, but the situation has been
quite different since AMD's Ryzen 5 chips
came onthe scene. Thankfully, the Core
i5-12600K brought that status back to Intel,
and with some considerable style too. It cost far
lessthan AMD's Ryzen 55600X atlaunch,
while also being fasterinmost areas.

Alothas already changed since then,

though, as AMD has drastically cutits Zen 3
CPU prices, withthe Ryzen 55600X now

P-CORES PEA CORES

Greatgaming pace = Requiresnew
motherboard

Decent content

creation performance = Cheaper Core
i5-12400F isn't far

Overclockable off gaming pace

Fasterthgn = Priceisn’tas

competition competitive now

SPEC

Base frequency P-Core 3.7GHz, E-Core 2.8GHz

Max boost frequency P-Core
4.9GHz, E-Core 3.6GHz

Core Alder Lake

Manufacturing process 10nm

Number of cores 6 x P-Cores,
4 xE-Cores (16 threads)

IGP Intel UHD Graphics 770

Hyper-Threading Yes

Cache20MBL3,9.5MBL2

Memory controller Dual-
channelDDR4 and DDR5

Packaging LGA1700

Thermal design power (TDP) 125W

Features Turbo Boost2, FMA3, F16C, SHA,
BMI/ BMI1+BMI2, AVX-512, AVX2, AVX, AES,
SSE4a, SSE4, SSSE3, SSE3, SSE2, SSE, MMX

undercutting the Core
i5-12600K by around
£60.The questionnow s
whether Intel's best Core
i5CPUinyearsis still
worth buying for £270.

Interms of spec, you
getatotal of tencores
and 16 threads, with six
performance-focused P-Cores and four
energy-efficient E-Cores. The former can hita
lofty 4.9GHz peak boost, falling back to around
4 5GHz across all cores in multi-threaded
workloads. These figures are significantly
higher than those of the Core i5-12400F, so the
Corei5-12600K s also worth considering even
if you don'tintend to overclock it.

The 12600K has a sizeable 20MB L3 cache
too,as wellas 9.5MB L2 cache, makingita
potentmid-range Alder Lake CPU. Its price tag
matches that of the new Ryzen75700X now,
sothat's the CPUit needs to beat, but we'll
also be keeping an eye on the Corei7-12700K,
which adds more cores and higher frequencies
into the mix, but costs around £100 more. One
otherbenefit of the Corei5-12600K is that it
has on-board graphics, which might not cutit
in games, but will still be fine for most desktop
work, and can be handy for troubleshooting.

The Corei5-12600K was noticeably slower
thanthe Corei7-12700K in our lightly threaded
image editing test, butit certainly has the
measure of the Ryzen75700X and Ryzen
75800X here, as it didin our heavily multi-
threaded video encoding test. However, both
of those AMD CPUs weren't far behindinthe
RealBench system score, thanks to some solid
results in our multi-tasking benchmark.

The AMD chips couldn't get close to the Core
i5-12600K in Cinebench, though, and once
we'd overclocked the P-Cores to 5GHz and
the E-Cores to 4GHz (with a vcore of 1.36V),
itextended its lead, withits score rising from
17,3831019,349.

The Corei5-12600K was quicker thanthe
AMD chipsinboth our game tests as well, with
anotably higher average frameratein Far Cry
6 thanboththe Ryzen75800X and the Core
i5-12400F, and it extended this lead a little
once overclocked too, closely following the
Corei7-12700K in both our game tests.

Conclusion

The Corei5-12600K offers significantly more
performance across the board than the Ryzen
55600X,justifying the added premiumit now
demands. Critically, though, it's also a better
choice overall thanthe Ryzen 7 5700X. It's not
aclean sweep - performance s often similar,
andyou'llneed anew motherboard for this
CPU, butif you're building anew system, this
CPUis the obvious mid-range choice now. It
might not have the original swagger over the
Ryzen 55600X thatithad atlaunch, but the
Corei5-12600Kis still a fantastic CPU.

VERDICT

Still a superb mid-range CPU, although
AMD's new CPUs and hefty price cuts mean
it's not as cut and dried any more.

PERFORMANCE FEATURES
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AMD RYZEN/

5800X/£290 nevar

henwe last reviewed the Ryzen7

5800X avyearago, it cost over £400,

butlike the rest of AMD's first line of
Zen3 CPUs, it'srecently received a price cut,
shaving over £100 off this price. If you'reinthe
market for an upgrade and aren't fussed about
holding out for Zen 4, there are some good deals
to be found now, butis AMD's fastest 8-core
CPU still your best bet for around £3007?

[ts competition comes from within, as well
as fromIntel, with the new Ryzen75700X
snapping atits heels forjust £20 less, while
Intel's Core i5-12600K goes for a similar price,

AGELIKEA AGELIKEA
FINE WINE USED TYRE
Decentmulti-threaded = Corei5-12600K faster
performance
= CheaperRyzen7
Fast out of the box 5700Xis cooler and

more power frugal
Backwards compatible

= Limited benefits to
manual overclocking

SPEC
Base frequency 3.8GHz

Max boost frequency 4.7GHz

CoreZen3

Manufacturing process 7nm

Number of cores 8 x physical (16 threads)

IGP None

Simultaneous Multithreading Yes

Cache32MBL3,4MBL2

Memory controller Dual-channel
DDR4, up to 3200MHz

Packaging AMD Socket AM4

Thermal design power (TDP) 105W

Features Precision Boost 2, Precision
Boost Overdrive 2, FMA3, F16C, SHA, BMI
/BMI1+BMI2, AVX2, AVX, AES, SSE4a,
SSE4, SSSE3, SSE3, SSE2, SSE

buthasanewer,

more powerful

architecture.

Like all of

AMD'’s Zen 3 CPUs,

the Ryzen75800X s now also

backwards compatible with B350 and X370
motherboards, so the Ryzen75800Xisn't
only worth consideringif you're building anew
system, but also as anupgrade froman old
Ryzen system.

The 5800X gives you eight cores and 16
threads, butits higher TDP than the cheaper
Ryzen75700X enablesitto hithigher
frequencies out of the box. Forinstance, its peak
boost frequencyis 4.7GHz comparedto 4.6GHz
forits cheaper sibling, and it canrun allits cores
up to 500MHz faster than the 5700X in heavily
multi-threaded scenarios too. The downside
is that our test system drew 60W more power
under full load with the 5800X compared
withthe Ryzen75700X, and the 5800X ran
noticeably warmertoo, so it will need a pricier
cooling arrangement.

The extrafrequency certainly helpedthe
5800X’s performance, withit producing
noticeably higher scores thanthe 5700Xin
our RealBenchimage editing, video encoding
and multi-tasking tests, as well as Cinebench's
multi-threaded test. It's quicker in games too.
The Ryzen75700X posted a 99th percentile
frame rate of 88fpsinFar Cry 6, whichrose to
91fps with the Ryzen 7 5800X, while 3fps were
added to the framerate of the cheaper CPUin
Watch Dogs: Legiontoo.

The bigger problem for the 5800X, of course,
is the Corei5-12600K, whichitmatched on the
RealBench system score, thanks to a decent
multi-tasking result, but the 5800X was slower
in ourimage editing and video encoding tests,
anditwas alongway behindin Cinebench. It
wasn'tfar off the pace in games, butit was alittle

slower than the Intel CPU in Watch Dogs: Legion,

andthe Corei5-12600K also managed a higher
average framerateinFarCry 6.

Overclocking saw us hitan all-core speed
of 4.6GHz onthe 5800X, but this meant we
lost 100MHz of stock speed boost frequency,
gaining only 200MHz of all-core frequency,
S0 youmay wish to play with Precision Boost
Overdrive 2 to edge out more multi-threaded
performance, butkeep that peak 4.7GHz boost.
Overclocking saw it fail to close the gap to the
Corei5-12600K though.

Conclusion

While the Ryzen 7 5800X represents a decent
upgradeif you're tied to AMD’s ecosystem, the
Corei5-12600K is better overall, with higher
frameratesin games andin the majority of
content creation tasks, while costing a little less
money. Motherboard pricing may ultimately
influence your decision too, especially with
the Ryzen75800X’s excellent backwards
compatibility, but Intel still has a performance
advantage, despite AMD's price cuts.

VERDICT

A welcome price cut makes the 5800X a
great AM4 upgrade, although Zen 3 is now
showing its age.

PERFORMANCE FEATURES
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AMDRY/ZEN9

5900X/£360 nar

twasn'tthatlongago thatthe
. price 5900X would read £600, but

this12-coreZen3 CPU has seena
monumental price cutrecently. That's all
thanks to the likes of Intel's Core i7-12700K
and Core i9-12900K retailing for well south
of the AMD CPU's launch price, and offering
compelling performance for the cash.

With 12 cores and 24 threads, thisis stilla
mighty CPU, of course, evenif it's based on
the now aging Zen 3 architecture. However,
while it was once one of the most powerful
gaming CPUs and multi-threaded monsters
in one potent chip, there are plenty of new
kids on the block looking to usurp the Ryzen
95900X as both gaming CPUs and perfect
premium all-rounders.

With two core complex dies (CCDs), the
CPU has muchthe same setup as the 16-core
Ryzen 9 5950X, andit stillhas access to the
full 64MB L3 cache these dies offer, despite
having four of its cores disabled. That figure
still pales compared to the 96MB on offer

SPEC
Base frequency 3.7GHz

Max boost frequency 4.8GHz

CoreZen3

Manufacturing process 7nm

Number of cores 12 x physical (24 threads)

IGP None

Simultaneous Multithreading Yes

Cache 64MBL3,6MBL2

Memory controller Dual-channel DDR4, up to
3200MHz

Packaging AMD Socket AM4

Thermal design power (TDP) 105W

Features Precision Boost 2, Precision Boost
Overdrive, FMA3, F16C, SHA, BMI / BMI1+BMI2,
AVX2, AVX, AES, SSE4a, SSE4, SSSE3, SSE3,
SSE2,SSE

withthe Ryzen7

5800X3D courtesy

of its 3D V-Cache,

butthere are also

some seriously

high frequencies

on offer withthe 5900X,

with single cores able to hit 4.8GHz, and all 12
cores can sit at 4.1GHz when they're churning
through multi-threaded workloads.

We managedto overclockitto 4.6GHz
across all 12 of its cores too, with a vcore of
1.25V, bringing a 500MHz benefit to all-core
multi-threaded loads, but you'lllose 200MHz
of peak boost speed for lightly threaded
software if you do this.

As aresult, depending on your priorities, it
might be better to spend some time playing
with AMD'’s Precision Boost Overdrive 2
instead of going for an all-core overclock,
unless you're gunning for maximum multi-
threaded performance.

Interms of performance, the Ryzen 9
5900X was the second fastest AMD CPU
ontestin our RealBenchimage editing
test, which stresses single-threaded
performance, althoughit was pipped to
the post by the Core i5-12600K.

The Corei7-12700K was faster still,
bettering the AMD CPU in our heavily multi-
threaded Handbrake video encoding test and
in Cinebench, although not by huge margins,
and the 5900X clawed back some ground
when it was overclocked too.

CUTTHROATPRICE CUTTHROAT
Decentmulti-threaded BARBER
performance = Cheaper CPUs

arefaster
Compatible with
1st-gen AM4 = Ryzen75800X3Dis
motherboards much fasteringames

= Manual overclock cuts
lightly threaded
performance

Manual overclock
benefits muilti-
threaded speed

Our gaming tests saw the 5900X offer
amuch slower average framerate thanthe
Intel CPU in Far Cry 6, but a slightly higher
99th percentile result., Meanwhile, in Watch
Dogs: Legion, the 5900X was soundly beaten
and didn't offer a significantimprovementin
power consumption either, with our 5900X
test system only drawing 20W less under
load than our Core i7-12700K test setup.

Conclusion

Despite amassive price cut, the Ryzen 9
5900Xisn’t able to topple the cheaper Core
i7-12700K, whichis fasterin most tests and
sometimes noticeably so. Of course, buying
anew Intel CPU willinvolve buying a new
motherboard too, so the 5900X s still worth
consideringif you own an older Ryzen CPU
and fancy an upgrade. Ultimately, however,
the Intel CPU is a better buy, and if you're only
interested in gaming performance and don't
mind sticking with Socket AM4 for a while, the
Ryzen75800X can offer higher frame rates.

VERDICT

Despite a massive price cut, Intel’s cutthroat
approach with its Core i7-12700K ultimately
has this once proud 12-core CPU beaten.

PERFORMANCE FEATURES
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1/=12/00K /£380 nevar

ith the advent of Intel's Core i9 brand,
Intel's Corei7 CPUs have often
struggled to find their place, and we

initially thought the Core i7-12700K would find
this tricky, given the awesome performance of
the cheaper Core i5-12600K. With its various
mixes of performance-focused P-Cores and
energy-efficient E-Cores, though, Intel has
more ways to differentiate its product stack,
and here there are eight of the former in this
CPU, plus four of the latter.

This gives it more raw clout than the Core
i5-12600K, which only has six P-Cores, but
curtails its performance enough compared
with the Core i9-12900K, which has an extra
four E-Cores. Theresultis a12-core Alder
Lake CPU with 20 threads and a peak boost
frequency of 5GHz, soit's certainly no slouch.

Ataprice of £380inc VAT, though, ithas
afew competitors from AMD, plus it also
has tojustify the extra outlay over the Core
i5-12600K. The Ryzen7 5800X3D costs

SPEC
Base frequency P-Core 3.6GHz, E-Core 2.7GHz

Max boost frequency P-Core 5GHz, E-Core
3.6GHz

Core Alder Lake

Manufacturing process 10nm

Number of cores 8 x P-Cores, 4 x E-Cores
(20 threads)

IGP Intel UHD Graphics 770

Hyper-Threading Yes

Cache25MBL3,12MBL2

Memory controller Dual-channel DDR4 and
DDR5

Packaging LGA1700

Thermal design power (TDP) 125W

Features Turbo Boost Max Technology 3, Turbo
Boost2,FMA3, F16C, SHA, BMI / BMI1+BMI2,
AVX-512, AVX2, AVX, AES, SSE4a, SSE4, SSSE3,
SSE3, SSE2, SSE, MMX

noticeably more money at

£430, withits 3D V-Cache
offering stunning gaming
performancein quite afew
games, while the Ryzen 9

5900X costs around the

same price, and also has

12 cores plus an extra four threads.

The Corei7-12700K’s P-Cores are quite
sprightly too, hitting 5GHz regularly in not
justlightly threaded workloads, butin multi-
threaded workloads too. This explains the
CPU's stunning performance in our heavily
multi-threaded video encoding test, where
the 12700K’s result sits between those of the
Ryzen 95900X and 5950X. It does the same
in Cinebench too, while massively outstripping
the Core i5-12600K as well. Our lightly
threaded image editing test also saw it crack
80,000 points, which was again much faster
than those three CPUs.

Conversely, it was noticeably slower
than the Corei9-12900K in multi-threaded
workloads. For example, in Cinebench, its
multi-threaded score of 22,802 compared
t0 27,579 for the Core i9-12900K. However,
in ourimage editing and game tests, it was
practically on par with the Corei9 chip.

There's some overclockingheadroom as
well. We hita 5CGHz overclock on the P-Cores,
and forcing them to stick at this frequency
didresultin benefits, with the image editing
scorerising from 80,885 to 84,450, the video
encoding score increasing from 927,289 to
986,910 and the Cinebench multi-threaded
score going from 22,802 t024,19.

This did add nearly 40W to the peak power
consumption, though, and didn't do much for
gaming performance.

Conclusion

Despite AMD's price jostling over the past
few months, the Corei7-12700K remains
aforcetobereckoned with atits £380
price. It's significantly faster than the Core

JCB GARDEN SPADE
Excellent gaming = Ryzen75800X3D
performance fasterin some games
Fasterthan = Corei9 chips
Ryzen95900Xin significantly quicker at
content creation multi-threaded work
Well priced = Corei5-12600K s

nearly as fastin games

i5-12600K, and it outperforms the Ryzen 9
5900Xin mosttests - you'd have to opt for
the Ryzen75800X3D or Ryzen 9 5950X to
seemore performance.

Eventhen, the formerisn't greatin content
creation, while the AMD flagshipis much
slowerin games, making the Corei7-12700K a
potentall-rounder. It also slots neatly between
the Corei5-12600K and the Core i9-12900K,
with the latter offering more performancein
multi-threaded work, but not much benefit
ingames and lightly threaded tasks. If your
budgetis substantial, but not unlimited, thisis
the sensible but still lustworthy CPU to get for
ahigh-end system.

VERDICT
Excellent performance across the board makes
the Core i7-12700K a fabulous all-rounder.

PERFORMANCE FEATURES
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AMD RYZEN/

5800X3D /£430 neuar

hen we initially reviewed the AMD
. Ryzen 75800X3D, we were hoping

foraprice closerto £400 ormaybe a
little below, but whenit's currently retailing for
£430, whichis nearly £150 more thanthe
Ryzen75800X. That's a serious amount of
cashanditnot only pushes the price of the
5800X3D close to the cost of the mighty
16-core Ryzen 9 5950X, butit's muchmore
expensive thanthe Ryzen 9 5900X and Core
i7-12700K too.

That's alot of money foran 8-core,
16-thread CPU based on an aging architecture,
butthe Ryzen75800X3Disn'tany old Zen3
CPU. It sports amassive 96MB L3 cache, two
thirds of whichis made up of 3D V-Cache. This

VERTICAL CACHE VERTICALDROP
FasterthanIntel = Poor content
ingames creation performance
Compatible with old = Highinternal
Socket AM4 boards temperatures
Cheaper than Core = No overclocking
i9-12900K

SPEC

Base frequency 3.4GHz

Max boost frequency 4.5GHz
CoreZen3

Manufacturing process 7nm

Number of cores 8 x physical (16 threads)

IGP None

Simultaneous Multithreading Yes

Cache96MBL3,4MB L2

Memory controller Dual-channel DDR4, up to
3200MHz

Packaging AMD Socket AM4

Thermal design power (TDP) 105W

Features Precision Boost 2, Precision Boost
Overdrive 2, FMA3,F16C, SHA, BMI / BMI1+BMI2,
AVX2, AVX, AES, SSE4a, SSE4, SSSE3, SSE3,
SSE2,SSE

is stacked directly on
top of a core chiplet
die, specifically
above the existing
L3 cache.

The benefit of
more cache means less time
accessing system memory, whichinturn
cuts latency. This latency has been the cause
of AMD's lacklustre performance ingamesin
the past, whichimproved with Zen 3 and, as
we saw lastissue, was bettered further by 3D
V-Cache.

It comes at a cost, though, as AMD has had
toreininthe boosting frequencies to deal
with the extra heat created by stacking the
cache ontop of the chiplet, and our sample
certainly proved to be atoasty customer. The
resultis a4.5GHz peak boost frequency, which
is 200MHz slower than that of the Ryzen7
5800X, andit could only reach 4. 2GHz across
all coresin multi-threaded applications. That's
adeficit of up to 300MHz compared to the
Ryzen75800X.

The reduced latency certainly benefits
some applications, but not all, so with reduced
clock speeds, it's likely to be noticeably slower
in some tasks than the significantly cheaper
Ryzen75800X.

Delvinginto the numbers, the 5800X3D
was 3 per cent slower thanthe 5800Xin our
image editing and video encoding tests, but
the multi-tasking test benefited from the extra
cache - itwas along way behind the Core
i7-12700K here though.

Cinebench was less forgiving, with an 8 per
centdeficitto the Ryzen 75800X inthe multi-
threaded test, and the 5800X3D had the
lowest single-threaded score of any CPU this
monthtoo. It was also ahuge amount slower
thanthe Corei7-12700K in Cinebench.

We're currently unable to overclock the
Ryzen75800X3D, so boththe Ryzen7
5700X and Ryzen75800X leapfroggeditin
the system score when overclocked, while

both these CPUs and the Corei7-12700K
extended theirleads in Cinebench.
Thankfully, AMD'’s claims about improved
gaming performance were justified, as the
5800X3D was the fastest CPUin Far Cry
6, even bettering the Core i9-12900KS and
adding over 10fps to the result of the Ryzen 7
5800X. It was by far the fastest AMD CPUin
Watch Dogs: Legiontoo, butit wasn't quite as
quick as the Core i7-12700K.

Conclusion

The addition of 3D V-Cache makes the
Ryzen75800X3D by far the fastest AMD
CPUin games vet, butits reduced overall
performance elsewhere meansitisn'tagreat
all-rounder.

The Corei7-12700K s significantly quicker
inmost tests, and in some games, making it
the better option for anew system.

However, if you're upgrading a Socket AM4
system, and you're primarily concerned with
games, the Ryzen 75800X3D is a potentif
overpriced upgrade.

VERDICT
Fantastic gaming performance for a Zen 3
CPU, but it's mediocre elsewhere.
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e doubtmany CPUs have changed
. the desktop market more than
AMD's 16-core mainstream

monsters, forcing Intel to drastically cut the
prices of its high-end desktop CPUs and
ushering previously unheard-of numbers of
cores into the home computing market. The
Ryzen 9 5950X built onthe success of the
Ryzen 93950X, made large swathes of the
high-end desktop CPU market obsoleteinthe
process, and is now available forjust £500.

Avyear ago it was still the most powerful
mainstream desktop CPU by far, butIntel has
now finally responded, both in terms of single-
threaded and multi-threaded performance.
The Corei9-12900K also costless thanthe
5900X atlaunch, so AMD's mainstream
desktop flagship now sits at £500, whichis
justbelow the price of the Intel chip.

[thas amassive peak boost frequency of
4 9GHz, evenifits all-core boost has to remain
below 4GHzin order for the chip to stay within
its T0SW power envelope. It also comes with
64MB of L3 cache and 8MB of L2 cache, so
whenit was launched, it was fast at pretty
much any task you threw atit. It still gives
Intel arun forits money too, withiits score of
74,586 in our lightly threaded image editing
test, beating the score of the Corei5-12600K,
although falling short of the 80,155 scored by
the Corei9-12900K.

THREAD READER THREADWORM
Excellent multi- = Lowall-core
threaded performance boost clock

Manual overclock = Zen3nolongertop

really helps multi- dogingames
threaded work

= Corei9-12900Kis
Power-frugal at faster for notmuch
stock speed more cash

AMD RY/EN9
5950 X/£500 nevar

The factithas more threads than the Core
i9-12900K, with the latter only offering
Hyper Threading onits P-Cores, means the
5900X s also a potent force in heavily multi-
threaded applications, with its Handbrake
video encoding result beingjust 3 per cent
behind the Core i9-12900K, while the system
score satat 373,168 vs 387,778 for the Intel
chip. While the Ryzen 9 5950X wasn't too far
behind the Corei9-12900K in Cinebench’s
multi-threaded test, however, it was night and
dayinthe single-threaded test, with the Core
i9 enjoyinga21per centlead.

We managedto hit4.6GHz across all cores
with amanual overclock, usinga1.25V vcore,
although this was a big climb down fromthe
peak single-core boost frequency we saw at
justover 5GHz, evenifitadds 600MHz to the
all-core boost frequency. Not surprisingly, this
overclock provided mixed resultsin our tests,
seeing lightly threaded tasks - such as our
image editing test - slow down, butit resulted
inbig gains in multi-threaded results, such as
Cinebench, where it leapfrogged both the Core
i9 chips to claim the top spot.

The overclock didn't change muchin our
game tests, where the 5950X produced a
similar 99th percentile frame rate to the Core
i9-12900K in Far Cry 6, butamuch slower
average frame rate, while it was noticeably
slower than the Intel chip in Watch Dogs:
Legion. It's biggest advantage, though, was
in power efficiency, with our 5950X testrig
drawing nearly 90W less from the mains at
stock speed than the Core i9-12900K system.

Conclusion

The Ryzen 9 5950X no longer dominates
the desktop CPU market. Intel's 12th-gen
CPUs are more than amatch, offering better

SPEC
Base frequency 3.4GHz

Max boost frequency 4.9GHz

CoreZen3

Manufacturing process 7nm

Number of cores 16 x physical (32 threads)

IGP None

Simultaneous Multithreading Yes

Cache64MBL3,8MBL2

Memory controller Dual-channel DDR4, up to
3200MHz

Packaging AMD Socket AM4

Thermal design power (TDP) 105W

Features Precision Boost 2, Precision Boost
Overdrive 2, FMA3, F16C, SHA, BMI / BMI1+BMI2,
AVX2, AVX, AES, SSE4a, SSE4, SSSE3, SSE3,
SSE2,SSE

performance across the board. It's definitely
worth considering as an upgrade foran old
AM4 system, butif you're building anew PC
and need monstrous gaming and content
creation performance, the Corei9-12900K is
abetterbuy.

VERDICT

No longer the king of the hill, but it's
still a monstrously powerful CPU for an
AM4 upgrade.

PERFORMANCE FEATURES
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i9_12900|</£539ichAT

t'sno secretthatIntel struggledto
. match AMD's 16-core mainstream

desktop CPUs withits previous
mainstream offerings, and had to completely
rethink its approach to CPU design to beat the
likes of the Ryzen 9 5950X. The answer was to
mix different types of cores to boost lightly
threaded and multi-threaded performance. By
combining this approach with amove from
14nmto a smaller 10nm manufacturing
process, plus anew architecture, Intel finally
regainedits performance lead with the Core
i9-12900K.

Ithas eight performance-orientated
P-Cores and eight power-efficient E-Cores,
with the latter being four more than the Core
i7-12700K. These four extra cores also give
it four more threads than the Corei7, at24
versus 20, plusithas an extraSMB of L3
cache and2MB more L2 cache. This monster
CPUis capable of matching or bettering

SPEC
Base frequency P-Core 3.2GHz, E-Core 2.4GHz

Max boost frequency P-Core 5.2GHz, E-Core
3.9GHz

Core Alder Lake

Manufacturing process 10nm

Number of cores 8 x P-Cores, 8 x E-Cores
(24 threads)

IGP Intel UHD Graphics 770

Hyper-Threading Yes

Cache30MBL3,14MBL2

Memory controller Dual-channel DDR4 and
DDR5S

Packaging LGA1700

Thermal design power (TDP) 125W

Features Turbo Boost Max Technology 3, Turbo
Boost2,FMA3,F16C, SHA, BMI / BMI1+BMI2,
AVX-512, AVX2, AVX, AES, SSE4a, SSE4, SSSE3,
SSE3, SSE2, SSE, MMX

the most powerful high-
end desktop CPUs Intel
has made forits aging
LGA2066 socket too.

This comes ataprice,
though, and at £539,
the 12900Kis pricierthan
any AMD CPU ontest this month. This
means it needs to match or better the Ryzen
75800X3Dingames, which costs £100 less,
and do the same with the mighty Ryzen 9
5950X, butin content creation, with that CPU
costingallittle under £500.

You'llneed some potent cooling for this
CPU, plus a decent power supply. We saw our
system draw over 300W when the CPU was
under load, whichis nearly 100W more than
our AMD system with the Ryzen 9 5950X
and nearly 50W more than with the Ryzen7
5800X3D, andthe 12900K runs hot as well.

Itdidn't disappoint, though, beating the
Ryzen 9 5950X in every test except when
the latter was overclocked, where it was
slightly betterin Cinebench’s multi-threaded
test. Meanwhile, its RealBench system score
was second only to the Corei9-12900KS. In
games it was amixed bag, though, with Far
Cry 6 seeingthe Ryzen 9 5950X offer an extra
one ortwo frames per second onthe 99th
percentile frame rate, but the Intel chip was
nearly 10fps faster on the average framerate.

The Ryzen 75800X3D was much fasterin
this game, however, adding 12fps to the 99th
percentile frame rate. Even overclocking the
P-Cores to 5GHz and the E-Cores to 4GHz

FAST FURIOUS
Good gaming = Power-hungry
performance

= Needs substantial

Much fasterthan cooling
Ryzen75800X3Din .
content creation = Expensive
BetterthanRyzen 9
5950X overall

didn't seeitbeatthe AMD CPU. Watch Dogs:
Legion favoured the Intel chip, though, and
here the Corei9-12900K was allittle faster
thanthe Ryzen75800X3D.

Conclusion

As we mentionedin the Corei7-12700K
review, the Corei9-12900K is geared towards
those who have plenty of cash to burnand
want both top-notch gaming and content
creation performance. However, the Core
i9-12900K doesn'tbag you any noticeable
improvements inmost games; it's only in
content creation thatits additional E-Cores
helpitedge outalead.

The Ryzen75800X3D s certainly a worthy
alternative for gaming, being fasterin Far Cry
6, andit can slotinto old AM4 boards too, but
it was much slower in heavily multi-threaded
content creation work. The Corei9-12900K
isn'ta CPU that many of us need, or can even
afford, butit's never far from the top of the
performance graphs. If you have the money
fora super-fast CPU, it delivers the goods.

VERDICT
Blisteringly fast in just about everything,
but with a price to match.

PERFORMANCE FEATURES

5 WL

OVERALL SCORE
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INTEL CORE

19-12900KS / £720 nevar

astmonth we reviewed Intel's latest
. extreme flagship CPU, the Core

i9-12900KS. Insome ways, it's Intel's
answer to the Ryzen75800X3D’'s gaming
performance - it's essentially a cherry-picked
Corei9-12900K with amassive peak boost
frequency of 5.5GHz. Cherry picking never
comes cheap, though. Speed binning only
resultsinasmallnumber of chips thatare
capable of having all their parts enabled and
running at high clock speeds, so buying this
CPUinvolves forking out an extra £200 over
the already pricey Corei9-12900K.

SUMMER BREEZE

Chart-topping
gaming performance

TORNADO

= Massively
power-hungry

Incredible in lightly
threaded and multi-
threadedtasks

= Runs extremely hot

= Enormous price tag

Keeps up with the best
AMD has to offer

SPEC
Base frequency P-Core 3.4GHz, E-Core 2.5GHz

Max boost frequency P-Core 5.5GHz, E-Core
4GHz

Core Alder Lake

Manufacturing process 10nm

Number of cores 8 x P-Cores, 8 x E-Cores
(24 threads)

IGP Intel UHD Graphics 770

Hyper-Threading Yes

Cache30MBL3,14MBL2

Memory controller Dual-channel DDR4 and
DDR5

Packaging LGA1700

Thermal design power (TDP) 150W

Features Thermal Velocity Boost, Turbo Boost
Max Technology 3, Turbo Boost 2, FMA3, F16C,
SHA, BMI/ BMI1+BMI2, AVX-512, AVX2, AVX,
AES, SSE4a, SSE4, SSSE3, SSE3, SSE2, SSE, MMX

Lastmonth we were
doing some very early
testingonthe CPU,
though, andthis time
we're using the latest
BIOS from Asus, which
has been specifically
designedto offerthe
best performance with the Core
i9-12900KS. In short, this means giving
itmore power, and sure enough, our test
system peaked atamassive 489W atload,
whichwas over 160W thanit drew with the
Corei9-12900K installed. This power draw
isborderline obscene, as were the CPU
temperatures, which regularly topped 90°C,
despite the fact we were using a custom
water-coolingloop with the latest LGA1700
waterblock from EK.

You'd hope, then, that performance was
unmatched, and thankfully we weren't
disappointed. The Corei9-12900K accelerated
its way to offering amassive 86,284 points
inour lightly threaded image editing test, and
no other CPU came close to this result, even
when overclocked.

The story in our heavily multi-threaded
Handbrake video encoding test was similar,
with the Corei9-12900KS scoring 1,137,489
comparedto 1,061,918 forthe Corei9-12900K
and 1,029,189 for the Ryzen 9 5950X. Both
those CPUs needed to be overclocked up to the
hilt to beat the Corei9-12900KS in Cinebench
too, whereits stock speed score of 28,645 was
over 3,000 points higher than that of the Ryzen
CPU, and over 1,000 points clear of the Core
i9-12900K.

The Corei9-12900KS was also the only Intel
CPU ontest this month that was able to keep up
withthe Ryzen 75800X3D in games, mostly
matchingitin Far Cry 6 and offeringa 99th
percentile frame rate that was around 10fps
higher than that of other Intel CPUs on test.

Italso grabbed the top spotin Watch Dogs:
Legion, and even held onto that spot when

other CPUs on test were overclocked too.
With the temperatures we saw from this
CPU at stock speed, we didn't dare attempt
amanual overclock onit, butit's worth playing
with power limits, as they canreinin power
consumption (and heat) at the expense of
some performance.

Conclusion

If youmust have the fastest mainstream
desktop CPU, and don't care how muchit costs,
the Corei9-12900KS won't disappoint. Using
ahonedBIOS that was freely available from
Asus, itwas amonster, even outstripping the
Corei9-12900K by significant marginsin some
tests. ltneeds abig wallet and an even bigger
cooling system, but givenits thermals and
power consumption, as well asit's exorbitant
price tag, we can'trecommend it outright as

a chip that's worth buying. However, that still
doesn't prevent us from hoping Intel forgets to
ask for our sample back. It's aridiculous CPU,
butif you have the money, PSU and cooling
systemforit, you won'tbe disappointed.

VERDICT
Outrageous and obscene in so many ways
that we can't help but love it.

PERFORMANCE FEATURES

495 | 1T

OVERALL SCORE
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GIMP IMAGE EDITING
Stock speed

Intel Core i9-12900KS.

Intel Core i7-12700K

Intel Core i9-12900K

AMD Ryzen 9 5950X

Intel Core i5-12600K

AMD Ryzen 9 5900X

AMD Ryzen 5 5600X

AMD Ryzen 7 5800X

AMD Ryzen 7 5800X3D

Intel Core I5-12400F

AMD Ryzen 7 5700X

AMD Ryzen 55600

Overclocked

Intel Core i7-12700K
Intel Core i9-12900K
Intel Core i5-12600K
AMD Ryzen 5 5600X
AMD Ryzen 7 5800X

AMD Ryzen 5 5600
AMD Ryzen 9 5900X
AMD Ryzen 9 5950X
AMD Ryzen 7 5700X

/PROCESSORS

86,284
80,885
80,155

76,586
76,451
74,384
73,069
72,972
70,595
69,757
69,466
66,810

84,450
83,843
83,163

75,815

75,339
747
73,331
72729
72,699

HANDBRAKE H.264 VIDEO ENCODING

Stock speed

Intel Core i9-12900KS
Intel Core 19-12900K
AMD Ryzen 9 5950X

Intel Core i7-12700K
AMD Ryzen 9 5900X
Intel Core 15-12600K
AMD Ryzen 7 5800X

AMD Ryzen 7 5800X3D

AMD Ryzen 7 5700X

AMD Ryzen 5 5600X
AMD Ryzen 5 5600
Intel Core i5-12400F

Overclocked

Intel Core 19-12900K
AMD Ryzen 9 5950X
Intel Core i7-12700K
AMD Ryzen 9 5900X
Intel Core 15-12600K
AMD Ryzen 7 5700X
AMD Ryzen 7 5800X

AMD Ryzen 5 5600
AMD Ryzen 5 5600X

1,137,489

1,061,918
1,029,189
927,289
912,189
761,578
722,386
698,723
648,210
561,262
557,633
537,337

1,116,097
1,077,960
986,910
954,534
832,962
740,640
735,263

592,614
590,570

HEAVY MULTI-TASKING
Stock speed

Intel Core i9-12900KS.
Intel Core 19-12900K
AMD Ryzen 9 5900X
AMD Ryzen 7 5800X3D
AMD Ryzen 9 5950X
Intel Core i7-12700K
AMD Ryzen 7 5800X
AMD Ryzen 7 5700X
AMD Ryzen 5 5600X
AMD Ryzen 55600
Intel Core i5-12600K
Intel Core i5-12400F

Overclocked

Intel Core i9-12900K
AMD Ryzen 9 5950X
AMD Ryzen 9 5900X
Intel Core i7-12700K
AMD Ryzen 7 5800X
AMD Ryzen 7 5700X
Intel Core i5-12600K

AMD Ryzen 55600
AMD Ryzen 5 5600X

SYSTEM SCORE
Stock speed

Intel Core i9-12900KS
Intel Core 19-12900K
AMD Ryzen 9 5950X
AMD Ryzen 9 5900X

Intel Core i7-12700K
AMD Ryzen 7 5800X3D
Intel Core i5-12600K
AMD Ryzen 7 5800X
AMD Ryzen 7 5700X
AMD Ryzen 5 5600X
AMD Ryzen 5 5600

Intel Core i5-12400F

Overclocked

Intel Core i9-12900K
AMD Ryzen 9 5950X
Intel Core i7-12700K
AMD Ryzen 9 5900X
Intel Core i5-12600K
AMD Ryzen 7 5800X
AMD Ryzen 7 5700X
AMD Ryzen 55600
AMD Ryzen 5 5600X

CPU LABS BENCHMARK RESULTS

395,855
387,778
371,919
359,955
357,373
341,289
327,12
304,606

289,229

285,981

285,781

247,613

374,196
374,24
373,68
349,660
324,087
322,814
320,666
308,196
302,870

412,369
387,778
373,168
347,085
344828
289,771
288,414
288,079
263,032
238,352
235,068
221139

400,996
388,665
362,717
357,720
316,660
292,884
291,500
251194
249,776

CINEBENCH R23 MULTI-THREADED
Stock speed

Intel Core 19-12900KS 28,645
Intel Core 19-12900K 27,579
AMD Ryzen 9 5950X 25,264

Intel Core i7-12700K 22,802
AMD Ryzen 9 5900X 21555
Intel Core i5-12600K 17,383
AMD Ryzen7 5800X 15,608
AMD Ryzen 7 5800X3D 14,463
AMD Ryzen7 5700X 13,431
Intel Core 15-12400F 12,371
AMD Ryzen 5 5600X 1313
AMD Ryzen 55600 1078
Overclocked
AMD Ryzen 9 5950X 30,853
Intel Core 19-12900K 28,653
Intel Core i7-12700K 24194
AMD Ryzen 9 5900X 23,418
Intel Core i5-12600K 19,349
AMD Ryzen7 5700X 15,816
AMD Ryzen 7 5800X 15,810
AMD Ryzen 55600 12,157
AMD Ryzen 5 5600X 12,154
CINEBENCH R23 SINGLE-THREADED
Stock speed
Intel Core 19-12900KS 2,099
Intel Core 19-12900K 1992
Intel Core i7-12700K 1930
Intel Core i5-12600K 1892
Intel Core i5-12400F 1668
AMD Ryzen 9 5950X 1653
AMD Ryzen 9 5900X 1610
AMD Ryzen 7 5800X 1602
AMD Ryzen7 5700X 1536
AMD Ryzen 5 5600X 1531
AMD Ryzen 5 5600 1,456
AMD Ryzen7 5800X3D 1455
Overclocked
Intel Core 19-12900K 1987
Intel Core i7-12700K 1957
Intel Core i5-12600K 1935
AMD Ryzen 5 5600 1,542
AMD Ryzen 5 5600X 1538
AMD Ryzen 9 5950X 1527
AMD Ryzen 9 5900X 1525
AMD Ryzen 7 5800X 1523
AMD Ryzen7 5700X 1517




FAR CRY 6 (FPS)

AMD Ryzen 7 5800X3D
Intel Core i9-12900KS
Intel Core i7-12700K
Intel Core i9-12900K
Intel Core i5-12600K
AMD Ryzen 9 5900X
AMD Ryzen 9 5950X
AMD Ryzen 7 5800X
Intel Core i5-12400F
AMD Ryzen 7 5700X
AMD Ryzen 5 5600X
AMD Ryzen 5 5600

AMD Ryzen 7 5800X
Intel Core i9-12900K
Intel Core i5-12600K

Intel Core i7-12700K
AMD Ryzen 7 5700X
/AMD Ryzen 9 5950X
AMD Ryzen 9 5900X

AMD Ryzen 5 5600
AMD Ryzen 5 5600X

Intel Core i9-12900KS
Intel Core i7-12700K
Intel Core i9-12900K
Intel Core i5-12600K
AMD Ryzen 7 5800X3D
Intel Core i5-12400F
AMD Ryzen 7 5800X
AMD Ryzen 9 5900X
/AMD Ryzen 9 5950X
AMD Ryzen 5 5600X
AMD Ryzen 7 5700X
AMD Ryzen 5 5600

Intel Core i7-12700K
Intel Core i5-12600K
Intel Core i9-12900K
AMD Ryzen 7 5700X

AMD Ryzen 5 5600
AMD Ryzen 7 5800X
AMD Ryzen 9 5900X
AMD Ryzen 9 5950X
AMD Ryzen 5 5600X
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Stock speed, 1920 x 1080, Ultra settings

2@

Overclocked, 1,920 x 1080, Ultra settings.

WATCH DOGS: LEGION (FPS)
Stock speed, 1920 x 1080, Ultra settings

Overclocked, 1920 x 1080, Ultra settings.
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TOTAL SYSTEM POWER CONSUMPTION (W)
Stock speed, Windows desktop / Prime95 smallFFT

‘AMD Ryzen 5 5600X |

AMD Ryzen5'5600

AMD Ryzen 7 5700X |

Intel Core i5-12400F [

AMD Ryzen 95950

Intel Core i5-12600K |

AMD Ryzen 9 5900X

AMD Ryzen75800X

Intel Core i7-12700K [

AMD Ryzen75800X3D

Intel Core 19-2900K

Intel Core [9-12900KS ‘

0
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/AMD Ryzen 5 5600X
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Intel Core i9-12900K
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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.

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.

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.

: Intel Core . #227
. CPU i5-T2400F cclonline.com p51 £165
AMD Ryzen7 #218 0
CPU 5700G scan.co.uk p20 £280 :
. ARCTIC #224
. CPUCOOLER Freezeri13X scan.co.uk p76 £20
AMD Wraith air #218 :
CPUCOOLER coolerincluded N/A £0
] p20 0 AMD Radeon #220
with CPU : GRAPHICS CARD RX 6600 XT overclockers.co.uk ps53 £360
. 16GB (2 x8
AMD RadeonRX . GB) Corsair
. #218 o Vengeance LPX #224
GRAPHICS CARD  Vega 8integrated N/A 020 £0 .+ || MEMORY DDR4 3200MHz scan.co.uk p76 £60
into CPU . (CMK16GX4
: M2B3200C16)
16GB (2x 8 GB) .
Corsair . Gigabyte B660 %224
Vengeance LPX #218 . MOTHERBOARD  Gaming X DDR4 scan.co.uk P50 £141
MEMORY Pro 3200MHz scan.co.uk 078 £60 : (ATX)
(CMK16GX4M :
2B3200C16) .
. 1TB WD Blue #222
. STORAGE SN570 scan.co.uk >0 £73
Asus TUF . (M2NVMe) ?
B450M-PLUSII . #218 °
MOTHERBOARD (Micro-ATX) with awd-it.co.uk n78 £90 :
BIOS flash .
. Total £819
500GB WD Blue 4222 :
STORAGE SN570 (M.2 scan.co.uk - £43 . UPGRADES
NVMe) P c
° SWAP Nvidia GeForce SENER #220 £490
: GRAPHICSCARD RTX 3060 Ti o p55
Total £473 : 1TB ADATA XPG TR
. SWAP STORAGE = GAMMIX S50 cclonline.com p43 £105
J Lite
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10-core CPU, 1080p

and some 2,560 x
1,440 gaming 10-core CPU, smooth
Needs an ATX case. We 2,560 x 1,440 gaming and ray tracing
recommenda 550-600W 80 Needs an ATX case with room for a 240mm all-in-one liquid
Plus Bronze power supply. cooler. We recommend a 750W 80 Plus Bronze power supply.
Intel Core #227 Intel Core #227
CPU i5-12600K scan.co.uk p56 £270 CPU i5-12600K scan.co.uk pS6 £270
ARCTIC Liquid ARCTIC Liquid
Freezer 11240 #226 Freezer11240 #226
CPU COOLER RGB (240mm scan.co.uk £80 CPUCOOLER RGB (240mm scan.co.uk £80
AIO liquid P49 AIO liquid p49
cooler) cooler)
Nvidia GeForce #220 Nvidia GeForce #220
GRAPHICS CARD
GRAPHICS CARD RTX3060Ti scan.co.uk p55 £490 RTX3070Ti overclockers.co.uk pa3 £660
16GB (2 x 8GB) 16GB (2 x 8GB)
Corsair Corsair
Vengeance RGB #221 Vengeance RGB #221
MEMORY Pro3200MHz scan.co.uk £73 MEMORY Pro 3200MHz scan.co.uk 76 £73
DDR4 p76 DDR4 p
(CMW16GX (CMW16GX
4M2C3200C16) 4M2C3200C16)
Glaabyte 2690 22 MSIMAG Z690 %222
igabyte # MOTHERBOARD  Tomahawk WiFi ebuyer.com £260
MOTHERBOARD Gaming X DDR4 scan.co.uk P46 £200 DDRA p48
1TB ADATA XPG
1TB ADATA XPG ) #215
STORAGE GAMMIX S50 cdoninecom | 22 | £105 STORACE GalvlalEa cclontine.com 43 105
Lite p43 Lite p
Total £1,448

Total £1,218

UPGRADES
UPGRADES
- ADD SECONDARY Western Digital #166
ADD SECONDARY  Western Digital #166 ebuyer.com £81
STORAGE Blue 4TB ebuyer.com p54 £81 STORAGE Blue 4TB p54
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ELITE /THE BEST KIT

Core component bundles cont ...

12-core CPU, 4K gaming
Needs an ATX case with room for 16-core CPU
a360mm all-in-one liquid cooler. b .
We recommend an 850W 80 1-920 X 1-080 gaming
Plus Gold power supply. Needs an E-ATX case with room for a 360mm all-in-one liquid
cooler. We recommend a 750W 80 Plus Gold power supply.
Intel Core #227
CPU . overclockers.co.uk £539
CPU !ntel core overclockers.co.uk #227 £380 19-12900K P62
i7-12700K p59
CorsairiCUE
H150i Elite LCD #226
CPUCOOLER .CO.l
CoreatriCUE 360mm AIC)) scan.co.uk p78 £250
A liquid cooler;
H150i Elite LCD #226
CPU COOLER (360mm AIO scan.co.uk P78 £250
liquid cooler)
AMD RadeonRX #220
GRAPHICS CARD 6600 XT overclockers.co.uk p53 £360
Nvidia GeForce - #226 32GB (2 x 16GB)
GRAPHICS CARD RTX3080Ti nvidia.com P78 £1,050 e
Dominator #221
MEMORY PlatinumRGB scan.co.uk D76 £287
5200MHz DDR5
E(;SSE;(rZ x 8GB) (CMT32GX5M2
Vengeance RGB #226 AN
MEMORY Pro3200MHz scan.co.uk 78 £73
DDR4 P
(CMW16GX4M2 MSIMEG Z690 #222
C3200C16) MOTHERBOARD Unify scan.co.uk P50 £550
MSIMAG Z690 #226
MOTHERBOARD = Tomahawk WiFi ebuyer.com £260 #215
p78 2TB WD Black
DDR4 STORAGE SN850 scan.co.uk D49 £250
2TB WD Black #226 Total £2,236
STORAGE SN770 box.co.uk P78 £220

UPGRADES

Total £2.233 SWAP GRAPHICS  Nvidia GeForce nvidia.com #221 £1050
CARD RTX3080Ti : p48 d
UPGRADES
ADD SECONDARY T ADD SECONDARY 4TB Western e #166 £81
4TB Western # STORAGE Digital Blue x )
STORAGE Digital Blue Eblveicen 54 £81 9 p
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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
Asus ROG Strix
IntelZ690 8
Z690-1Gaming
(LGA1700) WiFi
IntelZ590 Gigabyte 25901
(LGA1200) Vision D
AMD B550 Asus ROG Strix
(AM4) B550-1Gaming
Cases

Cooler Master

ALL-PURPOSE MasterBox
NR200OP
Ssupd

EOVWER Meshlicious

HIGH AIRFLOW Fractal Design
TorrentNano

PREMIUM Streacom DA2
V2

Other components

LOW-PROFILE

CPU COOLER Noctua NH-L12S

SFXPOWER SilverStone

SUPPLY SX750

BUDGET RGB

SUB-£100
AIRFLOW

COMPACT

HIGH AIRFLOW

MID-RANGE

SUB-£150

PREMIUMHIGH
AIRFLOW

LUXURY

AntecDF700
FLUX
Corsair4000D
Airflow

Fractal Design
Meshify 2
Compact
Fractal Design
Meshify 2

Phanteks Eclipse
P600S

Fractal Design
Define7

Fractal Design
TorrentRGB TG

CorsairiCUE
5000TRGB

scan.co.uk

awd-it.co.uk

scan.co.uk

scan.co.uk

overclockers.co.uk
scan.co.uk

quietpc.com

scan.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

overclockers.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

#220
p22

#214
p18
#206
p44

#206
p18

#225
p51
#225
p45s
#214
p51

#219
p54

#219
p72

#214
p26
#222
p56

#215
p20

#212
p45

#202
p44
#204
p18
#225
p20

#224
p22

£375

£180

£225

£100

£100

£120

£203

£55

£130

£75

£90

£100

£140

£140

£147

£220

£350

Motherboards
AMD B450 Asus TUF
(AM4) B450M-PLUSII
AMD B550 MSIMAGB550M
(AM4) Mortar
Cases
Kolink Citadel
Sledar Mesh RGB
BUDGET Belkin
ROUTER RT3200-UK
Asus
el RT-AX68U
Asus ZenWiFi AX
MESH ROUTER Hybrid XP4
TP-Link Archer
WI-FIADAPTOR TX3000E
DUAL-BAY NAS h
BOX Synology DS220j
DUAL-BAY Synology
MEDIANASBOX  DS218play
2.5GIGABIT
DUAL-BAY QNAP TS-231P3
NAS BOX

awd-it.co.uk

scan.co.uk
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RICK LANE / INVERSE LOOK

A SENSE OF PLACE

Ghostwire Tokyo and Weird West demonstrate the importance of
understanding your setting for different reasons, says Rick Lane

his month I reviewed Ghostwire Tokyo and Weird
. West, two games where my reaction to playing

them surprised me. Ghostwire is an open-world
action game where you're chased around Japan's capital city
by a bunch of weird spectres known as yokai. Weird West,
meanwhile, is a hybrid of immersive sim and CRPG that puts
heavy emphasis on simulation and player choice.

As someone who prefers immersive sims to open-world
games, I expected Weird West to appeal more to me. However, I
ended up being more intrigued by Ghostwire - despite several
notable flaws —while finding it harder to get into Weird West.

There are various reasons why I find Ghostwire

This divide is also evident in the games’ shared fondness
for the supernatural. Many of Ghostwire’s yokai are based
on Japanese folklore, such as the Nurikabe, which manifests
as an invisible wall to misdirect travellers. It’s a truly bizarre
mythical creature that has no comparison anywhere else in
the world. Weird West's supernatural elements, by comparison,
feel like a spooky blanket laid on top of the setting.

There are some important caveats. Ghostwire is a first-person
game, while Weird West is isometric, which automatically
gives the former an immersive advantage. However, isometric
games can be deeply atmospheric, with examples including

Obsidian’s Tyranny and Divinity: Original Sin 2.

enjoyable and Weird West merely admirable. Takin g Ghostwire Beyond this, Ghostwire had a much larger budget

For one, Ghostwire has superior combat and is
undoubtedly the more accessible game overall.

out of Tokyo would

than Weird West, although a large sack of cash
doesn’t guarantee an atmospheric experience —

But what most sets the two games apart is how kill the expe rience just look at the deeply uninspired Ghost Recon:

they represent their respective settings.

Ghostwire strives to immerse you in its depiction of
abandoned central Tokyo. Its presentation of the city, from
major landmarks to shopping districts, suburbs and subways,
isauthentic and steeped in atmosphere. Simply standing in a
back alley,amid the shopping crates and awkwardly parked
scooters, listening to the patter of the rain and the hum of air
conditioners,is as fundamental to the experience as blasting
ghosts with your supernatural powers.

Weird West, by comparison, never feels especially convincing
inits setting. Despite the title, its ‘West'is a derivative pastiche
- all bandits, broncos and bounty hunters. The townships,
farms, mines and so on are all capably designed, but they
lack the authenticity and atmosphere Ghostwire does so well.

Breakpoint for an example of that.

Nonetheless, you could take Weird West’s ideas, systems,
mechanics and characters, and put them in a bunch of
different settings (fantasy, cyberpunk, take your pick) without
significantly impacting the game’s baseline quality. Taking
Ghostwire out of Tokyo, however, would kill the experience.

Compared side by side, the two games demonstrate how a
game’s setting is an active participant in its quality. How a game
feels when the player is doing nothing is often as important as
how it feels when they're moving and fighting. This is one of
the reasons why Elden Ring is such a phenomenon - simply
existing inside that world is breathtaking. And it's why the
rain-slicked streets of Ghostwire will linger in my mind longer
than the dusty plains of Weird West.

Rick Lane is Custom PC's games editor El @Rick_Lane
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Tiny Tina's
\VWonderlands
/ £54.99 incVAT

DEVELOPER Gearbox Software/ PUBLISHER Finji

iny Tina’'s Wonderlands is a sequel to the
. Borderlands 2 DLC, Assault on Dragon Keep.

Arguably the best bit of the entire Borderlands
series, Dragon Keep was a playful send-up of tabletop
RPGs that explored themes of loneliness and friendship.
Tiny Tina's Wonderlands takes this core concept and
massively expands uponit.

Players assume the role of a custom heroinside Tiny
Tina's homebrew D&D campaign ‘Bunkers and Badasses'’
- aparody fantasy world given a Borderlands spin (it has
gunsinit). Here, you embark on a quest to defeat the evil
Dragon Lord, in a story heavily subject to the whims of
your Dungeon Master, Tiny Tina herself.

The premise is as tantalising as it was ten years ago,
and Wonderlands quickly reveals itself to be funnier and
less annoying than its parent game. Not only does the
setting give the writers a clear focal point for their jokes,
but Borderlands’ whole shtick simply works betterina
D&D spoof.

For example, it makes sense that the characters are
constantly talkingin the background, as the atmosphere of
tabletop roleplayingis usually filled with player debating
ideas, making suggestions, and dipping in and out of
character. It helps that the voice acting is incredible, with
the castincluding Bojack Horseman's Will Arnett as
the Dragon Lord, and Brooklyn 99's Andy Samberg as
Valentine, your heartthrob co-player who tries to solve
every problem with seduction.

Although the transition to fantasy works well for
Wonderlands narratively, it's less effective inplay. It's
essentially amechanical reskin of Borderlands, replacing
grenades with spells, energy shields with magic armour,
and adding melee weapons you'll rarely use because the
guns are more fun and effective.

It's still a dependable co-op FPS, and the random
weapon generationis as wild and entertaining as ever.
However, Wonderlands throws way too much loot at
you; combined with Borderlands' increasingly archaic
inventory managements, this means you spend too
much time fiddling around in menus rather than enjoying
the adventure.

That's a shame, because Wonderland's adventureis
genuinely entertaining. Writing aside, the game features
some spectacular locations to explore, while its playful
approachto storytelling enables a dynamic approach
to level design. Levels will reshuffle themselves as Tina
adjusts the story on the fly, with objects such as bridges
and catapults suddenly appearing to fit with the narrative.

Meanwhile, key locations are connected by a tabletop
‘overworld’, explored by a bobbleheaded version of your
character. Constructed by Tina herself, it has rivers of
orange soda and passages blocked by giant cheese puffs.

Inits unbridled sense of fun, Wonderlands is probably
the best Borderlands game. The jokes are amusing, and
the shapeshifting worldis fun to explore. However, it
doesn’'t do enough to modernise Borderlands’ central
systems, which means the activity you spend most of your
time doing - shooting enemies - is also where the game
is weakest.

RICKLANE

WONDERLANDS

+ Entertaining
fantasy spoof

+ Goodwritingand
excellent voice acting

4+ Environments
funto explore

BLUNDERLANDS

Mechanical reskin
doesn'tgo farenough

Overdoes the loot

Tedious inventory
management

/VERDICT
Enjoyable spin-
off from the
main series that
deserves more
bespoke combat
mechanics.
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Ghostwire Tokyo / £49.99

DEVELOPER Tango Gameworks / PUBLISHER Bethesda

WIRED

+ Stunning
recreation of
inner-city Tokyo

4+ Funworld design
with lots of
interesting
touches

+ Decentcombat

GHOSTED

Underwhelming
story

Combat too static

Open world
lacks depth
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hostwire Tokyo isn't the game itinitially seems.
. Developed by Tango Gameworks, whose heritage
includes Resident Evil 4 and The Evil Within,

Ghostwire Tokyo at firstresembles a survival horror
experience similar to the studio’s previous work. Butit slowly
reveals itself to be lighter, breezier action-adventure setinan
openworld.

You play as Akito, a young Japanese man who crashes
his carin Tokyo's Shibuya Crossing, moments before a
rapture-style event causes almost everyone in the city
centre to vanish. Akito is rescued from this fate by KK,
the spirit of a police detective who was investigating
this paranormal phenomenon before his own body
was stolen from him. Together, Akito and KK journey
across abandoned Tokyo trying to unravel the
mystery behind the supernatural catastrophe.

Tokyois by far Ghostwire’s strongest asset.
Tango Gameworks has created alovingly
authenticreplication of itshome
city. Major landmarks, such as
the famous Crossingand
the glittering Tokyo Tower
are stunningly recreated,
while the absence of the
crowds that normally flow
throughthese placesis
strikingly eerie. Butit's
the suburban areas,
with their cramped

pathways, jumbled houses and liberally scattered street
furniture that are the true joys to explore. Ghostwire’s world
designjustifies the gamein and of itself, whichis a strong
starting point.
Yet while Ghostwire is a great facilitator of digital
tourism, that's not what the gameis about. Asimplied
inthe name, abandoned Tokyo is prowled by a host of
strange spectres, from besuited businessmen
who hide their faceless guises behind
theirumbrellas, to headless
schoolgirls who skip towards
you before lashing you with a
stunningreverse-roundhouse.
These spirits tend to clusterin groups,
andthey can quickly overwhelm
unwary players.
Fortunately, KK's possession of Akito
has equipped him with supernatural
powers of his own. Akito can unleash
arange of elemental attacks on
the ghosts, from quickfire blasts
of green wind (not thatkind
of wind) to a supercharged
fireball attack that sends those
fiends flying. Hitting a ghost
enough times will reveal
their‘core’, which Akito can
rip out toinstantly destroy
the spirit. Removing



cores alsoreplenishes his spirit energy and charges
devastating special attacks, makingit the foundation of the
combat’s central loop.

For the most part, the combatis well designed. Blasting
ghosts full of holes is entertaining, while the core-ripping
mechanic lends a pleasing crowd control element to
encounters. The nearer you are to a ghost, the less time it
takes to remove the core, encouraging you torisk charging
into the fray for quicker kills.

However, the thrill of combat is undermined by its
surprising lack of dynamism. Both Akito and his opponents
move oddly slowly, while smaller encounters can oftenbe
resolved without moving at all. The game would benefit from
aninjection of momentum, encouraging you to dodge and
weave between enemies rather thanrelying on a static block
and parry system.

Combatisn'tthe only area where Ghostwire feels
underbaked. Alongside the main story, the open worldis
liberally scattered with side missions.

They're bizarre affairs that involve helping lost spirits solve
specific problems so they can move on from the earthly
realm. They range from exorcising the spirit of ahoarder from
his filthy house to, er, helping a ghost stuck on the toilet by
passing him some looroll.

The framing of these missions is generally amusing or
interesting, but they always end the same way. You either
talk to the ghosts until the problemis resolved, orend upin
an arenafight against waves of standard enemies. Thereisn't
enough variety in enemy types or the general mechanics to
make encounters feel as if you've influenced them, which
makes exploration less rewarding thanit should be.

This would be less of anissue if the central story excelled,
but atbest, it's okay. Ghostwire is framed as a detective
story, which fits well with the moody urban environments.

However, the main characters are all tedious stock
archetypes. The grizzled detective, the wide-eyed newbie,
the sassy female sidekick, the megalomaniacal villain.
Meanwhile, the game struggles to shape its ‘ghost rapture’
premise into aninteresting plot, anissue that partly derives
from the fact that the ghosts never feel especially scary.
They're weird and fun, but rarely threatening.

For allits flaws, though, Ghostwire is consistently
entertaining, and there are sparks of brilliance along the
way. The game’s world is enormous fun to explore, not only
forits atmosphere, but also for its surprising verticality. You
frequently find yourself climbing up tower blocks, leaping
across rooftops and descendinginto the shop-lined mazes
that form Tokyo's subway tunnels.

The game plays with 3D geometry in some wild ways, with
some sequences reshaping the entire environment around
youinrealtime. There are also wonderful smaller touches,
such as thefloating cat spirits that serve youin shops, or
the yokaithat conceal hidden passages by pretending to
be walls.

Like The Gunk (see Issue 224, p69), Ghostwire is agame
by a studiointransition. It's Tango's first proper open-world
game, its first game to use afirst-person perspective and
its first game thatisn’t explicitly survival horror. It's amajor
departure in many ways, which explains why some of its

systems feel slightly archaic or slightly underbaked. /VERDICT
However, Ghostwire Tokyo is also a deeply earnest Ghostwire
experience thatintimately understands both the place Tokyo's

and culture itrepresents, and it wholly commits to that
representation. It's revealing that the game’s default
language for the Westernreleaseis Japanese, asis how
appropriate it feels to play the game with subtitles.
Ghostwire may notbe Tango's best game, butit's the
studio’'s mostinterestingtitle. By liberating itself from the
shadow of Resident Evil, Tango delivers a characterful
and entertaining adventure. With more depth toits open
world, and more dynamism to its combat, it could have
beentruly brilliant. But eveninits slightly compromised
state, Ghostwire’s supernatural vision of Tokyo is
always compelling.
RICKLANE

systems are too
lightweight for its
remarkable open
world, but it's

an entertaining
supernatural
adventure
regardless.
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NIGHTMARE REAPER/ £19.49 v

DEVELOPER Blazing Bit Games/ PUBLISHER Blazing Bit Games

NIGHTMARE
REAPER

+ Huge variety
of weapons

4+ Great core shooter

+ Strongretro style

SLEEP

PARALYSIS
Annoying
minigames
Gauche

representation
of mental health

/VERDICT

A spectacular retro
shooter, although
we wouldn't
recommend
coming to its
psych ward for
treatment.
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ightmare Reaperis a volatile blend of FPS and
. procedural rogue-like elements. Its slightly

unsavoury premise sees you play awomanina
psychiatric ward who, when she goes to sleep, descends
into a terrifying world of demonic creatures. Here, she
must blast her way through monstrous hordes with a wide
array of weapons, in a gleefully violent throwback to the
shooters of yore.

Nightmare Reaper’s key feature is its emphasis
onrandomness. Not only are its Doom-like levels
procedurally generated every time you play, but weapons
are also randomly distributed throughout its pixelated
labyrinths. Whereas most shooters give youtento 15
weapons, Nightmare Reaper has 80, ranging from trusty
pistols and shotguns through to nailguns, spellbooks,
cluster-rocket launchers and Hellraiser-style tesseracts
that trap enemies within their pocket hellholes.

It's atruly dizzying arsenal. More impressive stillis how
satisfying these weapons feel to wield. While Nightmare
Reaper may look like it fell straight out of 1993's bumbag,
with simply blocked-out levels and papercraft enemies, it
feels thoroughly modern. Weapons have enormous heft,
while blasted enemies fly apart like tomatoes thrown into
afan. Asif 80 weapons weren't enough, each one also
has an alt-fire mode. The chainsaw, for example, has a
grappling-hook attachment that lets you zip across rooms
to carve up enemiesin double-time.

It's anincredibly satisfying combat engine, and
picking up new weapons is always a thrilling moment
of discovery. More broadly, Nightmare Reaper is filled

with clever touches. At the end of a level, you can only
pick one weapon to take with you, encouraging you to
experiment and preventing you from over-relying on
specific combinations.

The upgrade systemis also tied to abunch of quickfire
minigames, such as a1980s-style platformerand a
Pokémon-like RPG. These further establish Nightmare
Reaper's retro credentials, although neither is anywhere
near as compelling as the core shooting. The platforming
minigame, for example, is simplistic and not especially well
produced. It's a fun novelty the first few times you play it,
but that novelty quickly wears thin.

Thisisn’t the only unwelcome demonin Nightmare
Reaper’s braincase either. It's also easy to become
lostin Nightmare Reaper’s procedural mazes, and the
levels aren’'t much fun to explore when they aren'tfilled
with enemies. Also, the framing of your character as
a psychiatric patientisn’'t exactly the most empathetic
portrayal of mental health, and given how little this framing
contributes to the core experience, it could easily have
been omitted.

Then again, perhaps it's unreasonable to expect tact
from a game that's about blowing demons inside out
with more weapons than you can shake a broomstick at.
Nightmare Reaper may not be as sophisticated as other
retro shooters such as Dusk or Amid Evil, but it makes up
for this with its sheer relentlessness and variety. For better
orworse, it's thoroughly committed to its distinctive brand
of chaos, and the result are, for the most part, ariot.
RICKLANE



WEIRD WEST
/ £30.99 nevar

DEVELOPER WolfEye Studios/ PUBLISHER Devolver Digital

eird West s a fascinating yet flawed attempt to

merge the dynamic systems of animmersive sim

with the CRPG structure of agame such as
Baldur's Gate. Its most distinctive feature is its unique
approach to storytelling. Rather than playing as one
character, you assume the roles of five difference characters
in a predetermined sequence. Starting as a vengeful bounty
hunter named Jane, your adventure will see you assume the
roles of a native American warrior, an occult wizard and, er, a
mutant pigman.

Each of these stories plays out as its own mini-RPG, with
you exploring a wide variety of locations connected by an
overworld map, complete with side quests and randomly
occurring events. While each character's story is separate,
they interlink via the player’s choices. The links include major
story decisionsin each character’s arc, but also in player-
directed actions, such as killingin-game characters. This
includes major characters crucial to the plot's story, with the
game cleverly working around your reckless disregard for
virtual life.

Weird West couples this narrative flexibility with an
impressive layer of simulation. Players can approach
challenges through combat or stealth, while also using the
environment to their advantage. Groups of enemies canbe
eliminated by shooting an oil lantern around which they're

clustered, or by throwing a barrel of poisonous chemicals at
them. Rain will make guards more susceptible to electrical
attacks, while also refilling water barrels from which you
candrink to restore health. Fire can be used as a distraction,
drawing enemies away from an objective, so you can
completeit.

Manipulating the game world in this way is fun, but pulling
off shenanigans successfully is difficult. Most encounters
ultimately descend into a gunfight, and combatis by far
the game’s weakest element. The top-down perspective
makes the fighting over-reliant on precision, whichis difficult
when enemies tend to blindly rush you and your character
can bekilled by a handful of shots. The ability to perform
abullet-time dodge feels less like a satisfying power, and
more like necessary compensation for the combat’s lack
of refinement.

The character abilities are also largely devoid of the
creative potential seenin games such as Dishonored.

Jane's most functional ability is a powerful kick — useful for
booting around barrels and other objects, but not particularly
exciting. The multi-protagonist structure also leaves little
room for characters to grow, making each one’s progression
path feel narrow and underwhelming.

You can get arewarding experience from Weird West, but
the rewards require far more patience to earn thanin games
such as Dishonored or Divinity: Original Sin. Those games
build their fun toys and tricks into the moment-to-moment
experience, working from the characters outwards. In Weird
West, the coolestideas are scattered around the fringes,
while the characters and combat - the game’s two most
central features - are alsoiits least interesting.

RICKLANE

COWBOY
4+ Interesting
narrative structure

=+ Highly
reactive world

+ Impressive
dynamic systems

COW PAT
Tedious core
combat

Underwhelming
character abilities

/VERDICT
Weird West's
experiment

of melding an
immersive sim
with a CRPG

is intriguing,
but only partly
successful.
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Rick Lane checks
outthe Meta Quest
Gaming Showcase
and flings around his
virtual tentaclesin
his latest VR roundup

REVIEW

TENTACULAR / £19.49 .cvxr

DEVELOPER Firepunchd Games / PUBLISHER Devolver Digital

Tentacular is alight-hearted throwback to the
early days of VR, when throwing and catching
stuff in a virtual-reality environment was the
coolest thing you'd ever done. Yet while the
base mechanics may be simple, it ekes an
impressive amount of fun and humour out of
its silly controls and daft Kaiju theme.

You play as a gigantic octopus creature
that's been adopted by the island paradise of
La Kalma. Having reached your 16th birthday
and therefore come of age, you're expected
to give back to the community by gettinga
job. After a short stint of manual labour, you're
eventually selected to test experimental
technology for theisland's cutting-edge
scientific research team.

The game is controlled entirely with the two
floppy tentacles that replace your armsin VR.
Pressing the triggers on your controllers while
touching an object will cause it to stick to your
tentacle’s suckers. Using this highly inefficient
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control scheme, you must solve a wide range
of physics-based puzzles. These start out
simply, such as throwing objects into a set
area, or building a Jenga tower out of shipping
crates. However, later puzzles introduce
elements such as rockets that propel objects
inthe direction you point them, or magnets
that stick in-game items together.

Much like cult hit Octodad: Dadliest Catch,
the fun of Tentacular stems from the dynamic
slapstick humour of trying to perform manual
tasks without any digits or, indeed, bones.

En route to completing most puzzles, you'll
invariably wreck half the neighbourhood,
sending civilians flying into the sea with a
rogue swipe of atentacle, or squashingthem
flat when a van slips from your suckery grasp.

It's all presentedin a cartoon style where
there are no long-term consequences for the
havoc you cause. Citizens chuckedinto the sea
will magically pull alife-ring from their beach
shorts, while those you accidentally flatten
will quickly buff out their squashed bodies.

Tentacular doesn’t do anything radically
new, butits presentation and puzzle structure
help to refresh these fundamental VR
interactions. There's one notable problem,
though, whichis that the game loves the
sounds of its own voice, or to be more specific,
the sight of its own text.

Almost every puzzle in Tentacularis
prefaced with lengthy conversations delivered
via speech bubbles, which youmust stand and
endure all over againif you fail a puzzle and
needtoreset.

You can tap the game’s bobbleheaded
citizens on the head to skip dialogue, which
is funny the first few times you doit, butan
option to skip dialogue entirely would be very
welcome after the first hour or so.

Tentacular won't be knocking on the doors
of Half-Life: Alyx (not least because it doesn’t
have knuckles), butit's afine alternative to Job
Simulator as an entry-level VR game, while
its slapstick humour and creative puzzles will
appeal to veteran VR players too. Tentacular
may not quite be kraken, butit's worth afew
squidregardless.

DOCTOROCTOPUS SQUIDWARD

4+ Goodpuzzles TENTACLES
Nothing dramatically
4 Funny new

+ Accessible Alittle verbose
VERDICT

Tentacular deftly
balances slapstick
silliness with deftly
crafted puzzling, although
the script sometimes
gets in the way of the fun.




NEWS

QUEST GAMING
SHOWCASE

Metarecently unveiled its 2022 Quest
Gaming Showcase, revealing a bunch of
exciting VR games that are coming to the
platform. This includes sequels to some of
the very best VR games, and at least one
huge surprise. Most of these games will
release inthe next year, some as soon as
the summer. So here's a quick rundown of
the highlights coming to the Quest2inthe
coming months.

Ghostbusters VR

By far the most surprising announcement of
the showcase, Ghostbusters VR is a whole
new adventure that will see players solving a
‘deep mystery' in the Ghostbusters universe.
Developed by N-Dreams, it's designed to be
played both solo and with up to three other
players in cooperative multiplayer. More
specific details on how the game will play
are thin, but footage shows players working
together with proton packs to take down a
bunch of colourful spirits.

We also don't know whether any of the
original Ghostbusters cast will make an
appearance, as they did in the underrated
third-person shooter from2009.

The Walking Dead: Saints and
Sinners Chapter 2: Retribution

The Walking Dead: Saints and Sinners was
one of VR's biggest surprise hits when it
launched early in2020. Its incredible use
of VR's interactive capabilities (including

Saints and Sinners Chapter 2: Retribution

Ghostbusters VR

some spectacularly grisly melee combat)
combined with a deep survival simulation
and intriguing story to make it one of the
most fleshed-out experiences available in
VR.The sequelis a direct continuation of
the first game’s storyline, seeing you play
as ‘The Tourist' in a new, zombie-infested
location. Expect jazzed-up visuals and a
wider array of weapons, including a very
messy-looking chainsaw.

Bonelab

Bonelabis the sequel to 2019's Boneworks,

the chaotic VR shooter inspired by Half-Life
2. Most hotable for its advanced physics
simulation and metaphysical storytelling,
Boneworks was a fantastic game slightly
overshadowed by the release of Half-Life:
Alyx afew months later.

The sequel sees players returning
to the series’ bizarre online platform
MythOS, and will feature a more advanced
physics simulation, full mod support and

Bonelab

new places to explore, including Ultima
Underworld-style fantasy dungeons. It even
has a gravity gun.

Moss: Book I

Moss: Book Ilis the sequelto one of VR's
most unusual games. A blend of first-person
puzzling and side-scrolling action, players

in the first game assumed control of a little
mouse named Quill and a narrator helped to
guide Quill through the game's storybook
world. It was a beautiful and inventive game,
butit was also held back from greatness by
being too short and lightweight.

Both problems appear to have been solved
in Moss: Book II, which is already available on
PSVR. The sequel offers alonger campaign,
more enemy types, new weapons and more
advanced platforming. It also expands the
abilities of the narrator, letting players spawn
objectsin the game world, such as vines for
Quiill to climb. The Quest 2 versionis coming
this summer. cre

Moss: Book I
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Make your home office or gaming setup more comfortable,
relaxing and functional with Edward Chester’s top tips for

creating the ultimate desk setup

hether you're one of the many
office workers that has now found
themselves working from home

permanently (or at least semiregularly), or
evenif youjust spend many hours every
eveningin front of a computer of your own
volition, ensuring your home computer
desk space is comfortable and functionalis
crucial to optimising your performance and
minimising your discomfort.

To this end, we've spoken to ergonomics
experts, tapped into the expertise of
colleagues and other home workers, and
tested a whole slew of potential desk
area upgrades to find the best ways to
upgrade and optimise your working or
gaming space.

Get a proper office chair

It's such an obvious place to start that

it almost feels silly to have to say it, but
getting a good office chair really should be
your first port of call for making the most of

The Herman Miller Aeronis a proven top-class
office chair, but it comes with a high price

your office space.
A good chair will
support and cushion
your body, raise
you to the correct
height for optimal
comfort and allow
for adjustment to suit
your body type. Not only
is it worth spending as much as
possible to get these features andimprove
your comfort, but often, cheap chairs just
don'tlast very long — we've used chairs that
lose their padding and structural integrity
within a year.

Our tried and tested top choice is the
Herman Miller Aeron. The taut mesh seat
and back provide excellent support and

breathability, keeping you cool and dry.
What we also love about this chairis the
excellent and easy-to-adjust lumbar
support, superb build quality and the
excellent recline system, which tilts both
the seat and the back in unison, and does so
with effortless ease. Comparatively, some
chairs won't stay tipped back unless you
rest your feet on an object to hold them up.
The only problem with this chairis that it
costs £1,000 inc VAT new. You can get them
for as little £250 (and they regularly go for
well under £500) second-hand, but they're
still pricey options. For a slightly more
affordable option, the inSync 24 (£434inc

VAT) offers many of the same core design
features that we like in the Aeron, such as
the fully mesh seat and back and full tilt
mechanism. The lumbar supportisn'tas
good though.

It's a similar story with the likes of the
Ergo-Task Fully Loaded Mesh office chair
(£271inc VAT). The meshis much looser

than that of the Aeron, the backis more
wobbly and only the back tilts, not the seat.
However, the padded seat is wonderfully
deep and remains comfortable for hours on
end, while the lumbar supportis decent too.
If none of these options suits your style
or budget, there are some general tips we
can suggest. Firstly, we really do like mesh
chairs. The breathability is a huge helpin
keeping comfortable for hours on end.
Second, make sure the lumbar supportis
good. While sitting on stools or exercise
balls is great for your core muscles, the
reality of sitting at a desk for hours on end
for most people is that your core muscles



The Ergo-Task Fully
Loaded Mesh chairis
more affordable, but still
offers good seat comfort
and back support

want to take a break and get a bit of support.
A chair that can nestle into the small of your
back and support your spineis essential.
When it comes to the seat, either a good
mesh option or one that offers lots of
paddingis the way to go - skimp on this
area and you'll only end up resorting to
cushions later. Also, make sure the front
edge of the chair drops off and doesn't
stay flat or, worse still, raises up slightly -
this is the case with many gaming chairs
that emulate the bucket seats of cars. The
gentle downwards slope helps to reduce
pressure on the underside of your legs,
improving comfort and circulation.
Meanwhile, headrests can be comfy, but
for most people they're a luxury that's only
useful when it comes to reclining, not while
satup working. Likewise, armrests can

be useful, but often just as much comfort
can be obtained from using wrist rests
and otherwise improving the comfort of
your peripherals.

Make the most of your old chair

If your budget really can't stretch to buying
anew chair or, you're stuck with having to
use a hard folding chair thanks to your work
space being temporary, there are a few
options available to you. For a start, invest
in one or several dedicated seat cushions/
pads. Don'trely on scatter cushions
salvaged from your sofa, as these seldom
offer consistent padding - they slide around
and you end up with little control over the
height they provide.

Instead, the likes of Ikea's Hillared
cushions (£8 inc VAT) offer a consistent
thickness that means they offer padding
right to the edge of the seat. Plus, the
flatness and rubber grip on the underside
of each cushion means they stack really
well, making it easy to layer them up to get
to the height you need for optimal comfort.
What's more, these same attributes make it
relatively easy to tuck one behind your back
once you've sat down. Normal cushions just
slide off.

If you are rocking an office chair, butit's
rather basic, there are a few upgrades you
can make. Firstly, if the seat cushionis on
the blink, grab some of those very same
seat pads for an easy cushion upgrade.
Meanwhile, if lumbar supportis lacking,
you can getlumbar supports such as the
Kensington Lumbar Back Rest (£50 inc
VAT), which strap to the back of your chair
and provide the extra lower back bump
needed to support your back. The support
isn't as firm or smoothly integrated as
in quality office chairs, butit's better
than nothing.

Turn tables

If your current desk consists of little more
than abudgettable, such as the Ikea
Linnmon (100 x 60cm - £29inc VAT), then
it's well worth upgrading to a proper desk,
evenif you keep the same cheap table legs.
Such basic tables tend to be builtinternally
from cardboard (made into ahexagonal,
lattice-like honeycomb), so they wobble
around, struggle to support heavy objects
and can't have devices such as monitor
arms clamped to them.

Proper seat cushions can be piled up to get more
cushioning and the right height for your needs

Their thickness also increases the
likelihood that chair arms or your knees
willknock into the edge, which is made all
the worse by the surprisingly sharp edges
onthese cheap tables. Atthe sametime,
the area of these tables oftenisn’t deep
enough to accommodate alarge monitor
with a hefty stand that takes up half your
desk depth.

Handily, you can pick up proper desktop
surfaces foraround £100 inc VAT fora 120
x 70cm desk - 70cm depthiis the minimum
we'd recommend. These proper desk
surfaces are slimmer in profile than a table,
with slightly more rounded corners (it
doesn't take much to make a difference),
and they're generally deeper, giving you
more desk space for all your finest desk
clutter. The solid, dense build material can
also support greater weight, and be used
with desk-clamping monitor arms and
other such accessories.

What about a standing desk?

Allthe rage at the moment, standing desks
have been hailed as the ultimate way to
improve your posture, help burn a few extra
calories and generally improve your health,

Even old or basic offices chairs can be enhanced
with additions such as ergonomic back supports
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Cheap lkea tables can suffice as desks,
but they have several shortcomings

all while still stuck at your desk. Some of
these claims are certainly exaggerated

- arecent study by the Physical Activity
department at the University of Pittsburgh
showed that standing only burns eight
calories more per hour than the 80
consumed when sitting, compared to 130
more when walking. However, a change of
positionis generally considered a positive
move compared with prolonged periods of
sitting, with it helping to improve circulation
and core stability, as well as helping to
relieve tensionin the neck and shoulders.

Justbearin mind that, as Senior Faculty
Editor of Harvard Publishing, Robert H.
Shmerling, points out, suddenly standing
for prolonged periods canintroduce just as
many problems as it solves, such as lower
back, leg and foot pain. As such, switching
to afixed standing desk isn't recommended
- instead, one of the many adjustable sit-
stand desks is the way to go.

We've tested several options, from
simple foldout laptop stands that sit on
your existing desk, to electrically motorised
desks - the whole of which raise and lower
atthe touch of abutton. In general, the

The Flexispot EG1can be raised and lowered at the
touch of abutton, and the frame costs under £200

electric, full-desk optionis the best option,
as it makes switching between sitting

and standing quick and easy, plus you
don't have to worry about rearranging any
objects onyour desk.

These desks also have a
secondary benefit, which
is that they allow you to
easily setthe desk at
acomfortable sitting
heightand notbe
forced to work around
the fixed height of a
normal desk - great for
taller or shorter-than-
average users. What's
more, particularly
since the pandemic, the
market for these desks
has exploded and there
are now hundreds of
affordable options. The
likes of the Flexispot EG1
canbe had forjust £180
inc VAT for the frame, and just
£280inc VAT with anincluded 120 x
80cm white desktop.

Spend more on the likes of the Yo-Yo
Desk Pro 2 (£645inc VAT with a 120 x
80cm top) and you get a sturdier build, but
for most people, the Flexispotis a great
option. Just a couple of 20-minute standing
sessions aday is a great way to keep
yourself movingjust a little, while not taking
you away from work. Just remember to take
abreak from your screen and go for awalk
regularly too.

Get amonitor arm

One of the unexpected consequences of
using a standing desk is that, when you
stand up, the relationship between your
head height and a comfortable arm-resting
position changes. In other words, when you

stand up, you'll generally want your monitor
to sit higherinrelation to your desk than
when sat down. Some monitors will have
stands with sufficient height adjustment

to accommodate a standing desk setup,

but many won't have enough or any at all.
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That's where amonitorarmbecomes a
useful addition.

Fixed to the back of your display in
place of its existing stand, and then either
clampedto the desk or screwedinto a
wall, amonitor arm uses the standard
VESA screw holes you'll find on the back of
almost all monitors. Some monitors require
you to remove some extra parts to access
these screws, and there are two versions
of the standard-a75x75mmand a100 x

100mm version - so be sure to check which
one your monitor needs.

As well as allowing for extra height
adjustment, agood monitor arm will enable
you to easily pull the monitor back and
forth, and twist round the display - great
for pluggingin cables and using the display
in a portrait mode. The likes of the Invision



A monitor arm provides loads of positioning
adjustment and frees up desk space

MX200 that can be had for just £35inc VAT
from amazon.co.uk, offers 19-32in screen
holding capacity, effortless gas piston-
assisted height adjustment, and an easy-
to-install and secure desk clamp. However,
you might want to slide a slim piece of wood
between the clamp and the desk to ensure
the clamp doesn’t mark your desktop.

We've also beenimpressed by the
company’'s MX900, which offers two arms
andhas a2-portUSB 3 hubinits base -
ideal for connecting the cables for your
keyboard and mouse. It's again available
from amazon.co.uk for £60 inc VAT.

Playing footsie
The final key piece of the puzzle when it
comes to sitting or standing comfortably at
your desk is ensuring your feet are correctly
positioned in relation to your body. Or, in the
case of standing desks, that you're standing
on a comfortable surface.

When it comes to sitting down, many
shorter users will find their legs dangle
off the front of their chair, evenif they've
lowered their desk as far as they'llgo. This

Afootrestcanmakea
surprising difference to your
desk comfort, evenif your feet
comfortably reach the floor

isn'tideal, as it puts extra pressure on the
underside of your legs. Even for taller users
thatdon't have a problem with their feet
finding the floor, raising your feet further
can make for a more comfortable sitting
position, with less desire to cross your legs
or fidget. For both these situations, it's best
toinvestinafootrest.

Your two main options are hard plastic
rests with adjustable height/angle tops, or
you can go for softer solid foam options.
We preferred the initial feel of the softer
foam Huahuo foot rest we tried (£21inc VAT
from amazon.co.uk), but liked the way the
Kensington SoleMassage Footrest (£40 inc
VAT) tipped forwards and back, allowing you
to slightly exercise/stretch your feet.

When you're standing, we can
recommend the use of cushioned mats
such as the Yo-Yo mat (£60 inc VAT from
sit-stand.com). They're nothing more than
1.5in-thick dense foam mats for slightly
cushioning your feet, but they do genuinely
work, taking the pressure off your feet
and promoting a little extraimbalance that
engages your core muscles. However,
the big downside with these mats is that
once you sitback down, they're in the way,
so you'llneed somewhere on hand to
store them.
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The wrist rests included with keyboards are nearly
allrubbish, so buy a proper soft one

Rest those wrists

Whichever type of keyboard you own,
whetherit's a super high-end custom
mechanical keyboard that weighs 3kg, or
alightweight, low-profile Bluetooth option,
nearly all conventional keyboards come
with rubbish wrist rests. They're usually
insufficiently tall, made from hard plastic
and have sharply angled corners - they're
seldom even worth taking out the box.
Instead, we recommend buying a proper
soft wristrest.

There are umpteen options available,
with custom graphics and novelty shapes
aplenty. However, for sheer longevity and
reliability, you can’t beat the Kensington
ErgoSoft (£25 inc VAT from box.co.uk).
Available in slim, standard and mechanical
keyboard variants, which each differin

-—
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Ergonomic keyboards canreduce wrist pain, but
there canbe alearning curve to using them

height to match your choice of keyboard,
they offer a wonderfully soft gel top and
sturdy rubber base. They also have a
smooth uninterrupted surface, so they're
easy to keep clean.

Go ergo

If upgrading your wrist rest doesn’t prove
enough of a comfort upgrade for your
typing duties, consider swappingto an
ergonomic keyboard. These keyboards use
a split design where your hands sit on either
side of a blank, raised middle section, then
incorporate a soft wrist rest that's raised up
above the rest of the keyboard.

The reason for all these changes s that
the end product allows your hands to sit
atamuch more natural angle, and not be
forced upwards andinto a straightline.

More curvaceous mice provide a better angle for
your wrist, which can reduce wrist and forearm pain

These keyboard designs have been around
foralongtime now, and we can attest to
their effectiveness.

Even thoughit's Microsoft's Natural
(now known as Sculpt) line that is most
associated with the style, we recommend
the latest Logitech option, the Ergo K860

(£80inc VAT). It has a great, lightweight,
low-profile key action, USB dongle-based
wireless and Bluetooth connections, key
legends for bothMacand PC and it has
buttons for quickly switching between the
devices with whichit's paired (up to three at
once). It's also really comfortable to use.
There are two main downsides
to these types of keyboards. The
firstis that there can be a steep
learning curve for those not used
to disciplined touch-typing. The
other factoris that, if you're aheavy
user, these keyboards do wear
out quicker than keyboards with
mechanical switches.
There are ergonomic
mechanical options
available, such as the
Truly Ergonomic
Cleave and Dygma
Raise, butthey're
very expensive
and neither of
these options
includes a
numpad, which
rather limits their
appeal. Inthisinstance,
you basically have
to choose between
mechanical actuation
or typing comfort.

Mouse movements
We're strong advocates for the latest
lightweight, compact mice for gaming,
because of the performance and accuracy
they provide. However, when it comes to
longer sessions at your desk, they generally
aren'tthe most comfortable rodents to use.
It's well established that excessive
or prolonged pronation of the forearm
(twisting your hand inwards, as you do
when using anormal mouse) leads to
ahost of painful conditions - ideally our
hands should be perpendicular to the desk,
notrotated flat onto them. Regular breaks
and stretches are all essential tools to
alleviate these issues, but what can also
help is amore forearm-friendly mouse.

The first stage of slightly improving
your wrist positionis to opt foramore
ergonomic but still conventional mouse.
For gaming, the likes of the Logitech G703
and Razer DeathAdder offer a bit more hand
support and sloped sides to open up your
wrist angle more than flatter gaming mice
designs - moving from around tento 15
degrees. However, for gaming mice, that's
about as much difference as you can get.

Instead, a great non-gaming optionis
the Logitech MX Master 3 (£85 inc VAT),
which sets your wrist at a25-degree angle.
It also features several other ergonomic
improvements, including a fully rubberised
top that helps to prevent your hand from
sliding off the mouse and back into a
flatter position. Meanwhile, the clever
auto-freewheeling, weighted scroll wheel

Vertical mice, such as the Posturite Penguin, provide
anatural angle, but it can take a seriously long time
togetusedtothem
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also makes it effortless to scroll through
large documents, while the addition of

a sideways scroll wheel for your thumb
further reduces the strain on your middle
finger having to use the main scroll wheel.

If that's not enough for you, the next
stageis to move up to a proper vertical
mouse. The likes of the Logitech Lift (see
p34) and larger Logitech MX Vertical
(£95inc VAT) offer a claimed 57-degree
wrist angle (around 53 degrees in our
measurements), while the Posturite
Penguin (£95inc VAT) has a fully vertical,
90-degree design.

The problem we've tended to find with
these sorts of mice is that they significantly
impact your mousing precision, as you
have to rely on large wrist movements
rather than precise finger movements.

We found that the two Logitech ones also
require gripping the mouse a bit more firmly
than a normal mouse, which introduces

its own strains - the Posturite is betterin
this regard.

The finalissue we've found with these
mice is that the more you twist your forearm
back to a neutral/vertical position, the more
it exposes the bone of your arm to the edge

Large-format mouse mats provide a soft landing for
your hands and grip for your keyboard, as well as a
smooth surface for your mouse

of your desk. When laid flat, the meat of
your forearm muscles act as a cushion,
butthereisn'tmuch muscle between the
outside edge of your ulna and your skin. The
upshotis that using these mice comfortably
also means getting a soft wrist rest for

your mouse.

Get a decent mouse mat

Whatever sort of mouse you buy, gettinga
quality mouse matis an essential addition
to any desk. For a start, while some mice
such as the MX Master 3 can work on tricky
reflective surfaces, most mice struggle on
them, so a proper mouse mat willimprove
tracking performance and reliability on
some surfaces.

What's more, opting for a soft mouse mat
will give you a secondary benefit, whichis a
slightly cushioned desk surface. This goes
a surprisingly long way to helping ease any
pain from where your wrist rests against the
desk, plus it reduces noise and wear on the
glidepads/feet of your mouse.

There are countless options available,
most of which perform very similarly, but
we can attest to the quality and reasonable
pricing of Corsair, Glorious, Logitech and
SteelSeries' mats, which start at well under
atenner fora320 x 270mm mat. When
it comesto size, it's generally the case
that the larger the better, so your mouse
movements don't feel cramped and your
mouse doesn't fall off the edge.

In particular, we're advocates of the
extended mats that go under your keyboard
too, as they eliminate the chance of your
keyboard and mat getting in the way of
each other (a problem on smaller desks if
your matis too large to sit alongside your
keyboard). They also provide a secure grip
of your keyboard, and the softness can
even help your wrists if you don'thave a
keyboard wrist rest.

The super-sized mats that cover most
of adesk are good too, butin practice they
don’t actually provide much meaningful
benefit - it's just handy to have a soft
landing zone for your various bits of
desk clutter.

Try a trackball

If neither a more ergonomic nor a vertical
mouse work for you, then a trackball is

a great alternative. The smaller amount
of wrist movement, relaxed wrist angle

Trackballs are a great alternative if your hands suffer
after too long spent using anormal mouse

and use of the more powerful thumb for
alot of movement, means they naturally
put far less strain on your body than using
anormalmouse. The fact that the unit
doesn't actually move around like a mouse
also means they're well suited to small
desk spaces - you can comfortably use one
inagap of only 5in.

What's more, it's surprisingly easy to get
used to them. Having never used a trackball
before, | tried the wireless Kensington
Orbit (£45 inc VAT) for this feature and took
toitlike a duck to water. There are some
movements that don't quite feel as natural
as whenusing anormalmouse - and any
first-person gamingis a non-starter - but
it was great for standard PC use. The only
issue thatregularly caught us out was
the lack of back/forward buttons, but the
Logitech MX Ergo (£77 inc VAT) offers those
features too.
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Fold-flat laptop risers are ideal for people who
regularly move between home and the office,
or work onthe move

Laptop loadouts

For those of us who either primarily use
alaptop or must use one for work, there

are a couple of obvious upgrades that we
consider essential. The firstis a good USB
Type-Chub. Many modern laptops now
only include USB Type-C outputs, which are
no good for plugging in most peripherals, so
ahubis essential for providing extrainputs
and outputs. Moreover, even for those
laptops that do have more varied outputs,
having a single device that you can leave

in place plugged into all your peripherals
makes life a lot easier.

There are countless options from which
to choose, from small portable units with
justa couple of full-sized USB ports and
an HDMl output, to hefty desk-bound
units with masses of connections, mains
power input for charging and even KVM
switching support - for switching between
your laptop and your PC, forinstance, atthe
touch of a button.

Finding the right USB hub for connecting up all your
peripherals makes laptop life a lot easier

There are many examples of the smaller
style of hubs on amazon.co.uk, which
we've found to be fine, from brands such as
Qgeem and Zmuipng. However, availability
of specific options and specific brands can
be quite unreliable so oftenit’s difficult to
recommend one.

One of the best known-brand
examples we've used
is the Kensington
UH1400P. Inits
impressively small
105 x 52 x14mm
form factor, it fits
three Type-A USB 3 ports,

a USB Type-C port (with
pass-through power up to
85W), micro and full-sized
SD card slots, HDMI 2 and
Gigabit Ethernet. The latter
portis aparticularly rare

find on these smaller
portable units but still
super-usefulif you've
networked up your home. However,
at £80inc VAT, the UHP1400P is more
than twice the price of many equivalent
Amazon specials.

The other big laptop upgrade worth
buyingis a laptop stand. As well as raising
up the screen of your laptop so that it sits
atamore comfortable height to view on
your desk, a good laptop stand will help
your laptop to keep cool by opening up
access to the bottom ventilation system,
and generally improving airflow around the
whole chassis.

You don't have to spend megabucks
either. Amere £24inc VAT willgetyou a
fixed, solid aluminium stand, such as the
Soundance LS1, while just £19 inc VAT will

getyou a convenient fold-flat option, such
as the Kensington SmartFit Easy Riser Go
that's ideal for travel.

Keep your cool

Whether you tend to reach for ahot or cold
drink, a universal truthis thatit's all too easy
to forget about the drink you just fetched,
and by the time you remember it has turned
tepid. That's where the likes of the Yeti
Rambler come in handy (£35 inc VAT from
amazon.co.uk).

These double-walled stainless steel
mugs are amazingly good at keeping drinks
at their starting temperature, far more so
than many other insulated mugs we've
tried. So much so, in fact, that you'll need
to leave off the lid for a few minutes to let
the drink cool down to a vaguely drinkable
temperature, before lockingin that heat loss
with the lid. They'll work for keeping your
chosen cooling beverage cold too.

If you simply can’t do without your
favourite mug, another option for hot drinks
is a mug warmer. Available in all sorts of


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

The Evapolar Evachillis surprisingly effective at
keeping you cool in peak summer months

random brands on amazon.co.uk for around
£20inc VAT, the couple of options we've
tried make fantastic additions to any desk.
They're certainly not the most energy-
efficient options, and won't keep your drink
piping hot (at least not without a lid for your
mug to minimise evaporated heat loss),
but they can make all the difference when
you've been distracted for half an hour and
forgotten to finish your brew. No longer will
you have to down a stone-cold half mug

of tea.

As for keeping yourself coolin these
summer months, an obvious room upgrade
is an air conditioning unit, but they're
expensive, noisy and not very efficient.
Instead, we canrecommend the Evapolar
EvaChill (£85 inc VAT) evaporative cooler.
This compact, USB-powered unit blows air

Far from the most stylish accessory but highly
effective, Yetimugs are excellent at keeping
drinks hot or cold

over amembrane that you dampen with
water, and the evaporation of the water
helps to coolthe air asit's blown pastit.
They're nothing new as a concept, but

the EvaChillis remarkably compact and
relatively quiet. It can sit on your desk pretty
much unnoticed, and just takes off the edge
when temperatures really starttorise.

Going green

There are few better shortcuts to creating

a calming environment than simply seeing
some greenery, and while a quick walk
inthe garden - if you have one - or stroll
around the nearest park can work wonders,
oftenit's not possible to get away from
your desk. To this end, one or two plants

for your desk, or the shelves next to your
desk, are a great way to bring a bit more of
arelaxing vibe.

The range of possible indoor plantsis
vast, but there are a few obvious options
that are suited to desk environments.

In particular, any sort of succulent such

as cacti, aloe, agaves, sansevieria and
sempervivum are ideal, as they're slow-
growing and only need occasional watering.

There are many other varieties that are
suitable too, but any that require higher
humidity - such as ferns, spider plants,
orchids and peace lilies - will take a bit
more care and attention, as they may need
spraying regularly to keep up their ambient
moisture level.

While house plants can be lovely, don't
believe the hype whenit comes to them
oxygenating or cleaning the airin the room.

While numerous studies have shown
plants canreduce levels of some harmful
gases, such as volatile organic compounds
(VOCs), the likes of Michael Waring, an
environmental engineer and indoor air
quality expert at Drexel University, point
outthattherate at whichthey do sois far
slower than the rate of air exchange via
windows, doors and other gaps inrooms.
In other words, you'd need wall-to-wall
plants and a very well-sealed room to
notice any improvement over the ambient
air around you. e


http://amazon.co.uk
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EDWARD CHESTER EXPLORES WHAT'S MEANT BY YOUR MONITOR'S RESPONSE TIME, HOWIT
VARIESANDHOW OURNEWTESTING WILLASSESS THIS CRUCIAL ASPECT OF EACHMONITOR

heresponse time of a screenis the
H average time it takes for a pixel to

change from one colour to another.
In anideal world, a pixel would change colour
theinstantitreceives a signal. However, the
way display technologies work means there
can be vast differences in how quickly this
change happens.

Back in the days of CRTs, response time
wasn'ta consideration, as the phosphor
coating on the back of the screen that would
glowinresponse to the electron beambeing
fired atitresponded very quickly - inthe order
of 0.01ms or faster. Meanwhile, technologies
such as plasma and OLED can have similarly
rapid sub-0.01ms response times.

However, the liquid crystal displays (LCDs)
that dominate the computer display market
- and most of the TV markettoo - respond
far more slowly. The very fastest panels

canreach as low as 0.5ms for some colour
transitions, but they typically average 3-4ms
across arange of transitions while the slowest
panels cantake as long as 30ms or more.

The far slower response of LCDs is down
to the fact that they must physically move
theliquid crystalsin eachred, green and blue
sub-pixelin order to affect how the light from
the screen’s backlight passes through them.
In contrast, the other technologies above have
no moving parts above amolecular level.

Why does response time matter?
When showing a staticimage on-screen,

to allintents and purposes, response time
doesn't matter. However, as soon as a screen
is showing a changingimage, such as a video,
game or evenjust the moving cursor of a
mouse, a slow response time can create
several problems.

The most obvious issueis thatyou geta
ghostly, trailingimage behind moving objects.
These ghostimages are the pixels that were
previously showing the object thatjust moved,
still showing a hint of the previous image. With
aslow enoughresponse time, fast enough
frame rate and fast enough movement, you
can see many ghostimages smeared across
severalinches of your screen.

Not only can these trails be distracting
butthey also obscure details, making fora
fuzzy, low-quality image. This combination
can blur fast actionin movies, and even basic
movements such as getting a cursor to hit the
right button can be affected. As for gaming, a
slow response time can make faster-paced
games such as first-person shooters almost
unplayable, while even slower-paced but
detailed games, such as real-time strategy
games, can suffer from the blurriness.




A slow response time canresultin ghostly trails and
blurred detail during fast on-screen movement

Also, while the pixels of even displays with
slow response times tend to start changing
colour quite quickly, they cantake along
time to change enough to be noticeable. This
slowness canin turn make the display feel
less responsive to yourinputs. Thisis less of a
problem when passively watching video, but
when gaming or interacting with your display,
these slight delays can be amatter of virtual
life and death.

Response time vs framerate
Theimportance of response timeis inherently
linked to the refresh rate of adisplay. Fora
30fps video, each frameis shown for 33ms,
so there should be plenty of time for most
monitors to fully transition the colour of

each pixel before the next frame appears,
essentially eliminating the visibility of
ghosting and other problems with a slower
response time.

However, evenjust moving to a 60fps
video, or playing a game on a 60Hz monitor,
will drop the frame time to just 16ms. Move up
toal44Hz screenandyou're lookingata/7ms
frame time while 240Hz screens are hitting
just4ms per frame. Putting aside arguments
about the visibility of such fast changes to the
human eye, it's obvious that runninga240Hz
screen with aresponse time of 10ms results
inthe display beingincapable of updatingits
image as fastas the signalsit's being sent.

How fastis fast enough?
So, afastresponse time is important for
keeping up with the fast refresh rates of
modern gaming monitors, butjust how
important are both these factors? Well, all
the way backin1968, Robert Miller of IBM
established that humans would perceive
asinstantaneous any visual response from
pressing a button that was quickerthan 0.1
second (100ms), and multiple studies since
have reinforced the notion that 100msis the
limit of our ability to visually perceive the
world around us. This seems to indicate that
itdoesn't matterif a screenhas arefreshrate
of 60Hz or 240Hz, or aresponse time of 5ms
or30ms.

However, this figure is misleading when
it comes to monitors for two reasons. First,
we're notjust considering the response of
your eyes, but also their interaction with your
brain asit perceives pressing a button, sending

that signal to your finger then waiting for your
eyes to detect aresponse, then sending that
signal back to your brain for it to process.

Instead, the bestindication yet found of just
how fasthumans canreact to visual stimulus
was a study publishedin 2014 by Mary Potter,
professor of brain and cognitive sciences at
MIT, which showed that the human visual
cortexis able to detectachangeinanimage
when seen for as little as 13ms.

This figure is low enough thatit starts to
cross over with the lower end of frame times
for monitors with fast refresh rates, and the
upper end of response time figures for LCD
monitors. So, if a display has aframe time or
response time slower than this figure, then
technically, our eyes can detect that slowness.

The other reason why the first latency test
figure is misleading comes back to the issue
of ghosting. While you can argue the merits
of fastrefresh rates, what your eyes see
when there's fast motion on a display with
afastrefreshrate and slow response time
is stillanimage that's full of ghostly smearing
and blurred detail. It's not your eyes creating
the blur (whichis a whole other topic of
conversation) but the screen showing the blur.

Ultimately, the point at which visual
ghosting or adelayedfeelto the
responsiveness of a screen becomes
problematic will vary between users and
different tasks. Subjectively, for fast-paced
gamingin our tests, we've been able to detect

Without overdrive (left) we see the least clear
image. With allittle overdrive (middle) theimage
is sharper, but with too much overdrive (right)
inverse ghosting ruins in theimage

\Y




FEATURE / ANALYSIS

BS R W RRE N SR

L&

the difference inresponsive feel between
240Hz and 144Hz panels with response time
averages of 4ms and 6ms respectively, and
we've found any response time above that
13ms figure to be meaningfully detrimental to
gaming performance.

However, for slower-paced gaming and
movie watching, any response time below
13msis fine, and often you can get away
with a slower response time too. The most
significant cut-off for most uses, even with
non-gaming monitors, is the 16ms figure
thattranslates to the frame time of a 60Hz
display. If your monitor's response timeis
slower than 16ms, then you may see ghosting
and perceive aslight sluggishnessinthe
responsiveness of your cursor, even on
60Hz displays.

Shades of grey
Crucial to understanding the response time of
LCDs s the fact that different colour transitions
can happen at different rates. This is because
the brightness of any givenred, green or
blue sub-pixelis determined by the amount
of twist or movement of its liquid crystals,
and that twist is determined by the voltage
applied across the crystals. The greater the
voltage, the greater the changein liquid
crystal position.

Crucially, though, as that voltage increases,
so does the rate of change of position of the

liquid crystals. In other words, the greater the
change in colour of a pixel, the faster the rate
of change of colour of that pixel. As aresult, it
can be quicker for a pixel to change from black
to white than from one middling shade of grey
to another.

of this over or undershootis known as inverse
ghosting or corona.

Alittle bit of overdrive cantightenup a
display’s response well, but too much can
resultinregular over or undershoot, creatinga
poor-quality image that looks like the result of
aworse response time than at lower overdrive
settings, due to the extra correction needed.

Response time and LCD types
There are three main LCD panel types - IPS,
TNand VA - and average response times vary
considerably between them. Famously, TN
panels typically offer the fastest response
time, with modern gaming displays averaging
around 3-4ms. IPS panels can also dip as low
as this but tend to average between 4-6ms.
VA panels typically average 8-12ms, although
some of Samsung's latest panels have been
shown to achieve sub-3ms average response
times. But we've yet to test these ourselves.
This typical average response time of VA
panelsis why we don't recommend them
for gamers that play faster-paced games.
VA panels have the advantage of higher
native contrastratios than either IPS or TN
panels, whichis why they're favoured for

THERE ARE THREE MAIN LCD PANEL TYPES - IPS,
TN AND VA - AND AVERAGE RESPONSE TIMES
VARY CONSIDERABLY BETWEEN THEM

This is also why monitor manufacturers
canreport such low response time figures for
their displays - these figures pertain to the
fastest possible colour transition. However,
the real-world experience of using amonitor
is that you're seeing a whole range of colour
transitions, so an average figure is more
meaningful. Some manufacturers reporta
grey-to-grey response time figure, but even
that depends on exactly how many samples
the manufacturer has tested.

This difference inrate of changeis also why
monitors tend to have an overdrive setting.
This settingincreases the voltage applied to
theliquid crystalsin orderto speed up their
transition. However, the downside is that by
increasing the initial voltage, the display runs
therisk of over or undershooting the colour
for whichit's aiming, requiring the pixel to pull
back and correct the colour. This visual effect

TVs, but for PC gaming screens, we tend to
recommend IPSinstead.

Meanwhile, TN s still the top choice for
fast-paced games, particularly if you're
thinking of stepping up to a240Hz screen.
However, the big disadvantage with this
display type s their poor viewing angles. As
well as making them a poor choice for sitting
back and watching a video (theimage can
become unwatchable even viewedjust alittle
way off-centre), this can make for animage
thatlooks uneven across the span of the
screen. So, again, this is why we've tended to
view IPS panels as the best all-rounder choice
of LCD panel type.

Testing forresponse time

Testing for response timeis intheory quite
simple. Youjustneedto record a signal
being sentto adisplay and use a high-
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The OSRTT sensor straps to the front of a display
and measures the light output as the screen’s
brightness changes

speed optical sensor to measure how the
display’s brightness changes (achangein
brightnessis effectively a colour transition).
However, setting up such a test, calibrating
itand collating the results is no mean feat.
Thankfully, though, there is now an all-in-one
response time testing tool available that we’'ll
beincorporatinginto our testing.

The Open Source Response Time Tester
(OSRTT) - created by tech YouTuber
TechTeamGB - automatically measures
awhole host of brightness transitions and
collates the resultsinto a comprehensive
picture of amonitor's response
time performance.

Itmeasures 30 different brightness
transitions, splitacross 15 transitions that
increase the brightness and 15 that decrease
the brightness.

Theresults of these tests are visualisedin
anumber of ways, but the most relevant ones
are three heatmaps showing the brightness
values (measuredin cd/m?) along their axes,
andthe response time in milliseconds inthe
corresponding cells.

These three heatmaps show initial
response time - ameasure of how quickly
adisplay initially hits its intended value, as
well as the complete transition time — how
longittakes tofully reach the intended value
after over or undershooting and returning
to theintended colour. The third heatmap
shows the perceived response time - a
weighted calculation of the apparent speed
of the display when over and undershoot
are accounted for). From these results, we
canimmediately get a good picture of how
generally fast a display is both before and
after overshoot has been accounted for.

The test also produces a heatmap for
overshoot and undershoot, soit's again easy
for us to seejusthow badly or not adisplay
is affected by this effect. Other key figures
include how many colour transitions are fast
enough to complete within the frame time
of the monitor's refreshrate, andinput lagis
measured too.

Allthese figures are collated into an overall
OSRTT score. However, while this is useful
as asingle metric, it's ultimately an arbitrary
value. What's more useful for usis being
able to report the individual figures that have
the most bearing on our conclusions abouta
monitor’'s capabilities.

Generally, these willinclude the average
initial and perceived grey-to-grey response
time for the best overdrive setting for the
monitor. We will also report any particularly
notable issues with different settings, such
asif the highest overdrive setting resultsin
significant overshoot.

A summary of the sort of key comparisons
for any given monitor can be seeninthetable
below. The results represent the three main

LCD paneltypes, and we've compared their
initial response time, average perceived
response time, peak/worst perceived
response time and the level of overshoot.
Each monitor was fixed to a 144Hz refresh
rate to keep comparisons as fair as possible.

Fromthesetests, it's plainto see the
key advantage of TN panels, with the initial
response time hitting as low as 2.2ms
comparedto 4.5ms for the IPS paneland
9.8ms for the VA panel, whenusinga
maximum overdrive setting.

However, at this maximum overdrive
setting, the TN panel also has atrocious
overshoot, to the point that its perceived
response timeis worse than the other panels.
However, this won't always be the case with
very fast TN panels, and if we drop back to a
middle/normal overdrive setting the TN panel
provides a healthy response time lead over
the other panels, while having only a tiny bit
of overshoot.

Inthis particular sample of monitors we've
tested, it's interesting just how little overshoot
was measured on the VA panel, even atits
highest overdrive setting. This means that,
despite consistently poor response times
with no or mid-level overdrive, you couldin
thisinstance crank the overdrive rightup to
getamarkedly better response time without
compromisingimage quality or perceived
response time. This means it could well offer
theideal balance of fast enough response
time and high contrastimage quality for some
users. It's just this sort of insight we'll now be
able to pass onto youin future reviews.

The key differences between LCD panel types
and overdrive settings can be seenin our tests

Panel | Initial responsetime average Perceived response
type (ms) time average (ms)

Overdrive

Acer

Predator N

XB252Q

Asus ROG

Swift IPS

PG279QM

AOCAGON VA

CQ27G3SuU

. Average overshoot
Worst perceived N
. fromintended
response time (ms) RGB value
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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

Nvidia Jetson AGX Orin

vidia's embedded Jetson family
continues to grow, andits latest
entry, the Jetson AGX Orin

Developer's Kit, is one for the most well-
heeled of machine learning enthusiasts.
Designed as the successor to the Jetson AGX
Xavier Developer's Kit (reviewed in Issue
190), the AGX Orinis a powerful system-on-
module (SOM) wrapped in a reference carrier
board design with an attractive, actively
cooled chassis.

The SOM has capacity for four 10Gbps Ethernet
ports, plus a Gigabit port, but only a single 10Gbps
portis broken out

When Nvidia says the
machineis powerful, it's not
kidding. The AGX Orinis built
around the company's Ampere GPU
architecture and includes, in Developer's
Kitform, 2,048 CUDA cores and 64 Tensor
cores witha1.3GHz GPU clock speed. Ontop
are a pair of Nvidia Deep Learning Accelerator
v2 (NVDLA v2) coprocessors, each running at
up to 1.6GHz, a single Programmable Vision
Accelerator v2 (PVA v2), and no fewer than 12
Arm Cortex-A78AE CPU cores running atup
t0o2.2GHz.

To round off the spec, the kitincludes
32GB of LPDDR5 memory running at
3200MHz, 64GB of on-boardeMMC5.1
storage, with M.2 NVMe and microSD
support for expansion, plus an M.2 Key E slot
pre-populated with a dual-band Wi-Fiand
Bluetooth 5 module. There's also a 40-pin
general-purpose input/output (GPIO) header,
an RJ45 network port with 10Gbps Ethernet
support, and a DisplayPort 1.4a multi-function
video output.

This stylish cube
packs Nvidia's most
powerful system-on-
module yet, under a
surprisingly quiet fan

Allthese features are squeezedinto a
110 x 110mm footprint once the SOM has
been factory-installedin the shiny new
chassis. The encased AGX Orinis slightly
bigger thanits predecessor, but not by much.
The new caseis abigimprovement over
its predecessor too, offering a quieter (yet
more powerful) fan with better airflow, and
aneat cover for the 16x-sized 8x PCI-E slot
hidden to the side.

Nvidia makes some bold claims for
the new AGX Orin, saying, depending
on workload, it can be up to eight times



You'll need to budget for additional storage plus
whatever sensors you'll need, such as acamera
or microphone

fasterthanits predecessor. Benchmarking
bears that out, although only for highly
parallelisable tasks that can take advantage
of the accelerators and make use of the new
‘sparsity’ feature.

A note onthe latter - Nvidia claims an
impressive 275 trillion operations per second
(TOPS) of INT8 compute for the AGX Orin,
up from 32 TOPS on the AGX Xavier. This,

however, relies on building a sparse network;

atraditional dense INT8 network, of the type
you'drun onthe AGX Xavier, is limited to

138 TOPS - still comfortably faster than the
AGX Xavier, but a chunk lower than would
initially appear.

Despite these impressive performance
gains, though, Nvidia still stubbornly refuses
to positionits high-end developer’s kits
as all-in-one systems. While you canrun
artificialintelligence and deep learning
workloads onthe AGX Orin, you're not
supposed to use all that power for training.
Instead, you train on a traditional workstation
with a dedicated Nvidia GPU (or six) - or
on cloud systems, potentially via the
company's admittedly impressive TAO
model customisation toolkit.

In testing, almost every aspect of the AGX
Orin proved to be an upgrade from the AGX

The plastic cover hides a PCI-E slot, but you'll want
to pick up a bigger power supply before usingit

There’s room for an NVMe SSD, and there’s also
apopulated M.2 slot for a wireless cardand a
high-density connector for cameras

Xavier. GPU, DLA and CPU performance
are allmeasurably higher, with the latter
benefiting from an additional four cores as
well as architecturalimprovements. The
cost, of course, is power draw. Where the
AGX Xavier was configurable from 10W to
30W, the AGX Orin starts at 15W and draws
60W inits top-end 'MAXN mode.

Atleast, that's the claim. Measured at the
wall, the draw is considerably higher, peaking
at 98W during intensive benchmarking,
andidling around an oddly high20W even
when configuredinits 1I5W operating mode.
However, Nvidia promises these figures
will drop with the impending release of a
software update.

All this power, provided by a USB Type-C
Power Delivery (PD) adaptor, comes out as
heat. Whenthe AGX Orinisidle, the fan spins
inaudibly; under heavy load, the fanramps
up with an audible whooshing sound which
manages to remainjust below the point of
annoyance - it measured around 50dBA
in an office environment with the Jetson
positioned atarm’s length.

Onthe software side, the Jetson AGX Orin
serves as the flagship for Nvidia's JetPack
software development kit — now built atop
Canonical's Ubuntu20.04, which remains
in mainstream support until April next year.
The software is preloaded on the eMMC, but
64GB soonfills up - makingan M.2 NVMe
drive amust-have add-on.

Not every aspect of the AGX Orinis an
upgrade either. The hardware video encode
and decode capabilities have been cutin half
compared with the AGX Xavier, although
now with AV1support, and a maximum of

Google taps Arduino for
Little Signals project

Google has unveiled the latestin what

it callsits ‘Digital Wellbeing Experiments,
inthe form of Little Signals - physical
devices that provide notifications

using ‘calmtechnology’, powered by
Arduino microcontrollers.

‘Each objecthasits ownmethod of
communicating, like through puffs of air or
ambient sounds, Google's team explains.
‘Additionally, their small movements or
simple controls bring the objects to life
and make themresponsive to changing
surroundings and needs.’ You canfind
more information at experiments.
withgoogle.com/little-signals, and while
there’'s no planto commercialise the
creations, source code and 3D printfiles
have been made available.

The Jetson AGX Orin’s case is smaller even
thanits own power supply, in length at least

16 cameras are supported compared to the
AGX Xavier's 36.

Largely, though, it's a major improvement,
albeit one that will set buyers back $1,999
US (around £1,530 ex VAT) from developer.
nvidia.com. For hobbyists, then, the
considerably less powerful Jetson Nano
(reviewedinIssue 191, and Issue 209
for the 2GB variant) remains the go-to
impulse purchase.


http://developer.nvidia.com
http://developer.nvidia.com
http://experiments.withgoogle.com/little-signals
http://experiments.withgoogle.com/little-signals
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TheA500 Mini

heA500 Miniis not, as you might
ﬂ expect, atypo, but the follow-up to

Retro Games Limited's equally
oddly styled TheC64 Mini (reviewed in Issue
180) - a miniature Commodore Amiga 500.

Designed as a mostly fully functional scale
replica, TheA500 Mini sits comfortably on

Vega Processor project
unveils first dev boards

The Vega Processor project, fromIndia’s
Centre for Development of Advanced
Computing (C-DAC), has shown offits
first publicly available development
boards, both playing host toits wholly
indigenous RISC-V-based Vega chip.

The Ariesis designed to roughly mimic
the Arduino Uno form factor, although
with doubled-up general-purpose input/
output (GPIO) pins, while the Aries Micro
uses amore compact breadboard-
friendly design. Both are powered by the
Vega THEAIJS32 chip, builtin India and
based onthe RISC-VISA, witha100MHz
clock speed, 256KB of SRAM and 2MB of
flash memory. Visit vegaprocessors.in for
more details.

the very back corner of areal Amiga

500. The keyboardis present, but only for
show, and there’'s amoulded fake floppy
drive to the side, but no effort has been
made to create a fake expansion trapdoor
Oor expansion port.

The classic Commodore ‘chicken-head’
logois also missing, replaced by a boing-
ball. You'll find no mention of Commodore
anywhere on the box either, norin the
quick-start guide — and only once in the
downloadable full manual.

Despite lack of approval from the
current Commodore trademark holders,
TheA500 Miniis afully licensedreplica. The
Kickstart ROMs are provided by Cloanto
and 25 licensed games come pre-loaded,
with a 26th available for download, taking
advantage of the machine’s ability to load
games from a USB drive.

The total of 25 games s a little low, given
TheC64 Mini came with 64, but there are
plenty of big-hitters in the mix, including
Alien Breed, Another World, Simon the
Sorcerer, Pinball Dreams, The Chaos
Engine, Worms and Zool. Sadly absent are
any games by Sensible Software, including

The bundle includes the consoleitself, a CD32-style
gamepad, atank mouse, HDMI and USB cables, but
no power supply

You won't find Commodore’s name or
logo, but TheA500 Miniis a convincing
miniature replica nonetheless

the classics Sensible Soccer and Cannon
Fodder. Lemmings is also notably missing.

Cracking open the casing reveals a tiny
single-board computer, taking up a fraction
of the device's overall footprint, and with a
few lumps of metal to provide heft. Under a
passive heatsink is an Allwinner H6 system-
on-chip, with four Arm Cortex-A56 cores
running at up to 1.8GHz, while elsewhere on
the board are chips for a total of 512MB of
RAM and 256MB of NAND flash.

As well as the games, the flash holds the
operating system — an embedded Linux
install with a carousel for game selection,
using the Amiberry fork of the WinUAE
emulator to run the games themselves.
Video outputis via HDMI and capped at
720p, and while 60Hz is supported, the
manufacturer recommends 50Hz due to the
use of PAL-region games. Three video filter
options are supported - a blurry smoothed
option, a CRT-style scanline filter and no
filter, with native resolution, mid-zoom and
full-zoom options.


http://vegaprocessors.in

The user interface is functional, but areplica
Workbench would have been more fun

A special mention also goes to the
bundled accessories. There's no joystick this
time, but you do get agamepad inspired by
the Amiga CD32 and an optical two-button
mouse mimicking the Amiga’s original ‘tank’
design. Both connect via USB, leaving one
port free for a USB storage device.

Performance is fine for most games,
although the demanding Alien Breed 3D
struggles alittle. A look at the published
source code for RGL's version of Amiberry
reveals why: a cap on the emulated
CPU speed of 28MHz, up from a 25MHz
planned limit, to prevent the device from
overheating. A look at the SBC itself shows
there was another option mooted too - an
unpopulated header for a cooling fan, which
isn't fitted in the final revision.

There are comments suggesting other
issues too, including a commentin the
source code warning 68040 emulation
‘runs like a dog’ and a partial workaround
for audio buffer underruns.

The default smoothing setting (left) is blurry, but
can be switched for no filter (middle) or CRT-style
scanlines (right)

Sitting TheAS00 Mini atop areal Amiga 500
demonstrates the difference in scale

Despite its name, TheA500 Mini appears
to default to emulating an Amiga 600 -
switching to an Amiga 1200 if required.
Software designed for Original Chipset
(OCS), Enhanced Chipset (ECS) and
Advanced Graphics Architecture (AGA)
are all compatible, although some may
need the emulator settings to be tweaked.

Elsewhere, there are missed
opportunities. Where TheC64 Mini could
bootinto Commodore BASIC, which was
admittedly unusable unless you connected
a USB keyboard, there's no AmigaDOS or
Workbench on TheA500 Mini.

The ability to load your own games from
USB storage is welcome, but limited to
WHDLoad archives with no support for

(far more common) Amiga Disk Format
(ADF) images. Also, while RGL warns you
should only load games for which you
own alegal copy, there's no easy way to
turn a physical floppy disk into a WHDLoad
LHA that doesn'tinvolve already owning a
genuine Amiga.

That's notto say TheA500 Miniisn'ta
valiant effort. The controllers are solid,
unlike the terrible joystick provided with
TheC64 Mini, and you can use themon
any other computer too. The designis
Amiga-like enough to conjure nostalgia,
and performance in pre-loaded games s
mostly solid.

Yes, you could make your own equivalent
with a Raspberry Pi 4 or Raspberry Pi
400 and a copy of Amiberry, and the
performance would be better, but once
you factor the licensed games into the £115
(inc VAT) asking price - £4.60 per game,
droppingto £4.42 if you download the free
copy of Citadel and load it onto a USB drive
—itseems alot more reasonable. TheA500
Miniis available now fromresellers, and you
can visit retrogames.biz for more details.

As with TheC64 Mini, TheA500 Mini's single-board
computer is absolutely tiny
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Amazon Smart Air
Quality Monitor

ome automationis hardly anew
m concept, butit's only relatively recently

become as simple as plug-and-play.
Devices such as the Airxed IRX SmartHome
Hub (reviewed in Issue 219) need little more than
aUSB power cable and afew minutes’ setup
froma smartphone app, andit's this level of
simplicity Amazon hopes to replicate with its
Smart Air Quality Monitor.

A surprisingly compact rounded box, easily

fittinginthe palm of your hand, Amazon's
latest smart-home gadgetis designedas an
accessory to an existing Alexa setup. There's no
on-board display or speaker, and no dedicated

The gadgetintegratesinto the Alexa app and provides
instant reporting and historical graphs for all five sensors

app - if youwant

more thanthe
green-amber-red

traffic light notification
providedby its on-board
LED, you'llneed Alexa's help.

Installationis simple, connecting to
power via the included micro-USB adaptor.

If you're lucky, and bought the device brand-
new direct from Amazon, the monitor arrives
already configured and appearsinthe Alexa
app automatically. If not, you'llneed to scan
the QR Code onits underside, with a higher-
contrastversion printed on abundled card.

When powered up from cold, the monitor
goes through a calibration phase that takes
around seven minutes. If you pull the power at
any time, it will do the same calibration again,
butalonger 48-hour calibration periodis
only required the very first time, during which
time readings are available but may notbe
entirely accurate.

Accuracyis aproblem. Amazon's margins of
error on each of the five sensors - particulate
matter (PM2.5), volatile organic compounds,
carbon monoxide, humidity and temperature
—are wide, and our first unit's humidity reading
was afulland steady ten percentage points off
the mark. Two subsequent units showed more
accurate results, but you may find yourself
returning a unit or two for replacementif you're
buying enough for whole-house monitoring.

The chosen sensors are alittle odd too.
PM2.5 and VOCs make sense, while humidity
and temperature are environmental monitoring
standards, but carbon monoxideis a strange
choice. Highlevels of CO would indicate an air
quality problem, true, but the documentation
is clear thatthe monitorisn'tto be usedinplace

Fitting comfortably in the palm of your hand,
Amazon's first own-brand air quality sensor is neat

of atraditional carbon monoxide alarm. Carbon
dioxide, whichis a greatindicator of poor
ventilation, would have been better.

Aninternal pulls air through the front grille
towards the sensors, butit's entirely silent
during sampling. Meanwhile, dedicated device
pagesinthe Alexa smartphone app graphan
overall air quality score, in points out of 100,
over 15-minute, one-hour and day intervals,
while similar graphs for eachindividual sensor
are also available. However, the VOC sensor
only reports relative changes ratherthanan
absolute parts-per-million reading.

Atlaunch, you could only trigger aroutine
based on changesintemperature, but a post-
launch update has unlocked this restriction,
andnow it's possibleto set Alexatoruna
routine based on changes on any of the five
sensors plus overall air quality. You could have
an air purifier run automatically, for instance,
orhave anEchotell youto openawindow.

At£69.99inc VAT, the Smart Air Quality
Monitoris a pricey bit of kit, and lacks features
such as abattery for portable use oran on-board
screen, which similarly priced alternatives
include. It's undeniably sleek, though,anda
subtle additionto an already Alexa-kittedhome.
The Smart Air Quality Monitoris available from
amazon.co.uk Nnow. EPe

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

A260Hz AOC
GAMING MONITOR

Here's atreat for players of competitive first-person shooters
- we have one of AOC's super-fast260Hz AGON AG274FZ
27in gaming monitors up for grabs. The 260Hz refresh rate
completely unleashes the power of top-end GPUs, bringing
unprecedented fluidity to the picture on your screen.

Not only that, but its active sync support means its refresh
rate can sync with the frame rate output of both Nvidia and
AMD GPUs, eliminating stuttering and tearing artefacts. With
every detail brought sharply into focus, and every movement
shown with crystal clarity, you can feel your reactions
become one with the action and elevate your game.

Meanwhile, the pixel response time of 1ms (grey-to-grey)
results in fast performance without smearing. Fast-moving
action and dramatic transitions are rendered smoothly
without ghosting effects. What's more, the IPS panel ensures
an excellent viewing experience with lifelike yet brilliant and
accurate colours. Colours look consistent no matter from
which angle you look at the display.

SPEC
e 260Hzrefreshrate

e 27inIPS panel

e G-Sync compatible

e FreeSync PremiumPro

e 1,920 x 1,080 resolution

« Imsresponse time (GTG)
¢ Height-adjustable stand

e 2Xx5W speakers

SUBMIT YOURENTRY AT CUSTOMPC.CO.UK/WIN



http://custompc.co.uk/win
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Customised PC

Case mods, tools, technigues, water-cooling gear
and everything to do with PC modding

EK'sROG Strix X570
Gaming monoblock

t'sbeenalongtime coming,
but EK’s monoblock for
Asus’ ROG Strix X570-I

Gaming mini-ITX motherboardis
finally here. If you're not familiar
with monoblocks, imagine alarge
waterblock that not only cools your
CPU, but other hotspots on the
motherboard too.

Thisis especially usefulin stuffy
mini-ITX systems, as it means VRMs,
andin some cases, chipsets andM.2
SSDs, are effectively water-cooled,
taking some pressure off the often
limited airflow in these cases.

| sayit's beenalongtime because
this motherboard is nearly two years
old, beingreleased shortly after Asus’
other X570 motherboards. However,
it's taken a while for a couple of
reasons. Firstly, it's a highly complex
waterblock. EK has decided to not just
water-cool the VRMs, but the chipset

too. On this board,

this has the added
advantage of removing
the need forits dual
coolingfans.

Having used the Asus ROG Strix
X570-1Gamingin my own personal
system for the past year ortwo, | can
vouch for the fact these fans canbe
noisy when your systemis under
medium to high loads, and there's no
way to tune them both downin Asus’
software or EFl either. Another reason
is that, according to EK, its monoblock
releases have beenfew and far
between recently too.

Thisis due to AMD and Intel
releasing new chipsets in quick
succession afew years ago, meaning
that by the time EK had been through
the process of designing and
producing monoblocks, a new chipset
andrange of CPUs were just around

EK’s Quantum
Momentum?

ROG Strix X570-1
Gaming monoblock
is finally here

the corner. A few years ago, you could
buy monoblocks for practically every
mini-ITX motherboard, but there has
been precious few for the past couple
of chipset generations.

The Asus ROG Strix X570-1 Gaming
has provenitself to be a decent mini-
ITX board for AMD’s Ryzen CPUs,
though, and with the launch of the
Ryzen75800X3D, as well as the
board proving to be popular with
enthusiasts, EK feltit was worth a
shot. Clearly, I'd have loved to have
seenablock 18 months ago, but at
leastit's here, evenif Socket AM4 now
has alimited shelf life.

Thankfully, you lose no
motherboard features if youinstall the
monoblock, but onthe flip side, you
needto completely dismantle the top
side of the motherboard, right down



tothe PCB, in order to fitthe block. It's
acomplex process, even compared
with installing previous monoblocks
I've used. If you already own the
motherboard then, like me, you'll need
to strip down your PC and remove
the board, as you'll find it extremely
difficult fitting the block if the board is
stillmountedin your case.

It looks fantastic, though, and |
love the fact that EK has employed
its Exact Mount backplate, which
makes the rest of the installation
process abreeze, and access to the

The Asus ROG Strix
X570-1Gaming
has two on-board
fans that canbe
quite noisy

Be wary of clip-togethertfans

astmonth I got some hands-
on time with Lian Li's SL120
fans for the first time and

also tested similar models from
SaharaGaming. The two companies’
fans feature a similar design, in that
they lack any sort of cables out of the
box, instead using a clip-together
design and a detachable cable on one
end that controls fan speed and
lighting. The idea works extremely
wellin practice, cutting down on
cables significantly and making fan
installation much easier too.

As they clip together, there's
generally only a need, for example, to
secure three fans with four screws -
oneineach corner - instead of using
12 screws. The Lian Li SL120 fans look
fantastic too, with vibrant RGB lighting
and great build quality. You may
well have seen them on Facebook
orlnstagramtoo, as they're very
photogenic, especially when paired
with the likes of Lian Li's O11D case.

However, thereis anissue with
these fans that should make anyone
think twice about using them. It has
nothingto do with the lighting, cable-
free design or noise levels, but with
the fan blades themselves. The actual
fan blade wheel's diameteris much

smallerthanon

atypical 20mm

fan-it'snotas

smallasona

92mm fan, but

it's smallenough

torestrict airflow.

As most of us know, the smaller the
fan, the fasterit needs to spinin order
to shiftthe same amount of airas a
larger one, assuming all other factors
are equal.

The smaller fan blades also mean
that, when the fans are strapped to
aradiator, they struggle to dish out
airflow over alarge enough area, with
the edges relying purely on static
pressure and not direct airflow to shift
air through the radiator’s fins. This is
probably one reason why Lian Li's

LianLi's SL120 clip-
together fans look
great, butthey have
smaller fan blades
than standard
120mmfans

The comparatively
small fanblade
area hurts airflow
performance
when the fans

are mounted

on aradiator

top-side M.2 portis exactly the same
with or without the block. The only
part of the design I'd change is the
location of the inlet and outlet. The
ports are along way from where they
would be located on a standard CPU
waterblock, so if you've already been
water-cooling this board, you'll need
to create new lengths of tubing.

It's a small price to pay to ditch the
chipset fans, though, soif you have the
board and fancy water-coolingit or
upgrading your current waterblock, |
can highly recommendit.

Galahad SL240mm AIO liquid cooler
didn't perform very well compared
with the competitionin lastissue’s
Labstest.

Thisis ashame, as they do look
good, and aninspection of the fan
frame does show what seems to be
an excess of plastic framing around
the fan, which could easily be made
smaller, creating alarge enough area
accommodate bigger fan blades.

The smaller blades onthese fans
don'tseemtoimpact performance as
much when they work as case fans,
rather than radiator fans though - the
SaharaGaming P44 case we reviewed
inlssue 226 used similar fans and
performed quite wellin terms of
cooling and airflow.

However, I'd avoid these fans for
use onradiators and heatsinks, as
they're a good example of form
over function - they look great,
but the smallfanbladesresultin
comparatively low airflow. ere

Antony Leather is Custom PC's modding editor

@antonyleather


https://twitter.com/antonyleather

MODDING /HOW TO GUIDES

Water-cool
new Radeon

GPUSs

Antony Leather shows youhow tofita
waterblock to AMD’s latest Radeon RX
6000-series graphics cards

he process of water-cooling Radeon RX 6000-series GPUs is
ﬂ largely the same across AMD's reference cards, which are

identifiable by their triple-fan coolers, black and silver design
and 'R’ fanlogos, and many board-partner cards are based on these
designs too. What's more, while some board-partner cards use different
PCBs from the reference design, there are usually a lot of similarities
amongair-cooler cards.

As such, you can use this guide as areference for water-cooling
mostRX 6000-series cards from the RX 6600 XT upwards, since this
isthe lowest cardin the range that has waterblocks available. Most cards
have aheatsink and backplate, but they generally don'trequire the
complicated deconstruction of Nvidia's RTX 3000-series Founders
Edition cards (see over),instead using a standard PCB, cooler and
backplate design that's simple to disassemble.

We're using the AMD flagship RX 6900 XT, but the EK Special Edition
Quantum Vector RX6800/6900 block, asits name suggests, is
compatible with reference models of the RX 6800 and 6800 XT too.

EK Special Edition Quantum Vector
RX6800/6900 waterblock
overclockers.co.uk

TIM cleaner or
isopropyl alcohol
amazon.co.uk

Micro screwdriver
amazon.co.uk

/ PICK THE RIGHT WATERBLOCK
EK offers waterblocks for the Radeon RX 6700 XT and higher, but
we found RX 6600 XT waterblocks from the likes of Byski available
online too. EK’s online compatibility tool (ekwb.com/configurator)
allows you to enter your specific card modelto seeifithas a
compatible waterblock, so thisis a good place to start.

/ REMOVE BACKPLATE SCREWS
Youneed to deal with a few screws on your card's backplate, which have
to be removed(first, but they're all standard-sized crosshead screws and
you canremove them with a standard crosshead micro screwdriver.

/ REMOVE PCB SCREWS
With the backplate removed, you can now attack the rest of the screws
on the PCB, including the ones around the GPU core securing a square
plate. Make sure you take a note of which parts goes where (take some
photos if need be) and keep all the screws in a sealable container.



http://ekwb.com/configurator
http://amazon.co.uk
http://overclockers.co.uk
http://amazon.co.uk

/ REMOVE SLOT BRACKET
The waterblock comes with a replacement expansion slot bracket,
seeing as you won't be needing the card's existing chunky exhaust
system. The stock bracketis held in place with a few crosshead screws,
which you now need to remove.

/ FIT NEW BRACKET
Asingle-slot bracketis included with the waterblock, so install this bit first.
Make sure you fitit the right way around and place the original bracketin
your graphics card's box, along with the original cooler and screws.

/ LIFT THE HEATSINK
The heatsink should now lift off with a little force, but be wary of any
cables connectingit to the PCB and make sure you detach them first.
On the reference models, there are two cables that power the fans
and lighting.

/ APPLY NEW THERMAL PASTE AND PADS
Follow the waterblock’s manual to install new thermal pads, which
you'llneed to cutto size, and apply thermal paste on the GPU. The GPU
coreis fairly small, so apply a blob of paste slightly larger than a grain of
ricein the centre of the core.

/ CLEAN GPU AND MEMORY
Remove any thermal pads stuck to the PCB and place them back onto
the heatsink. You can then use thermal paste cleaner orisopropyl alcohol,
and alint-free cloth, to clean the GPU and memory modules, so they're
prepared for new paste and pads.

/ INSTALL WATERBLOCK
Install the waterblock and backplate according to the instructions.
You now need to work out how to addit to your loop. It's best to run
the cardin series with other components, so you'll need to have
coolant goingin one port and out the other, but aninlet and outlet
are accessible from either side of the waterblock.
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Water-coolan
RTX 3080 TiFE

Antony Leather shows you how to
disassemble a GeForce RTX3080 Ti
Founders Edition card, so you can fit
awaterblock toit

astmonth we discovered that Nvidia's GeForce RTX 3080 Ti
E Founders Edition (FE) was readily available atits MSRP of

£1,049for several weeks, makingit a great 4K gaming card
to pick up. As such, this month decided to look at the process of water-
coolingit with EK’s fantastic Quantum Vector FE waterblock.

Thisis afiddly job, and the RTX 3080 Ti FE has quite a specific
dismantling process, alot of which also applies to the RTX 3080 and
RTX 3090 Founders Edition models, but not to most board-partner
cards. It's well worth doing if you can putin the time though.

EK Quantum Vector
FE waterblock
overclockers.co.uk

Precision micro
screwdriver bit set
amazon.co.uk
Plastic pry tool
amazon.co.uk

TIM cleaner or
isopropyl alcohol
amazon.co.uk

Ducttape
amazon.co.uk

/ PICK THE RIGHT WATERBLOCK
Forthe RTX3080 and RTX 3080 Ti Founders Edition cards, the
same EK Quantum Vector FE RTX 3080 D-RGB waterblock fits both
cards as their PCBs are a close enough match, and it does include a
backplate to help cool the memory.

/ REMOVE SCREW COVERS
The trickiest part of the installation is removing the magnetic caps that
sit on the outer screws. We found that pressing duct tape firmly on
them can lift them out of their sockets without scratching the cooler,
although you might need several tries.

/ REMOVE BACKPLATE SCREWS
Nvidia uses various screw types and sizes, so a precision micro
screwdriver bit setis essential. Make sure you place all the screws and
caps into a container for safekeeping, so you canreinstate the original
coolerif youplanto sell the cardin future.
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/ LIFT GREY BAR SECTION
Next, lift the magnetic grey V-shape barin front of the fan at the
opposite end to the slot bracket. Again, this partis easy to scratch, but
the gaps are bigger here than with the caps, so you can use a plastic pry
toolto lift out the section.

/ REMOVE GPU SCREWS
There are four screws around the GPU core thatfitinto a square metal
bracket. You'll need to switch back to the star head fitting to remove them.

/ REMOVE REMAINING SCREWS
The remaining screws have standard crossheads. Go ahead and
remove the rest of the screws around the backplate and put themin
a container for safekeeping.

/ DETACH RIBBON CABLES
You need to detach three cables from the RTX 3080 TiFE's PCB. The
firstyou need to detach are two ribbon cables. Lift up the grey latches in
the sockets, and you'll be able to remove the cables. Do this carefully, as
the cables and sockets are very delicate.

/ REMOVE BACKPLATE
It will now be possible to remove the backplate. It has thermal pads
linking it to the PCB, so make sure that you remove any pads thatend up
stuck to the components, and place them back on the backplate.

/ DETACH CONNECTOR
Next there’s a two-pin connector. You heed to move the metal
section forwards away from the cables and gently pull the connector
backwards out of the socket. Use a plastic pry tool to do this job, and
be very gentle, asit's easy to damage the cables or socket.
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/ REMOVE BRACKET SCREWS
The waterblock comes with areplacement expansion slot bracket, as
there's no need for alarge exhaust ventiif you're water-cooling the
card. Detach the bracket by removing the screws. Once you've done
this, you'llbe able to completely remove the PCB.

/ FIT WATERBLOCK
Place the main waterblock onto the card and have it facing down with the
PCB facing up. Follow the supplied instructions to secure it with screws; in
this case, it involvesjust the four screws surrounding the GPU core.

/ CLEAN GPU AND REMOVE PADS
Use thermal paste cleaner orisopropyl alcohol, together with a microfibre
cloth, to clean the GPU core and memory. Both will benefit from thermal
paste and pad residues being removedin order to ensure the waterblock
canperform optimally.

/ INSTALL BACKPLATE
Now apply thermal pads on the rear of the PCB according to the
instructions, then go ahead and install the backplate, followed by the
V-shaped end section.

/ APPLY NEW THERMAL PADS
New thermal paste and thermal pads are included in the waterblock
kit. Follow the instructions to apply the correct pads to the VRMs and
memory chips, then apply thermal paste to the GPU corein a thinline
across the centre.

/ USE THE RIGHT END SECTION
Finally, you need to decide on the end section that best suits your loop.
Two are included, with one providing aninlet and outlet coming out the
end of the card, while the other one positions the ports atright angles to
the PCB.cPG
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Retro tech

BIG BOX GAMES

Before we downloaded PC games, they camein
boxes. Big ones. Rick Lane unboxes the history
of PC gaming'siconic packaging

fyou walkedinto a shop that sells video games
n today, you'd be forgiven for thinking that PC gaming
didn'texist. In2021, less than one per cent of global

PC gaming revenue stemmed from sales of physical copies.
Nearly all PC games were sold on digital distribution services
or funded themselves through free-to-play models.
Nowadays, the closest you can getto a physical PC game
purchaseis to buy a gift card for Steam or the Epic Store.

Goback 25 years, however, and the situation couldn'tbe
more different. Not only would you find PC games in shops,
but they would also dominate the shelves, because of the
gigantic cardboard boxes in which they were packaged.

These so-called 'big boxes' were the face of the hobby
throughout the 19805, 1990s and early 2000s - the first thing
you saw when you bought the latest Quake or Command &
Conquer game. And although they had vanished from shelves
completely by 2005, big boxes remain aniconic aspect of
PCgaming.

‘I've spent way too many hours in stores buying big box
games,’ says Benjamin Wimmer, a PC game enthusiast who
has been collecting big boxes since the 1980s. With 691 classic

—

PC gamesin his collection, Wimmer intimately understands
the unique appeal of big boxes. ‘Most of the time, the money
was well spent evenif the game wasn'tthat good, because
you'd get a printed manual with additional lore, and trinkets
suchasmaps or coins, he says. Those boxes were like a
physical link to whatever fantastic world you'd decided to visit
forthe nexthourortwo.’

PC game big boxes are unique artefacts. Yet despite
covering walls of shelvesin countless shops for over adecade,
much about their history is uncertain. The origins of the big
box are unclear, and because the games themselves were
always the centre of attention, there's little information about
the process behind the design of big boxes. That's why we're
goingto lift the lid on the history of the big box, and browse
the manual to find outhow they were designed and how they
vanished entirely within only a couple of years.

UNPACKING THEPAST

Before we can dive into the origin of the big box, it's important
to understand what we mean by the term. The typical
dimensions of a big box were 7in wide, 9in tall and 2in deep.




Wimmer has 691 classic PC
gamesin his collection

Wimmer with his collection of bigboxes

The word ‘typical'in the previous sentence hints at why which appeared exclusively in America from around 1995.
tracing the origins of the big box s difficult. Unlike games for Unlike rectangular big boxes, the trapezoidal boxes had
consoles such as the Mega Drive or the PlayStation, wherethe  diagonal edges that taperedintoward the top of the box.
packaging was regulated by the manufacturer, there was no Games soldin trapezoidal boxes include Tomb Raider, Thief:
official standardisation of packaging for PC games. The Dark Project and Legacy of Kain: Soul Reaver.
Instead, PC game publishers gradually converged on Even boxes that were the same size and shape could have
what we would recognise as a big box between 1987 and significant variation. Some boxes would have two parts - a
1991. Before this time, games were packaged in any number lidand a base, while others would be a solid box with flaps at
of ways. Early games for home computers, such as Zork or either end. Some boxes had a cover flap that opened to reveal
Sierra's The Dark Crystal, were soldin cardboard sleeves like more key art or further information about the game.
vinylrecords, and some were even sold in plastic bags. And none of thisis to mention what came inside the box,
When games began appearing on shelves in boxes, those whether the game would be on floppy disks or CD, what the
boxes could vary wildly in size, often dictated by the form manual would be like, whether the game came with a physical
factor of the gameitself. Atari's boxes, for example, were map or other extras. In short, every box was different, whichin
based around the size of its VVCS cartridges, while early PC turn means that every box was differently designed.
games required a box that could house one or more 5.25in
floppy disks. BOXING CLEVER
In addition, as games became more elaborate, Victoria Hartis a professional graphic designer, artistand
they required even more disks, as well as extensive gallery director. Today she runs Pink Kitty Creative, her own
documentation, resultingin large boxes to hold the manuals graphic design firm, but around the turn of the millennium, she
(which often also doubled as copy protection systems). worked at Westwood Studios, the developer of Command &
Marketing likely played arole too, with big boxes making Conquer, andits many spin-offs and sequels. Specifically, Hart
The trapezoidal computer games stand out over designed the box and packaging for Tiberian Sun, Red Alert 2,
. their console-based counterparts.  Blade Runnerand Dune 2000.
theUSrelease By 1991, most publishers were Designing the packaging foragame was essentially its
of Tomb Raider packaging their PC gamesin own project, with its own pipeline for conception, production
typicalbigboxes,andthedesign  and manufacturing. ‘We talk to the designers to understand
was entirely dominantby the strategy of the game, the style and tone inthe mood, and
1993. That's notto sayitwas who's going to be playingit,” Hart says. ‘Once we have that
universal, however.PCgame  foundation, we're able to develop concepts and present to
packaging never became the marketing director. Usually, the concepts will go through
properly standardised, numerous rounds of revisions before we finalise alook.’
and variations onit would The mostimportant part of any big box wasits cover
appearthroughoutthebig  art. This was what any potential player would see when
box's heyday. they walkedinto a shop, so ithad to immediately grab their
Onenotableexample  attention, while providing some indication of what the game
is the ‘trapezoidal’ big inside was like. For Tiberian Sun, Hart had a strong baseline
box of Eidos Interactive, ~ fromwhichto start.
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Theincredible

UK box cover of
Carmageddon (left)
andthelessincredible
US cover (right)

‘The original Command & Conquer box was such a success,
we wanted to continue to make the Command & Conquer line
follow that single visual headimage to getas muchimpact
aspossible.' Hart says. ‘Because the eyes were covered with
goggles, italso gave the viewer the impression that it could be
them as the main player.”

Most box art around this time would have been drawn by
an artist either employed by or associated with the studio, orin
the case of games such as Quake, relied on a simple, yet bold
logo. The process of creating Tiberian Sun’s box art, however,
was much more physical.

‘For the Tiberian Sun box, we designed and manufactured
the helmet, gotamodel and photographed the headshots,
then effects and graphics were applied over the top of the

By 1991, most publishers
were packaging their PC
games in typical bigboxes

photography, Hart explains. lt wasn'tjust the front of the box
thatwasimportant either. The back of the box was all about
continuing to tell the story and showcasing the key selling
features of the gamein a visually exciting way, she adds.

While the visual elements of the box took precedence, the
texture of the box was also crucial to makingit appealing as a
product.‘While designing, | would always keep in mind the end
effect with printing and all the different specialty techniques
that can be added, such as custom varnishes, chiselled bevels,
debossing and spedial foiling techniques that really help to
take the box to the nextlevel and add to the overall design,
Hartsays.

Hart's responsibilities didn't end with the box itself. She
also designed the manual, the disk label, the case cover and
any otheritemsincludedin the box, such as pins or collector
figurines. She cites one particularly memorable example. ‘We
didaHummer giveaway contest that was pretty epic, where
we created 3D box mock-ups of the Hummer and missiles for
the point of purchase displays in Walmart.'

Westwood may have designedits boxes in-house, but
this wasn't necessarily the case for other developers. One
exampleis Stainless Games, developer of the Carmageddon
series. Like Command & Conquer’'s box art, the grinning head
of Carmageddon’s Max Damage makes for one of the most
distinctive big box covers.

Unlike Westwood, however, Stainless had almostno
involvementin what the final box looked like.'SCiwere the
publishers of the original Carmageddon series, and the
decisions regarding the box — its design, contentand all the
rest — were theirs, says Neil Barnden, co-founder of Stainless.
‘SCi did run the artwork past us for our comments/approval.
We loved the artwork for Max Damage for the original
Carmageddon packaging.’

Having a publisher handle the box design may have
taken pressure off the developers, butit also meant the
developer had less creative control, which could lead to
some unfortunate situations. Inthe USA, Carmageddon was
published by Interplay, which created its own box design with
very differentart.

‘The US publisher didn't even use Max Damage for their box
art - there was an awful photo collage of a pedestrian being
hit by a car that we had no idea about until we saw the retail
packaging, Barnden says. Thisisn't the only case of abox art
misfire. Hart cites an example from the original box for Red
Alert 2, whichreleased in November2000. ‘Theinside flap
showed the Soviet airplanes attacking New York, she says.
‘The box was printed and then 9/11happened, so we had to
redesign and reprint thousands of units.’

DUSTING OFF

PC games continued to be sold primarily in big boxes until the
early 2000s. Atthis point, the popularity of console gaming
was rapidly on therise, reaching critical mass with the launch
of the Xbox and PlayStation 2. With more games demanding
space on the shelf, stocking big box PC games became less

Victoria Hart designed many of Westwood's big boxes. Now
she runs her own graphic design firm, Pink Kitty Creative




Westwood
combined
photography,
modellingand
graphics effects
for the cover of
Tiberian Sun

cost-effective for stores. Consequently, PC game packaging
would shrink to DVD size, initially stillin cardboard boxes, but
eventually switching to plastic cases little different from those
of the Xbox and PS2.

But the story of bigboxes doesn't end with the introduction
of Steamin 2005. While developers and publishers may
have stopped putting games in big boxes, the affection for
them from the PC gaming community never waned, as
demonstrated by collectors such as Wimmer.

‘Then 9/11happened, so we
hadto redesign and reprint
thousands of units’

Yet while Wimmer’s own collection spans four decades, it's
only inmore recent years that collecting has become amore

active hobby. 'In 2012, I rediscovered my love for boxed games,

and | started browsing eBay; local classifieds and fleamarkets
totrack down allthe games | couldn't afford as ateen.
Indeed, the past decade has seen an explosion of interest
in big box collecting, as PC gamers seek to reconnect with the
physicalroots of the hobby. The Big Box PC Game Collectors
Facebook group has almost 6,000 members, while some

Therear of the Tiberian Sun box, designed by Victoria
Hartto showcase the game’s key selling features

rarer big boxes can sell on eBay for hundreds or even
thousands of pounds. For his part, Wimmerisn'tinterestedin
either buying or selling boxes for silly amounts of money.

‘Prices did go up but'm notreally buyinginto the current
hype of big boxes beinginvestments and so on.'m still trying
to follow my “€10 per game' rule.’ Mostly, he's pleased to see
new people gettinginvolvedin bigbox collecting. 've meta
lot of enthusiastic folks from all over the world thanks to those
dusty cardboard boxes.’

Wimmer's collection of bigbox gamesis also unique. Notin
its size or the rarity of the games, but because it's both physical
and digital. Shortly after rediscovering his love of big boxes,
Wimmer began creating digital 3D models of the boxes and
uploading them to his website bigboxcollection.com

‘Atfirst, Itook photos of the box covers and was sharing
them onthe netand social media. Due to the varying quality
of my photos, linvestedin a scanner and replaced the photos
one by one with high-res scans, he says. ‘| soonrealised that
recreating the whole box digitally was what I'd been after —
experiments with photos and mock-ups eventually led to the
3D models thatare now available.’

Theresultis a wonderful potted history of PC gaming big
boxes, as well as a great resource for people fond of early PC
gaming, but who don'thave a collection of their own.

Whichis the best PC gaming big box? Wimmer is definitive
in his conclusion. ‘Ultima Underworld. Fantastic cover artby
Denis Loubet and it comes with extramanuals,amap anda
bagofrunes. ere
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Posthuman

Inspired by the idea of a brainin
ajar connectedto a computer,
David Wieland created this
steampunk-themed build, with
copper piping, CNC-machined
metal, 3D-printed parts and even
a custom matching keyboard
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GPE: Let’s start at the beginning.
What inspired you tobuild this
PC-what were your
design inspirations
and whatlook were
you trying to achieve?
David: I'd wanted to
build a steampunk-
themed PC for a while,
sowhenIneeded
acomputer formy
workshop,Ispent
months building

a PCfrom scratch,
instead of just buying
apracticaland
cheapbox.

The main concept
ishavingabrain
connectedtoa
computerinavat
—itthinksit'sareal
personbutonly
exists virtually.Ithen
switched thatidea
around and made the
computer the brain.
To stay true tothe
steampunk style, I

featured alot of copper and brass
elements.Forthe base,Iwanted an
antique-looking piece of wood to
make the whole system look like it
had been around for a while.

GPG: On your projectlog,you
originally intended thistobea
full-immersion mineral oil project.
What happened tothatidea?
David: Inthe beginning,Iplanned
to submerge the whole computerin
afishtanktoachievethe‘brainina
jar’ aesthetic,and abandoning this
ideawas notadecisionItooklightly.
The main reason was that,due to
my overly high expectations of

the quality of workmanship, every
part of the process took forever,

and no end seemed in sight. After
putting the build aside forafew
months,Ithen decided to simplify
itdrastically,soIcould finishitina
reasonable time frame.

Asthemineral oil cooling idea
complicated the whole build, Iwas
worried it might cause problems
andIdecided toabandonit.Ididn’t
have to change toomuch of the
build to move to water cooling, as
Ialready needed aradiator and
pump to keep the oil cool. It’s just
ashamethatIcouldn'tusethe
custom CPU waterblock (pictured
right) I'd made any more. Since the
whole computer was originally
going tobe submerged, the block
only had aninlet directing the
cooled oil onto the fins,and was
then open on the sides—that’s not
idealif you're using water though.

GPG: How did you planand
design thisbuild throughout its
various stages?

David: While I've used Fusion 360
inthe pasttomodel every bolt of
abuild before getting started, this


https://forums.bit-tech.net/index.php?threads/posthuman.383399/

time I'took a different approach. To
get the firstrough measurements, I
used my own ‘CAD’ process, which I
call‘cardboard aided design’.Ibuilt
arough model with old boxes and
some wire.

Fromthere,IjustmadeitupasI
went. This was definitely outside
of my comfort zone, but it allowed
me towork with much more
organicshapes thatIwould have
never considered in CAD.The only
partsI3D-modelled were the ones
needed to 3D-print or cut out witha
CNCmachine.

GPG: How did you plan the copper
plumbing system, and how did you
go about cutting, polishing and
linking it all together?

David: Finding the copper tubing
was probably the only part of this
build that went much easier than
Iexpected.Tjust went tothelocal
hardware store and picked up some
12mm plumbing parts. While I
would haveliked to go bigger,12mm
(diameter) is the only size that’s
both common in plumbing around
here and has PC water-cooling
fittings available.

To connect them,Iused regular
plumbing solder, which only left
polishing.Istarted by filing away
excess solder and then moved
up through the sandpaper grits.
Finally,Iused a polishing paste and
ahandheld polishing wheel to get
ittoshine.Thave nightmares about
allthe polishing involved in this
project—it was my least favourite
part of the building process.

GPG: How did you dismantle the
PSU, and how much work was
involved in crimping and sleeving
the cables?

David: The power supplyis a 4g00W
SFXmodel from be quiet!, which
came with good old ketchup and
mustard cables. To fit it underneath
the motherboard without being too
bulky, the enclosure had to go.

Since it was originally supposed
tobe submerged in mineral oil,
safety wasn’'t much of a concern
originally. The way it’s mounted
now isnot recommended and could
be quite dangerous.It’s properly
grounded and none of the live wires
isexposed, butIonly kept it this
way knowing thatIwould be the

m



only person ever using this PC. The
hardest part of making the custom
cables was soldering them back into
the power supply.

The wiresIchose are slightly
thicker than the stock ones, so
it'’s atight fit once they have the
sleeving on top of them. Getting
thelengths exactly right for all the
cables was also crucial, as they’re
completely in view with nowhere
tohide any slack. Customising the
pump and fan cables was a breeze
in comparison.

GPE: Youmade your own
custom frame parts to mount
the components, as well as cable

CPUAMD Ryzen5Pro4650G
GPU Integrated Radeon RX Vega7
! Storage 512GB SamsungM.2

: Memory 16GB Crucial Ballistix

Motherboard ASRock
B450 GamingITX

PSU 400W be quiet! SFX Power 2
Cooling Custom water-cooling
:  loop, featuring D5 pump, Corsair
CPU waterblock, EK240mm
radiator, EK Vardar fans
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combs. Tell us about the metals
you used, and how you shaped
them and secured them together.
David: The entire brain frame is
made from brass, which Imostly
cutbyhand and soldered together.
The gmm round stock was just

soft enough tobe easily bent into
shape, but also strong enough not to
deform. The cable combs were CNC-
machined on my RatRigKillerbee
CNCmachine, andIalso CNC-
machined the wooden base and the
brassfan grille.

Asthese parts are all fairly simple,
they were perfect projectstolearn
how to use my newly built CNC
machine.To give the base an aged

look,Iused ablowtorch to charit
almost completely,leaving only a
fewlight spots.Ithenused a Scotch
Brite pad toremove all the charring.
Theresulting surface had a great
colour as well as some texture as if
ithad been around for a hundred
years.To protect the wood and my
fingers, I coated it in a satin varnish.

GPG: Welove the custom memory
heatsinks. How did you design
them and getthem made?

David: The custom heatspreaders
and the original CPU waterblock
are by far my favourite parts of this
build. Imodelled them in CAD and
then had them 3D-printed from
aluminium with a selective laser
melting printer.Ialways wanted to
try out that technology but never
had agood excuse, so this was the
perfect opportunity.

The finished metal 3D prints are
quite rough and have a matt finish,
solsanded and polished them.I
also attempted to anodise them
inacopper colour but something
inthe alloy used for 3D printing
didn’t agree with my setup and they
turned black, soIwent back tojust
polishing them.

GPE: You effectively made your
own keyboard for this build. How
did you design and make the
brass plate?
David: The custom keyboard was
another project that resulted in
me procrastinating on this build.
Idesigned it completely in Fusion
360 and made my own PCB using
Eagle.Ithen 3D-printed the parts
forthe frame and used the CNC
machineto cut the brass plate.
The keycaps for the letter blocks
are made from actual metal, sol



used Gateron Black switches for
thesekeys,as they have a higher
activation force compared with
the Red switches used for the
otherkeys. This ensures that,even
though the metal keycaps are much
heavier than the plasticones, the
keys feel almost the same when
you're pressing them down. After
apaint job and some software
configuration,Thad akeyboard to
matchthePCbuild.Ialreadyhada
Mad Catz RAT mouse, which was
perfect for this setup after a quick
paintjobtoo.

GPG: How did you create the
copper-effect touches onthe
heatsinks, radiator, pump/res
combo and soon?

David: At first, Itried tousean
expensive copper spray paintIfound,
but it justended uplooking brown.
ThenIremembered thatIstillhad
some metallicacrylic paintslying
around, which worked great.It was
achallenge tohide the brushstrokes,
but almost anything can be hidden
ifyouuse enough weathering.
Originally,Ialso painted some
inside parts of the reservoir, but it
turned out that the paintwasn’tas
waterproofasIthought,soit came
right off. Some remnants of that
paint are still stuck in the fins of the
CPU waterblock today.

GPEG: Did you come across
any difficulties?

David: For this build, I
experimented with many

techniques that were completely
new tome, so the challengesIfaced
could fill a book. Figuring out how
tosolder the brass pieces cleanly
was quite difficult. Even after many
attempts,Iwas only eventually
saved by a Dremel and alot of filing
toremove all the excess solder.Ialso
had some connections break during
polishing, which meant starting
over again.

GPEG: How long did it take you to
complete this build, from start
tofinish?

David: From start to finish, it took
me around nine months, but there
were around four or five months
whereIdidn’'t doany work onit.

GPEG: Are you completely happy
with the end result, or do you wish
you'd done some of it differently
inretrospect? Do you plan tomake
any changestoitatalater date?
David: IdowishIhad stayed with
the mineral oil-cooling idea, but
mostlikely the build would still be
in pieces now ifI'd done that,sol
thinkImade theright call. Now that
GPU prices are coming down again,
I've considered adding one.

However,Idon’treallyneeda
GPUin this PC (it’s just a secondary
machine) and it would change the
aesthetics alot, plusIwould need a
new power supply.If Iever feel like I
need more GPU power,Imightadd
an external GPU box with its own
PSU that just connects through a
PCI-Eriser cable.
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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

THE DIFFERENCE A
NEW CPUMAKES

James Gorboldlooks athow using an old CPU
canlimitthe performance of modern GPUs

iththis month’s CPU Labs test focused on exploring
. which of the latest CPUs are the best at different

price points, I thought it would be interesting to
look at the findings of some recent research we carried out
in the 3XS lab at Scan.

Rather than benchmarking a boatload of modern CPUs
against each other, we wanted to discover the benefits of
upgrading from a popular old CPU to one of today’s champions.
To make the test more interesting, we wanted to see how
much, if at all, old CPUs hold back the latest graphics cards,
so we conducted all our testing with the best-selling Nvidia
GeForce RTX 3080.

We picked the Core i9-9900K as our old CPU,
as when it launched in 2018 it was by far and
away the most popular high-end CPU on the

We measured a

Theresults can be further broken down to an average speed
of up of 16 per cent at 1,920 x 1,080 and 10 per cent at 2,560 x
1,440, which is due to the GPU doing more of the heavy lifting
than the CPU as you increase the resolution. Even so, 10 per
cent is quite a lot of performance to lose when you've spent
all that money on a GPU.

The next area we wanted to test was content creation
application performance - tasks such as 3D modelling and
rendering, which can be very taxing on the CPU. We used
the 3D modelling benchmark SPECviewperf to measure the
percentage speed up in 3D modelling and found that the
12900K was on average 10 per cent faster than the 9g9oo0K,
very similar to the speed-up we found in games.

We also used Cinebench and Blender to
benchmark the speed-up during 3D rendering,

market. For the modern champion,we chosethe | dicrous 134 per cent @andmeasured a ludicrous 134 per cent speed

new Core i9-12900K. To make the comparison
as fair as possible, both CPUs were tested in a
very similar configuration, with the same cooler,
same amount of RAM and identical SSDs.

We started by looking at gaming, so we set about
benchmarking both systems across a collection of seven
popular games at two resolutions, 1,920 x 1,080 and 2,560
x 1,440. The games were Counter-Strike: Global Offensive,
Cyberpunk 2077, Far Cry 6, GTA 5, Metro Exodus, Rainbow 6
Siege and Shadow of the Tomb Raider.

Intel focused alot of its resources on improving instructions
per clock in its 12th-gen CPUs, so it wasn’t a huge surprise to
see a significant average speed boost of 13 per cent between
the 99o0oK and 12900K, showing that even a CPU that’s only
four years old does limit modern GPUs.

speeddifference

difference between the two CPUs, thanks to all
those extra cores. This an incredible speed boost
and would be a real game-changer for content
creators, giving you far more time to keep tinkering with your
projects until they're perfect or simply complete them sooner.

However, it would be remiss to point out that the RTX 3080
itself is already much faster at rendering than the 129o00K.
Still, if you're working with CPU-limited renderers, that 134
per cent speed up is going to be very welcome.

While it’s fair to say that the CPU has far less of a role to
play in determining overall system performance than it did
in previous decades, our testing shows that you do stillneed
to careful when upgrading to keep your system in balance.
After all, the Core i9-9900K is by no means an old CPU - it
was only discontinued at the end of last summer. cre

James Gorbold has been building, tweaking and overclocking PCs ever since the 1980s. He now helps Scan Computers to develop new systems.
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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.
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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
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A classic
reimagined

The Barracuda Dream PC is back, now with Intel 12th gen

am Windows 11

Spec up your perfect PC today
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