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/ FROM THE EDITOR
[ ] [ ] [ ] [ ]
Timing is everything

e're finishing up this issue just before Christmas,and

we’ve only just got the last of the recent slew of

massive hardware launches out the way. Intel and
AMD have both launched new CPUs and motherboard chipsets,
Nvidia has brought out a new GPU architecture and now AMD
has done the same with itslatest RDNA 3 chips.

It'sbeen an exhausting few months, and at the end of it, I
have to ask why so many hardware launches had to come out
right at the end of the year. As James Gorbold outlines on p98,
there are barely any RDNA 3 cards for retailers anyway.

But there’s also a deeper problem here, which is that you
need to be really sure your new CPU or GPU is absolutely up to
scratch if you’re planning tobring it out at the same time as
yourimmediate competitor. In previous times, Nvidia would
bring out anew GPU, then around six months later, ATi would
bring out a competitor that would beat it and so on.

That'’s all stopped now. AMD hasn’thad anew GPU that'’s
well and truly beaten the best that Nvidia has to offer for years,
and part of that is down to timing. As we show in our reviews
on p14, the Radeon RX 7900 XTX is on par with the GeForce RTX
3090 Tiinray tracing,and beats it in terms of general shader
performance.If ithad come out at this price six months ago,
AMD would have had a clear winner on its hands, ahead of
Nvidia on both performance and price.

Instead, it’s come out just after the launch of Nvidia’s
excellent (though massively overpriced) GeForce RTX
4000-series GPUs, meaning it can only compete by
undercutting the price.It’s arguably done it, but only because
the RTX 4080 is soridiculously overpriced, and even then, it’s
not a clear run, especially when you add ray tracing to the mix.

Onthe plusside, thisis the closest AMD has got to high-end
competitive GPU performance for many years. Add that to
several years of success in the CPUbusiness, and there’s hope
that AMD might have the headroom to invest more in its GPU
business, and get properly ahead of the competition six months
before it can hit back. That’s what AMD needs to do if it wants to
really compete in the GPU space again.
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RICHARD SWINBURNE / VIEW FROM TAIWAN

BEYOND DDR5

Thetechinside GDDR6W could give us the next-gen
memory for our future CPUs, says Richard Swinburne

t's rare we get a new type of memory, and Samsung
. recently surprised us with its new GDDR6W tech. The

‘W’ means it’s ‘wide’ and can send twice the data per
cycle of standard GDDR6 memory, doubling the bandwidth
per chip. Achieving a data bus that is both wide and fast (22Gbps)
are two performance factors that are typically mutually exclusive,
so this is a significant breakthrough.

GDDR6W uses chip-stacking within each package (fan-out
wafer-level packaging), in order to put one layer of memory ICs
on top of another and connect them with tiny copper pillars.
This also doubles the capacity within each chip. It means a
high-end GPU with 16GB of memory and a 256-bit interface
could need only four GDDR6W chips, rather than the eight
normally required, simplifying the PCB design. It's
ideal for gaming laptops, but useful on desktop
cards too.

AMD and Intel

own power regulation, while DDRs motherboards from both
AMD and Intel also remain expensive. DR5 is still in its early
days right now, but inevitably, we can expect the demands on
memory bandwidth to keep increasing.

So what needs to change about future memory design to
make it more affordable to everyone? Well, I foresee Samsung’s
‘W’ technology being used in lieu of plug-in DIMMs, where
several DDR ‘W’ chips are attached directly to the CPU substrate.
You would buy a CPU and choose 32GB or 64GB of memory as
one item, just like you would spec a smartphone.

The memory would just come in the form of more chiplets
added to the normal CPU packaging, a process that would have
a lower cost compared with the expensive silicon interposer
required for HBM memory. Bringing the memory
as close as possible to the CPU silicon would enable
Intel and AMD to achieve much faster speeds and

What I see, though, is that this technology is wouldn't need a potentially lower latency, without needing costly

a stepping stone towards future CPU designs.
Increasing DDRs speeds is becoming too costly,
and the DIMMs themselves are reaching the limit
of the physical, plug-in design.

DDRs5 speeds have soared since launched, with premium
(expensive) motherboards and CPUs that won the silicon
lottery even hitting effective frequencies of 80oooMHz. These
new bandwidth highs are great because CPU core counts
have continued to grow unabated, and all of them need to
talk to memory.

However, memory performance isn't just governed by
speed, but also latency. DDRs has the former in spades, but
it’s still not achieving lower latencies than a decent quality
kit of much cheaper DDR4 memory - this matters not only in
gaming benchmarks, but also in everyday use. Reducing DDRg
system cost is difficult because doing so required higher-quality
PCBs and more advanced chips. Also, each DIMM needs its

JEDEC stamp

motherboard and DIMM designs.

You can imagine, for example, a mainstream
6/8-core CPU coming with dual-channel memory,
while a 12/16-core CPU features tri-channel and a 24/32-core
chip has quad-channel memory. This keeps a similar memory
bandwidth per core throughout the whole stack, all without
needing a new motherboard.

There are obviously downsides. Choosing memory is a core
part of the PC building experience and being able to reuse it
in different builds is a big benefit. That said, the old ‘two spare
DIMM slots to upgrade later’ setup is already dead. DDR5's
design has effectively killed four-DIMM builds because the
achievable speed and reliability drops significantly if you're
using four high-speed modules.

AMD and Intel wouldn’t need a JEDEC stamp for this system
either, just a collaboration with memory makers — you could
well be looking at different PC layouts in the future. epre

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

TRIPLENOMINATED

Tracy King asks why video game awards aren't taken
as seriously as the big movie award ceremonies

ometimes, ifit'srelevant or I'm feeling mischievously
. pretentious,I'll drop a casual, ‘oh yesImet so-and-so

at the BAFTAs' into a conversation about the
aforementioned so-and-so. The other person usually hesitates,
trying to decide if I'm a nob for mentioning it (yes) or if they're
actually impressed (sometimes), which is just enough time
forme to make a cheeky face and say, ‘the video game BAFTAs!

There’s always either a palpablerelief or slight disappointment
that turns into a knowing laugh. The sad truth is, the video
game BAFTAs aren’t taken as seriously as the film and TV
BAFTAs, even by the game-playing public. They don't attract
international A-list celebrities, they aren't televised and the
clothes winners wear aren’t scrutinised in
magazines or social media. Games just aren’t
as glamorous, sexy or luvvie as TV and film.

Likewise, the new inclusion of a video game
soundtrack category in the 2022 Grammys, or
to give its full and heavily caveated title, Best
Score Soundtrack for Video Games and Other
Interactive Media, didn't really raise any headlines, except
ones to complain that the shortlist perhaps didn't recognise
the full depth and breadth of game music.

It's a reasonable criticism, although the category is new,
so maybe it'll take a few decades to settle in. However, there
is a risk that the game category has been included because
gamingis arich and popular industry, not because the Grammy
committee understands or cares about video game music.

The awards are Hollywood to their core (they were founded
in the 1950s to rectify the exclusion of some recording
professionals from the Hollywood Boulevard ‘walk of fame’).
Gaming isn’t particularly Hollywood.

AlthoughIdon’t disagree with traditional sound and visual
awards including new media, and welcome the inclusion of

There's a culture of
nottakinggame
awards seriously

such categories, it's not the same as awards by the gaming
industry that understand the media in the same way the
film directors who founded the BAFTAs understood theirs.

The current closest event to that is The Game Awards,
founded in 2014 by Kotaku contributor Jeff Keighley, which
replaced the short-lived Spike awards. Attempts by others to
create industry awards had failed, so Keighley wisely courted
exclusive content (such as a Nintendo gameplay reveal in 2014),
the backing of the big industry players and player feedback.
Voting is 9o per cent by expert committee, and 10 per cent
by the public, whichis perhaps a little fairer than some of the
more heavily gate-kept film awards.

And yet, the average gamer either hasn’t
heard of or doesn’t care about The Game Awards.
They're not a selling point like BAFTA winner’
or ‘Three-time Grammy nominated’. Maybe
in part that’s because of the personal nature
of gaming — my hundred hours in a JRPG vs
someone else’s 12 hours in a cute but short
indie puzzle platformer are hard to compare fairly, but both
might be eligible for game of the year.

Similarly, game genres are incredibly slippery, and technology
that changes the end-user experience such as VRis still evolving
—the closest film got to that is 3D.But still, there’s a culture of
not taking game awards seriously, and that’s a shame.

Maybe awards are nonsense and I shouldn't care about
whether anyone takes them seriously. However, I do think
it'’s important that innovation, art, storytelling and player
experience are rewarded and respected. Can you honestly tell
me you don’t have an answer if [ ask ‘what’s your 2022 game
of the year?’ The Games Awards gave that to Elden Ring. For
what it’s worth, mine is PowerWash Simulator. There’s still
hope for the BAFTAs. eP&

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


https://twitter.com/tkingdot

Monitors

BT

7 A

moment

innovation+4¥you

Momentum 32” 4K UHD, LCD display with Ambiglow
326 M6VJRMB

£ . .
4K m SS_A C"RIT\WDHDRM 4 9 9 Available at:
Ultra HD Isplay 00 irawidecotor Adaptive Sync am a;on ebuy ercom SCAN®


https://www.philips.co.uk/

/ NEWS

Incoming

Letters

Tell us what you think of the mag,
ask us questions and suggest your
own tips and tricks for other readers!

When's the nextissue out?

GUSGOMPE

Issue 235

onsale Thursday, 2 February

CORSAIRFLEXI-MONITOR
UP FORPRE-ORDER

Corsair's firstbendable monitoris now available
forpre-order, witha UK price of £2,099inc VAT
at corsair.com. The 45in panel has the ability to
be bentfrombeingfully flatto havingan 800R
curve, meaning you canhave the best of both
worlds depending onyour needs atthe time.
The XeneonFlex 45 has aresolution of
3,440 x1,440 witha21:9 aspectratio,and
Corsair saysits OLED display enablesitto
offerapeak brightness of 1,000 nitsanda
1,500,000:1contrastratio. There'salsoa
240Hzrefreshrate, as well as supportforboth
Nvidia G-Syncand AMD FreeSync Premium.
The company says units are expected to begin
shippinginlate December2022.

AMD RELEASES
FSR2.2

AMD has released another revision
toits FidelityFX Super Resolution
tech, whichit says willupgrade the
‘upscalingimage quality of FSR 2.1
with further quality enhancements
to alleviate ghosting on fast-moving
objects’. The techis already supported
in Need for Speed Unbound, and AMD
says that F122 will also get an update
inJanuary 2023 to supportit.
Synthetic 3D benchmark 3DMark
will also be getting an update to
support FSR 2.2, with the inclusion of
a'built-in frame inspector tool'.

-

Send all your correspondence to

custompc@raspberrypi.com

GEFORCERTX
4080 PRICEDROPS

If you thought that the £1,269 launch
price of Nvidia's GeForce RTX 4080
was too steep thenit looks like you
were right. We've heard several
reports of disappointing sales of
Nvidia's second-rung Ada GPU since
the launch, and the company has
already responded by dropping the
price of the Founders Edition to £1,199
inc VAT. Not only that, but prices of
cards from board partners have also
started to drop, with a Palit GameRock
RTX 4080 card currently available at
scan.co.uk for £1,189inc VAT.

FRACTAL GOES NORTH

Fractal Design hasintroduced anew case design
thatgoes beyond the usual aluminium and plastic
construction, adding walnut or oak panelling, along
withbrass or steel details, plus afaux leathertab at the
back that lets you easily pop off the top panel. Fractal
claims the North ‘integrates stylishly into your living
space’, while offering ‘anintuitive interior layout.’
Inadditiontoits unique looks, the North offers
room fora360mm radiatorinthe front, anda240mm
unitinthe top, while also allowing up to 350mm of
clearance for a graphics card, which drops to 300mm
if you have a360mm radiatorinthe front. Other
featuresinclude ameshedtop panel, andthere’s also
ameshversion of the case that offers ameshed sside
panelfor extra ventilation too. The Northis available to
pre-order from scan.co.uk now for £135inc VAT.
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/ GRAPHICS CARDS

Reviews

MD's latest flagship GPU s finally here! Oh, hold on,
where'sitgone? As James Gorbold correctly

outlines onp98, there's currently severely

insufficient stock of the Radeon RX7900 XTX. That's ashame,

because AMD's new top-end GPU is actually pretty good. It's
still overpriced at £999inc VAT, butitlooks like a
veritable bargain next to Nvidia's GeForce RTX 4090
and4080. We've taken afull deep dive into the new

AMD Radeon RX7900 RDNA 3 architecture in our feature on p68, but we'll
XTX,2269MHz game clock, ;

2499MHz boost clock go through the essentials here too.

Pipeline RDNA 3 sees AMD makes its firstmoveto a

6,144 dual-issue stream
processors, 192 ROPS

24GB GDDR6,2500MHz

(20GHz effective)

L3 cache
96MB

Memory interface
384-bit

Cardinterface
16x PCI-E4

Bandwidth
960GB/sec

Card length
287mm

Expansion slots
25

modular, chiplet-based approach to GPU package
design. Instead of having the whole lotin one
monolithic die under the heatspreader, AMD has
separated the L3 cache and memory controller
from the main processing units, dividing them

into chiplets.

Boththe Radeon RX7900 XTX and the 7900
XT (see p16) are based on the Navi31GPU; inthe
case of the 7900 XTX, this gives you 96 AMD
Compute Units, each containing a2nd-generation
AMD RT core, which gives you 6,144 dual-issue
stream processors.

You also get 96MB of L3 cache inthe Memory
Cache Dies (MCD) surrounding the main GPU,
called the Graphics Compute Die (GCD). This
arrangement gives the Radeon RX7900 XTX awide
384-bitmemory interface that, when combined
withthe 24GB of 2500MHz (20 GHz effective)
GDDR6 memory, gives you a total memory

AMD RADEONRX
/900 XTX /£999 nevar

bandwidth of 960GB/sec — not far off the 1TB/sec+ figures
we've seen from Nvidia's top-end GPUs.

As apoint of comparison, the top-end RDNA 2 GPU, the
Radeon RX 6950 XT,had 5,120 stream processors and a
256-bitmemory interface that, when combined withits 16GB
of 2250MHz (18 GHz effective) GDDR6 memory, gaveita total
memory bandwidth of 576 GB/sec. However, the Radeon RX
6950 XT did have 32MB more L3 cache.

Clock speeds have alsoincreased over RDNA 2. The
Radeon RX 6950 XT had a quoted game clock of 2100MHz
and aboost clock of 2310MHz, but the Radeon RX 7900 XTX
raises those figures to 2269MHz and 2499MHz respectively.
These quoted figures are also quite conservative — we saw the
Radeon RX7900 XTX hita peak boost clock of 3106MHzin our
game tests, andit was consistently running at over 3GHz.

The AMD-made card we tested for this review also has
amuch more elegant design than Nvidia's latest Founders
Edition cards. It sticks with the tried and tested 8-pin PCI-E
power connectors, avoiding potential for melting power
sockets, while also providing wide compatibility with existing
PSUs. It also only takes up two (and abit) expansion slots.

Irritating fan noise wasn't anissue during testing, and our
sample hita peak GPU temperature of 62°C with apeak
hotspotreading of 89°C. The latteris toasty, and the backplate
became hotto touch, but we didn't observe any throttling.

Performance

With arevised GPU architecture, more and faster memory,
and a greater number of stream processors, the Radeon RX
7900 XTX should be significantly quicker thanits predecessor,
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andthisis fully borne outin our testresults. Not only that, but
the 7900 XTXis also quicker than Nvidia's pricier GeForce
RTX4080insometests.Infact, iteven beats the RTX 4090
insome games at1,920x1,080.

However, you don't spend a grand on a GPU to rungames
at1080p, so we're going to focus on performance at 4K and
2,560x%1,440.Evenhere, there's one game where the Radeon
RX7900 XTX outperforms the GeForce RTX 4090, whichis
Assassin’s Creed Valhalla. The two GPUs perform similarly in
this game at 4K, and the Radeon RX 7900 XTX's 79fps 99th
percentile result and 106fps average are superb.

Metro Exodusis also a strong title for the Radeon RX 7900
XTX.The RTX4090isinfront, but that's to be expected froma
cardthat costs upwards of £1,699. With no ray tracing enabled,
the 7900 XTXremains ahead of the RTX 4080 here though
—the averages are similar, but the Radeon has a substantially
higher 99th percentile figure.

However, the two cards swap places once you addray
tracing. AMD has clearly done alot of work onimprovingits
ray tracing performance, but Nvidia's latest GPUs have the
upperhand.

That said, the Radeon’s average of 61fpsin this game at 4K
withray tracingis still a cracking result, and its 99th percentile
figure of 44fpsis well ahead of the 39fps from the GeForce
RTX 3090 Ti, Nvidia's former flagship, which still costs £1,149
inc VAT from Nvidia's online shop.

The situationin Cyberpunk 2077 was similar, with the
Radeon RX7900 XTX outperforming the GeForce RTX 4080
atthe standard Ultra preset (and averaging over 60fps to
boot). However, the Radeon dropped behind once ray tracing

was enabled. To be fair, not even the RTX 4090 can play this
game at 4K smoothly with ray tracing unless you enable
DLSS, butthe Radeon RX7900 XTX again performed similarly
totheRTX3090Ti.

Not even enabling FSR 2.1can make this game smoothly
playable at 4K with Medium ray tracing on the Radeon RX
7900 XTX, with a 48fps average and 41fps 99th percentile
result. Comparatively, the RTX 4090 averages 68fps at the
same preset with DLSS enabled, and the RTX 4080 hits 57ps.

The Nvidia cards also have the added bonus of Al frame
generation via DLSS 3, which massively improves frame rates
withray tracing, evenif it doesn't always look perfect. AMD has
clearly worked hard onits silicon with this generation of GPUs,
butthere's none of the groundbreaking software innovation
we saw with DLSS 3 on show here.

When it comes to high framerates,in Doom Eternal, the
Radeon RX7900 XTX was behind both the new Nvidia GPUs,
butsits frame rates were still superb, averaging amassive
308fps at 4K, and still maintaining a 167fps average with ray
tracingenabled.

Finally, we come to power draw, where the Radeon RX
7900 XTX couldn'tbe described as frugal, butis much more
efficientthan the last-gen GeForce RTX 3090 Ti,and our
systemalso didn't spike into the 600W range when running
at4K, which we saw with the GeForce RTX 4090. Our system
drew a peak of 546W with the Radeon RX 7900 XTX installed.

Conclusion

With a price of £999inc VAT, AMD has cut out an attractive
market slot for the Radeon RX7900 XTX. Its raw shader
power is right up there with much pricier Nvidia GPUs, and its
ray tracing power is on par with the GeForce RTX 3090 Ti. AMD
still can't catch Nvidia's latest GPU tech whenit comes to ray
tracing, andit's a shame there are no big software innovations
suchas DLSS 3, but the Radeon RX7900 XTX has power
whereit counts. Let's hope more stock appearsinthe new
year, and thatthe sub-£1,000 price sticks.

BENHARDWIDGE

VERDICT

Great shader power for the money, and while Nvidia's Ada
GPUs are faster at ray tracing, the new Radeon is on par
with the RTX 3090 Ti. It's just a shame there’s no stock.

SHADER

Much cheaper
thanRTX 4080

Improved
ray tracing
performance

Strong shader
performance

Standard power
connectors

SHADY

Severely
limited stock

No Alframe
generationtech

Still expensive

Nvidia still faster
atraytracing

PERFORMANCE

44/50

16/20
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AMD RADEONRX
/900 XT / £899 wevar

SPEC

Graphics processor

AMD Radeon RX 7900 XT,2025MHz
game clock, 2394MHz boost clock

Pipeline

5,376 dual-issue stream processors,

192ROPS

Memory

20GB GDDR6,2500MHz (20GHz

effective)

L3 cache
80MB

Memory interface
320-bit

Card interface
16x PCI-E4

Bandwidth
800GB/sec

Card length
276mm

Expansion slots
25

nlike its bigger sibling, the
Radeon RX 7900 XT was stillin
stock atits MSRP of £899inc VAT atthe

time of going to press, and while that's good to seein these
times, there's also areason forit. Like the GeForce RTX 4080,
the Radeon RX 7900 XT is priced too close toits respective
flagship GPU for the spec on offer.

There's only £100 separating the two cards, and the variety
of SKUs on offer from board partners means thatin many
cases, you can pick up a stock-speed Radeon RX 7900 XTX
forthe same price as an overclocked Radeon RX 7900 XT,
andthe formeris absolutely the better card
tobuy.

That said, it's still refreshing to see two
top-end GPUs launch below £1,000inc
VAT inthese high-pricedtimes and the
Radeon RX7900 XTis stilla potent card. It's
based on AMD's new RDNA 3 architecture
(see our feature on p68 for the full deep
dive), which divides the GPU packageinto a
Graphics Compute Die (GCD), containing all
the main processors, and several Memory
Cache Dies (MCDs), which contain the L3
cache and memory controller system.

The RadeonRX 7900 XT only has five
enabled MCDs, comparedto six onthe
Radeon RX 7900 XTX, which drops the L3
cache downto 80OMB from 96MB, and also
reduces the width of the memory interface
from 384 bits to 320.

Italso means the card can only address
20GB of memory, rather than 24GB, but
that's still plenty and it runs at the same
2500MHz (20GHz effective) speed as the
memory on the flagship GPU. The resultis

an overallmemory bandwidth of
800GB/sec, whichis well behind
the 960GB/sec of the Radeon RX
7900 XTX, butstillabove the 716.8GB/sec
of the GeForce RTX 4080.

Some of the Compute Units (CUs) on the GCD have also
beendisabled, givingthe Radeon RX7900 XT 84 CUs
comparedto 96 onits bigger sibling. Each CU contains a
2nd-generation AMD ray tracing core and 64 dual-issue
stream processors, meaning you get 5,376 of the latterin
totalonthe Radeon RX 7900 XT.

Clock speeds have also been dropped a bit onthe 7900
XT, with AMD quoting a typical game clock of 2025MHz and
a2394MHz boost clock. However, as with the Radeon RX
7900 XTX, we found these figures were highly conservative,
with the Radeon RX7900 XT peaking at2913MHz
during benchmarking.

The lower clocks and lesser spec put less of a strainon the
coolerthan onthe Radeon RX7900 XTX though. The peak
GPU temperature we recorded during testing was 62°C with
atop hotspot reading of 78°C, which are similar results to the
temperature readings from the GeForce RTX 4080 Founders
Edition withiits colossal cooler.

Performance

Despiteits lesser spec, the Radeon RX 7900 XT gets off to
agreat startin our benchmarks (over the page), beating the
GeForce RTX4090in Assassin's Creed Valhallaat 1,920 x
1,080. It also holds its own against the GeForce RTX 4080

INSTOCK SOLD OUT
Under £900 = Overpricedfor spec
Much faster than = Nvidia AdaGPUs are
RadeonRX 6950 XT faster atray tracing

Standard power connectors = Startstostruggle at4K


http://overclockers.co.uk

inthis game at2,560 x 1,440. It's only when you up the
resolutionto 4K thatthe XT starts to falter, butit's still not far
off the GeForce RTX 4080 here, andit's well ahead of the
RadeonRX 6950 XT and GeForce RTX 3090 Ti.

This gameis renowned for preferring AMD's GPUSs,
though, so how does it hold up in other games? Moving to
Metro Exodus without ray tracing, the Radeon RX 7900 XT is
slowerthanthe RTX 4080 at2,560 x 1,440, butnotby ahuge
margin andit's well ahead of all the last-gen GPUs. Again,
performance drops off at 4K, with its average framerate
dropping by 15fps compared with the XTX, althoughit's still
perfectly playable on the XT.

Addray tracing to the mix, though, and the Radeon RX
7900 XTisn'tas convincing. Its average falls behind the last-
genRTX 3090 at2,560 x 1,440, while still maintaining a solid
framerate, butit drops down to 51fps at 4K, putting it behind
the RTX 3080 Tiand 10fps behind the Radeon RX 7900 XTX.

Likewise, in Cyberpunk 2077 without ray tracing, the
Radeon RX7900 XT held up pretty well, with a cracking
average of 106fps at 2,560 x 1,440 and a still playable
average of 54fps at 4K. Enable the Medium ray tracing preset,
though, andit starts to struggle. It can still maintain a decent
framerate at2,560 x 1,440if you enable FSR 2.1, but it
can'tcope at4K.

Meanwhile, moving to Doom Eternal showed up the gulf
in processing power between the 7900 XT and the XTX, with
the former regularly being about 40fps behindits bigger
sibling once you get above 1,920 x1,080.

It still coped well with this game at high frame rates, though,

even at4K with ray tracing enabled. It was significantly slower
thanthe RTX 4080 in this test, butit's still playable. Plus, let's

notforgetthatthe RTX 4080 costs agood £300 more than
the RadeonRX7900 XT.

Finally, we come to power consumption, where our
system’s peak draw of 503W with the Radeon RX 7900 XT
installed was a good 23W higher than with the RTX40801in
place. The RTX 4080 has the edge on performance per watt,
butthe 7900 XT still draws less power thanthe RTX 3080 Ti.

Conclusion

If the Radeon RX 7900 XT cost £799, this would be aclean
runfor AMD, but at £899, it muddies the waters to the point
where you might as well get the much better performance of
the XTX model for £100 more. It can't compete with Nvidia's
latest GPUs either, but that's hardly surprising when they
cost so much more money. It's not far off the pace of the RTX
4080, though, andit's much quicker than AMD's previous
flagship, the Radeon RX 6950 XT.

If you're playing games at 2,560 x 1,440, thenthe Radeon
RX7900 XTis a solid card, even with ray tracing enabled and
particularly if you can enable FSR 2.1. However, it starts to
struggle at 4K, especially once you add ray tracing to the mix,
andthe Radeon RX 7900 XTX copes betterhere. That'sa
problem whenthere’s only a £100 price difference between
the two cards. Arguably, the 7900 XT would be more
appropriately namedthe 7800 XT and have alower price.

That said, it's great to see AMD pricing bothiits two new
GPUs underthe £1,000 markin these times, and the Radeon
RX7900 XTis atleastin stock. The Radeon RX7900 XTX
gives you better bang per buck, butthe 7900 XTis stilla
decent choiceif you're looking to play games at 2,560 x 1,440.
BENHARDWIDGE

VERDICT

Solid gaming performance, but the price is wrong. This
would be a winner if it were called the Radeon RX 7800
XT and cost £799, but at £899, it's too closely priced to
the significantly more powerful Radeon RX 7900 XTX.

PERFORMANCE

42/30

16/20
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1,920 x 1,080
Ultra high settings, High AA
Radeon RX 7900 XTX 120 188
Radeon RX 7900 XT 14 176
Sapphire Nitro+ Pure 6950 XT m 163

GeForce RTX 4090 109 162
GeForce RTX 4080 108 157

Radeon RX 6900 XT 101 145

Radeon RX 6800 XT 93 133

GeForce RTX 3080 Ti 70 97

99th percentile (fps) Average (fps)

2,560 x 1,440
Ultra high settings, High AA
Radeon RX 7900 XTX m 161

GeForce RTX 4090 105 152

Radeon RX 7900 XT 89 146
GeForce RTX 4080 101 143

Sapphire Nitro+ Pure 6950 XT 91 129

Radeon RX 6900 XT 84 15

Radeon RX 6800 XT 76 105

GeForce RTX3090 Ti 74 103

GeForce RTX3080 Ti 64 86

99th percentile (fps) Average (fps)

CYBERPUNK 2077

1,920 x 1,080

Ultra preset, no ray tracing

Radeon RX 7900 XTX 99 150
GeForce RTX 4090 96 145
Radeon RX 7900 XT 90 144
GeForce RTX 4080 93 138
Sapphire Nitro+ Pure 6950 XT 90 127
GeForce RTX 3090 Ell 18
Radeon RX 6900 XT 78 16
GeForce RTX 3080 Ti 87 12
Radeon RX 6800 XT 78 108
GeForce RTX 3080 80 104

1,920 x 1,080 - RAY TRACING

Medium ray tracing preset, DLSS disabled

GeForce RTX 4080 65 87
Radeon RX 7900 XTX 60 73
Radeon RX 7900 XT S5 67
41 49

Sapphire Nitro+ Pure 6950 XT

1,920 x 1,080 - MEDIUM RAY TRACING + FSR 2.1

Medium ray tracing preset, FSR Balanced

Radeon RX 7900 XTX 7 97
Radeon RX 7900 XT 70 93
Sapphire Nitro+ Pure 6950 XT 64 79

98th percentile (fps) Average (fps)

2,560 x 1,440
Ultra preset, noray tracing
GeForce RTX 4090 78 120
Radeon RX 7900 XTX 87 18
GeForce RTX 4080 84 12
Radeon RX 7900 XT 81 106
GeForce RTX3090 Ti 70 85
GeForce RTX 3090 68 84
Sapphire Nitro+ Pure 6950 XT 66 83
GeForce RTX3080 Ti 66 79
Radeon RX 6900 XT 59 79
Radeon RX 6800 XT 54 74
GeForce RTX3080 58 70

2,560 x 1,440 - MEDIUM RAY TRACING

Medium ray tracing preset, DLSS disabled

GeForce RTX 4090 50 bl
GeForce RTX 4080 55 65
GeForce RTX3090 Ti 44 51
Radeon RX 7900 XTX 43 50
Radeon RX 7900 XT 37 44

Sapphire Nitro+ Pure 6950 XT 28 32

2,560 x 1,440 - MEDIUM RAY TRACING + FSR 2.1
Medium ray tracing preset, FSR Balanced
Radeon RX 7900 XTX 64 82
Radeon RX7900 XT 60 74

Sapphire Nitro+ Pure 6950 XT 52 62

98th percentile (fps)

AMD RADEON RX 7900 XT AND XTX RESULTS
ASSASSIN'S CREED VALHALLA

Average (fps)

PEAK TOTAL SYSTEM POWER CONSUMPTION (WATTS)

Metro Exodus, 2,560 x 1,440, Ultra settings

Radeon RX 6800 XT 470
Radeon RX 6900 XT 472
GeForce RTX 4080 480
GeForce RTX3080 494
Radeon RX 7900 XT 503
GeForce RTX3080 Ti 526
GeForce RTX 4090 535
Radeon RX 7900 XTX 546
Sapphire Nitro+ Pure 6950 XT 558
GeForce RTX3090 679
GeForce RTX3090 Ti 691

Lower is better

3,840 x 2,160
Ultra high settings, High AA
GeForce RTX 4090 76 108
Radeon RX 7900 XTX 79 106
GeForce RTX 4080 65 92
Radeon RX 7900 XT 64 89
Sapphire Nitro+ Pure 6950 XT 56 75
GeForce RTX3090 Ti 56 72
Radeon RX 6900 XT 51 67
Radeon RX 6800 XT 48 62
GeForce RTX3080 Ti 46 60
99th percentile (fps) Average (fps)

3,840x2,160
Ultra preset, noray tracing
GeForce RTX 4090 55 69
Radeon RX 7900 XTX 52 62
GeForce RTX 4080 50 57
Radeon RX 7900 XT 49 54
GeForce RTX3090 Ti 40 48
GeForce RTX 3090 40 45
GeForce RTX3080 Ti 37 42
Sapphire Nitro+ Pure 6950 XT 34 39
Radeon RX 6900 XT 33|39
GeForce RTX 3080 3337
Radeon RX 6800 XT 30 36

3,840 x 2,160 - MEDIUM RAY TRACING

Medium ray tracing preset, DLSS disabled

GeForce RTX 4090 34 4
GeForce RTX 4080 28 32
GeForceRTX3090Ti 23 26
RadeonRX 7900 XTX 22 25
Radeon RX7900 XT 19 22

Sapphire Nitro+ Pure 6950 XT 1315

3,840 x 2,160 - MEDIUM RAY TRACING + FSR 2.1

Medium ray tracing preset, FSR Balanced

Radeon RX 7900 XTX 41 48
Radeon RX7900 XT 36 41
Sapphire Nitro+ Pure 6950 XT 32 37

99th percentile (fps) Average (fps)
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DOOM ETERNAL

1,920 x 1,080
Ultra Nightmare settings
GeForce RTX 4090 an eos
GeForce RTX 4080 ses  ses
Radeon RX 7900 XTX seo|  sss
Radeon RX 7900 XT 332 ss3

Sapphire Nitro+ Pure 6950 XT

GeForce RTX 3090 339 4s8
Radeon RX 6900 XT sl e
GeForce RTX3080 Ti 38 an
Radeon RX 6800 XT 35 lade
GeForce RTX 3080 289 433
0 180 360 540 720

1,920 x 1,080 - RAY TRACING
Ultra Nightmare settings, ray tracing enabled

GeForce RTX 4090 36 428
GeForce RTX 4080 200 lar
Radeon RX 7900 XTX 225 353
Radeon RX 7900 XT 27, a2

' 268

o] 180 360 540 720

Sapphire Nitro+ Pure 6950 XT
9th percentile (fps) || Average (fps)

METRO EXODUS

1,920 x 1,080
Ultra settings, HairWorks off, PhysX off
Radeon RX 7900 XTX 4l ee
GeForce RTX 4090 e .2
Radeon RX 7900 XT o ®3
GeForce RTX 4080 84l 4
Sapphire Nitro+ Pure 6950 XT 82 _147
GeForce RTX 3090 78 us
Radeon RX 6900 XT 70 s
GeForce RTX3080 Ti s
Radeon RX 6800 XT ]
GeForce RTX 3080 ssl s

0 60 120 180 240
1,920 x 1,080 - RAY TRACING
Ultra settings, HairWorks off, PhysX off, High ray tracing
Radeon RX 7900 XTX 84 w7
GeForce RTX 4090 78l s
GeForce RTX 4080 7l wo
Radeon RX 7900 XT g0 |me
GeForce RTX 3090 66| 123
GeForce RTX3080 Ti s W
Sapphire Nitro+ Pure 6950 XT 58-107
GeForce RTX 3080 56| 106
Radeon RX 6900 XT 62 99
Radeon RX 6300 XT s8 e
0 60 120 180 240

99th percentile (fps) || Average (fps)

:iiiii: AMD RADEON RX 7900 XT AND XTX RESULTS :

2,560 x 1,440 3,840x 2,160
Ultra Nightmare settings Ultra Nightmare settings
GeForce RTX 4090 40 se0 GeForce RTX 4090 266 44
GeForce RTX 4080 sl sz GeForce RTX 4080 202[ 3w
Radeon RX 7900 XTX ssol  so3 Radeon RX 7900 XTX 202 308
Radeon RX 7900 XT 208|464 Radeon RX 7900 XT 70 265
GeForce RTX 3090 Ti 331 ez GeForce RTX3090 Ti 4] |256
GeForce RTX 3090 303408 GeForce RTX 3090 w9247
Sapphire Nitro+ Pure 6950 XT 268|404 GeForceRTX3080TI 148|227

Radeon RX 6900 XT 261 39

GeForce RTX3080 Ti 253 385
Radeon RX 6800 XT 29 32
GeForce RTX 3080 23 a4

0 180 360
2,560 x 1,440 - RAY TRACING
Ultra Nightmare settings, ray tracing enabled

GeForce RTX 4090

265|397
243349
Radeon RX 7900 XTX 181 286
13282
w4 256
125 193

0 180 360

GeForce RTX 4080

GeForce RTX 3090 Ti
Radeon RX 7900 XT

Sapphire Nitro+ Pure 6950 XT

99th percentile (fps) || Average (fps)

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

GeForce RTX 4090
Radeon RX 7900 XTX

sol T e
—
GeForceRTX4080 66 |14

Radeon RX 7900 XT 82 w7
GeForce RTX 3090 Ti o 22
GeForce RTX 3090 o @

70l o

Sapphire Nitro+ Pure 6950 XT

GeForce RTX3080 Ti e |ma
Radeon RX 6900 XT e/ m
Radeon RX 6800 XT 62 104

GeForce RTX 3080 520 100

2,560 x 1,440 - RAY TRACING
Ultra settings, HairWorks off, PhysX off, High ray tracing
GeForce RTX 4090
GeForce RTX 4080
Radeon RX 7900 XTX
GeForce RTX 3090 Ti
GeForce RTX 3090
Radeon RX 7900 XT
GeForce RTX3080 Ti
GeForce RTX 3080
Sapphire Nitro+ Pure 6950 XT

Radeon RX 6900 XT

Radeon RX 6800 XT

9oth percentile (fps) || Average (fps)

e 210

Sapphire Nitro+ Pure 6950 XT

RadeonRX6900XT 143|214
GeForce RTX 3080 w201
RadeonRX6800XT 125|180

540 720 0 180 360 540
3,840 x 2,160 - RAY TRACING

Ultra Nightmare settings, ray tracing enabled

GeForce RTX 4090 e 276
GeForce RTX 4080 137 -209
GeForceRTX3000Ti 110|171
RadeonRX7900XTX 107 167
RadeonRX7900XT 97| 144

Sapphire Nitro+ Pure 6950 XT = 68 I103
540 720 0 180 360 540

99th percentile (fps) | Average (fps)

3,840x 2,160
Ultra settings, HairWorks off, PhysX off

GeForce RTX 4090 74 1no
Radeon RX 7900 XTX 67l 103
GeForce RTX 4080 55| 102
Radeon RX 7900 XT 58| 88
GeForce RTX3090 Ti o e
GeForce RTX 3090 o s

50 76

Sapphire Nitro+ Pure 6950 XT

GeForce RTX 3080 Ti 4w 75
Radeon RX 6900 XT 45 les
GeForceRTX3080 40/ 65
Radeon RX 6800 XT 2] &3

180 240 o] 60 120 180

3,840 x 2,160 - RAY TRACING
Ultra settings, HairWorks off, PhysX off, High ray tracing

GeForce RTX 4090 s6 e
GeForce RTX 4080 a8 75
Radeon RX 7900 XTX a4l e
GeForceRTX3090Ti 39 61
GeForceRTX3090 39| 59
GeForceRTX3080TI 35| 55
RadeonRX7900XT 37| st
GeForceRTX3080 30 |47
Sapphire Nitro+ Pure 6950 XT 32| |43
RadeonRX 6900 XT 29| 40
RadeonRX 6800 XT 27,37
180 240 ) 60 120 180

9gth percentile (fps) || Average (fps)

720

720

240

KN
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LGA1700 CPU

INTEL CORE
|7_/|3700|< / £449 incvar

€'ve had abombardment of new siliconlaunches
. over the past couple of months, evenif you forget

about GPUs and concentrate on CPUs. AMD and
Intelhave both fired broadsides of very different CPUs, with
the latter focusing on high core counts, its new Raptor Lake
architecture and some very high frequencies to win the fight.
The Corei7-13700Kis the last Raptor Lake CPU to land in our
lab from the launch line-up, and given that the Core i5-13600K

was awesome, we're excited to see how it fares in our
benchmarks, as well as with overclocking.

Compare this new chip withits 12th-gen Alder Lake
predecessor, and practically every part of this CPU has been
tweaked, from frequencies to maximum turbo power and
core count. The number of Raptor Cove Performance cores
(P-Cores) has stayed the same at eight, and these cores
also support Hyper-Threading, meaning they can execute
16 concurrent threads. However, the number of Gracemont

SPEC

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

Max boost fi;équency

Core

Raptor Lake
Manufacturing process
10nm (Intel 7)

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

vaer—ThréSding
Yes

Cache
30MBL3,24MB L2

Memory controller
Dual-channel DDR4 and DDR5

Packaging '
LGA1700

253W

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

Efficient cores (E-Cores) hasincreased from
eightto 16, with the CPU giving you a total of
16 cores and 24 threads, comparedto 12 cores
and 20 threads with the Corei7-12700K.

Comparably, its big sibling, the Core
i9-13900K, has double the number of
E-Cores at 16, so it will offer significantly more
multi-threaded performance. However, the
Corei5-13600K sitsjust behind the 113700K,
lackingtwo of its P-Cores, but sporting the
same number of E-Cores, soitmay get pretty
closeinterms of performance to the 113700K,
while demanding less cash. Your wallet could
be particularly happy here too, as the Core
i7-13700K costs awhopping £110 more than
the Corei5-13600K, with us having spotted
the latter going forjust £330 inc VAT whenwe
wrote this review.

The boost frequencies of the Core
i7-13700K sit afair bit below those of the Core
i9-13900K, with amaximum of 5.4GHz for
its P-Cores, and we regularly saw it hitting
between 5.3GHz and 5.4GHzin Windows
too. Thisis 300MHz higher than the Core
i5-13600K's boost clock, but 400MHz short

of the Corei9-13900K. In multi-threaded workloads, we saw
its P-Cores hitan all-core boost of 5.2GHz as well. This was
100MHz higher thanthe Corei5-13600K's all-core boosts, so
the Corei7-113700K s a fairly potent CPU out of the box.

As well as competition fromits own siblings, there's also
intense competition from AMD here in the form of the Ryzen
97900X. AMD has slashed prices of its Ryzen 7000-series
CPUs inrecent weeks, in order to tempt people overtoits
pricey DDR5-only Socket AMS5 platform, but this has only
broughtits price inline with that of the Corei7-13700K - the
Ryzen 97900X still goes for around £450 inc VAT inthe UK.
Itlags behind the Intel CPU interms of core count, withjust 12,
butthose are all full-on Zen 4 cores andit can handle the same
number of threads.

Performance

Overclocking the Corei7-13700K was sadly not as fruitful
asitwas with the Core i5-13600K, as we could only get our
sampletorunat5.5GHz across allits P-Cores, while the
latter could hita couple of hundred megahertz higher. This
was enoughto provide a 100MHz boost to the maximum
boost frequency, though, and 300MHz to the all-core boost
frequency - achievingitrequired us toinput a vcore of 1.35V
andfor us to open the taps on the power and current limitsin
ourmotherboard's EFI.

At stock speed, the Ryzen 9 7900X produced a score of
89,945 in our RealBenchimage editing test, which stresses
single-threaded performance. This was well ahead of the
Corei7-13700K, which scoredjust 82,711, but AMD’s Ryzen
7000-series CPUs have a consistentedge inthis test. The
Corei5-13600K hit 81,061here, soit's very close to the
13700K despite the 300MHz boost clock deficit.


http://scan.co.uk

In our heavily multi-threaded video encoding test, the Core
i7-13700K managedto score 1,197,961compared to 1,239,069
forthe Ryzen 9 7900X, with a sizeable lead over the Core
i5-13600K’s 1,018,435. Meanwhile, AMD had a huge lead
in our multi-tasking test, but was only slightly better overall
whenit cameto the overall system score, with both CPUs
offering adecentlead over the Corei5-13600K.

Movingto Cinebench R23's multi-threaded test saw the
Corei7-13700K outpace the Ryzen 9 7900X by over1,000
points andits score of 30,137 was way ahead of the Core
i5-13600K’s 24,268, showing that the Corei7-13700K
is the superior chip for heavily multi-threaded content
creation workloads.

Intelalso had aleadinthe single-threaded test, with a score
0f 2,099 comparedto 2,024 forthe Ryzen 9 7900X and 2,011
forthe Corei5-13600K. Intel alsohad aleadin Far Cry 6, with a
10fps average frame rate advantage over the Ryzen 97900X,
butonly 1fps over the Corei5-13600K, while Watch Dogs:
Legion saw all three CPUs producing similar framerrates.

Overclocking added areasonable amount to the RealBench
system score, but not enough to beat the Ryzen 97900X,
althoughit came close inthe image editing and video encoding
tests. The overclock added another thousand points or soin
Cinebenchtoo, extending the Intel chip’s lead, but games saw
little improvement.

Finally, power consumption was drastically in AMD’s
favour with a 325W peak system draw for the Ryzen 9 7900X
eclipsed by 389W for the Core i7-13700K and 415W wheniit
was overclocked.

Conclusion

Thanks to DDR4-compatibility and support for 12th-gen
motherboards, the Corei7-13700K will cost less to own than
the Ryzen 9 7900X once you factorinthe entire system cost.
The AMD chipis alittle fasterin some tests, but the two chips
are pretty much evenly matched most of the time. Socket
AMS5 may have alonger lifespan than LGAT/00 in the future,
but we'd still opt for the Core i7-13700K over the Ryzen 9
7900X giventhe current overall system cost.

However, the factremains that the Core i5-13600Kis
significantly cheaper and, thanks to a core count that's not
much lower, it's really not far behind. It was even allittle faster
thanthe Corei7-13700K in sometests.

If you need the added multi-threaded grunt of the Core
i7-13700K thenit's just about worth the extra cash, but only
when all of its cores are fully used for long periods. It's also
significantly cheaper than the Corei9-13900K, but whileit's
afantastic CPU, we'd definitely advise most people to save
some money and go for the Corei5-13600K instead.

ANTONY LEATHER

VERDICT

A good match for AMD’s Ryzen 9 7900X, and with
a lower overall system cost, but the cheaper Core
i5-13600K is a better fit for most people’s needs.

SLOT-IN
UPGRADE

Great multi-
threaded
performance

Lower overall
system costthan
Ryzen97900X

Much cheaper
than Core
i9-13900K

NEW SYSTEM
REQUIRED

= Corei5-13600K
justasfastin
many tests

= Power-hungry
= Limited

overclocking
headroom

PERFORMANCE

43/50

14/15
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GIMP IMAGE EDITING
Stock speed

AMD Ryzen 97950X

AMD Ryzen 7 7700X

AMD Ryzen 97900X

Intel Core i9-13900K

Intel Core i9-12900KS

Intel Core i7-13700K

Intel Core i5-13600K

Intel Core i7-12700K

Intel Core i9-12900K

AMD Ryzen 9 5950X

AMD Ryzen 7 5800X3D

Overclocked

Intel Core i9-13900K
Intel Core i5-13600K
AMD Ryzen 7 7700X
Intel Core i7-13700K
Intel Core i9-12900KS
Intel Core i7-12700K
Intel Core i9-12900K
AMD Ryzen 9 5950X

HANDBRAKE H.264 VIDEO ENCODING
Stock speed
Intel Core 19-13900K
AMD Ryzen 97950X
AMD Ryzen 9 7900X
Intel Core i7-13700K
Intel Core i9-12900KS
Intel Core i9-12900K
AMD Ryzen 9 5950X
Intel Core i5-13600K
AMD Ryzen 7 7700X
Intel Core i7-12700K
AMD Ryzen 7 5800X3D

Overclocked

Intel Core i19-13900K
Intel Core i7-13700K
Intel Core i9-12900KS
Intel Core i9-12900K
AMD Ryzen 9 5950X
Intel Core i5-13600K
Intel Core i7-12700K
AMD Ryzen77700X

FAR CRY 6 (FPS)

Stock speed, 1,920 x 1,080, Ultra settings

Intel Core i9-13900K

AMD Ryzen 7 5800X3D

Intel Core i7-13700K

Intel Core i5-13600K

Intel Core i9-12900KS

AMD Ryzen 9 7950X

AMD Ryzen 9 7900X

AMD Ryzen 7 7700X

Intel Core i7-12700K

AMD Ryzen 9 5950X

Intel Core i9-12900K

Overclocked, 1920 x1,080, Ultra settings

Intel Core i5-13600K
Intel Core i7-13700K
Intel Core i9-12900KS
Intel Core 19-13900K
AMD Ryzen 7 7700X
Intel Core i9-12900K
Intel Core i7-12700K
AMD Ryzen 9 5950X

99th percentile

93,724
90,694
89,945
87,278
86,284
82,71
81,061
80,885
80,155
76,586
70,595

93,51
92,675
89,852
87,708
86,284
84,450
83,843
72,729

1,409,689
1,397,365
1,239,069
1,197,961
1,137,489
1,061,918
1,029,189
1,018,435
932918
927,289
698,723

1,390,396
1218912

1,137,489
116,097

1,077,960

1,060,697

986,910
951504

105 141
103 138
103 141
101 141
101 138
101 133
101 131
100 134

92 136

92 127

91 136

104 142
104 142
101 138
99 141
98 133
94 139
a3 138
92 127

Average

HEAVY MULTI-TASKING
Stock speed
AMD Ryzen 97950X
AMD Ryzen 9 7900X
Intel Core i9-13900K
Intel Core i9-12900KS
AMD Ryzen 7 7700X
Intel Core i9-12900K
Intel Core i7-13700K
AMD Ryzen 7 5800X3D
Intel Core i5-13600K
AMD Ryzen 9 5950X
Intel Core i7-12700K

Overclocked

Intel Core i9-13900K
Intel Core i9-12900KS
AMD Ryzen 7 7700X
Intel Core i7-13700K
Intel Core i5-13600K
Intel Core i9-12900K
AMD Ryzen 9 5950X
Intel Core i7-12700K

SYSTEM SCORE
Stock speed
AMD Ryzen 9 7950X
Intel Core i9-13900K
AMD Ryzen 9 7900X
Intel Core i7-13700K
Intel Core i9-12900KS
Intel Core i9-12900K
AMD Ryzen 9 5950X
Intel Core i5-13600K
AMD Ryzen 7 7700X
Intel Core i7-12700K
AMD Ryzen 7 5800X3D

Overclocked

Intel Core i9-13900K
Intel Core i7-13700K
Intel Core i9-12900KS
Intel Core i9-12900K
Intel Core i5-13600K
AMD Ryzen 9 5950X
AMD Ryzen 7 7700X
Intel Core i7-12700K

WATCH DOGS: LEGION (FPS)
Stock speed, 1,920 x 1,080, Ultra settings

AMD Ryzen 7 7700X

Intel Core i9-13900K

Intel Core i5-13600K

Intel Core i7-13700K

AMD Ryzen 9 7900X

Intel Core 19-12900KS

Intel Core i7-12700K

Intel Core i9-12900K

AMD Ryzen 97950X

AMD Ryzen 7 5800X3D

AMD Ryzen 9 5950X

Overclocked, 1,920 x 1080, Ultra settings

Intel Core i9-13900K
Intel Core i5-13600K
Intel Core i7-13700K
AMD Ryzen 7 7700X
Intel Core i9-12900KS
Intel Core i7-12700K
Intel Core i9-12900K
AMD Ryzen 9 5950X

99th percentile

: INTEL CORE i7-13700K RESULTS :

460,907
446,493
418,252
395,855
387,941
387,778
366,127
359,955
359,400
357,373
341,289

422,663
395,855
383,966
383,228
378,000
374196
374,124
349,660

495,461
486,267
450,644
420,310
412,369
387,778
373,168
372186
360,350
344,828
289,771

484,104
431,072
412,369
400,996
390,305
388,665
363,798
362,717

82 97
81 97
81 97
81 97
80 95
79 98
79 97
79 97
79 96
77 95
73 91

82 98

81 97

81 97
80 94
79 98
79 96
78 96

73 91

Average

CINEBENCH R23 MULTI-THREADED

Stock speed

Intel Core i9-13900K
AMD Ryzen 9 7950X
Intel Core i7-13700K
AMD Ryzen 9 7900X
Intel Core i9-12900KS
Intel Core i9-12900K
AMD Ryzen 9 5950X
Intel Core i5-13600K
Intel Core i7-12700K
AMD Ryzen 7 7700X
AMD Ryzen 7 5800X3D

Overclocked

Intel Core i9-13900K
Intel Core i7-13700K
AMD Ryzen 9 5950X
Intel Core i9-12900K
Intel Core i9-12900KS
Intel Core i5-13600K
Intel Core i7-12700K
AMD Ryzen 7 7700X

40,444

38,422

30,137

28,843

28,645

27,579
25,264
24,268
22,802
20,030
14,463

4,015

31577

30,853
28,653
28,645

25,657
24,94
20,986

CINEBENCH R23 SINGLE-THREADED

Stock speed

Intel Core i9-13900K
Intel Core i9-12900KS
Intel Core i7-13700K
AMD Ryzen 9 7950X
AMD Ryzen 9 7900X
Intel Core i5-13600K
AMD Ryzen 7 7700X
Intel Core i9-12900K
Intel Core i7-12700K
AMD Ryzen 9 5950X

Overclocked

Intel Core i9-13900K
Intel Core i5-13600K
Intel Core i7-13700K
Intel Core i9-12900KS
Intel Core i9-12900K
Intel Core i7-12700K
AMD Ryzen77700X
AMD Ryzen 9 5950X

2,246

2,099

2,099

2,050

2,024

2,01

2,007
1,992
1,930

1653

2,287
2,229
2164
2,099
1,987
1,957
1930
1527

TOTAL SYSTEM POWER CONSUMPTION (WATTS)
Stock speed, Windows desktop / Prime95 smallFFT

AMD Ryzen 95950X 104 217
Intel Core i7-12700K 56 248
AMD Ryzen75800X3D 96 260
AMD Ryzen 7 7700X 1ne 273
Intel Core i9-12900K 57, 305
AMD Ryzen 9 7900X m 325
Intel Core i5-13600K 94 331
AMD Ryzen 9 7950X 15 376
Intel Core i7-13700K 95 389
Intel Core i9-12900KS 61 489
Intel Core i9-13900K 95 546
Lower is better
Overclocked, Windows desktop / Prime95 smallFFT
AMD Ryzen77700X 65 272
Intel Core i7-12700K = 85 281
Intel Core i9-12900K 97 320
AMD Ryzen 9 5950X 106 331
Intel Core i5-13600K 100 381
Intel Core i7-13700K 105 415
Intel Core i9-12900KS 61 489
Intel Core i9-13900K 106 525
Lower is better
Idle Load
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/MOTHERBOARDS

ATX B650 MOTHERBOARD

MSIMPGB650
CARBONWIFI/
£337ichAT

SPEC

Chipset
AMD B650

CPU socket
AMD Socket AM5

Memory support
4 slots: max 64GB DDR5 (up to
6600MHz)

Expansion slots
Two 16x PCI-E 4, one 4x PCI-E 3

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

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

6 xSATA 6Gbps, 1xM.2PCI-E5,
3xM.2PCI-E4,7xUSB3.2Gen
2 Type-A,2xUSB 3 Type-A,2x
USB2 Type-A,1xUSB 3.2 Gen
2x2 Type-C,1xUSB 3.2 Gen

2 Type-Cheader, 1xLAN, 3 x
surround audio out

Dimensions (mm)
305x244

s the first motherboard based on
. AMD's new B650 chipsettolandin

our lab, the MSIMPG B650 Carbon
WiFihas plenty of expectations ridingonit. One
of thoseis doingwhatthe B450 and B550
chipsets did for Socket AM4, which is making
owning a Ryzen system more affordable.
Sadly, though, ata price of £337inc VAT, it's
actually more expensive than some X670E
motherboards we've reviewed, and only
around £30 cheaper than the excellent
ASRock X670E Steel Legend.

Part of the reason is that the differences
between the two chipsets are minimal, with
few low-end X670E boards offering close to
the flagship chipset's maximum number of
USB and SATA ports. For example, the ASRock
X670E Steel Legend actually has fewer SATA
ports than the MPG B650 Carbon WiFi, fewer
Type-AUSB 3.2 Gen 2 ports onthel/0 panel
and even one less fan header.

Duetothe B650 chipset's limitations
compared with X670, though, the MSIboard
does lag behind when it comes to USB Type-C

credentials, only offering a 20Gbps Type-C Gen 2x2 port
ontherear panel, withits Type-C header limited to 10Gbps.
Comparatively, the ASRock board benefits from Gen 2x2
support onboth the rear port and front panel header. Still,
the MSIMPG B650 still wins here overall, giveniit costs less
money and has more ports.

We'd argue the MPG B650 Carbon WiFiis better-looking
thanthe ASRock board too, with some chunky heatsinks
cooling the quartet of M.2 SSD connectors and the 16 power
phases that feed the CPU cores. Speaking of M.2 ports, MSI
has one of the best features we've seenin a while, whichis
atool-free M.2installation process. The top heatsink has a
push-pin operated clip on one side that allows you to remove
it without needing a screwdriver, and a small latch then
secures the SSD, whichis cooled onboth sides.

The endresultis that there's no need to deal with fiddly
little screws and screwdrivers, and you caninstall your SSD
in seconds. Our only gripes with this system are that the
heatsink is quite hard to clip back into place once an SSD is
installed, and that the mechanismis only present on that
topM.2slot.

Thisis a feature we'dlike to see on appearing onall
motherboards in the future, much like we usually see built-in
rear|/0 panels these days. That top M.2 slot also supports


http://box.co.uk

CARBONFIBRE

Excellent feature set

CARBON SCORING

= CPUrarely topped

5GHz all-core boost
GreatM.2 cooling

= SomeM.2ports share

Tool-free M.2 heatsink PCI-E lanes with GPU

= Software could do
with some polish

PCI-E 5 for (hopefully forthcoming) super-fast SSDs, while
therest are limited to PCI-E 4. The second and third M.2 slots
share bandwidth with your graphics card if you use both of
them too, with your GPU being knocked back to eight PCI-E
lanes (instead of 16) if you use SSDs in both those slots.

MSIhas also squeezed both a clear-CMOS button and
aUSBBIOS flashback button onthe rear1/0 panel, along
withHDMI and DisplayPort outputs, a2.5 Gigabit Ethernet
portand antennas for the 802.11ax Wi-Fi. You also get
Realtek ALC4080 audio with an optical output. Sadly,
though, despite the board punching above its weightin some
areas, there are no handy on-board overclocking or testing
tools, such as aPOST code display, or on-board power and
resetbuttons.

The softwareis also alittle clunky, and MSl requires you
tofirst downloadits MSI Centre software, and then also
download an obscure add-on called User Scenario, in order
to accessits software fan control system. Both this and the
fan sectionin the EFl are easy to use, though, and also allow
you to switch temperature inputs beyondjust your CPU,
although the options sadly don'tinclude external thermal
sensors or your graphics card.

Performance

The fancy M.2 heatsink onthe MPG B650 Carbon WiFi's top
M.2 slot kept our PCI-E 4 SSD running at a chilly 54°C and
returned some awesome speeds to at7,406MB/sec and
6,865MB/sec for read and write respectively.

Performance from the Realtek ALC4080 audio was
respectable too, offering a dynamic range of 107dBA, noise
level of -108dBA and total harmonic distortion (THD) of
0.003 per cent - much better results than we've seen from
Realtek’s cheaper ALC897 codec.

When dealing with our 16-core Ryzen 9 7950X, the MPG
B650 Carbon WiFi's VRMs hit a peak of 58°C, but the board
struggled to maintain a high boost clock with this toasty CPU,
particularly under sustained multi-threaded loads, despite
the CPU being water-cooled. We've seen this CPU regularly
hit all-core boost frequencies over 5GHz on other boards,
and while the MSI did manage this, it struggled to maintain
it — after afew seconds the CPU satbetween 4.6GHz
and 4.8GHz.

Conclusion

While the MSIMPG B650 Carbon WiFisadly doesn'thave a
significantly lower price than boards based on the top-end
X670 chipset, it does have some great features that place it
above some of the X670 boards at the cheaper end of this
scale. The good news is that, while it's not particularly cheap,
the MSIMPG B650 Carbon WiFi sadly still offers amuch
cheaper way to own a Socket AM5 motherboard thathasn't
had its features slashed compared with an X670E model.

As aresult, while it's not anywhere near as wallet-friendly
asits B450 or B550-based predecessors, the MPG B650
Carbon WiFiis essentially a mid-range premium Socket AM5
motherboard for a bitless cash than boards based on the
flagship chipsets.

We don'trecommend pairing it with the top-end Ryzen
97950X, butit's a great choiceif you're looking to build a
mid-range Socket AM5 system, as long as you're happy with
aUSB 3.2 Gen 2 headerrather than Gen 2x2 Type-C, and
you're not planning to use more than two M.2 SSDs.

ANTONY LEATHER

VERDICT

More premium than its chipset suggests, and cheaper
than similar X670E boards. It's still expensive, but it's
a decent board.

PERFORMANCE

32/35

FEATURES

30/35
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/MEMORY

DDR5 MEMORY

THERMALTAKE TOUGHRAM

><G RG B DS / £213 inc VAT (32GB, 6000MHz, dual-channel)

TOUGHRAM

Lighting canbe
controlled by your
motherboard

Competitive price

Solid performance

TOUGHMUTTON

= Limited
overclocking
headroom

= Modules are
quitetall

= No official
EXPO support

SPEC
AMD EXPO support

e have yetto see many 32GB
DDR5 memory kits rated to
6000MHz or faster speeds

dip under the £200 mark, but that

reality is edging closer and this month,

it's Thermaltake's turnto push the

needle alittle closerto the line withits

latest Toughram modules. Retailing for

£213inc VAT and sitting at 6000MHz, the
Toughram XG RGB D5is one of the cheapest kits

of this speed or higher we've seen thatincludes RGB lighting.

It's afar better effort than the Toughram RC DDRS5 we
reviewed a few months ago. Not only does it retail for
£150 less, but it also offers a frequency that's 1200MHz
higher. The modules look stunning too, with grey and black
heatsinks, which feature a mirrored sectionin between
them, along with multiple RGB lighting zones. They're not
exactly low-profile, though, standing at 48mm tall, so you'd
do well to check memory clearanceif you have alarge CPU
coolerthat overhangs the DIMM slots, or a chunky radiatorin
the top of your case.

Interms of spec, it has fairly tight timings of 36-38-38-76
and a voltage of 1.3V, courtesy of Hynix M-die memory chips
thatare the current standard of affordable, high-frequency
DDR5 memory kits.

They don'tusually allow for much overclocking headroom,

especially if you keep the voltage at stock settings. That
said, our kit hita wall of 5400MHz, which is decent enough
compared with otherkits, and enough to offer a good
amount of bandwidth for an AMD Socket AMS systems too.
That said, there's no AMD EXPO support here, although
we've seen mixed benefits from this techin our testing,
depending on the kit we're using.

We pitted the Toughram XG RGB D5 against a G.Skill
6000MHz Trident Z5 Neo AMD EXPO kit with
30-38-38-96 timings. In ourimage editing
RealBenchtest, the former scored 87,068, with
aHandbrake video encoding score 0f 1,398,180

Frequency
6000MHz

and total system score of 492,139. These results
were very close to the 87,451image editing score,

Timings
36-38-38-76

1,400,140 video encoding score and 492,501

system score of the G.Skill kit. You'll be losing little
to no performance opting for the Toughram XG

Height (from base)
48mm

RGB D5 over a similar EXPO kit if you want to use
itin a Socket AM5 system.

Lighting
Yes

Whenit comes to the light show, there are 16
RGB LEDs under the heatspreaders, splitinto

eightlighting zones. If you use Thermaltake's TT RGB Plus
software, each of these zones can be set to a specific colour,
ortake partin the usual lighting effects you typically see on
RGB hardware, such as rainbow or scanning effects.

The lightingis set under diffusing bars and is both punchy
and colour accurate, with less obvious gaps between the
LEDs than we saw on Kingston's similarly priced Fury Beast
memory. What's more, the lighting on these modules
is also supportedin Asus, Gigabyte and MSI's own RGB
software, so you can synchronise the lighting with that of
your motherboard.

Conclusion
It's great to see another option for affordable DDR5 memory
available, and the Thermaltake Toughram XG RGB D5is well
priced, looks great, offers decent timings and frequency,
and works with most motherboard manufacturers' lighting
software too. They're not short modules, butif you want RGB
lighting, Thermaltake finally has the goods.

There's no need to worry about

AMD EXPO support either, as our PERFORMANCE
tests showed it kept up with a G.Skill

6000MHz Trident Z5Neo AMD 28/30
EXPO kit with similar specs, so we FEATURES

canrecommend this kit for owners of
both Intel LGAT700 and AMD Socket
AMS systems.

ANTONY LEATHER

22/25

VERDICT

Well-priced DDR5 memory with great
RGB lighting, although the modules
are a tad tall.
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32IN GAMING MONITOR

ACERPREDATOR
XB323U/£640 nar

BLISTERINGLY
FAST

Fantasticgaming
performance

Decentoverall
image quality

Useful feature set

BLISTERED
HEELS

NoUSB
Type-Cinput

Lacklustre HDR

No blur
reductionmode

Expensive

SPEC

Screen size
32in

ithits 270Hz refresh rate and massive 32in panel,
. the Acer Predator XB323U is potentially ideal for

those seeking blistering gaming performance
without compromising on screen size. Once extricated from
its enormous box, the XB323U strikes a stylish figure with
its very slim bezels and large but slim V-shaped foot.

The stand, whichis in large part made from solid metal
with ametallic grey paint finish, offers height, rotation and
tilt adjustment, but the panel can't be pivoted into portrait
orientation. For features, the Acerincludes a typical input
selection of one DisplayPort connector and two HDMI ports,
plus there's a 4-port USB 3 hub with two ports onthe rear
and two on the left edge. A headphone jack and some rather
tinny speakers are also present. There's no USB Type-C
input for connecting laptops and tablets though.

Meanwhile, a mini D-pad and four buttons sit on the right
rear of the panel. The top buttoniis for power while the other
three interact with the on-screen menus, as does the mini

D-pad. It's a speedy and largely intuitive
control system.

Thanks toits 2,560 x 1,440 resolution
onalarge 32inpanel, the XB323U has a

Resolution
2,560x1,440

relatively low pixel density of 92ppi, so

Panel technology
IPS

itdoesn't produce a very sharpimage
whenyou're sat up close. However, this

Maximumrefreshrate
270Hz

isn'tanissue for competitive gaming and
it's alevel of sharpness on par with 24in

Stated response time
Tms

1080p displays.
Otherwise, this panel produces

Max brightness

400cd/m?SDR, 600cd/m? HDR

largely excellentimage quality. Its
measured contrastratio of 1,051:1

Backlight zones
1

is typicalfor anIPS panel, while its

Stated contrastratio
1,000:1

default colour temperature of 6,705K
is reasonably close to the desired level

Adaptive sync

FreeSync Premium, G-Sync compatible

of 6,500K. With amassive 170 per cent
coverage of the sRGB colour space

Display inputs

1x DisplayPort 1.4,2 x HDMI 2

(120 per cent DCI-P3), this monitor also
has very vivid colours with good delta E

Audio

2 x2W speakers, headphone out

colouraccuracy (0.28 average).
The extended colour range works

Stand adjustment
Height, rotation, tilt

wonders for HDR contentand its

HDR certification
DisplayHDR 600

performanceis bolstered by ahigh
655cd/m? (measured) maximum

Extras

100 x 100mm VESA mount, HDMI,

DisplayPort, HDMIand

cables, 4-port USB 3 hub

brightnessin HDR mode. However,
contrast doesn'trise beyond 1,000:1,
so HDR ultimately lacks its titular
dynamicrange.

USB3

The three slight flies in the ointment are noticeable IPS
glow inthe corners, which can create a slightly grey look
when watching dark images. The uniformity of the panelis
abitropey too, with the left edge dropping an average 7.4
per centin brightness. Also, while the sSRGB mode reinsin
that wide colour gamut, it has poor colour balance (7,529K)
and also locks out colour adjustments.

Thankfully, it gets back on track when it comes to gaming.
Its speedy 270Hz refresh rate (which requires overclocking
the panel from its default 240Hz) provides a fantastically
responsive experience. Its average initial response time of
6.1ms, using its Normal overdrive mode, isn't all that fast (it's
nearly double the 3.7ms frame time of a panel running at
270Hz), but cranking the overdrive up to Extreme results in
amuch nippier 4.1ms response time while only introducing
minimal colour overshoot.

It's ashame there’s no backlight strobing blur reduction
mode for further sharpening up the
display’s response, though.

IMAGE QUALITY
Conclusion 28/ 30
You pay a premium for the extra-fast GAMING
refresh rate of this panel, with several
rivals offering a 16 5Hz refresh rate 26/30
for half the price. However, if you FEATURES

simply must have the fastest possible
response for a32inIPS panel, the
XB323U delivers the goods.

EDWARD CHESTER

16/20

VERDICT

Overkill for most people's needs
but ideal for competitive gamers
seeking a big panel.
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/PERIPHERALS

STEREO GAMING SPEAKERS

EDIFIER G2000

/ £70 incVAT

GAMER
PERFORMANCE

Surprisingamount
of power

Good price

Small footprint

GAMERSTYLING

= Irritating'gamer’
additions

= Noheadphone
ouput

= Speakers linked
by fixed cable

SPEC

Weight
7224 (right speaker),
6329 (left speaker)

Dimensions (mm)
105x104 x 128 (W x
D x H) per speaker

Drivers

1x2.75indriver per speaker

Connections
Bluetooth, 3.5mm
aux, USB

Frequency range
98Hz-20kHz

USB and 3.5mm auxiliary

cables; RGB lighting

ffordable, compact desktop PC
speakers that still have decent
sound quality are hard to find these days,

with the market having essentially divided into cheap rubbish
or pricey premium options. The Edifier G2000 bucks that
trend, offering solid audio quality and a decent feature set for
£70inc VAT.

These speakers are smalland dense. They each standjust
128mmtall, 104mm deep and 105mm wide, although their
angled stance means they take up alittle more desk space
overall (roughly 125mm). With the left speaker weighing 6229
and the right one weighing 7229, they're markedly heavier
thanmost similarly sized budget speakers.

Their stretched hexagonal shape s fetching enough, asis
the simple exposed-driver front and plain black finish, even
if it's a bit plasticky-looking. However, the addition of RGB
lighting around the rear of the speakers adds little, especially
as thelighting can't be synced with any standard RGB-
controlling apps. You can cycle through various colour and
effect options but the choices are limited. If the plain black
look is a bit dull for you, the G2000 is also available in white
and pink.

You geta3.5mm stereojackinputand aUSB audio
connection, plus there's also Bluetooth and a subwoofer
jack, enabling conversion of these stereo speakersinto
a2.1configuration. Edifier offers a whole host of its own
subwoofers, or any other standard analogue sub will work.

Onthe left side of the right speaker are the controls, which
consist of a button for power (hold down) and input selection
(tap), while below this is a volume control that we
foundto berather unresponsive. Below thisis a
button for cycling through the sound profiles (tap)
andthe lighting effects (hold down).

As with Edifier's larger G5000 speakers (see
Issue 231), powering on, input selection and sound
profile selection (music, movie, gaming) are greeted
by obnoxious voice prompts or rewing engine
noises, which significantly detract from the appeal
of usingthese speakers day to day.

The leftand right speakers are also tethered
by afixed 1.8m cable, whichis sufficiently long
formost purposes butis less convenient than a
removable cable and harder toreplaceif it gets
damaged. Another smallissueis that there's
no headphone socket.

The speakers use a 12V power input, with a small
power adaptorincludedin the box, along with a USB cable
for connectingto your PCand a 3.5mm jack cable for
auxiliary inputs.

Setting up the G2000 is easy, with Windows instantly
recognising the speakers as a USB audio output. However, the
low height of the speakers means they benefit considerably
frombeingraised up (ideally via small speaker stands) to
reduce soundreflection off the surface of your desk.

Asingle 2.75in driver andrear bass portis housedin each
speaker, while the amplifiers provide 8W RMS to each
speaker. That doesn't sound like the greatestrecipe for sonic
power, and sure enough, these speakers can't compete with
larger units for bass depth, frequency range and volume.
However, the soundis impressive for their size.

Overall volumeis more than ample for home office
listening and can easily stretch to kitchen party duties, while
the addition of a subwoofer would make these adequate
forevenlarger occasions. Top end detailis plentiful, if a little
forced attimes, and there's mid-range warmth and surprising
power to upper bass frequencies. Sub bass frequencies are
understandably lacking though.

Conclusion DESIGN

With surprising sonic power from 10/20
theircompactpackage, andplentyof ™™ ™™
features ontap, the G2000is a decent FEATURES
speaker setforits price. The volume 18 / 20
controlis abitfinicky, though,andthe ..
RGB additions and silly voice/noise SOUND QUALITY

prompts are downright annoying,
soit's not a perfect package.
EDWARD CHESTER

22/30

VERDICT

Compact, affordable, sonically
impressive and packed with plenty
of features. It's just a shame about
the silly ‘gamer’ additions.
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WIRELESS GAMING MOUSE

ROCCAT KONE
AR/ £60 nevar

CONAIR
Reasonable price
Decentbattery life

Greatsensor
performance

CONMAN

= Large width
limits appeal

= Heavy foratravel-
orientated mouse

= Competitors offer
longer battery life

SPEC
Weight

96g without battery, 119g with one
battery, 147g with two batteries

he Roccat Kone Airis, frankly,
apeculiar new additionto the
company’'s gaming mouse line-

up. Itjoins the ranks of travel-orientated

gaming mice, such as the Razer Orochiand

Corsair Katar Pro, that rely on conventional AA
batteries rather than rechargeable units to provide
hundreds of hours of use between charges.

However, unlike most such mice, this oneisn't small or
lightandit can house two AA batteries rather than one.

It's the size and weight of this mouse that really perplexes.
With a whopping 82mm width, and a more conventional (but
still sizeable) 132mm length and 43mm height, this mouse
is a classic palm-grip-only design that fills the entire space
under your hand. This bulk is matched by a considerable 96g
weight without any batteries, which thenrises to 119g with
one battery and 147g with two batteries. By today’s standard,
that's a seriously weighty rodent.

Helping considerably with the usability of such alarge
and weighty mouse s the fact that the sides have a double-
injected rubber coating to aid grip. Unlike soft-touch coatings,
thisis a thick layer that should last considerably longer before
wearing out.

The Kone Air has a hefty maximum battery life figure of
800 hours when using Bluetooth, but that's with two AA
batteries andit still falls short of the 950 hours of the Razer
Orochi, which usesjust one AA battery. With one battery, the
Kone Air drops to 400 hours on Bluetooth.

Usingits faster 2.4CGHz wireless
connection witha1000Hz polling rate,
battery life drops to 500 hours with
two batteries and 250 hours with one

Dimensions (mm)

82x132x43 (W xDxH)

battery. These are still decent figures,
which mean you don't have to swap

Sensor

Roccat Owl-Eye 19K - optical,
19,000 DPI, 50G acceleration

batteries for several months, but the
Orochiagain outclasses it by achieving
450 hours using one battery. A single

Buttons

7 (left, right, middle, forward,
back, top DPI, under thumb)

battery isincluded with the Kone Air.
Like many mice powered by AA
batteries, the Kone Air doesn'tinclude

Cable
None

any sort of wired operation - it's

Extras

Bluetooth 5.1and 2.4GHz wireless
connectivity, internal USB dongle
storage, one ortwo AA battery operation

wireless only — so you must be careful
you aren't caught short without enough
charge. The batteries fit via the rear

of the mouse, the top panel of which

slides off, and you can also store the 2.4GHz wireless dongle
here. On the underside of the mouse s a sliding switch for
choosing between Bluetooth and wireless modes, and to
switchiit off.

As with the Kone XP Air (see Issue 230), the Kone Air also
includes afew extra buttons over and above your typical left,
right, middle, back and forward buttons. There's a convenient
DPIbutton on the top, and below your thumb there’s a button
that defaults to Easy-Shift[+].

Rotate your thumb downwards onto this button and it
changes the function of any of the other buttons, essentially
doubling the number of functions, although good luck trying
to twist your thumb to hit the Easy-Shift[+] button, and either
of the back and forward buttons. Roccat's Swarm software is
required to configure these functions, but they work without
the software once they're programmed.

Roccat's latest 19K DPI Owl-Eye optical sensoris
presentin this mouse and it provides as excellent tracking
performance as we'd expect, keeping

up with extreme mouse movements DESIGN
without missing a beat. 12 / 20
Conclusion FEATURES
The Roccat Kone Air offers good value

and a versatile mouse with excellent 13/20 _____
gaming performance. However, its size PERFORMANCE

and weight limitits appeal, especially
as atravel mouse, plus its battery life
is half that of atleast one majorrival.
EDWARD CHESTER

22/30

VERDICT

Excellent performance, features and
value but its size and weight limit its
travel-orientated appeal.
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/ PC SYSTEMS

INTEL Z790 GAMING PC

CYBERPOWERINFINITY
X139 PRO /£3,699 wevar

vidia'snew GeForceRTX4080islockedand
. loadedinside both of thismonth’'sreview PCs,

andthe CyberPower Infinity X139 Prois the
priciestofthetwo.Inthe CyberPower’s case,its MSI Ventus
3X0Cslightly overclocks the GPU'sboost clock from
2505MHzt02530MHz. The underlyingRTX 4080 GPU
isalsobasedonNvidia'snew AdaLovelace architecture,
andis equippedwith 9,728 CUDA codesand16GB of
GDDR6Xmemory.

It'sanamazing piece of gamingsilicon,and CyberPower
has elevatedtherestoftheinternalstomatch.Intel's
RaptorLakerange-topping Corei9-13900K has eight
Hyper-Threaded P-Cores withatopall-coreboostspeed
of 5.5GHz. Youalso get32GB of DDR5 memory clockedto

5600MHzandtwoPCI-E4SSDs. The1TB

SPEC SolidigmP44 Proisthe smallerandfaster
CPU bootdrive, while aSolidigm P41Plus adds
3GHzIntel Corei9-13900K 2TBof secondary space.

Motherboard MSlalsosuppliesthe PSUand

MSIMAG 2790 Tomahawk Wi-Fi motherboard,andthey’rebothgreat
Hemory IO choices. TheMSIMPG A1000Gis afully
5600MHz DDR5 modular],OOOWPSUWith 80Plus Gold
Graphics certification,andtheMSIMAGZ790

MSI GeForce RTX 4080 16GB Tomahawk Wi-Ficonsistentlyimpresses.
Storage Its main 16x PCI-E slotsupports PCI-E

1TB Solidigm P44 Pro M.2 SSD, ; il _
2TB Solidigm P41PlusM 2 SSD 5,ithasfourheatsink-covered PCI-E 4

~~~~~~~~~~~ M.2 connectors,and connectionoptions

Networking .

2.5Gbps Ethernet, dual-band include2.5Gbps Ethernet, dual-band
802.11ax Wi-Fi 6E, Bluetooth 5.3 802.1Max Wi-Fi6E andBluetooth 5.3.
Case AudioisgoodthankstoRealtek’s
Corsair5000D Airflow ALC4080 codec,andtheboardhas two
Cooling

CPU: EK Basic 360mm radiator cPU povvgrconnectors, al6+Tpower
with 3 x 20mm fans; GPU: 3 x phasedesignanddebugLEDs. Therear
90mm fans; front: 3 x 120mm I/0panelis packed,andincludesasuper-
ENEEBPSE e fastUSB3.2 Gen2x2 Type-C connection,

asecondary Type-Cport, eightfull-sized
Front: 1xUSB 3.2 Gen1Type-C,2 x
USB 3.2 Gen 1,2 x audio; rear: 1x USB USBsockets,andbuttonsto clearand
3.2Gen2x2 Type-C,1x USB 3.2 Gen flashthe BIOS. The only notably missing
2Type-C,4xUSB3.2Gen2,4xUSB  foatyres are on-board powerandreset

3.2Gen1,1xoptical S/PDIF, 5 x audi )
..... AL xauee buttons, plusaPOST codedisplay.

Operating system

W'i)ndowfﬁnome 64-bit Still,it'sanimpressive specification,
Warranty """ andit’s clearwherethis pricier PCexcels
Five years labour with two years alongside the cheaperWired2Fire. That
e rig’'smotherboarduses DDR4 memory,

return, then return to base .
ithas onefewerM.2 connector, lesser-

quality audio and fewer USB connectors.Beyondtheboard,
Wired2Fire's systemonly hasasingle SSD anditrelieson
aCorei5processor. Thetworigs convergeinthe warranty
departmentthough -theybothhavefive yearlabourdeals
withtwoyearsoftheall-importantparts coverage.
CyberPower's ambitious hardware slotsinside a Corsair
5000D Airflow case.lt'sarobust, good-lookingchassis,
andthe PSU shroud, cable covers and CyberPower’s
fastidious cabletidyingkeeptheinteriorneat.
Meanwhile,the MSIRTX 4080 cardtakesupthreeslots,
andasizeable EK360mmAIlQliquid cooler coolsthe CPU,
butthetop of themotherboardisn’'tblocked andtheinterior
isaccessible. Aroundtheback,there'sroomforthree2.5in
drivesandtwo3.5indrives. There's alsoafanboard with
twovacantheaders, alongside anaccessorytray.

Performance

There'snotmuchtheRTX 4080 won'thandle when
itcomestogames. Weplayed Cyberpunk 2077 with
MediumraytracingandBalanced DLSS,andtheRTX

LOVELACE LOVE ACTUALLY

Excellent gaming pace = Pricierthanrivals

Awesome CPUpower = Can'thitpeakall-core
Great motherboard CPUboost clock
and two SSDs

Consistently quiet, no
matter the workload


http://cyberpowersystem.co.uk

4080 delivereda99thpercentile minimum of 50fps.In
Assassin’'s Creed Valhallaat4K,the CyberPowerdidn't
dropbelow 66fpsanditaveraged 94fps.

TheRTX 4080 willhandlevirtually anyray-tracedgame
at4Kuntilyou startusingthe mostdemanding settings,
andDLSS 3has shownithasthe potentialto dramatically
improveframeratesfurtherherewithits Al-basedframe
generationtech-itjustneeds more supportingames.

CyberPower'sPCdidn'toverhaulthe cheaper Wired2Fire
ingamingteststhough. Thetworigs deliveredvirtually
equalresultsinDoom Eternaland Assassin’s Creedat4Kk,
andthe Wired2Fire was fasterinMetro Exodus. Instead, the
CyberPowercameintoitsowninapplicationbenchmarks.

The Corei9-13900K scored1,440,000in ourheavily
multi-threadedvideo encodingbenchmark —-a43 per
centimprovementonthe Wired2Fire's Corei5 chipand
fasterthan AMD’s contenders. CyberPower's PCbeat
the Wired2Fireinthe multi-taskingtesttoo,andthe Core
i9-13900K’'s overallresultof 503,415 maintainedthe
CyberPower’slead over Wired2Fire.

There'snotmuchbetweenthishigh-end chipandthe
Corei5-13600Kinsingle-threadedworkloads,andAMD's
Ryzen97950Xbeatsboth -butthe Corei9-13900K still
offersnear-unbeatable content-creationpace.lt'sably
supportedbythe SSDs - the maindrive'sread and write
speedsof 7100MB/secand 6,355MB/secare superb,and
the secondarydrive offered solidpace of 4,085MB/secand
3,382MB/sec.

The CyberPowerisalsoanimpressivethermal
performerwhengaming.It's consistently quiet,andthere’s
barely any difference betweentherig's gamingnoise
levelanditsidle output.It'slessimpressive duringmulti-
core CPUtests, wheretheprocessorhitadeltaTof 77°C
andthrottledto 5.3GHz, butthatdoesn'truin productivity
andnoiselevelsremainedmodest-it'snotmuchbelow
the statedpeak all-coreboostof 5.4GHz,andthisisa
notoriously difficult CPUtokeep cool.

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

CyberPower Infinity X139 Pro 363fps 544fps

3,840 x 2,160, Vulkan, Ultra Nightmare settings

CyberPower Infinity X139 Pro 198fps 319fps.

ASSASSIN'S CREED VALHALLA
2,560 x 1,440, Ultra High settings, High AA

115 CyberPower Infinity X139 Pro 104fps 150fps

3,840 x 2,160, Ultra High settings, High AA

I CyberPower Infinity X139 Pro 66fps 94fps

CYBERPUNK 2077
2,560 x 1,440, Ultra preset, no ray tracing

CyberPower Infinity X139 Pro 99fps 116fps.

2,560 x 1,440, Medium ray tracing preset, DLSS Balanced

CyberPower Infinity X139 Pro 9ifps 113fps

3,840 x 2,160, Ultra preset, no ray tracing

CyberPower Infinity X139 Pro 52fps  57fps

3,840 x 2,160, Medium ray tracing preset, DLSS Balanced

CyberPower Infinity X139 Pro 50fps = 58fps

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

I CyberPower Infinity X139 Pro

58fps 119fps
3,840 x 2,160, Ultra, HairWorks off, Advanced PhysX off, High RT
i::  CyberPower Infinity X139 Pro 50fps 75fps
99th percentile Average

Conclusion

CyberPower’s systemdeliversahuge amountof
graphicsandprocessingpoweralongside agreat
motherboardand chassis. The Corei9 CPUandtop-
notch motherboard make this PCasuperior content-
creationand multi-taskingoptionthanitsrival, but we still
recommendthe Wired2Fire forgaming. Thelatter delivers
comparableRTX4080 gamingspeedatalowerprice,but
if youwantaPCthatdoesitallthenthis CyberPowerrigis
atopchoice.

MIKEJENNINGS

VERDICT

Great performance, a superb motherboard and slick
design, although you can get similar gaming pace for
less money elsewhere.
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/ PC SYSTEMS

INTEL Z690 GAMING PC

WIREDZ2FIRE REACTOR
EXTREME /£2,399 nor

vidiahas made waves overthe pastcouple of
months withits overpriced GPUlaunches, butthe
Wired2Fire Reactor ExtremeincludesanRTX

4080 forasurprisingly low price of £2,399forthewhole
system.TheMSIVentus3X OCcardalsoimprovesthe
core'soriginalboostclock from2505MHzto2535MHz, and
it'sthe sametriple-slotcardas CyberPowerincludedinthis
month’s pricier Infinity system (see p32).

Instead of cutting GPU power, the Wired2Fire deliversa
more conventional specification elsewhere, prioritising the
buildtowards gaming. The Corei5-13600Kisamid-range
RaptorLake CPU with sixHyper-Threaded P-Coresanda
topturbopace of 5.1GHz.It'salongway shortofthe Core
i9-13900K insidethe £3,699 CyberPower,butourtests
have shownthatit's still plenty fastenoughforgaming.

SPEC

CPU
3.5GHzIntel Corei5-13600K

Motherboard
Asus Prime Z690-P WiFiD4

32GB ADATA XPG Gammix
D453600MHz DDR4

Graphics
MSI GeForce RTX 4080 16GB

Networking
2.5Gbps Ethernet, dual-band

802.11ax Wi-Fi 6, Bluetooth 5.2

Case
LianLiLancool 215

CPU: ID-Cooling Frostflow X 240
with2 x 120mm fans; GPU: 3 x
90mm fans; front:2x200mm
fans; rear: 1x 120mm fan

Ports

Front:2xUSB 3.2 Gen1,1x audio;
rear:1x USB 3.2 Gen 2x2 Type-C,
1xUSB3.2Gen2,2xUSB3.2
Gen1,2xUSB2,1xPS/2,1x
optical S/PDIF, 5 x audio

Operating system
Windows 11Home 64-bit

Warranty

Five years labour with two years
parts. First two years collect
andreturn, thenreturnto base

TheWired2Firealsohas32GBof DDR4
memoryratherthanDDRS5,andasingle 1TB
mid-range SSDratherthantwo fasterdrives.
The750W SeasonicFocus GX750 power
supplyisafully modularunitwith 80 Plus
Goldefficiency, butthe CyberPower's PSU
hasamassive1,000W output.

It'sasimilarstory fromthe AsusPrime
Z690-PWiFiD4 motherboard, whichgetsthe
basicsright.ltuses DDR4 ratherthanDDRS,
althoughourtestshave shownthatDDR4
worksfine withRaptorLake.It'salsobased
onthelast-genZ690 chipset,butagainthat’s
fineformostpeople'sneeds.Finally,ithas
threeM.2 connectorsratherthanfour-and
onlytwohaveheatsinks.

Yougetsomedecentconnectionoptions,
though,including2.5Gbps Ethernet, Wi-Fi
6E andBluetooth5.2.Onedownsideisthe
entry-level Realtek ALC897 codec, whichis
fineforeveryday use,butthe CyberPower’s
MSIboardoffers superior ALC4080 audio.
Meanwhile, therearhasoneUSB3.2 Gen2x2
Type-Cconnectorandfive Type-Aports.

Thereareseveralareaswherethe
Wired2Fire can'tmatchthe CyberPower, but
that'sno surprise consideringthe massive
price difference -andnone of theReactor's
lessercomponentsintroducesbigproblems.
Crucially forgaming, thetwohavethe same

GPU,andbothsystemsare protected by anexcellentfive
yearlabourdeal withtwoyears of parts coverage.

It'sallhousedinaLianLilLancool215enclosure, which
has goodbuild quality and some smartdesigntouches,
suchasthepairof 200mmRGB-litintakefans andtherear-
mounted fanhub with plenty of spareheaders.Elsewhere,
it'saconventionalmid-towerwithaPSU shroud, magnetic
dustfiltersandroomaroundtheback foracouple of 2.5in
drives. The cablingisalittleuntidy though.

Performance

The Wired2Fire mightbe alotcheaperthan CyberPower,
buttheyshareaGPUandthe Reactorpunchesabove

its weightwhenitcomesto gamingperformance. This
PCequalsoroutpacesthe CyberPowerinmostof our
gamingbenchmarks,andevenwhenit's slower,it'snever
farbehind.

That'simpressive,andtheRTX 4080 offers stellar speed
acrossmostof ourtests.Its 51fps 99th percentileinMetro
Exoduswithhighraytracingis great,anditwas even1fps
fasterin Cyberpunk2077 at4K withmediumray tracingand
balanced DLSS enabled.lteasily broke the 60fps barrier
inAssassin's Creedat4K,andthose Doom Eternalresults
arefantastic.Indeed, the RTX 4080 willonly struggle with
themostambitious games and graphics settings — only the
RTX4090isbetter.

Notsurprisingly,the Corei5-13600K fallsbehindthe
Corei9inside the CyberPower,butit'snotwithoutits
charms.Itsimage editingscore of 75,000 remains virtually
identicaltothe score of the pricierprocessor,andthatpace
goessomewaytoexplaininghowtheRTX4080keepsup
withthemore expensive system.


http://wired2fire.co.uk

BENCHMARK RESULTSi:
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DOOM ETERNAL
2,560 x 1,440, Vulkan, Ultra Nightmare settings

Wired2Fire Reactor Extreme 360fps 539fps

3,840 x 2,160, Vulkan, Ultra Nightmare settings
Wired2Fire Reactor Extreme 198fps 323fps
ASSASSIN'S CREED VALHALLA

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

Wired2Fire Reactor Extreme 105fps! 147fps

3,840 x 2,160, Ultra High settings, High AA

Wired2Fire Reactor Extreme 67fps 93fps

CYBERPUNK 2077
2,560 x 1,440, Ultra preset, no ray tracing

Wired2Fire Reactor Extreme 96fps 116fps

2,560 x 1,440, Medium ray tracing preset, DLSS Balanced

Wired2Fire Reactor Extreme 84fps 104fps

3,840 x 2,160, Ultra preset, no ray tracing

Wired2Fire Reactor Extreme Sifps  57fps

3,840 x 2,160, Medium ray tracing preset, DLSS Balanced

Wired2Fire Reactor Extreme 52fps  58fps

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

Wired2Fire Reactor Extreme 64fps 124fps

3,840 x 2,160, Ultra, HairWorks off, Advanced PhysX off, High RT

Wired2Fire Reactor Extreme Sifps 75fps

9%th percentile Average

URANIUM URANUS

RTX 40801s hugely quick = CPU coolerstrugglesin

Solid single-threaded CPU pace multi-core workloads

Relatively low price = Modest motherboard

= |rritating fan noise

The comparativelack of cores meansthe Wired2Fire
falls wellbehindthe CyberPowerin ourheavily multi-
threadedHandbrake video encodingtest, butit's stillfar
fromslow here. Oneslightdisappointmentisthe SSD'sread
andwrite speeds of 3,941MB/secand2,963MB/sec, which
arefine, butthere areplenty of quickerdrives outthere.

Themid-range processoristoppedwithanID-Cooling
Frostflow X240 liquid unit, butit struggles with this CPU
underitsblock.lnamulti-core benchmark the P-Cores
soonhitadeltaTof 77°Candthenthrottled. Thefannoise
wasalsonoticeable whenthe CPU cores were pushed
hard, andit’s certainlyirritatingif youwanttoworkinaquiet
environment. The Wired2Fire's noise was quieterduring
gamingandeveryday computingandnone of thenoise was
calamitous, butit's adefinite minus point.

Conclusion

Wired2Fire has optimisedthis PCforfastgaming

pace withoutpayingthroughthenoise,anditlargely

succeeds. TheRTX 4080 certainly deliversingames, with

performancethatbelies this PC's comparatively low price.

The Wired2Fire mightnothave the huge multi-threaded

ability of the CyberPower, butthe Corei5-13600Kis still

plentyfastenoughformostpeople’sneeds.
Itscomponentsandcase don'thavethefinesseor

futureproofingyou'llfindonpricier PCs,andit'salso abit

noisy whenrunningatfullpelt,butthe Reactordelivers

RTX 4080 gamingpower atacompetitive price.It'sideal

if youwantfastray-tracingperformancein games without

payingovertheodds.

MIKEJENNINGS

VERDICT
The RTX 4080 supplies superb gaming pace at a great
price, though this PC can't compete in every department.

PERFORMANCE
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/ CUSTOM KIT

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

IBLFLIP 6 /£129incvar

The JBL Flip 6is a Bluetooth speaker approximately the size of alarge
beer can, which means you cantake it almost anywhere. Ithas a big,

simple controlinterface, tough construction andits IP67 rating indicates

protection from dust and short-termimmersion in water.

There's aUSB Type-C charging port on the back that doesn'trequire
acover, whichis aplus, as they tend to be a point of weakness over
time, and playback time on the battery is good for 12 hours. The sound
quality is great for a speaker of this small size too, being crisp and clear
while delivering solid bass notes.

AGPTEK CLEANINGKIT
/ £12.99 incvat

If the Swiss Army was all about cleaning electronic devices
instead of sporking everything, the AGPTEK cleaning kit might be
sequesteredinits backpacks. This kit notably lacks the elegance of
amulti-tool; it's more accurately described as a dusting brush with
acompartment that holds the extra tools, namely a foam prodder
for digging dust out of hard-to-reach places, a smaller, firmer
brush with a scraper on the back, for digging more tenacious grot
out of smaller areas, and a key-
cap remover.

Thesetoolsin
themselves are
reasonably well
constructed and the
main brushis good for
lightweight cleaningjobs.
You're notgoing to be able
to shift a carpet of dust with
the AGPTEK kit, butit's fine for
basic maintenance.

Serious mess Frivolous tidiness

Meanwhile, using the JBL Portable app allows the use of software
called PartyBoost, which enables multiple compatible JBL speakers to
work together to provide stereo sound, or simply more sound. The JBL
Flip 6 fits the bill for a travelling speaker.

No cando Cancan

KLIMOPTICS OTG CLIP-ON ANTI
BLUE LICHT GLASSES / £22.97 incvar

This handy clip-on pair of yellow lenses sits on top of a pair of your own
presumably prescription glasses (although kudos to any committed
hipsters wearing them just for fun). The ideaiis that they filter out the
amount of blue light from screens and, in theory, reduce eye strain
and letyou sleep better. The lenses and clip are mechanically very
well made, they attach easily and securely, and they're supplied with
aglasses case, abagand a cleaning cloth.

The shape of the lenses is quite narrow, whichis fine for a screen,
because your point of focus should be directly in front. They definitely
take the edge off a screen’s brightness and blue light too, and without
reducing the acuity of vision. Everything looks yellow as aresult, but
they do take the edge off blue light glare.

Mk 1eyeball Kiroshi Optics

Seen something worthy of appearing in Custom Kit? Send your suggestions to El phil.hartup@gmail.com
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Join us as we lift the lid
on video games

ern'Frnnqn

25
e oV A A
Z AL 242 SISZSESIS?
PY , 52 EAW‘GAA”'VH “““
' SIS A S A'N&c m \V
522 ‘AvA : A‘f‘& ? 2

LIFTING

»
m&&

Vi

7N

A¥

)
N
R \\\\\\

By

TIFUL GAME oF 2023

INSIDE THE NEXT ACTION-A

jistntinginay YOU'RE BEING WATCHED: ech &Ll
- ) INSIDE 2023°'S MOST PARANOID PUZZLE-PLATFORMER graffiti adventure

Looking ahead: The trials and The Sega Make your own
our pick of tribulations Mega Drive's tower defence

this year's finest of porting hit thriving indie action game

upcoming games games to mobile dev scene in Python

Visit wfmag.cc to learn more
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MOTHERBOARDS

/HOW WE TEST

TEST PROCESSORS
> AMD AM5 AMD Ryzen 97950X
% Intel LGA1700 Intel Core i5-13600K

We use a GeForce RTX 3070, plus a WD Black SN850 SSD
(LGA1700) or Kingston Renegade SSD (AM5) to test the speed of
M.2 ports and heatsink performance. For memory, we use 16GB
of Corsair 3466MHz VVengeance RGB Pro DDR4 RAM, 32GB of
Kingston 6000MHz Fury Beast DDR5 RAM (LGA1700) or 32GB
of G.Skill Trident Z Neo EXPO RAM (AM5).

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 test each board's M.2 ports with
CrystalDiskMark, and record the noise level and dynamicrange
of integrated audio using RightMark Audio Analyzer.

PROCESSORS

TEST MOTHERBOARDS
> AMD AM5 ASRock X670E Taichi
> Intel LGA1700 Asus ROG Maximus Z790 Hero

We use a GeForce RTX 3070, plus a Samsung 970 Evo SSD
(LGA1700) or Kingston Renegade SSD (AM5). We use 32GB of
Kingston Fury Beast 6000MHz DDR5 RAM (LGA1700) or 32GB
of G.Skill Trident Z Neo EXPO RAM (AM5). The CPU is cooled by
a Corsair Hydro-X water-cooling loop, with two XR5240mm
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 Watch Dogs: Legion.
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 theidle 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 11 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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Antony Leather tests half a dozen of the latest Z790 motherboards
to find the best homes for Intel's new chips

How we test

his month we’re taking a look at six Intel Z790 LGA1700
. motherboards at arange of prices, in order to find which
boards offer the best features for your cash, and to gauge
how well they handle and overclock Intel's latest 13th-gen CPUs.
As ithas plenty of overclocking headroom, we'll be using a Core
i5-13600K to test the boards, which has 14 cores and 20 threads,
makingit a suitable choice for gamers and content creators alike.
WEe'll be looking at VRM temperatures, as well as SSD
temperatures using any supplied heatsinks, and we'll also be taking
agood look at the layout and feature set of each board. Our chosen
boards offer ether DDR5 or DDR4 memory support, and with the
former, we're using a 32GB kit of 6000MHz Kingston Fury Beast
DDR5 memory, while we're using our trusty 16 GB Corsair Vengeance
RGB Pro 3466MHz kit for the latter.
We use a2TB Kingston Fury Renegade PCI-E 4 M.2 SSD to gauge
M.2 performance and temperatures from the ports and heatsinks,
running a Windows Tlinstallation with CrystalDiskMark to grab results

Contents

> ASRock Z790 PG LightningD4 /p41
> ASRock Z790 PGRiptide /p42
> Asus ROG Maximus Z790 Hero /p43

40

inits sequential tests, and to run back-to-back benchmarks to record
the peak M.2 temperature.

We use the latest BIOS versions for each board, as wellas an
Nvidia GeForce RTX 3070 Founders Edition graphics card, and we
grab results at stock speed and when overclocked. Our test systems
use a Barrow Rhopilema test bench and a full custom water-cooling
systems, including two 240mm radiators and a Laing DDC pump to
eliminate any cooling bottlenecks.

We also use RightMark's Audio Analyzer software to measure
the dynamic range, noise level and total harmonic distortion of
the on-board audio. Other tests include our RealBench suite for
application performance, Far Cry 6, Cinebench R23's single and multi-
threaded tests and total system power consumption.

Our final scores at the end of each review are based on a weighted
calculation, which accounts for each motherboard's performance,
features and value for money, with the overall score being the total
sum of those three values.

> AsusROG Strix Z790-A Gaming WiFiD4 / p44
> MSIMAG Z790 Tomahawk WiFiDDR4 /p45
> MSIMPG Z790 Carbon WiFi / p46



ASROCK /2790 PG
LIGHTNING D4 /£209 wevar

fthere's any proof needed that Intel
. has a cheaper platformthan AMD

right now, it's motherboards such as
the ASRock Z790 PG Lightning D4, which
costsjust over £200, accepts DDR4 memory
and even manages to include a16x PCI-E 5
slotinits speclist. The questionis, whathas
ASRock hadto cutin orderto getaZ790 board
out the door at this price?

Well, there's just one M.2 heatsink for a
start, and rather skinny heatsinks elsewhere
too, butit does offer a14+1+1power phase
delivery. Sadly, though, it doesn'thave a
VRM temperature readoutinits software,
so you're unable to check they're not
cookingthemselves.

Meanwhile, its count of seven Type-A USB
ports ontherear|/0 panel are enough for
most people’s needs, and six of them are USB

LIGHTNING

Great price

FRIGHTENING

= Limited features
Happy to overclock = No Wi-Fi

aCorei5-13600K
= Mediocre audio

DDR4 memory
support

SPEC
Chipset IntelZ790

CPUsocket Intel LGA1700

Memory support 4 slots:max128GB DDR4 (up
to 5333MHz)

Expansionslots One 16x PCI-E 5, one 16x PCI-E
4,three 1IxPCI-E3

Sound 8-channelRealtek ALC897

Networking 1xRealtek 2.5 GigabitLAN

Cooling Seven 4-pinfanheaders, VRM
heatsinks, M.2 heatsink

Ports 4 x SATA 6Gbps, 4xM.2PCI-E 4,1x USB
3.2Gen2 Type-A,5xUSB 3,1xUSB 3.2 Gen2x2
Type-C,1xUSB 3 Type-Cheader, 1x LAN, 3 x
surround audio out

Dimensions (mm) 305x244

3orfaster. Youevengeta USB
3.2Gen2x2 Type-Cporthere
too. Sadly, the Type-C front
panel headeris limited to USB
3 specifications and there's no
Wi-Fi, but all of the M.2 ports
support PCI-E 4 and you get
four SATA 6Gbps ports as well
as 2.5 Gigabit Ethernet.

The pricier ASRock Z790
PG Riptide (see p42) does bag
you afew more features, such
as an additional four SATA
6Gbpsports,aPCI-E5M.2
port, additional M.2 heatsinks
and an extra USB port. Both
boards also have comparatively
weak Realtek ALC897 audio
systems, with only three audio ports and no
optical output. They also both lack Wi-Fiand
have few stand-out features. The Z790 PG
Riptide does admittedly look snazzier than
the Lightning D4, but you'll need to also factor
DDRS5 memory into your system pricing.

Meanwhile, ASRock's software is basic
andfeels dated, butit's ultimately less clunky
touse than MSI's software. The fan control
section works well, evenif it's rather simplistic,
asisits counterpartinthe EFI. All the usual
options are here, but ASRock splits the usual
overclocking, frequency and voltage options
into different pages, which makes it time-
consuming to get an overclock.

At stock speed, this budget board kept
Intel's Core i5-13600K atits peak all-core
boost of 5.1GHzin our extended stress test
with a power draw of 389W, whichis similar
to otherboards. Its video encoding and
Cinebench scores of 1,008,921and 24,159
respectively were right on the money too.

The latterrose to 25,883 once the P-Cores
were overclockedto 5.7GHz with a vcore of
1.35V.ltwas annoying notbeing ableto seea
digital readout of VRM temperatures, but our
IR probe didn'treveal any hotspots higher than

50°C. TheM.2 temperature of 66°Cusing the
top heatsink was fairly high though. You'll want
to make sure you have airflow directed over a
high-speed SSD in this slot.

Conclusion

If youwant a Raptor Lake CPU, butdon't
wantto spend much more than £200 on
amotherboard, thenthe ASRock Z790 PG
Lighting D4 is a basic but solid option fora
Z790 system. However, if you have allittle
more money at your disposal, and you don't
already have some DDR4 memory, we
recommend spending alittle more money and
going forthe ASRock Z790 PG Riptide, which
looks better and has a few extra features.

VERDICT
A great price for a Z790 board, but it doesn’t
have many features.

PERFORMANCE FEATURES

%% 2%

OVERALL SCORE
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ASROCK Z/90 PG
RIPTIDE / £239 nevar

ith two Z790 boards sitting so close
. in price this month, you'd be right

to ask what the differences are
between the ASRock Z790 PG Riptide and
ASRock Z790 PG Lightning D4. If you're
looking to cut down your costs as far as
possible then the latteris a solid choice, with
the added bonus of support for DDR4
memory. If you're happy to buy new memory
and pay allittle extra for DDRS5, though, the
Riptide looks alot snazzier than the bare
bones 2790 PG Lightning D4, plusithas afew
extra features.

You get more heatsinks for M.2 SSDs
for starters, and ASRock even manages to
include a PCI-E 5M.2 port equipped with
an oversized heatsink, although we're still
waiting for the first PCI-E 5 SSDs to appear on
the horizon. The other four M.2 connectors all
support PCI-E 4 and a there’s ahuge count
of eight SATA 6Gbps ports too - if you have
abunch of hard disks to use, this is the board
foryou.

There's stillno VRM temperature readout,
but the heatsinks here are larger than those
onthe ASRock Z790 PG Lightning D4, which
isidealif you're planning to use a Core i9

SPEC
Chipset IntelZ790

CPU socket IntelLGA1700

Memory support 4 slots:max128GB DDRS5 (up
to 6800MHz)

Expansionslots One 16x PCI-E 5, one 16x PCI-E
4,0nel1xPCI-E3

Sound 8-channelRealtek ALC897

Networking 1xRealtek 2.5 GigabitLAN

Cooling Seven 4-pinfanheaders, VRM
heatsinks, M.2 heatsinks

Ports 8 x SATA 6Gbps, 1xM.2PCI-E5,4xM.2
PCI-E4, 2xUSB 3.2 Gen2 Type-A,4xUSB 3,2 x
USB2,1xUSB

Dimensions (mm) 305x244

CPU. There's RGB lighting
onthe PCH heatsink and,

as with all other boards on
test this month, you get
3-pinand 4-pin RGB lighting
headerstoo.

Meanwhile, the rear1/0
panel offers a useful tally of
eight Type-A USB ports, but
its Type-C portisrestricted
to USB 3 specification.

Thankfully, if you do need
more speed and powet,

the Type-Cheaderonthe
motherboard offers USB 3.2
Gen2x2.

Out of the box, the board
returned decent benchmark
numbers with a RealBench
system score of 371,347, Handbrake video
encoding score 0f 1,028, 571and Cinebench
multi-threaded score of 24,268. Importantly,
it overclocked our Corei5-13600K fine, which
is more than can be said for the MSlboardsin
this test.

Italso managed to overclock our CPU to
5.7GHz with a vcore of 1.35V, but ASRock
seems to apply a bigamount of loadline
calibration, which can see this figure rise to
over 1.4V, so you'llneed some decent cooling.
After overclocking, the Cinebench score
rose t0 26,050, offering a decent gain over
stock speed.

As with the PG Lightning, there’sno VRM
temperature readout, but our IR probe found
apeak of 45°Cin our stress test, and the
actual temperature won't be too far from
this. Our SSD also only hit 59°C with the large
heatsink, which was on par with other boards
ontest. Finally, audio performance was typical

RIPPED TORN
Only £239 = Mediocre audio
PCI-E5M.2port = Needs DDR5 memory
Good overclocker = No Wi-Fi

of an older Realtek codec, with a dynamic
range of 95dBA and noise level of -93dBA -
thisis fine for everyday computer use, but it
lags behind the quality audio on offer from the
Asus and MS| boards.

Conclusion

[tmight lack some features, but the ASRock
Z790 PG Riptide offers aPCI-E 5M.2 port, it
overclocked our Corei5-13600K fine andis
also gives you change from £250. It doesn’t
have the visual prowess of pricier boards,
butit offers far better value. If you're happy
to splash out on new memory, thisis a great
budget buy.

VERDICT

An LGA1700 motherboard with PCI-E 5
M.2 and graphics support for a great price,
although it needs DDR5 memory.

PERFORMANCE FEATURES

%% /%

OVERALL SCORE
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ASUS ROGMAXIMUS
/ /90 HERO /£659 wevar

he Asus ROG Maximus Z790 Hero
. looks fabulous, and every bit like a

board that can cope with the
monstrous Intel Corei9-13900K. Its huge RGB
lighting array onits massive I/0 heatsink
shroudis also sure to turn heads. Underneathit
sits a20+1phase teamed power delivery,and
tothe southis atrio of PCI-E 4 M.2 ports with
heatsinks that cool both sides of your SSDs. We
used the large heatsink at the base of the PCB
totestM.2 temperatures andit kept our PCI-E 4
M.2 SSD below 50°C.

Thankfully, you also geta PCI-E5M.2 port,
whichis locatedin a2-port M.2 expansion card
nextto another PCI-E 4 M.2 port, which uses
of one of the two 16x PCI-E 5 slots, plus you
get six SATA 6Gbps ports too. There's a pair of
Thunderbolt 4 ports ontherearl/0 panelas
well, plus aUSB 3.2 Gen 2x2 Type-Cheader on
the PCB.

In addition to the latter dishing out speeds
of upto20Gbps, it also features Quick Charge
4+, which can charge devices at 60W as long
as you hook up a 6-pin PCI-E power connector
intothe slotnexttoit.

SPEC
Chipset IntelZ790

CPUsocket Intel LGA1700

Memory support 4 slots:max128GB DDR4 (up
to 7800MHz2)

Expansionslots Two 16xPCI-E S, one 16x PCI-E 4

Sound 8-channelROG SupremeFX ALC4082

Networking 1xRealtek 2.5 Gigabit LAN, 802.11ax
Wi-Fi

Cooling Eight 4-pinfanheaders, VRM heatsinks,
M.2 heatsinks

Ports 6 x SATA 6Gbps, 1xM.2PCI-E 5,4 xM.2
PCI-E4, 5xUSB3.2Gen2 Type-A,4 x USB 3,2 x
Thunderbolt4,1x USB 3.2 Gen2 Type-C, 1x USB
3.2Gen2x2 Type-Cheader, 1x LAN, 3 x surround
audio out

Dimensions (mm) 305x244

There are nine Type-A
USB ports too, all of which
support USB 3 speeds or
faster. You also get 802.11ax
Wi-Fi, but sadly, the Ethernet
portis stillonly 2.5 Gigabit,
which you cangeton either
of ASRock’s boards this
month for a third of the price.

The Realtek ALC4082-
equipped ROG SupremeFX
audio systemoffers an
ES9218 Quad DAC, plus a
USBiinterface to offerup
to 32-bit/384kHz audio -
impressive numbers thatare
irrelevant forhuman hearing.

It performs well though.

We recorded anoise level of -113.7dBA and
dynamicrange of 111.7dBA, with a super-low
THD of 0.002 per cent, which are some the
best results we've seen from on-board audio.

For enthusiast features, you get water flow
sensors, athermal probe input for syncing
your radiator fans with coolant temperature, as
wellas a36W 4-pin header for water-cooling
pumps. The boardis also equipped with the
same quick-release PCI-E slot button we've
seen on other premium Asus boards, plus
there are power andreset buttons,an LED
POST code display, USB BIOS FlashBack and
aclear-CMOS buttontoo.

Using Asus’ excellent EFl and software, we
easily overclocked our Corei5-13600K toits
usual 5.7GHz with a vcore of 1.35V, but we had
to apply maximum loadline calibration to fix
the voltage dropping underload. The VRM
temperature of 49°C was excellent too, and
this result was only a couple of degrees higher
when dealing with a Corei9-13900K.

Conclusion

It's outrageously expensive for what used
tobe Asus’ cheapest ROG Maximus board
brand, butit's the price you have to pay if you

SUPERHERO DISPOSABLE
Gorgeous looks HERO
= Expensive
Amazing feature set
= Cheaperboards
Excellent software offeralot of the
andEFl same features

wantallthe best thatIntel's Z790 chipset has to
offer, such as Thunderbolt 4, PCI-E 5 graphics
and M .2 support, plus a feature-packed PCB
and accessory box.

The ROG Strix Z790-A Gaming D4 is much
cheaper and only needs DDR4 memory, but
if you're inthe market for atop-notch Z790
board, the Hero is fantastic.

VERDICT

Ridiculously expensive, but the
extensive feature set goes a long way
towards justifying its price tag.

PERFORMANCE FEATURES

W% W

OVERALL SCORE
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ASUSROGSTRIX Z/90-A
GAMING WIFI D4 /£388 nevar

he Asus ROG Strix Z790-A Gaming
. WIiFiD4 is arguably just as good-

looking as the pricier ROG Maximus
Z790 Hero, but costs nearly £300 less and
shaves a significantamount off the price of the
MSIMPG Z790 Carbon WiFitoo. Unlike the MS|
MAG Z790 Tomahawk WiFiDDR4, some
premium features have filtered down to this
more affordable board as well.

Theseinclude Asus' quick-release PCI-E
slot button, double-sided SSD cooling forthe
top M.2 slot (although no tool-free installation),
and USB 3.2 Gen 2x2 support for both therear
Type-Cportand the on-board Type-C header.
There are USB BIOS Flashback and clear-
CMOS buttons ontherearl/O paneland alarge
RGB-illuminated logo onthe l/0 shroud, as
wellas RGB lightingonthel/0 panel.

That's not to say that this board has feature
parity with the Hero - the latter also steps up
toinclude Thunderbolt 4 ontherearl/O panel,
aPCI-E 5M.2 port and some nifty accessories,
including alarge M.2 expansion card, none
of which are found on the ROG Strix Z790-A
Gaming WiFiD4.

SPEC
Chipset IntelZ790

CPU socket IntelLGAT700

Memory support 4 slots: max 128GB DDR4 (up
t05333MHz2)

Expansionslots One 16x PCI-E 5, two 16x PCI-E
4,0nel1xPCI-E3

Sound 8-channelROG SupremeFX ALC4080

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

Cooling Eight4-pinfanheaders, VRM heatsinks,
M.2 heatsinks

Ports 4 x SATA 6Gbps, 4xM.2PCI-E4,3xUSB
3.2Gen2Type-A,4xUSB 3,2 xUSB2,1x USB
3.2Gen2x2 Type-C,1xUSB 3.2 Gen2 Type-C,
1xUSB 3.2 Gen 2x2 Type-Cheader, 1x LAN, 3 x
surround audio out

Dimensions (mm) 305x244

The Strix's 16+1phase design
power delivery systemis also
less lavish than that of the Hero,
butit's still solid, and the Strix's
on-board audiois based on
Realtek’'s ALC4080 codec, just
like the Hero. You only get four
SATA 6Gbps ports on the Strix,
comparedto six onthe Hero
and even eight on the ASRock
Z790 PG Riptide, but fouris
usually more than enough
formost people’s needs
these days.

You also getathermal probe
header with this comparatively
affordable board, which pairs
well with the board's excellent fan control
suitesin Asus' EFland software. Thisis a
feature the pricier MSIMPG Z790 Carbon WiFi
lacks, andits software s clunky too. The sensor
allows you to use athermal probe to control
your fans based on coolant temperature, rather
than the CPU temperature, whichis useful for
water-cooled systems.

The Strix's audio performance was on par
with that of the ROG Maximus Z790 Hero,
with anoise level of -114dBA, dynamic range
of 115.5dBA and THD of 0.0016 per cent,
which are the jointbestresult ontest. The M.2
temperature of 50°C with our PCI-E 4 SSD was
excellenttoo.

Meanwhile, the VRM temperature of 48°C
with our overclocked Corei5-13600K ata
P-Core frequency of 5.7GHz witha1.35V
vcore was cooler thanthe MSIMPG 2790
Carbon WiFi, and the Strix produced solid

QUICK RELEASE DELAYED RELEASE
Attractive design = Still pricey
Good feature set = Notool-free
M.2 heatsinks
DDR4 support
= NoPCI-E5
M.2 support

benchmark results, and a Cinebench multi-
threaded score of 24,656 thatrose t0 26,332
once overclocked.

Conclusion

It'sashamethere’'sno PCI-E5M.2 porton
the Strix, as someone spending £400 on
amotherboardis likely to want the latest
tech, butwithno SSDs in sight yet, thisisn't
adealbreaker. Otherwise, we definitely
recommend the Asus ROG Strix Z790-A
Gaming WiFi D4 overthe MSIMPG Z790
Carbon WiFi, and unless you want scope for
using PCI-E 5 SSDs infuture, or you really want
Thunderbolt 4, thenit also offers much better
value than the ROG Maximus Z790 Hero.

VERDICT

Still pricey, but the Strix strikes a great
balance between the cheap and over-the-
top options on test this month.

PERFORMANCE FEATURES

2% %

OVERALL SCORE
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MSIMAG Z/90 TOMAHAWK
WIFIDDR4 /£329 nevar

SI's Tomahawk range of
motherboards have previously
really impressed us, with this

board's Z690-based predecessor sittingon
our Elite list for agood few months. There's a
good £70 price difference between the MSI
MAG Z790 Tomahawk WiFiDDR4 and the
Z690 board, though, and it's up against some
stiff competition. ASRock offers much
cheaper optionsinboth DDR4 and DDR5
flavours, and the superb Asus ROG Strix
Z790-A Gaming WiFiD4 only costs
£50more.

The Tomahawk gets off to a good start by
being equipped with a better-quality on board
audio system than both the ASRock boards on
test this month, thanks to Realtek’s ALC4080
codec, and there's animpressive count of

HAWK TERRY SILVER

Wi-Fiincluded = Cheaperboards offer
nearly as much

Good VRMand

M.2 cooling = Struggles to maintain
all-core CPU boost

USB3.2Gen

2x2 Type-C port = NoPCI-E5M.2 port

andheader

SPEC

Chipset IntelZ790

CPU socket IntelLGAT700

Memory support 4 slots: max 128GB DDR4 (up
to 5333MHz)

Expansionslots One 16x PCI-E 5, one 16x PCI-E
4,0one1xPCI-E3

Sound 8-channelRealtek ALC4080

Networking 1xIntel 2.5 Gigabit LAN, 802.11ax Wi-Fi

Cooling Eight4-pinfanheaders, VRM heatsinks,
M.2 heatsinks

Ports 7x SATA 6Gbps, 4xM.2PCI-E 4,4 x USB
3.2Gen2 Type-A,1xUSB 3.2 Gen2x2 Type-C,
1xUSB 3.2 Gen 2 Type-C, 1x USB 3.2 Gen 2x2

Type-Cheader, 1x LAN, 3 x surround audio out

Dimensions (mm) 305x244

seven SATA 6Gbps ports on offer
here too, whichis more than either
Asus motherboard. Comparatively,
ASRock’s Z790 PG Riptide has
eight SATA ports and costs less
money, butlacks the Tomahawk's
USB 3.2 Gen 2x2 support onboth
itsrear Type-C port and front
panelheader.

Every M.2 port on the Tomahawk
has aheatsink and all of them
support PCI-E 4 as well, although
none of themis PCI-E 5-capable.

The cheaper ASRock Z790 PG

Riptide has asingle PCI-E 5

M.2 port and a hefty heatsink

for that slot, while both the MSI

and ASRock boards have a16x PCI-E 5 slot
for graphics.

There are 16 power phases feeding the
CPU, whichis two more thanyou geton
ASRock’s Z790 PG Riptide, but both boards
have equally massive heatsinks onthem,
with the MSlboard having the advantage of
offeringa VRM temperature readout, so you
cankeep an eye onthe thermals.

The Tomahawk also boasts 802.11ax Wi-Fi,
as well as USB BIOS flashback and clear-
CMOS buttons, butits software is clunky. This
is especially the case whenit comesto MSI's
fan control suite, where the whole effortis
less polished than either Asus or ASRock’s
equivalents, evenif the latter was very basic.

During testing with our Core i5-13600K, the
Tomahawk also dipped down to 5GHz from
5.1GHzin multi-threaded workloads, resulting
in some slower results than the ASRock Z790
PG Riptide in multi-threaded tests. The latter
gained a video encoding score 0f 1,028,571
comparedto 942,749 forthe MSl,and a
Cinebench multi-threaded score 0f 24,268
comparedto23,989.

The MSI's VRM temperature of 51°C was
decent, though, as was the M.2 temperature
of 60°C. Audio performance was slightly

better than that of the ASRock Z790 PG
Riptide as well, with a dynamicrange

of 100dBA and noise level of -103dBA
comparedto 95dBA and -93 dBA. MSI's EFI
is also excellentand we hit5.7GHz across the
P-Cores with a vcore of 1.35V, boosting the
Cinebench multi-threaded score to 25,814.

Conclusion

The MSIMAG Tomahawk WiFi DDR4 offers
decentbangforyour buck and trumps the
Asus ROG Strix Z790-A Gaming WiFiD4in
afew areastoo. The latteris amore solid
option, though, with better software, fan
control, athermal probe header, quick-
release PCI-E slot and a snazzier design,
albeit foran extra £50.

VERDICT
A solid base for a Z790 system, but you can
get better bang for your buck elsewhere.

PERFORMANCE FEATURES

2975 98

OVERALL SCORE
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/72790 MOTHERBOARDS

MSIMPG /2790

CARBONWIF|/£530 wevar

ust like its Tomahawk-branded
. sibling, the MSIMPG Z790 Carbon

WiFi costs alot more thanits Z690-
based predecessor, and supports the same
CPUs. However, the new boardincludes a
PCI-E 5-capable M.2 port, its USB 3.2 Type-C
headeris now Gen 2x2 capable andthel/0
panelnow features a clear-CMOS button and
aSmartbutton, which canbe usedtoreset the
PC, switch all the fans to maximum speed or
several other tasks viathe EFI.

You also get the tool-free M.2 portand
heatsink we saw on MSI's B650 board
this month (see p24), and an extra power
phase for the CPU, giving you a 19+1+1power
delivery system. The price s still hefty, though,
especially when the cheaper Asus ROG
Strix Z790-A Gaming WiFi D4 offers similar
features exceptthat PCI-E5M.2 port.

There's alotto like here though. The MPG
Z790 Carbon WiFiboard looks great, with
massive heatsinks covering the M.2 ports and
VRMs, with the latter linked by a heatpipe too.
All of its M.2 ports have heatsinks and SSDs

SPEC
Chipset IntelZ790

CPUsocket Intel LGA1700

Memory support 4 slots:max128GB DDRS5 (up
to 7600MHz)

Expansionslots One 16x PCI-E 5, one 16x PCI-E
4,0nel1xPCI-E3

Sound 8-channel Realtek ALC4080

Networking 1xIntel 2.5 Gigabit LAN, 802.11ax Wi-Fi

Cooling Seven 4-pinfanheaders, VRM
heatsinks, VRM heatpipe, M.2 heatsinks

Ports 6 x SATA 6Gbps, 1xM.2PCI-E 5,4 xM.2
PCI-E4,6xUSB3.2Gen2 Type-A,2x USB3,
1xUSB 3.2 Gen2 Type-C,1x USB 3.2 Gen 2x2
Type-C,1xUSB 3.2 Gen 2x2 Type-Cheader, 1x
LAN, 3 x surround audio out

Dimensions (mm) 305x244

are cooled onboth sides,
plusthere'san LED POST
code display and MSI's EFI
ismuch easierto navigate
than ASRock’s equivalent.

That said, MSI's software
is clunky and easily
bettered by that of the
Asusboards. The latter
have better fan control
bothin software and the
EFI, with additional options
fortemperature sources,
including their thermal probe headers, which
is useful for custom water-cooling loops.

As you'd expect, you also get 2.5 Gigabit
Ethernet, and the extramoney over the
ASRock boards buys you 802.11ax Wi-Fialong
with Realtek ALC4080 audio too. Plus you get
ahandy total of eight Type-A USB ports.

During testing, we unfortunately saw the
same all-core boost drop as we saw onthe
MSIMAG Z790 Tomahawk WiFi DDR4, with
our Corei5-13600K’s clock speed falling
from 5.1GHz to 5GHz, but it still performed
better than the Tomahawk in our heavily
multi-threaded video encoding test with a
score 0f 1,029,277 compared to 942,749.
The Carbon still couldn’'t crack 24,000 points
in Cinebench’'s multi-threaded test either,
lagging behind other manufacturers’ boards,
albeit by just a few hundred points. This score
rose to 25,963 witha 5.7GHz clock speed
appliedto our Corei5-13600K'’s P-Cores.

Meanwhile, the audio system’s dynamic
range of 106dBA and noise level of -106dBA
bettered both ASRock boards, butboth Asus
boards managed to achieve betterresultsin
RightMark’s Audio Analyzer software. Finally,
our PCI-E 4 SSD stayed below 59°C under
load, returning aread speed of 7,059MB/
sec and write speed of 6,793MB/sec and the
Carbon’s VRM temperature never rose above
53°Conce overclocked.

SOLAR COAL
Tool-freeM.2 port = Expensive
and heatsink
= Lacks pizzazz
GoodM.2and
VRM cooling = Farcheaperboards
offer similar features
Feature-packed
170 panel
Conclusion

Whileit's a solid motherboard, the MSIMPG
Z790 Carbon WiFidoesn'tfeel like ait's

worth £500 - itlacks the necessary pizzazz,
generous feature set and wow factoryou'd
expect at this price. If youreally want to splash
out, we recommend spending the extra cash
forthe lavish Asus ROG Maximus Z790 Hero,
butunless you're desperate for DDR5 support
and a PCI-E 5M.2 slot, we recommend most
people save some money and go for the Asus
ROG Strix Z790-A Gaming WiFi D4 instead. cre

VERDICT
A solid effort, but it lacks the pizzazz needed
to carry a half-a-grand price tag.

PERFORMANCE FEATURES

2075 305

OVERALL SCORE
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LABS TEST /MECHANICAL KEYBOARDS

Top typing tools

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

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

Edward Chester takes six of the latest premium
gaming keyboard models for atap dance

How we test

utside of the money-no-object world of fully custom
. keyboards, you'd have been forgiven for thinking the

mechanical keyboard market had reached its zenith several
years ago. There has long been a multitude of well-built, stylish
keyboards with RGB lighting, lots of switch options and plenty of
gaming keys available.

However, more recently, we've seen a surprising number of
innovations that have transformed the premium mechanical
keyboard landscape. The latest models include features such as
hot-swappable switches that canjust be pulled straight out and
replaced, with no soldering required.

Removable cables are also nhow common, providing extra
versatility, while a couple of the keyboards in this test even have
removable numpad sections, enabling you to switch between a
compact TKL layout or a full-sized keyboard.

Contents

Keycaps that use a tougher PBT plastic rather than ABS are also
now more common, and some use a doubleshot manufacturing
method, where two layers of plastic are used to form the legends on
the keys, rather than just having them screen printed. This method
leads to the legends essentially beingimpervious to wearing away.

In our tests we first consider design, looking at styling, build quality,
ease-of-use and the convenience provided by extra features. If you're
paying this much money, you should expect akeyboard that doesn't
just function well butlooks and feels the part too.

We then test each model across a variety of everyday tasks, such
as general desktop use, typing and gaming. Most tests are subjective,
based on several days of use getting to grips with eachmodel's
various pros and cons. However, we do also objectively test the noise
output of each keyboard using a decibel meter located 20cm above
the keyboard during typing.

> AsusROG Claymorell /p49
> CorsairK100RGB /p50
> MountainEverestMax /p51

> RazerHuntsmanV2 /p52
> RoccatVulcanliMax /p53
> SteelSeries Apex Pro TKL (2023) /p54

48



ASUSROC

CLAYMORE |l /£200 wevar

he original Asus Claymore was the
. firstkeyboard we'd reviewed with a

detachable numpad, allowing you to
switch between a conventional full-sized
layout and a compact TKL arrangement, so
you could free up desk space for your mouse
when gaming, or even have the numpad on
the left of the keyboard. It was aninteresting
but expensive idea for the time, anditlackedin
afew otherareas.Now Asusis back witha
revised version thatincludes a wireless
connectionand uses Asus’ own RX
mechanical switches.

As well as several feature changes, the
design of the Claymore has changed, mostly
forthe better. The original Claymore had a
premium-feeling thick metal top toiits case,

SPEC
Dimensions (mm) 462 x155x39 (W x D x H)

Weight 1.2kg (without cable)

Format Extended (105 keys + media buttons)

Connectivity USB Type-C and2.4GHz wireless

Switchtype AsusRX Red linear or RX Blue clicky
optical

Switchlife 100 million keystrokes

Backlighting RGB

Extras Four programmable hotkeys, wristrest,
volume wheel, USB pass-through

butits edges were rather sharp and the way
the numpad section slotted onto the sides
meant the metal sections regularly made
contact, leading to a clunky mechanism that
scratcheditself.

The Claymorellretains ametal top but
it's asimpler flat piece, rather than the
bent, angled form of before. As aresult, the
Claymore II's numpadjoining systemis much
slicker and there’s no chance of catching your
nails on the sharp edges. That said, the joining
systemisn't a patch on that of the Mountain
Everest, which also boasts the ability to easily
connectthe numpad at adistance thanks toits
use of standard USB Type-C ports.

The actual styling of the Claymorellis
arguably a step backwards though. The old
design had anindustrial appeal whereas the
new version has a slightly cheesier look, with
its glowing ROG logo and slashes of lightin the
top left corner. The slightly angular font of the
keys likewise has a very ‘gamer’ look, but other
people’s tastes may vary fromours.

Back to theimprovements, and amajor plus
pointis the addition of a wrist rest, whichis well
padded and reasonably wide. It spans the full
width of the keyboard, which gives youmore
of asupport area, but means you're left with
excess length when using the keyboard in TKL
mode. Perhaps for this reason, the rest doesn’t
attachto the keyboard andinsteadjust sits on
the desk whereit's free to be slid to the side.

As well as havinga2.4GHz wireless
connection option, the Claymore Il can also be
hooked up via USB Type-C, which will charge
the keyboard as well as connectitto your PC.
By default, the port will take advantage of USB
Type-Cfastcharging, or you can slide a switch
onthe keyboard's rear to enable the adjacent
USB pass-through port, which will disable fast
charging. It's aneat system, but battery lifeis
notably low atjust 18 hours with the backlight
off and eight hours with the lights on.

LONGSWORD BUTTER KNIFE
Usefulmodular = Notthebest
numpad modular system
Wireless and wired = Cheesy styling
connections

= Low battery life
USB pass-through

Asus has usedits own optical key switches
in this keyboard, which are available in Red
linear or Blue clicky versions. They're rated for
100 million clicks and feel much like equivalent
Cherry MX models.

However, the key switch stems aren't
compatible with alternative Cherry MX-type
keycaps, severely limiting this keyboard's
appeal for customisation. At least the keycaps
are doubleshot (though ABS, not PBT), so the
key legends won't wear away soon.

Conclusion
The Asus ROG Claymore llis anintriguing
refinement of Asus' original Claymore design.
[ts modular numpad s easier to use than the
one onits predecessor andits simpler metal
topisn'tasrough and scratch-inducing.
However, the change from Cherry MX
switches to Asus’ own switchesisn't welcome
from a customisation point of view, the
board's overall designisn't the sleekest and
its modularity isn't a patch onthat of the
Mountain Everest.

VERDICT
Asus may have been first with its modular
keyboard idea but it's currently not the best.

DESIGN FEATURES

18/25 20,/% OVERALL SCORE
*PERFORMANCE :  VALE 76"/
20/2 i 18/2% 0
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/MECHANICAL KEYBOARDS

CORSAIRKIO0

ROB /£23000wm

he K100 RGBiis Corsair's flagship
. wired desktop keyboard. On top of
afull-sized keyboard layoutand a

handful of media controls, it adds a column of
six extragaming keys downits left edge that
can be programmed for convenient gaming or
other desktop macro functions. There's also
aniCUE control wheel that canbe
programmed to control brightness, skip
through tracks, switch applications and more.

The top plate of the body is made from
brushed aluminium, which gives the keyboard
apremium feel. However, the metalisn'tas
thick as onthe older design andits black finish
rather hides it construction. The K100 also
features 44-zone RGB lighting around the
sides, as well as individual lights under all the
keys. The rear and side sections don't provide
an obvious glow viewed from above, but
they're visible from other angles.

There's no lighting along the front, as that's
where you attach the magnetic, padded wrist
rest. It's sufficiently deep to actually support

ICUE 1QUEUE
Extra G gaming keys = Noremovable
USB cable

UsefuliCUE
control wheel = Loudkey switch action
Smart design = Switchesaren't

. hot-swappable
Premium PBT keycaps

SPEC

Dimensions (mm) 445x240x38 (W xDxH)

Weight 1.3kg (without cable and wrist rest)

Format Extended (111 keys + media buttons and
control wheel)

Connectivity USB (tethered)

Switchtype Corsair OPX or Cherry MX Speed

Switch life 100 million keystrokes

Backlighting RGB

Extras iCUE control wheel, media controls,
cushioned magnetic wrist rest, USB pass-through

your wrist, not just situnder your fingers, and
the paddingis soft. It would be near-perfect
if it were just a bit thicker atits front edge to
improve the angle of your wrists.

Meanwhile, a very thick, tethered and
braided cable protrudes from the centre rear
of the keyboard and terminates in two USB
Type-Aplugs. This arrangement means you
can't easily replace the cable, but the second
plug provides a connection for a USB pass-
through port next to the cable exit.

In front of the cableis arecessed plastic
panelin which are hidden the indicator lights
for the Lock keys, mute function, Windows
key lock and more. It's a clean way of keeping
all suchindicator lights clearly visible when
needed but hidden otherwise. Then, to the
right are the media controls — a volume wheel
and mute button above buttons for stop,
back, play/pause and forward functions.
Finally, to the left are the control wheel and
buttons for switching profiles and disabling
the Windows key.

Inthe centre of that control wheelis a button
that you tap to cycle through the functions of
the wheel, with the wheel then adjusting the
function. Options include brightness control,
track jogging, track selector, macro recording,
application switching, vertical scrolling,
horizontal scrolling and zoom.

Move downto the keys, and you'll find
doubleshot PBT keycaps, so the plastic
is harder-wearing than ABS, and the
legends won't wear away like on screen

printed keycaps. What's more, unlike some
doubleshot keycaps, the legends are crisp
and bright.

Normally, Corsair's keyboards are available
in a wide range of Cherry MX switch types
butthe K100 s currently only available with
Corsair OPX optical switches (reviewed)
or Cherry MX speed switches. Bothhave a
similarly light, linear action with a very shallow
actuation point (Imm and 1.2mm respectively).

This is useful for gaming, where rapid
repeatkey presses are used, but we found
the way even the slightest touch elicited akey
response was rather unforgiving in everyday
use, especially when typing. The switches
aren't hot-swappable either and the keyboard
is quite loud, registering around 67dB from
20cmaway.

Conclusion

The addition of a control wheel and extra
gaming keys elevates the versatility of

the K100 RGB, makingit a hugely capable
keyboard for gaming and work. Extra touches,
such as the premium keycaps and soft wrist
rest, alladd to the sense of value too. However,
you don'tgetaremovable cable, the switches
aren'thot-swappable and the Corsair OPX
switches are loud, soit's not a clean sweep for
Corsair'stop dog.

VERDICT

A quality, premium keyboard with lots of
extra buttons, but its fixed cable and loud
keys won't be for everyone.

DESIGN FEATURES

9105 o] /9% OVERALL SCORE
*PERFORMANCE :  VALE 820/
/% : 19/% 0
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MOUNTAIN
EVEREST
MAX /£220 nevar

ountainis arelatively new namein
. the PC peripherals market, but you'd

never have guessedit by looking at
its Everest Max keyboard. Far from a simple
firstattemptto ease into the market, this
keyboard has an ambitious modular design
thatincludes removable numpad and media
control sections, andit can even be bought
instages.

Theideais that you can pick up the TKL
Everest Core keyboard for just £120 inc VAT, or
even the barebones keyboard (not currently
available), and then later add the media dock
(€40 ~£35inc VAT), numpad (€60 ~£52inc
VAT) and wrist rest (€10 ~£9 inc VAT), or you
canjust optfor the whole lot at once with the
EverestMax (£220inc VAT). It's agreat system
interms of cost saving and customisation and,
what's more, it's practical too.

SPEC
Dimensions (mm) 461x265x43 (W xD xH)

Weight 8529

Format Modular TKL (87 keys) and full-size (105
keys)

Connectivity USB Type-C

Switchtype Cherry MX hot-swappable (Brown,
Blue, Grey, Orange, Red)

Switchlife 50+ million keystrokes

Backlighting RGB

Extras Keycap removaltool, detachable
cushioned wrist rest, detachable numpad and
media dock, programmable display buttons

The numpad houses atwo-ended sliding
USB Type-C plug that allows it to pluginto
eithertheright or left sides of the main
keyboard. ltalso uses magnetsto keep it
securely fixedin place, while still being easy
to detach. To be able to just quickly and
easily unclip your numpad to free up some
desk space for your mouse when gamingis
S0 convenient.

The media dock uses a similar fitment
system, andit can be placed either onthe
topright or top left of the main keyboard. It
provides LEDs for Scroll/Num/Caps Lock
buttons, as well as buttons for back, forward,
play/pause, mute and select. The latteris used
in conjunction with the multi-function wheel
nexttoit, which can actas a volume wheel or
control the keyboard's backlighting, show your
CPU/memory/GPU usage, display a clock and
more, all from the circular colour display held
withinit.

Other multi-function mini displays are
housedin four buttons that sit at the top of the
numpad section. These can be programmed
viaMountain’'s Base Camp software, with
options to run programs, open folders, perform
0OS commands and more. The buttons
themselves have a stiff, shallow action, so
they're not overly satisfying to press, but their
utility is undeniable.

Meanwhile, the wrist rest magnetically
attaches to the front of the main keyboard - it
doesn't extend to the numpad - and it offers

TOP OF THE ALTITUDE

WORLD SICKNESS
Amazing module = Wristrest wobbles
design

= Expensive
So much functionality

Somuch
customisation

Cracking value

apleasing cushioned surface. However, we
founditto be too narrow and allittle wobbly,
sothatit tipped backwards under the weight
of our wrists, raising the front of the keyboard.
It's the only slight slipup in this keyboard's
practical design.

The modularity does break up the look of
the board, but Mountain has embraced this as
afeature by curving the corners of each section
to highlight that they can be separated.

The keyboard can be configured with
standard hot-swappable Cherry MX switches,
although only Brown and Red switches are
available for UK layouts. The typing experience
is also excellentand not overly noisy, despite
lacking any specific sound deadening. The
keycaps are basic ABS plastic ones with
screen-printed lettering, so they won'tlast as
long as doubleshot PBT caps, but they're easy
toreplace.

Conclusion

This keyboard has blown us away. The amount
of features offered by its extra programmable
buttons and multi-function dial, combined with
its incredibly convenient modular design, make
ita powerfultool. It has all the features you
could need, yetit can shrink to a compact TKL
boardin aninstant. It's certainly not cheap, but
it still provides astonishingly good value when
you consider what you get.

VERDICT

Utility, convenience and decent value,
the Mountain Everest is among the
finest products we've ever reviewed.

DESIGN FEATURES
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/MECHANICAL KEYBOARDS

RAZER
HUNTSMAN
/2 /£200 nevar

e've previously looked at the Razer
Huntsman V2 Analog (see Issue
213), butthatkeyboardis a

surprisingly different beast to the rest of the
currentHuntsman V2 line-up. As well as its
inclusion of analogue switches, ithas an
illuminated wrist rest and lacks the sound
deadening materialand 8000Hz polling rate
of therest of the line-up.

It's this sound deadening that really
sets the Huntsman V2 apart from many
other mechanical keyboards, and certainly
the others ontest. It's amazingly quiet,
registeringjust 46dB from 20cm above the
unit. That compares to typical readings of
over 55dB for the other models ontest. The
exact noise level will depend on your choice
of switch but with the linear switches we
tested, there was essentially no discernible
clicking or other higher-pitched noises, nor
any resonance of the keyboard's case.

What's so remarkableis that there’'s no
dampeningin the switches themselves, but
justathin layer of foam between the main
PCB - through which the switches project -
and the lower portion of the case. We have
some concerns over just how long this thin,
squished bit of foam will last but the initial
results are undeniable.

SPEC
Dimensions (mm) 445x240x38 (W xDxH)

Weight 913g (without cable)

Format Fullsize (105 keys)

Connectivity USB (tethered)

Switchtype Razer optical Red linear or Purple
clicky

Switch life 100 million keystrokes

Backlighting RGB

Extras Media controls, cushioned magnetic wrist
rest, internal sound deadening

The actual construction of the keyboard
isn't exactly heavyweight, with an attractive
but quite thin layer of brushed aluminium
topping the chassis, and a basic thin plastic
casing forming the underside. The rest of
this design largely impresses with the very
sleek, minimalist look that we've come to
expectfrom Razer. As well as the clean all-
black look, it's the details thatimpress, such
as the crisp font on the keys, the subtle RGB
ring lights around the media controls, the
neatly integrated Lock indicator lights and
the muted default lighting modes.

Talking of media controls, you geta small
cluster above the numpad, consisting of a
volume wheel (tap to mute), and back, play/
pause and forward media buttons. There
are no extra programmable keys though.
Another feature that's lacking is aremovable
USB cable; the fixed, slim, braided cable
sprouts from the left rear of the keyboard.
Ithas justasingle USB plug onits end,
giving away that the board doesn'tinclude
a USB pass-through.

One additional feature you do get, though,
is alovely wrist rest. It magnetically attaches
tothe frontandit's deep enough to offer
meaningful support. Likewise, its cushioning
is thick and very soft, providing a wonderfully
cushioned landing spot for your hands. As
with the sound-deadening foam, we're a
little concerned that the soft wrist rest foam
won'thold up over the years — compared with
stiffer gel wrist rests that go on forever — but
theinitial experienceis lovely.

SILENT DEADLY
Amazingly quiet = Noremovable
USB cable
Very stylish
= Basicfeature set
Quality keycaps
= Expensive

Lovely wristrest

The fullHuntsman V2 line-up - which
includes the Tenkeyless and 60 per cent
Mini versions - also includes doubleshot
PBT keycaps, so the keycaps will take longer
to wear to a shine and their legends won't
wear away.

This model uses Razer's own optical key
switches, which are availableinlinear or
clicky actions. They're rated to 100 million
clicks and are compatible with most Cherry
MX cross keycaps. We found the overall
typing and gaming experience to be excellent
using the linear switches.

Conclusion

Fora £200inc VAT keyboard, the Razer
Huntsman V2 feels like it's lacking one or
two little extra features to be considered
great value. However, it looks fantastic,

its typing experienceis rock solid, you get
premium doubleshot PBT keycaps, its wrist
restis wonderfully comfortable andits sound
deadeningis arevelation - we've seldom
heard a mechanical keyboard so quiet.

VERDICT

Stylish and whisper-quiet, the Razer
Huntsman V2 lives up to its name as a silent
assassin of the mechanical keyboard world.

DESIGN FEATURES

23,/25 20,/% OVERALL SCORE
©PERFORMANCE :  VALE 83[]/
/% i 11/2 0
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ROCCAT VULCAN

| MAX /£200 wcvar

hile much of the PC techindustry is
. takingits foot off the gas whenit

comes to RGB lighting, Roccatis
forging ahead. The Vulcan Il Max boasts not
just full RGB-lit keys with shortened keycaps
thatexpose more of the RGB-illuminated
switch below, butitalso has alighting array on
the front edge thatlights up its included rubber
wristrest.

Subtlety isn't this keyboard's forte, but
if you're into the dazzling look, there’s no
denying the Vulcan IlMax delivers the goods.
The wrist rest lighting works impressively
well. The wrist restis just a piece of translucent
rubber that slots into holes in the front of the
keyboard (from which the lights shine), but the
light disperses throughit surprisingly evenly,
and the 16 individual lights make for smooth
colourtransitions.

Allthe lightingis also compatible with
Roccat’'s Swarm software, which provides
umpteen effects and ways to coordinate
your lighting with the rest of your system. The
lighting drops to a dimmer standby mode
when the keyboard's notin use.

The wristrestis also comfortable, thanks
toits soft rubber build and large footprint, and
comfortis also aided by the whole keyboard's
low profile. The slim keycaps and body result
ina combined 2-3mm lower key height than
typical keyboards, plus the frontkeycaps don't

SPEC
Dimensions (mm) 463x236x34 (W xDxH)

Weight 1,040g

Format Fullsize (105 keys)

Connectivity USB

Switchtype Roccat Titan Il optical Red or Brown

Switchlife 100 million keystrokes

Backlighting RGB

Extras Detachable wristrest

slightly curve up
like on many keyboards,
meaning the slim wristrest doesn't
needto raise your wrists as highto reduce
wrist strain.

We're less keen on the look of the keycaps
-they seemto be floating on top of the
switches rather than beingintegral parts of

them. Onthe plus side, the tops are quite wide,

rather like the wide, flatkeys on laptops, but
with more of apronounced curve on the top
so your fingers can centre on the keys easily.
We found these caps very comfortable and
accurate fortyping.

The key switches are Roccat's own Titan
Il optical switches, which boast a 100 million
click lifespan. Currently, the keyboardis only
availablein alinear switch variety, andin fact
it's only available in a US layout too, but other
variants should be arriving soon.

The switches feel great, with a typical
smooth Cherry MX Red-style linear action
that's pleasant for typing and ideal for
rapid-fire inputs for gaming. Noise levels
are typically high, though, with amarked
bottoming out and key return noise, but
there's not the slight echoey noise from the
case that you hear from some keyboards.

For features, this keyboard only really
offersits lighting and the addition of back,
forward and play/pause buttons, along with
avolume control. The latter is pleasingly

VULCAN SALUTE VULCAN DEATH
Dazzling lighting array GRIP
= NoUSBhub
Comfortable wristrest
= Few extrafeatures
Low-profile design
= High price

tactile, with arelatively stiff, notched action
for precise control.

However, there’s no USB pass-through,
removable USB cable or any other extra
buttons. Instead, the cableis tethered and
terminates intwo USB-A ports, the extraone
of which provides power for the lighting. You
also get several secondary functions that
can be activated via the Fn key. For instance,
Fn+Win disables the Win Key while the F1-F12
buttons activate profiles, record macros, mute
the microphone and more.

Conclusion

If you simply must have the most RGB lighting
atalltimes then the Roccat VulcanlIMaxis

the keyboard to buy. Moreover, its wrist rest is
comfortable as well as dazzling, plusits funny-
looking short keycaps offer a decent typing
experience. However, you pay a premium for
allthatlighting, with other keyboards offering
more physical features at this high-priced end
of the market.

VERDICT

Lit up to the max and a solid enough
keyboard, but other models offer more
features for the same money.

DESIGN FEATURES

24/25 15,95 OVERALL SCORE
©PERFORMANCE :  VALE 780/
20/ i 19/% 0
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/MECHANICAL KEYBOARDS

STEELSERIES APEX
PRO TKL (2023) /£190 evar

aking a leaf out of Apple’'s book,
SteelSeries has chosentonameits
new Apex Pro TKL keyboard the

Apex Pro TKL (2023), ratherthan simply add a
‘2’ toits name or switch to a different moniker
entirely. Potential confusion aside, though, this
is largely a solid update to what was already a
stylish and capable keyboard.

Interestingly, so popular was the company's
previous Apex Pro TKL (SteelSeries proclaims
it the best-selling TKL keyboard inthe world),
thatithas chosento launchits updated design
inthis smaller form factor first, with a full-sized
version potentially arriving later.

It's a very stylish keyboard. The old version
had alow-profile, bent aluminium top that was
very fetching, but the new version looks even
better. The designis simpler, withits black
anodised aluminium top plate surrounded
by a plastic outerring and a neat shadow gap
betweenthem. The top plateis so subtle you'd
never guess it was even aluminium, though,
which arguably defeats the object.

Greatly helping with the look is the almost
complete lack of expanded casing for
features such as acompany logo. Instead,
the SteelSeries logois showninthe OLED
display inthe top right corner. The clean
font of the keycaps helps the styling too,

SPEC
Dimensions (mm) 355x139 x40 (W x D xH)

Weight 770g (without cable)

Format TKL (87 keys + media buttons)

Connectivity USB Type-C

Switchtype SteelSeries Omnipointlinearhall
effect magnetic

Switchlife 100 million keystrokes

Backlighting RGB

Extras Four programmable hotkeys, wristrest,
volume wheel, USB pass-through

as does the default
back lighting effect,
whichis gentle and
colour-coordinated,
ratherthana

dazzling kaleidoscope.

Alongside the OLED panelis a very
small metal volume wheel. Frustratingly,
its single-direction knurling and stiff action
meant we found our winter-dry fingers often
slipped over it rather than gripping and turning
it. You cantapitin to provide a mute function,
while nexttoitis a play/pause button. This
combo also allows you to adjust backlight
brightness, switch profiles, record macros and
adjust the switch actuation, with the wheel
usedto select and adjust each setting, while
the OLED screen shows the mode.

The actuation of the switches refersto the
ability to set the point at which the keypress
is triggered, from 0.2mm all the way up to
3.8mm. Moreover, you can configure two
differentresponses to occur at two different
levels, such as a game character walking with
alight press then running with a deeper press.

This ability is down to the switches using
amagnetic hall effect to actuate, rather than
relyingon a metal contact or breakingabeam
of light. It's anintriguing and genuinely useful
way of adding extra abilities to a keyboard,
but we didn'tfind it anindispensable feature
duringour gamingtime.

The switches themselves are only
availableinalinear action but are rated to 100
million presses. Meanwhile, the keycaps are
doubleshot PBT so will stand up to years of
use without the legends wearing off.

Awristrestis alsoincluded andit
magnetically attaches to the front. However,
itdoesn'thave any padding, whichis
disappointing for a keyboard at this price. You
also don'tgeta USB pass-through, but the
cableis atleastremovable and attached via
aUSB Type-C portto the leftrear of the unit.

PROFESSIONAL AMATEUR VALLEY
PEAK = Expensive
Stylish design
= Wristrest not padded

Useful secondary
= Slippery volume

key actuation

wheel
Doubleshot
PBT keycaps

Onthe underside there's also arubber flap
that hides a stowage space for the keycap
removal tool - the switches themselves
aren'thot-swappable.

Conclusion

The SteelSeries Apex Pro TKL is a stylish
and well-builtkeyboard, and its multi-level
actuation switches are a genuinely useful, if
rather niche addition. Its price of £190inc VAT
from amazon.co.uk is steep for a TKL layout
with this feature set, though, and you can

get abetter-balanced feature set for similar
money elsewhere.cpPe

VERDICT
A premium look and feel with clever
switches, but its price is high for a TKL layout.

DESIGN FEATURES

B s 78
wr % I

OVERALL SCORE
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“The Computers That Made Britain
is one of the best things I've read
this year. It’s an incredible story of

eccentrics and oddballs, geniuses and
madmen, and one that will have you
pining for a future that could have been.
It's utterly astonishing!”

- Stuart Turton, bestselling author
and journalist

Buy online: wfmag.cc/ctmb
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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
and ray tracing

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 scan.co.uk p51 £170
AMDRyzen7 - #218 °
CPU 5700G awd-it.co.uk p20 £190 :
. ARCTIC #224
. CPUCOOLER Freezeri13X scan.co.uk p76 £23
AMD Wraith air #218 :
CPUCOOLER coolerincluded N/A £0 -
] p20 ° Nvidia GeForce #228
with CPU : GRAPHICS CARD RTX 3060 Ti overclockers.co.uk P90 £400
. 16GB (2 x8 GB)
AMD RadeonRX . corsar
o #218 o Vengeance LPX #224
GRAPHICSCARD  Vega 8integrated N/A 020 £0 . | MEMORY DDR4 3200MHz scan.co.uk p76 £54
into CPU . (CMK16GX4
: M2B3200C16)
16GB (2x 8 GB) J
Corsair . Gigabyte B660 %224
Vengeance LPX #218 . MOTHERBOARD  Gaming X DDR4 scan.co.uk P50 £140
MEMORY Pro 3200MHz scan.co.uk 078 £54 : (ATX)
(CMK16GX4M ‘
2B3200C16) .
. 1TB WD Blue #222
. STORAGE SN570 scan.co.uk >0 £66
AsusTUF . (M2NVMe) ?
B450M-PLUSII . #218 °
MOTHERBOARD (micro-ATX) with awd-it.co.uk p78 £105 z
BIOS flash O
. Total £853
500GBWD Blue w29 5
STORAGE SN570 (M2 scan.co.uk 20 £42 Bl UPGRADES
NVMe) P :
° SWAP Nvidia GeForce SENER #228 £630
: GRAPHICSCARD ~ RTX3070Ti -co.u p90
Total £391 . 1TB WD Black #230
: SWAP STORAGE SN850X scan.co.uk p29 £110
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http://scan.co.uk
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14-core CPU, 2,560

x 1,440 gaming and
ray tracing 14-core CPU, smooth 2,560 x 1,440 gaming
Needs an ATX case. We andray tracing, some 4K gaming
recommend a550-600W 80 Needs an ATX case with room for a240mm all-in-one liquid
Plus Bronze power supply. cooler. We recommend a 750W 80 Plus Bronze power supply.
CPU It He773 scan.co.uk #232 a9
i5-13600K p16 e Intel Core T #232 =)
i5-13600K scancou P16
ARCTIC Liquid
Freezer 11240 #226
CPU COOLER RGB (240mm scan.co.uk 49 £80
AlO liquid P o
cooler) ARCTIC Liquid
Freezer|1240 #226
CPUCOOLER RGB (240mm scan.co.uk D49 £80
LGAT700 e | %226 PO g
ADAPTOR reezerll scan.co.uk 049
Upgrade Kit
Nvidia GeForce #228 LGA1700 ARCTIC Liquid #226
GRAPHICS CARD " .co.ul £
RTX3070Ti Scan.co.ux p90 630 ADAPTOR Freezerll scan.co.uk p49 £5
Upgrade Kit
16GB (2 x 8GB)
Corsair
Vengeance RGB #230
MEMORY Pro3600MHz scan.co.uk pa7 £64
DDR4 Nvidia GeForce #233
(CMW16GX4 GRAPHICS CARD RTX 4080 scan.co.uk p14 £1,190
M2D3600C18)
MOTHERBOARD = I93PVIeZ090 ' orp g "22 oo 32GB (2x8GB)
Gaming X DDR4 p46 Corsair
Vengeance RGB #230
MEMORY Pro3600MHz scan.co.uk 47 £104
DDR4 p
1TB WD Black #230 (CMW32GX4M
STORAGE SN850X scan.co.uk p29 £110 2D3600C18)
Asus ROG Strix #234
Total £1,419 MOTHERBOARD Z7_9_O—A Gaming ebuyer.com pad £388
WiFiD4
UPGRADES
ADD SECONDARY  Western Digital #166 1TB WD Black #230
STORAGE Blue 4TB ebuyer.com p54 £85 STORAGE SN850X scan.co.uk 029 £110

*This motherboard will need its BIOS updated in order to recognise

the new CPU. This new BIOS can be downloaded online from

custompc.co.uk/GigabyteBIOS and flashed using Gigabyte Total £2,206
Q-Flash, as detailed in the motherboard manual.
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Core component bundles cont ...

8-core CPU, 4K gaming
and ray tracing
: 16-core CPU,
Needs an ATX case with room for 920 080 .
a360mm all-in-one liquid cooler. 1' X 1' gaming
We recommenda 1000W 80 Needs an E-ATX case with room for a 360mm all-in-one liquid
Plus Gold power supply. cooler. We recommend a 750W 80 Plus Gold power supply.
#,
CPU AMDRyzen9 overclockers.co.uk 231 £579
CPU AMDRyzen7 overclockers.co.uk #231 £330 7950X p14
7700X = p16
CorsairiCUE
H150i Elite LCD #226
CPU COOLER (360mm AIO scan.co.uk n78 £230
CorsairiCUE liquid cooler)
H150i Elite LCD #226
CPUCOOLER (360mm AIO scan.co.uk p78 £230
liquid cooler)
Nvidia GeForce #220
GRAPHICS CARD RTX 3060 Ti overclockers.co.uk pS3 £400
Nvidia GeForce #232
GRAPHICS CARD scan.co.uk £1,800
RTX 4090 p28 32GB(2x8GB)
Corsair
Vengeance RGB ) #233
MEMORY DDR5 6000MHz corsair.com p30 £235
(CCMH32GX5M2
32GB (2x 8GB) B6000Z30K)
Corsair
Vengeance RGB . #233
MEMORY DDR5 6000MHz corsair.com p30 £235
(CMH32GX5M
2B6000Z30K)
MOTHERBOARD = ASROCkX670E scan.co.uk #232  ca6s
SteelLegend p24
MOTHERBOARD = >IMPGB650 box.co.uk #234 | g3y
Carbon WiFi p24 Y 2TBWD Black " #2250
SN850X scan.co.u p27
1TB WD Black #230 Total £2,039
STORAGE SN850X scan.co.uk p29 £110
UPGRADES
Total £3,042 SWAP GRAPHICS Nvidia GeForce #232
CARD RTX 4090 scan.co.uk 028 £1,800
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Our favourite components for building a micro-ATX or mini-ITX PC. Always double-check how much room is available in your chosen case
before buying your components. Some mini-ITX cases don’t have room for large all-in-one liquid coolers, for example, or tall heatsinks. You'll
also needto check that there’s room for your chosen graphics card.

Motherboards Motherboards
IntelZ690 Gigabyte Z690I #228
(LGA1700) Aorus Ultra Plus amazoncouk e £352
IntelB660 Gigabyte B660I n #228 AMD B450 Asus TUF F #218
(LGA1700) Aorus Pro DDR4 SVCECO pa7 | £230 (AM4) B450M-PLUS I GWORIECOUK p76 HEE
Asus ROG Strix
AMD X670 (AM5)  X670E-I Gaming scan.co.uk ‘;23?;32 £460
—— ‘:"F' — — AMD B550 MSIMAGBSSOM %204
Sus s 5 (AM4) Mortar e 42
(AM4) B550-1Gaming amazoncouk g £228 P
Cooler Master #206
ALL-PURPOSE MasterBox scan.co.uk £100 - n
p18 Kolink Citadel #218
2R2(310P — BUDGET Mesh RGB overclockers.co.uk n26 £65
TOWER Ms:silicious overclockers.co.uk P51 £105
HIGHAIRFLOW  roctalDesion scan.co.uk ’;24255 £114
Streacom DA2 . #214
PREMIUM V2 quietpc.com P51 £199
Other components
IE(:"IIJVE%%?.':E“F;E Noctua NH-L12S scan.co.uk 4:)2513 £60
SFX POWER Phanteks Revolt . #228 £120
SUPPLY SFX750W p74 BUDGET Belkin amaroncouk | F6 oo
ROUTER RT3200-UK o p52
Asus #216
ROUTER RT-AX68U scan.co.uk pS1 £177
Asus ZenWiFi AX #226
MESH ROUTER Hybrid XP4 amazon.co.uk p59 £248
AntecDF700 #214
SUB-£100 RGB .co.uk £90 -Li #
Flux scancou p26 WI-FIADAPTOR  [-LinkArcher o ockerscouk 122 g50
. — - TX3000E p58
- #,
IS\?RBFI:‘:(.;\(:IO A?r;lS:\:\l; awd-it.co.uk P56 £93
Fractal Design DUAL-BAY NAS ) #200
COMPACT Meshify 2 scan.co.uk #215 £118 BOX Synology DS220] box.co.uk p22 £161
Compact P20
HIGH AIRFLOW gzzﬁ;\?gs'g” scan.co.uk 231152 £150 DUAL-BAY Synology box couk s
MEDIANASBOX  DS218play ox.co.U! p34
PREMIUM HIGH Fractal Design scan.co.uk #225 £218
AIRFLOW TorrentRGB TG p20 2.5GIGABIT
- #212
CorsairiCUE #224 DUAL-BAY QNAP TS-231P3 amazon.co.uk £229
LUXURY 5000T RGB scan.co.uk p22 £385 NAS BOX p25
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F-FREESYNC, G- G-SYNC, W - ULTRAWIDE

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

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

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

27IN,165Hz, IPS,
1,920 X1,080,F,G

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

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

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

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

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

BUDGET TKL

MECHANICAL
65 PER CENT

MECHANICAL
TKL

PREMIUM TKL
MECHANICAL

PREMIUM
MECHANICAL

PREMIUM

WIRELESS
MECHANICAL

AO0C24G2U

Acer Predator
XB253Q

Asus ROG Swift
PG259QN

AOC27G2SPU

LG UltraGear
27GP850

AOC
CQ27G3sU

AOCAG273QZ

Alienware
AW2721D

AOCU28G2XU

scan.co.uk

box.co.uk

box.co.uk

ebuyer.com

currys.co.uk

overclockers.co.uk

overclockers.co.uk

amazon.co.uk

overclockers.co.uk

Monitors

#214
p28
#209
p57
#212
p20

#233
p21

#229
p48

#223
p45

#202
p27

#212
p21

#221
p29

£200

£280

£389

£230

£379

£290

£590

£599

£620

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

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

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

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

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

55IN, 165Hz, VA,
3,840X2,160,F,G,
HDR

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

ilyama ProLite
XB3288UHSU

Philips
Momentum

5000
32MIN5500VS

Dell G3223D

iiyama
G-Master
GB3461WQSU

LG UltraGear
38GN950

Samsung
Odyssey Neo G8

Samsung
Odyssey Ark

LG27QN880

scan.co.uk

amazon.co.uk

dell.com

overclockers.co.uk

currys.co.uk

scan.co.uk

Samsung.com

amazon.co.uk

Peripherals and audio

SteelSeries
Apex 3 TKL

Ducky One 3 SF

NZXT Function
MiniTKL

CorsairK70
RGB TKL

Mountain
Everest Max

Razer
BlackWidow
V3 Pro

currys.co.uk

overclockers.co.uk

cclonline.com

scan.co.uk

scan.co.uk

overclockers.co.uk

#221
p59

#230
p26

#226
p32

#214
p31

#234
p51

#208
p60

£45

£120

£104

£150

£220

£230

BUDGET GAMING

FIRST-PERSON
SHOOTER

AMBIDEXTROUS

MULTI-BUTTON

WIRELESS

PREMIUM
WIRELESS

ULTRA
LIGHTWEIGHT

PREMIUM
LIGHTWEIGHT
WIRELESS

NZXT Lift

Glorious Model O

Razer Viper 8K

Roccat Kone XP

Razer Viper
Ultimate
Razer
DeathAdder
V2Pro

Cooler Master
MM711

Logitech GPro X
Superlight

scan.co.uk

overclockers.co.uk

currys.co.uk

roccat.com

currys.co.uk

scan.co.uk

box.co.uk

amazon.co.uk

#205
p43

#233
p54

#233
p51

#206
p53

#208
p30

#229
p17

#231
p34

#210
p26

#232
p55

#232
p54

#215
p59

#225
p60

#217
p54

#210
p28

#232
p52

#217
p52

£370

£300

£349

£370

£1349

£1300

£2,599

£399

£40

£38

£70

£60

£139

£119

£30

£95
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Peripherals and audio cont ...

Logitech G29 #202
RACING WHEEL Driving Force currys.co.uk P50
BUDGET PowerA Spectra araos.co.uk #228
GAMEPAD Infinity Xbox Series X gos.co. p55
MID-RANGE #228
GAMEPAD Sony DualSense scan.co.uk p58
PREMIUM ; A #228
GAMEPAD Scuf Instinct Pro scufgaming.com D57
BUDGETFLIGHT  Logitech Extreme currvs.co.uk #207
STICK 3D Pro Joystick ys.co. p52

Thrustmaster #207
FLIGHT STICK T16000MFCS scan.co.uk 56

HOTAS P
WIRELESS 84-KEY Niz Mini 84 Pro

ELECTRO-CAPACATIVE

BUCKLING SPRING
MECHANICAL

Unicomp New ModelM

£239 BUDGET STEREO RoccatElo X Stereo  amazon.co.uk
£35 STEREO EPOS GSP 300 amazon.co.uk
Corsair Virtuoso
£60 WIRELESS RGB Wireless amazon.co.uk
PREMIUM A
WIRELESS EPOS H3Pro Hybrid currys.co.uk
£200
£43
£130
STEREO Edifier R1280DB overclockers,
co.uk
#220
keyboardco.com p29
#219
keyboardco.com 026

PCs and laptops

ENTRY-LEVEL RTX 4080 PC Wired2Fire Reactor Extreme  Intel Corei5-13600K Nvidia GeForce RTX 4080
PREMIUM GEFORCE RTX 4080 PC  CyberPower Infinity X139Pro  Intel Corei9-13900K Nvidia GeForce RTX 4090
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RICK LANE / INVERSE LOOK

BLOCKBUSTED

As large studios struggle to get AAA games out the door, Rick Lane
asks how the next wave of revolutionary blockbusters will look

hileI enjoyed a wider variety of gaming experiences
. in 2022 than in any previous year, something was
missing. Essentially, the AAA gaming industry didn’t
turn up. I could count the number of genuine blockbusters
that launched on one hand - Elden Ring, Modern Warfare 2,
God of War: Ragnarok (which didn’t even launch on PC) and
maybe A Plague Tale: Requiem if you're feeling generous.
The pandemic undoubtedly had a chilling effect, with
numerous major titles sliding into 2023, including Starfield,
Redfall and Forspoken. More generally, AAA games are
contending with increasingly protracted
development times, requiring ever more money

Where do blockbuster games go after the open world? The
two biggest games of this year — Elden Ring and God of War:
Ragnarok —are both firmly rooted in the design philosophies
of the previous decade. Perhaps this is because developers’
abilities to iterate upon these ideas has dramatically slowed
down. But where can you go after the open world? How do
you create a genre more ambitious than a freely explorable
alternate reality that lasts dozens, if not hundreds, of hours?

There are a couple of potential avenues. Shadow of Mordor's
Nemesis system gave us a glimpse of how the future of

dynamic narrative could look in games, although

: its potential to spread throughout the industry
and manpower to squeeze a diminishing amount !S Ag eofEm pires 4 was hindered by publisher Warner Bros patenting
of visual lustre from the next wave of GPUs. inthe same lea gue  thesystem.

Our expectations of what constitutes a AAA as EldenRin 97 The PSg’s latest Ratchet & Clank features an

game have also changed. Age of Empires used to
be considered a major release, but is last year’s
Age of Empires 4 in the same league as Elden Ring? This
puts greater expectation on an ever-dwindling number of
games, which in turn means those developers must ensure
the games are perfect.

The industry also has yet to figure out what the next wave
of blockbuster games looks like. If you look back through
gaming history, most of the big hitters in each preceding
decade revolve around a specific idea. In the 1990s, it was
the FPS, in the 2000s, it was the cover-shooter. In the 2010s,
it was the open world. These emerging genres provided
new, attractive idea-spaces for developers and publishers to
progress in terms of technology and design.

intriguing (albeit limited) multiverse concept.
The idea of exploring multiple worlds layered
over one another has significant potential for both narrative
and systemic play. However, even these ideas require an
open-world framework to operate - it's simply adding extra
stuff onto an existing template.

Perhaps there is nowhere left to go once you start simulating
entire worlds, or perhaps the industry is simply too broad
for one idea to emerge as the design trend chased by AAA
studios. That said, the lack of an obvious new direction could
also mean that some clever studio is working on that mystery
idea right now, and in two years, I'll be writing feverishly
about this radical experience shifting the industry onto an
entirely new path.

Rick Lane is Custom PC's games editor El @Rick_Lane

62


https://twitter.com/Rick_Lane

Victoria 3 / £41.99 v

DEVELOPER Paradox Interactive/ PUBLISHER Paradox Interactive

he latest grand strategy game from Paradox

Interactive, Victoria 3 swaps out the dynastic

skulduggery of Crusader Kings for a dizzyingly
complex Eurogame of industrial production and political
progressivism. It lets you pick virtually any nation on the
map and broadly do whatever you like withiit.

Whether you plan to run an aggressive military
dictatorship or a politically emancipated utopia, your country
mustrun at a profit. Victoria 3's economic simulation
combines managing a complex network of production
chains, and eking profit out of their respective supply and
demand. Your country can produce a wide range of goods

through many differentindustries, but all are interconnected.

If you want to manufacture more tools, for example, you'll
need additional wood and iron, increasing the demand and
price of those goods. You can try to reduce the price of wood
by building more logging camps, butlogging camps also
require tools to operate and so on.

Mastering this intricate economic puzzle is an absorbing
challenge, as you adjust tariffs and establish trade routes
toinfluence the price of goods, while implementing new
technologies that can suddenly launch your economy to the
Moon. Amusingly, having too much money can be as much
of aproblem as having too little, as economies are based on
the gold standard, and stockpiling gold can trigger inflation
thatreduces your currency’s value.

Meanwhile, most of the game’s character comes from
its political simulation. Through the government panel, you
canimplement new laws that affects all sorts of factors,
from how your country rules its subjects, to the nature of
its health service, welfare system and representation of
different demographics.

VICTORIA

4+ Dizzying economic simulation

GEORGEIV

Diplomacy is basic
+ Funpolitical plate-spinning Wars even more so

4 Gorgeous, ever-evolvingmap

However, each law must be passed by your government,
and that means trying to please a host of different political
factions ranging from religious conservatives to left-wing
progressives. The ensuing political battles can trigger
specific events, or evenincite revolution as radicalised
factions try to enforce their ideas at gunpoint.

Victoria 3's depiction of the 19th-century world is
impressively vivid. The campaign map is rich with detail and
highly dynamic, with your country’s cities and infrastructure
visibly changing as the game progresses. However, there
are areas where the game falls short. Diplomacy is mostly
about managing alliances and wars, lacking the international
subterfuge seenin Crusader Kings. Managing your military
is similarly restrictive, with wars taking place on randomly
generated fronts over which you have little control.

Consequently, Victoria 3 is more fun when you're focusing
on your own country than on a global scale. However, this
doesn’'t make its economic simulation any less engaging,
orits political squabbles less funto watch as they play out.
Victoria 3isn’t quite Paradox’s best strategy game, butit's
nonetheless alavish and dynamicjaunt through history’s
most transformative century.

RICKLANE

/VERDICT
The penny is
mightier than the
sword in Paradox’'s
most opulent
grand strategy.
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Call of Duty: Modern Warfare 2 / £59.99 v

DEVELOPER Infinity Ward/ PUBLISHER Activision

GROUND WAR odern Warfare 2is the best Call of Duty in years, performing spec-ops raids on compounds or facilities,
+ Weighty, satisfying . although given the underwhelming effortsin Call frequently mixing both stealth and combat.
shooting of Duty: Vanguard and Black Ops: Cold War, that In particular, the campaign is inspired by the 2019
+ Decentcampaign isn't saying a whole lot. Nonetheless, series originator Infinity  level Clean House, which saw players clearing aLondon
missions Ward succeeds in recapturing some of the game's former townhouse of terrorists in a deadly game of hide-and-seek.
+ Eq”di’t‘i/;gfer glory, with a single-player campaign that's as creative asit's Modern Warfare 2 threads this mechanical refraininto
chaotic, and amultiplayer mode that brings Call of Duty multiple levels, with the action organically slowing down
closer than ever to occupying the same territory as EA's and zooming in for tense, dramatic building raids.
GROUNDBORE  Battlefield franchise. More broadly, the campaign draws inspiration from two
Throwaway story The campaignis notionally a direct follow-up t02019's other sources. The firstis Denis Villeneuve's film Sicario,
Invasionis Modern Warfare reboot, butin practice has little in common which charts amorally grey US covert operation to combat
underwhelming with that game’s story. Not only is the plot only the Mexican drug trade. Some of Modern Warfare
No gunfight tangentially related, butModern Warfare 2is also 2'sideas and sequences are clearly inspired by
multiplavermode lighter, more Hollywood-style affair that's less Villeneuve's film, borrowing its themes of
interestedin‘realism’. Gone are the traumatically uncertain alliances and questionable loyalties in
detailed terrorist attacks and Middle Eastern modern military operations.
focus of the first game, replaced with a One mission sees players drivinginto Mexico
globetrotting action-adventure that sees to assault a suspected terrorist safehouse,
Captain Price’s Task Force 141tracking down only to be chased through the countryside by
atrio of stolen ballistic missiles. Mexican Army soldiers inthe pay of alocal
This doesn't mean the game departs cartel. Such sequences effectively
wholly from the new direction established mimic the operational murkiness
by its predecessor. Interms of both of Villeneuve's film, although
mission structure and underlying some elements of these
feel, Modern Warfare 2 continues sequences, such as aiming
to adoptamore grounded your weapon at civilians
representation of how today’s to‘de-escalate’ them, feel
soldiers fight. Most missions like they're unnecessarily
revolve around smallteams baiting controversy.
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Another key influenceis the original Modern Warfare.

Two of the new game’s missions are essentially repackaged
versions of levels from the 2007 classic. One sees you
protecting your team from enemy attackinan AC-130
gunship, blasting groups of foes with the plane’s frightening
selection of armaments.

The otherriffs on the iconic ‘All-Ghillied Up’ mission,
switching location from the forests surrounding
Chernobyl to a stretch of bracing Spanish coastline. Both
are well-constructed scenarios - the latter offering
some of the most open-ended actionin any Call of Duty
campaign - but they inevitably exist in the shadow of their
pioneering predecessors.

Ironically, Modern Warfare 2is atits best when trying
new ideas. An early mission sees you swimming stealthily
through an Amsterdam dockyard, eliminating enemies with
silenced weapons in a sequence that feels like ascenefroma
modern Bond movie. One of the most novel gunfights takes
place on acargo shipin a stormy ocean, with you fighting
through lashingrain as loose cargo containers scrape across
the deck, threatening to crush you as the ship rolls from
sideto side.

There's even a mission thatintroduces crafting to
Call of Duty, whichinitially feels absurd, butimprovising
weapons out of bottles and mousetraps proves surprisingly
entertaining as you skulk through a Mexican town while
heavily armed enemies patrol the streets.

In short, the campaign has an entertaining mix of ideas that
justabout hangtogether, with a story that's funif ultimately
forgettable. The multiplayer game, by comparison, is more
coherent - it's a clear and considered attemptto knock EA's
beleaguered Battlefield series out of the running.

At the core of the multiplayer gameis Infinity Ward's
reworked character and weapon handling, transforming Call
of Duty from a frantic popgun rushinto a weightier, more
purposeful affair. Characters move slower, weapons feel
more powerful and dangerous, and aiming down the sight
takes noticeable time. These changes mean there’s abenefit
to playing methodically, moving steadily between cover,
listening to enemy shots to pinpoint their location andresting
your weapon against cover to steady your aim.

Evenin basic team-deathmatch mode, it's satisfying
to grapple with Modern Warfare 2's multiplayer game.
However, its main assault on Battlefield comes with the
return of Ground War. Call of Duty's equivalent to Battlefield's

Conquest mode, Ground War sees up to 32 players vying
for dominance over various control points on the map,
through a mixture of straightforward gunfights, powerful
killstreak abilities and a newly introduced suite of vehicles.
Now players canride into battle in tanks and APCs, or use
helicopters to drop off fellow players near control points.

This results in grand, thundering battles where player
interactions produce afantastic spectacle. You'll see artillery
from killstreaks whistling through the air before pounding
down on your position, before a squad-mate rocks up
with arocketlauncher and blasts the offending AC-130
into smithereens.

Ground War gives Call of Duty a strong baseline from
whichto operate, butits more ambitious large-scale mode
is Invasion. Thisis an unusual blend of team deathmatch
and wave-based survival, with each team accompanied by
groups of Al soldiers.

The goalfor eachteamis to reach a certain number of
points, with one point awarded for killing Al foes, and five
points forkilling players. It's aninterestingidea, but the lack
of designated control points makes battles shapeless, while
the long, rectangular maps disproportionately favour snipers.

The push towards bigger, bolder game modes also
means Modern Warfare 2 loses one of the series’ most novel
recent multiplayer innovations - Gunfight. This fantastic 2v2
mode saw players battling in lightning-quick duels using
randomised weapons, giving2019’'s Modern Warfare an
exclusive multiplayer feature. Its absence here, combined
with the mixed success of Invasion, means Modern Warfare
2's attempt to seize Battlefield's headquarters doesn't
wholly succeed.

Nevertheless, there's no question Modern Warfare offers
the most compelling package of any recent Call of Duty

/VERDICT

Modern Warfare
2 proves Infinity
Ward remains

the best of
game.Inanage whenlinear FPS games areincreasinglyrare,  Activision's Call
the campaignis a perfectly enjoyable slice of big-budget of Duty studios.

action. The multiplayer mode, meanwhile, combines a
genuinely satisfying shooting experience withimpressive
player-driven spectacle. Call of Duty’s heyday may beinthe
past, but Modern Warfare 2 s a firm reminder that Infinity
Ward canstill deliver.

RICKLANE
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SIGNALIS/ £15.99 wevar

SURVIVAL nmost survival horror games, entering a safe
+ Excellentvisual room provides amoment of respite, but in Signalis
and audio design . .
it offers only further apprehension, because
+ Intriguing story saving means accessing the terminal with the blood-red
+ Clevertension- screen located somewhere in the room, and accessing this

buildingsystems  tarminal triggers the most awful sound you'lL hear in a video
game this year.

HORROR Somewhere between arusted metal door squealing
Perfunctory open and a shriek of mortal agony, it turns savingfroma
combat relief into a reluctant necessity, like fishing your wedding ring
Itnvesr;tpzv is out of apublictoilet. It's a design flourish that encapsulates
00 StriC

Signalis’ approach to survival horror. This love letter to
PlayStation 1-era classics such as Resident Evil and Silent
Hill wants you to never feel safe or feel certain about
anything going oninits strange alien facility.

You play Elster, a Replika-class androidin search of a
/VERDICT fellow android for reasons which, in typical Signalis fashion,
Eerie, unsettling aren't entirely clear. You awake from cryostasis in a crashed

d deepl
?anscinzig g;/ spaceship, and quickly proceed into a dingy subterranean
Signalis is 3'1 facility on an alien planet where something has gone
compelling terribly wrong.
throwback. Aesthetically, Signalis adopts the low-fi 3D graphics of

Resident Evil and Silent Hill, but uses them to build its own
magnificently strange world. The facility you exploreis
organisedinto a Brave New World-style society, where
the various androids are organised into different classes
that determine both their social roles and their physical and
mental capabilities.
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The facility itself is inspired by a combination of
Japanese anime and Germanindustrialism, blending
stylish character design with oppressive concrete
architecture and propaganda posters that could be ripped
directly from the Berlin wall.

You carefully feel your way around this facility in classic
Resident Evil fashion, searching rooms for items that will
help you to solve puzzles, and fighting twitching, glitching
enemiesintense, if rather functional, combat encounters.
You must pick your fights carefully, however, as enemies that
aren'tburned with a thermite flare canrise from the dead at
any time, while other creatures can abruptly appear through
loose floor panels.

As an exercise in slow-burning dread, Signalis is
masterfully crafted. The game has no real jump-scares,
instead relying onits unpredictable systems, subliminal
imagery and audio distortion to create a deeply unnerving
atmosphere. That said, it does go too farin some areas.
Your inventory is incredibly limited, resulting in frequent
backtracking through areas to collectitems. A little
backtrackingis necessary to generate some of the game's
surprises, but constantly juggling your inventory just to pick
up individual items quickly becomes tiresome.

Thisissue aside, Signalis is a delightfully twisted take
on classic survival horror. Like the FPS Dusk, it takes the
essential components of its genre and uses them to build
agame that's both pleasingly old and terrifyingly new.
RICKLANE



VAMPIRE SURVIVORS/ £3.99 weusr

DEVELOPER poncle/ PUBLISHER poncle

otonly does Vampire Survivors cost the price of a
. London coffee, butitalso manages to create some

of the most spectacular action you'll see this year
out of four measly controls.

Those controlsare W, A,SandD. That'sit. Allyoudoin
Vampire Survivors is move alaughably basic 2D sprite around
amap, while waves of equally simple enemies descend on
your position. To defend yourself, you have one basic attack
thattriggers automatically every second or so.

As you guide your character around the map,
simultaneously avoiding and eliminating enemies, you'll
pick up gems. Collect enough of these jewels, and you
canupgrade your character, adding new attacks, suchasa
wand that spews homing balls of magic, a dagger that fires
consistently forwards, or a powerful fireball that shootsin
arandom direction. The more gems you collect, the more
weapons and abilities you can add to your character. All the
while, your enemies become tougher and more numerous.

The game continues to escalate, gathering scale and
momentum like a snowball rolling down a mountain, until
your character is fending off literally thousands of enemies,
firing out weapons and beams of energy like a weaponised
disco ball thathas come loose from the ceiling andis carving
its way across the dance floor. Eventually, your character will
die, butin doing so, you'llunlock new weapons, new character
and new upgrades, so you'll last alittle bit longer the next time
you enterthe fray.

VAMPIRE SURVIVORS

+ Simple, yet spectacular

VAMPIRE DERIDERS
Canreachthe point

) whereitplaysitself

+ Ingenious progression system

+ Ridiculously cheap

This combination of wild spectacle and staggered,
roguelike progressionis what lures you into Vampire
Survivors. What keeps you thereis the surprising strategic
depth lurking beneath its comically simple exterior. Different
characters start with different weapons that require you to
move around the map in different ways.

Meanwhile, alongside new weapons, you can also
improve general stats such as weapon cooldown; after afew
upgrades, this turns your basic weapons into endless torrents
of death. A fully upgraded character will have enemies
literally melting away in front of them, yet there will still come
apointwhen you're simply overwhelmed, and your latest
astonishingrun comestoanend.

Vampire Survivorsis afascinating exercise in deceptive
simplicity. That said, there are times whenits simplicity fails to

deceive. If you getaparticularly
good runof early upgrades,
the game can essentially play
itself for the next 15 minutes.
Thisis funto watchfora

while, butit does eventually
become boring.

Most of the time, though,
Vampire Survivors delicately
balances the opposing
sensations of being
phenomenally powerfuland
clingingonfor dearlife.lt'sa
greatgame regardless of price.
Atameasly four quid, it'san
absolute steal.

RICKLANE

/VERDICT
Cheap, accessible
and with far more
staying power
than you'd expect,
Vampire Survivors
is the bargain of
the year.
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FEATURE /DEEP DIVE

THE THIRD ITERATION O
AMD’S RONA GRAPHICS
ARCHITECTURE IS HERE;
WITHAMD APPLYING

THE MULTI-DIE CHIPLET
APPROACH THAT
REVOLUTIONISEDITS
RYZENCPUTOITS GPUS.
EDWARD CHESTER DIVES IN

| fter several years of struggling
interms of both performance
and power efficiency withits
GPU designs, the arrival of
AMD's 1st-generation RDNA architecture

saw the company leap forward in both areas.

The second generation of that architecture
continued this trend, with a hefty 54 per cent
improvementin performance per watt and
the introduction of support for ray tracing,
making the company’s 6000-series
graphics cards a compelling mid-range

R——

alternative to Nvidia's 3000 series,
especially fornon-AAA titles that didn't take
advantage ofraytracing.

Now AMD's back withits thirditeration of
RDNA, whichrather pleasingly brings with it
the exact same claimed 54 per centincrease
in performance per watt, while ray tracing
performance has improved by a nearly
identical claimed figure of 50 per cent. We've
seen theresult of these improvements in
our reviews of the Radeon RX7900 XTX
(p14) and RX 7900 XT (p16), which take big




gaming feature that

Other notable changesinclude
RDNA 3 using TSMC'’s 5nm and 6nm
production processes, rather than the

/nm process of AMD’s RDNA 2 chips. This
ompares with Nvidia's use of TSMC's very
atest 4nm process for its GeForce RTX
4000-series GPUs. That 4nm process
s arefinement of the company’s 5Snm
process, boasting up to an 11 per cent uptick
in performance, 6 per cent higher transistor
density and a22 per centboostin power
efficiency overits 5Snm process.

The RadeonRX7900

XTX (left) and RX 7900
XT (right) share the same
Navi31GPU but the latter
has one MCD and a cluster
of compute units disabled

The first GPU to implementthe RDNA 3
architecture is the Navi 31, which houses
58 billion transistors and boasts 61 TFLOPS
of performance, accordingto AMD. These
mark significantincreases over the 26.3
billion transistors and claimed 12.8 TFLOPS
of performance for the previous-generation
Navi 21 chip, which was usedin the Radeon
RX 6950 XTand 6900 XT.

However, the new Nvidia AD102 GPU
that sits at the heart of the GeForce RTX
4090 packs amassive total of 76 billion
transistors, with Nvidia claiming 83 TFLOPS
of processing power; figures that make its
relatively reasonable power consumption all
the more impressive. Meanwhile, the AD103
GPU of the GeForce RTX 4080 houses just
46 billion transistors.

THE CARDS

To quickly recap, Navi 31is initially available
in the two graphics card configurations
we've reviewed this month - the Radeon
RX 7900 XTX and 7900 XT. The former
is the flagship card and it packs 96 of

the architecture’s compute units (CUs),
providing 6,144 dual-issue stream
processors (SPs), 192 Al accelerators and
96 ray tracing (RT) cores. It's coupled with
24GB of GDDR6 VRAM accessed via a
384-bit memory interface, and AMD’s
quoted game clock speed is 2.3GHz.

Navi 31packs in 58 billion transistors and is the first
GPU to use a chiplet-based, multi-die design
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Meanwhile, the Radeon RX 7900 XT
has 12 fewer CUs than the 7900 XTX,
resulting in a total of 5,376 dual-issue
stream processors (we'll cover what we
mean by ‘dual’ later), 168 Al accelerators
and 84 2nd-generation RT cores. It also
uses one fewer memory cache die,
resulting in a narrower 320-bit interface
that communicates with the card's 20GB of
GDDR6 VRAM. AMD'’s quoted game clock
speed for this GPU is 2GHz.

In comparison, the previous-generation
Radeon RX 6950 XT has just 80 CUs
providing 5,120 stream processors, no Al
accelerators and 80 1st-generation RT
cores. That GPU was coupled with 16GB of
GDDR6 VRAM, accessed through a 256-bit
memory interface, and the game clock
was 2.1GHz.

As for comparisons with Nvidia's latest
cards, differences in architecture meaniit's
not entirely meaningful to compare the
numbers of its CUDA cores (equivalent

The main GPU is the GCD in the middle of the chip,
while the cacheis foundin the smaller chiplets
surroundingit
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of stream processors), Tensor cores
(equivalent of Al accelerators) and RT
cores but it helps to differentiate between
Nvidia GPUs. As such, the RTX 4090
packs in 16,384 CUDA cores, 512 Tensor
cores and 128 RT cores. The card runs at
a 2235MHz base clock with a boost clock
speed of 2565MHz.

Meanwhile, the RTX 4080 has
considerably less power on paper, with
9,728 CUDA cores, 304 Tensor cores and
76 RT cores. Like the RTX 4090, though,
it boasts high peak clock speeds, with a
boost clock of 2505MHz and base clock
of 2205MHz.

It's also the case that the new Radeon
RX 7900-series cards are much more
compact than the equivalent GeForce RTX
4000-series cards, and the AMD cards
don’t require the new infamously melty

A new ultra-compact and dense interconnect
system was needed to handle the bandwidth of
chiplet GPU design

RDNA 3 uses a single large Graphics
Compute Die (GCD) and up to six smaller
Memory Cache Dies (MCDs).

The GCD takes care of most of the
functions you'd normally associate with
a GPU, with all the CUs, RT cores, video
encoders and more being housed in that
chip. All that has been separated out from
the main GPU is the Infinity Cache (a large
L3 cache) and the memory interface.

This arrangement runs contrary to
a popular rumour in the run up to the
RDNA 3 launch, which speculated the
upcoming chiplet GPU design would split
up the processing portions of the GPU and
essentially function in the same way as two
graphics cards when using AMD CrossFire

THE GCD OF NAVI 31 HAS BEEN KEPT TO JUST
300MM?, WHICH COMPARES TO 520MM? FOR
THE PREVIOUS-GENERATION NAVI 21 GPU

16-pin power connector of the Nvidia
cards either, instead relying on two 8-pin
PCI-E connectors.

CHIPLET CHALLENGE

The most prominent feature of the new
RDNA 3 architecture is its use of not just
new manufacturing processes when
compared with RDNA 2, but the use

of a chiplet design. Instead of having a
single die that encompasses all the main
functions of the GPU, as on all previous
graphics cards of the past 20 or so years,

or Nvidia SLI. That may well be a future
feature of chiplet GPU design, but for now,
it's just the caches and memory interface
that have been separated from the main
GPU die.

While only removing the cache and
memory interface may not seem like the
most significant silicon-saving measure,
modern GPUs have large last-level
caches and highly sophisticated memory
controllers that take up a large portion of
a chip. The Infinity Cache of Navi 31and
the L2 cache of the RTX 4090 are both



Off-die interconnects are slower than on-die ones,
so Infinity Link only maintains latency parity with
Navi 21, despite much higher clock speeds

96MB, which is hefty for an on-die cache.
As such, removing these components
reduces the size of the rest of the GPU by
a significant amount.

Specifically, by moving these functions
to its MCDs, the GCD of Navi 31 has been
kept to just 300mm?, which compares to
520mm? for the previous-generation Navi
21 GPU. Meanwhile, the AD102 silicon of
the GeForce RTX 4090 has a whopping
die area of 609mm?, although the AD103
GPU of the GeForce RTX 4080 has a much
more modest 379mm? die area.

Each of Navi 3T's MCDs measures a
tiny 37mm? for a combined total of area
of 222mm? when using a full count of six
MCDs. Add that to the 300mm? are of
the CGD and that's a total die area that's
slightly larger than the single die of Navi 21,
and much larger than Nvidia’'s AD103 die,
though still markedly smaller than AD102.

Having a combined total die area that's
no smaller than a previous GPU design
may not seem like it's gaining you much
overall. However, not only are both the
transistors in the GCDs and MCDs of Navi
31 much more densely packed than in
Navi 21 - thanks to smaller manufacturing
processes, but there are also several other
big advantages to producing a total die
area via several smaller dies rather than via
one big die.

The first advantage is that even a small
reduction in the size of a silicon chip results

in the ability to produce significantly more
dies per silicon wafer, reducing relative cost
and improving yields.

For instance, if we perform some rough
calculations using a silicon wafer yield
calculator (isine.com/resources/die-
yield-calculator/), while a typical 300mm-
diameter silicon wafer could produce in
the region of 89 AD102 GPUs - assuming
no defects and a perfect yield - that same
wafer could produce 190 Navi 31 GCDs or
1,645 MCDs. That's a heck of a lot more
complete Navi 31 chips per wafer than
AD102 when averaged out over hundreds
of wafers.

Once you factor defects into the
equation the situation becomes even more
dramatic. While not all defects will render
a die unusable - depending on where the
defect lands, that portion of the chip can

sometimes be disabled and the rest of the
chip used for a lower-tier GPU - getting
complete, defect-free dies is the most
desirable outcome.

As such, when we include the nominal
defect rate of 0.09 defects/cm? for TSMC's
6nm process (just as an example - these
chips are all produced on slightly different
processes, after all), you arrive at a yield of
just 46 perfect AD102 GPUs, 138 GCDs and
1556 MCDs per 300mm wafer. Or, to look
at it another way, the yield percentage rate
- the ratio of good to bad dies - of those
same three chips is 58.5 per cent, 76.8 per
cent and 96.7 per cent. It's massively more
efficient to produce smaller dies.

The other big upside to a chiplet design
approach is the ability to use different

The bandwidth of the new high-density interconnect
betweenthe MCDs and GCDis 5.3TB/sec
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The general layout of RDNA 3 (bottom) is very
similar to that of RDNA 2 (top) but extensive
changes have been made throughout

manufacturing processes for different
portions of the chip, which is precisely
what AMD has done. While the GCDs are
produced on TSMC's smaller, more up-to-
date and more expensive 5nm process, the
MCDs are produced on the slightly larger,
older and cheaper 6nm process.

Not only does this allow for potential
cost savings for producing the MCDs, but it
reduces the dependency of AMD on being
allocated production time on the latest
and most sought-after manufacturing
processes. In contrast, not only will
Nvidia have had to spend big money to
even secure first access to TSMC's very
latest 4nm process, but it will be in some
ways wasting that cutting-edge process
allocation by producing the entirety of its
GPUs on that process.

There are some downsides to the
chiplet approach though. For a start, while
using different manufacturing processes
brings potential costs and manufacturing
efficiency benefits, it does mean the MCDs
don't benefit from the power-saving and
higher-performance capabilities of the
newer Snm process, let alone the 4nm
process Nvidia is using. However, according
to AMD, the components on the MCDs
don't scale all that well compared with the
GCD components, so there's very little
benefit to shrinking them anyway.

The other big hurdle to overcome is
assembling the seven different dies into
one chip package and getting them to
communicate correctly and speedily.
Inter-die communication presents an



inherent difficulty, and it's one that's
significantly greater when dealing with
the thousands of internal connections of

a GPU as compared to the hundreds of
connections required within a chiplet-
based CPU design. To overcome this, AMD
has introduced a new interconnect system
called Infinity Fanout Links.

Infinity Fanout Links is essentially a high-
density PCB trace on an interposer layer
that's far smaller than previous chiplet
interconnect designs. In one of its slides
(pictured on p70) AMD shows the example

power-hungry than on-die connections -
and sure enough AMD claims a saving of
up to 80 per cent in power consumption
when using Infinity Fanout Links over the
previous organic package link used for
its CPUs. AMD claims the interconnect
consumes less than 5 per cent of the
GPU's total power.

As for the resultant bandwidth of this
new interconnect, it stands at a ridiculous
figure of 5.3TB/sec. This bandwidth is
shared out among the six MCDs, so it will
scale accordingly if any MCDs are disabled.

ONE OR MORE MCDs CAN BE DISABLED TO MAKE A
LOWER-TIER GRAPHICS CARD, WITH THE MEMORY
BUS WIDTH LOWERING ACCORDINGLY

of the PCB connections used on one of its
CPUs compared with the new Infinity Links,
and the difference in density is enormous -
10x. The image is also slightly mislabelled
(by AMD) - the yellow labels are too far
over to the left and should instead be
showing that the larger image is the older
PCB trace on an organic substrate, while
the high-performance Infinity Fanout Links
system is to the bottom right.

As well as allowing for a massive
increase in connection density, Infinity
Fanout Links had to be power-efficient
- external links are almost always more

One downside of Infinity Fanout Links is
an increase in latency over using an on-die
cache. To get around this latency, AMD has
simply cranked up the clock speed of the
Infinity Fabric by 43 per cent to achieve the
same overall cache latency as on Navi 21.
The company has also optimised the cache
for better data reuse, ensuring higher
cache hit rates, which results in quicker
delivery of data to the GCD, while using
less power than having to make a request
to the graphics card’'s RAM.

Communications to that memory are
made via a dedicate 64-bit path from

Although outwardly similar to the compute unit of
RDNA 2, the new unitincludes a host of changes
throughout the design

each MCD, for a combined total of 384
bits for the memory interface, which is
coincidentally exactly the same width as
the memory interface on Nvidia's GeForce
RTX 4090. One or more of the MCDs

can be disabled to produce a lower-tier
graphics card, with the memory bus width
lowering accordingly — the Radeon RX
7900 XT has one MCD disabled and has

a 320-bit memory interface.

A NEW CORE
The GCD of Navi 31is architecturally similar
to the previous RDNA 2 GPU design. If we
compare the block diagrams of Navi 31
with Navi 21 (opposite), we can see that the
overarching layout is much the same. Large
clusters of compute units are stacked
either side of a central graphics command
processor, a geometry processor, various
other specialist function blocks and blocks
of L2 cache. The graphics command
processor controls issuing of instructions
to the rest of the GPU.

The compute units are packaged up
into six sections of 16 compute units
(technically packaged as eight dual-
compute units), each of which is called
a shader engine by AMD. The GPU wiill
distribute workloads in bulk to each of
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these shader engines, which they will
process in parallel.

Also packed into each Shader Engine
are portions of L1 cache, the render
backends and rasterisers.

This structure is similar to RDNA 2,
except the older design packaged 20
compute units into four shader engines for
a total of 80 compute units, whereas Navi
31has 16 compute units per shader engine

and six engines, totalling 96 compute units.

An extra array of floating point stream processors
allows for two 32-bit floating point operations per
clock cycle, or one 64-bit operation
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That relatively small 20 per cent
increase in the total number of CUs is a
bit of a surprise given the large uptick in
performance we see between the Radeon
RX 6950 XT and the Radeon RX 7900
XTX, especially when we compare this to
the increase in the number of CUDA cores
from Nvidia's GeForce RTX 3090 Ti to the
RTX 4090. The former packed in 10,752
while the latter bumped this to 16,384, for
a 52 per cent increase.

The answer to why so much more
performance has been gleaned from
such a similar number of CUs is, not

A new dedicated matric multiplication unit greatly
accelerates typical Al workloads

surprisingly, that the CUs are much more
capable than the ones in the older RDNA

2 architecture. What's more, many other
enhancements have been made to the rest
of the architecture and the whole chip in
order to keep those CUs running faster and
more efficiently.

Chief among these enhancements is a
boost in clock speeds, with AMD claiming
that RDNA 3 can in theory boost all the
way up to 3GHz. That's far faster than the
boost clock speeds used on the company’s
reference cards, but third-party cards and
future, refined GPUs could open up the
taps. Power consumption and heat will rise
but, depending on the performance uplift,
this might be deemed worthwhile for those
seeking raw power above all else.

AMD has also decoupled the clock
speeds of the front end of the graphics
pipeline from the shader engine. While the
Radeon RX 7900 XTX is rated to run at a
game clock of 2.3GHz, its front end clock
speed is actually 2.5GHz. AMD claims
pulling back the shader engine speed by
just 9 per cent saves 25 per cent on power
consumption. As for the Radeon RX 7900
XT, it has a quoted game clock speed of
2GHz but front end clock speed of 2.4GHz.



When it comes to power consumption,
AMD claims RDNA 3 can run at half the
power of RDNA 2 while providing the
same performance, or it can hit 1.3x the
frequency while using the same power.

Other overarching improvements
include an increase in silicon utilisation of
approximately 20 per cent. Silicon that's
left unused for whatever reason - perhaps
because the feature is deprecated or the
architecture is inefficient for typical modern
workloads - is wasted space and power,
so by trimming the fat AMD can free up

and address units and a vector cache.
Always arranged in pairs, each CU shares a
scalar cache, shader instruction cache and
memory block with its neighbour to form a
CU pair, or dual CU.

On the surface, not all that much appears
to have changed when comparing the CUs
of RDNA 2 to RDNA 3. However, there are
in fact big changes throughout the design.
The single biggest change is the addition
to each vector unit (a block of stream
processors that work on a single task in
parallel) of a second SIMD32 block, which

THIS ESSENTIALLY DOUBLES THE STREAM
PROCESSOR COUNT OF EACH CU, AND IN TURN
THE FLOATING POINT PERFORMANCE OF EACH CU

space for more useful silicon features, or
at the very least just reduce the size of the
die further.

A NEW COMPUTE UNIT

The compute unit, or CU, is the beating
heart of the RDNA 3 architecture, with each
CU housing a stack of stream processors
for crunching through the massive amounts
of parallel processes that are the grunt
work of any GPU. Also included in each

CU are two of AMD'’s new Al accelerators,

a 2nd-gen RT accelerator, texture filling

contains 64 stream processors dedicated
to floating point and matrix workloads.
This essentially doubles the stream

processor count of each CU, from 64 to 128,

and in turn the floating point performance
of each CU. However, because this new
block doesn’t perform integer operations, it
isn't strictly a full duplication of the existing
stream processor setup.

This has led to a confusing situation
whereby AMD has sometimes referred
to each CU as still having 64 stream
processors and resultingly Navi 31 having

Larger LO, L1and L2 caches boost performance
throughout the GPU, although the L3/Infinity Cache
has actually dropped in size compared with RDNA2

6,144 stream processors, and sometimes
referring to it as having 128 stream
processors per CU for a total of 12,288.

Both figures are technically correct,
depending on your parameters, but it's the
former figure that tallies more with the
17.4 per cent clock-for-clock performance
uptick of the new CU compared with RDNA
2. If it was a full doubling of the stream
processor count, we'd expect to see closer
to double the clock-for-clock performance.

That said, the higher figure bears a
greater resemblance to how Nvidia's
Ada Lovelace architecture is laid out,
with it housing 128 FP32 CUDA cores per
Streaming Multiprocessor (SM), along with
64 dedicated INT32 units.

Other enhancements to RDNA 3's CUs
include the addition of those dedicated
Al Matrix Accelerators, which include
support for BF16 (brain-float 16-bit) and
INT4 WMMA Dot4 (Wave Matrix Multiply
Accumulate) instructions. This unit works
in conjunction with the vector units to
perform matrix operations, rather than
taking over the task completely, but the net
result is a 2.7x increase in matrix workload
performance per CU, which should help the
uptake of AMD GPUs for professional use.
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New hardware-accelerated functions, such as
bounding box sorting and ray culling, boost RDNA
3'sray tracing performance

Also included is a 50 per cent increase
in the size of the general-purpose vector
register for each vector unit, along with
a larger shared LO vector cache. This
ensures that each CU simply has more
space for data and instructions to be kept
as close to the stream processors as
possible, saving the GPU requesting data
from slower stores elsewhere on the chip.

CACHE SYSTEM CHANGES
As we just mentioned, the LO cache of each
CU vector unit has seen a doubling in size

76

from 16KB to 32KB, but this is only part of
an overhaul of RDNA 3's cache structure
compared to its predecessor. The L1caches
— housed alongside and dedicated to each
block of eight dual compute units inside
each shader engine - have also doubled
in size from 128KB to 256KB. while the L2
cache that's shared across the whole GPU
is 50 per cent larger, up from 4MB to 6 MB.
An interesting twist on this theme of
increasing cache sizes is that the L3 or
Infinity Cache has actually dropped in size
from 128 MB to 96MB, compared to RDNA
2. This is particularly intriguing given the
offloading of Infinity Cache onto the MCD
chiplets. Intuitively, you might expect that

having space on a separate die would
open up the opportunity to have an even
larger cache, but clearly, AMD feels it's
not needed.

2ND-GEN RAY TRACING CORE
For many users, the most appealing part of
RDNA 3 will be its significantly bolstered
ray tracing performance, which AMD claims
has improved by up to 80 per cent for
some tasks when compared to RDNA 2.

In our tests, while Nvidia still maintains a
strong lead on this front thanks to its RTX
4000-series GPUs based on the new Ada
architecture, the Radeon RX 7900 XTX
does trade blows with Nvidia's Ampere-
based GeForce RTX 3000-series cards,
including the top-end RTX 3090 Ti.

If you're calculating ray traced shadows you can
prioritise volumes that are largest first



Powering that improvement is an RT
accelerator that offloads some of the
overall ray tracing workload, while also
incorporating several improvements to
existing accelerated tasks. Specifically,
the new ray tracing accelerator now
incorporates a degree of hardware
bounding volume hierarchy (BVH) sorting
and traversal, a feature that was previously
fully performed on the GPU's general
shader hardware in RDNA 2 designs. This
move can reduce shader instruction count
requirements by up to a factor of 15x.

Other enhancements include more
efficient ray calculation culling, eliminating
any unnecessary work as early as possible.
New algorithm options for calculating
ray/volume intersections also allow for
optimisation of the workflow, depending
on the type of ray tracing function being
performed. If you're calculating ray traced
shadows, for instance, you can prioritise
volumes that are largest first, while
reflection ray functions can prioritise

THE NITTY-GRITTY
Along with its several large, obvious
changes over its predecessor, RDNA 3
also incorporates a host of tweaks to
the underlying architecture of the rest of
the GPU. The first of these is improved
handling of primitives via a new Multi-
Draw-Indirect accelerator.

Primitives are the fundamental shapes
used to construct the surfaces in a 3D
scene — most often triangles - and initial

ANOTHER KEY AREA OF IMPROVEMENT IS
SUPPORT FOR DISPLAYPORT 2.1 WITH ULTRA
HIGH BANDWIDTH SUPPORT

the closest midpoint, or the default of using
the closest intersection can be used.

Also of significant help to overall ray
tracing performance are all those increased
cache sizes we mentioned earlier. The
larger VGPR in particular enables 50 per
cent more rays to be in flight at once,
greatly reducing the need to drop to slower,
higher-level caches in order to find the
required data.

The addition of DisplayPort 2.1supports opens up
the possibility of 4K at 480Hz and even 8K at 165Hz

handling of them is undertaken by the CPU.

As such, the new accelerator looks to take
a load off the processor, reducing CPU and
driver overhead in the process.

Primitive culling - the act of reducing the
number of triangles to pass on for further
calculations by establishing whether
they’re no longer needed (because they're
obscured by another object in the scene,
for instance) - is also accelerated, helping
to again reduce potential CPU/software
culling overhead.

Long a weak point of AMD GPUs, RDNA 3 brings
muchimproved video encoding and decoding to
thetable

Other changes include a claimed 50 per
cent increase in rasterisation performance,
with up to six peak primitive and 192 peak
pixels of rasterisation per clock cycle - this
should be particularly beneficial for running
games at very high resolutions. RDNA 3
also adds out-of-order exports from the
pixel shader, which allows for tasks to be
more efficiently kept running through the
GPU, and not held up while one task is
waiting to be completed.

DISPLAY AND MEDIA ENGINES
One of the areas where AMD has been
trailing Nvidia lately is video encoding
and decoding, and that's an area the
company is hoping to improve with the
new media engine of RDNA 3. It supports
the latest AV1 compression encoder and
boasts improved H.264 (AVC) and H.265
(HEVC) encode/decode performance, with
simultaneous encode/decode of the latter.
These improvements come in part
from taking advantage of the new Al
accelerators, while the whole media engine
runs at 1.8x the frequency of RDNA 2.
Another key area of improvement is
support for DisplayPort 2.1 with ultra high
bandwidth support, which enables the GPU
to output a display at ridiculous resolution/
refresh rate combinations, such as 8K at
165Hz or 4K resolution at 480Hz.
Such futureproof connections might
look good on paper, but good luck trying
to get any games to run at those settings.
Along with two of these DisplayPort
2.1ports, the reference card designs
also include an HDMI port and a USB
Type-C output, providing a wide range
of output configurations.
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THE YEAR AHEAD

REECE BITHREY FILTERS THROUGH THE RUMOUR MILL, AND CHECKS THE ROADMAPS,
TO FIND WHAT'S LIKELY TO HAPPEN FOR PC ENTHUSIASTS IN THE COMING YEAR

PCI-E5SSDS TURN UP
MD's Ryzen 7000-series launcha
u few months ago brought with it the
associated teaser of PCI-E 5 SSDs
from a wide range of manufacturers, including
Crucial, Corsair and Sabrent. Corsair claimed
thatits forthcoming MP700, for example, was
capable of sequential read speeds of up to
10,000MB/sec. Once the CPUs were
available, we expected the drives to follow,
but that hasn'tbeenthe case. Instead,
Phison, maker of the E26 controller that
was supposed to power alot of these new
drives, announced thatit's been delayed.

That hasn't prevented manufacturers from
announcing their forthcoming drives though.
CFD Gaming, aJapanese manufacturer,
announcedits drives recently, featuring active

We've got motherboards and even heatsinks for
them, but we're still waiting to see some actual
PCI-E5 SSDs

cooling with a massive heatsink and fan.
Prices have been seen at Japanese retailer
Kataku, which lists them at the following
prices: the TTB modelis ¥57,420, which
equatesto £342, while the 2TB model sits at
¥114,840 yen (£684) and the 4TB modelis

upwards. We're expecting PCI-5 SSDs to land
atsome pointin2023, with especially lofty
performance. As Antony Leather discussesin
Customised PC this month (see p86), they're
expected to run pretty hot and require a hefty
amount of active cooling too.

THE PCI-E 5 INTERFACE DOUBLES THE THEORETICAL
BANDWIDTH OF PCI-E 4, WITH POTENTIAL SPEEDS OF
UPTO 16GB/SEC AVAILABLE

¥229,680 (£1,369). In short, if those prices
are atallrepresentative, PCI-5 SSDs are going
tobe very priceyindeed.

As for general specs, the PCI-E 5interface
doubles the theoretical bandwidth of PCI-E
4, with potential speeds of up to 16 GB/sec
available, although hardware limitations may
well limit maximum speeds. For reference,
these CFD gaming drives claim speeds of up
to10GB/secread and 9.5GB/sec write, as
wellas 1,500K IOPS, which looks to represent
a significant generation-on-generation boost
from PCI-E 4.

Samsunghas also announced thatithas
begun production of its 8th-gen V-NAND
memory; when paired with the right controller,
this should be able to work with PCI-E 5
SSDs to provide speeds of 12GB/sec and

GPUS FOREVERYONE?

We're expecting 2023 to be the year that
Nvidia and AMD pack theirnew GPU ranges
full of cards, with prices hopefully starting to
look more sensible by the end of the year.

If EEC trademark filings from July 2022 are
representative of plans, Nvidia has decided to
go aslow as the RTX 4050 and 4050 Tiwith
its new Ada line-up, evenif there's no official
word of those cards existing as yet.

Onthe green side of the GPU market, the
RTX 4090 and 4080 are outin the wild, while
the previously announced RTX 4080 12GB
has been ‘unlaunched’ by Nvidia. Since then,
alisting of an RTX 4070 Ti, miraculously with
12GB of VRAM, has been spotted at anItalian
retailer with a 5 January, 2023 release date,
suggesting Nvidia might be starting the year



Nvidia’'s GeForce RTX 4090 is an amazingly
powerful GPU, butits price is extremely high

off with abang, and almost confirming that
the oldRTX 4080 12GB has been turnedinto
a4070Ti.

In addition,images have been sharedin
the online rumour mill showing supposed
renders of the RTX 4070 Ti Founders Edition,
with similar coaxial fans, and a thick black and
silver shroud to other FE cards. Also, board
partner Gigabyte has filed its own EEC listings
forvarying forms of the RTX 4070 and 4070
Ti, which provides us with a stock of evidence
that the cardis coming.

Going alittle further down the chainis
where the situation becomes muddier. There
are conflicting reports about the RTX 4060,
given that Nvidiais reportedly updating the
RTX 3060 Tito offer 19Gbps DDR6 memory;,
while board partners phase out the older
generation, leaving little to no room foranew
card - presumably the 4060 - for a while.

Despite this, we anticipate the SKU for the
GeForce RTX 4060 tobe based onthe AD106
GPU, going from the naming patterns for
existing cards. The only major recent gossip
here concerns the fact that Nvidiamay scale
back the initial specs of the GeForce RTX
4060 in abid to offer a souped-up Ti version.
Specs forthe RTX 4060 are only atthe
guessing stage now, so of course should be
taken with a pinch of salt.

Meanwhile, the RTX 4050 has
shown up in mobile form as part of
aPugetBench benchmark score, with
performance figures and scores that
purportedly make it up to a third faster than
the existingmobile RTX 3050, in alaptop with
anIntel Corei7-13700H processor and 16GB
of 6800MHz RAM.

Interms of amore general look, these so
farunannounced RTX 4000-series cards
should be bringing support for DLSS 3's Al
frame generation tech with them, which has
shown to provide amassive performance
boostin our owntests onthe RTX4080
and4090.

Moving onto AMD, both the Radeon RX
7900 XTX and 7900 XT have broken cover
already, and while stock is scarce, AMD is
clearly focused on offering better bang per
buck than Nvidia at the moment.

Thereisn'ttoo muchinformation flowing
around about the next cards in the line-up,
apart from months-old leaks from reputable
leakers, but we're expecting the 7800-series
chips to be based on AMD’s Navi 32 die,
with up to 60 compute units, 3,840 stream

AMD has undercut Nvidia's
pricing with the Radeon RX
7900 XTX, but stock is scarce

processors, a 256-bitmemory bus and 16GB
of GDDR6 memory.

Moving down the stack, we come to the
unannounced Navi33 GPU. This chipis
expected to have 32 compute units with
2,048 stream processors, if recent leaks
based oninformation foundin anupdate
to AMD's ROCm general-purpose GPU
software are correct.

This, combined with the expectation of
a128-bit wide memory bus, constitutes
adowngrade when compared with the
6700 XT's 192-bitbus and 2,560 stream
processors, but would make it comparable
with the RadeonRX 6600 XT.

ARAPTORLAKE REFRESH?

We've heard a few rumours that Intel may
pushback by ayearits 14th-gen Meteor
Lake processors, originally scheduled for
2023, andinstead focus on arefresh of its
new Raptor Lake CPUs. Official comment
from Intel back in July 2022 denied these
rumours, with Meteor Lake being full steam
aheadfora2023release, butrecentleaks
have resurfacedreiterating arefresh onintel's
current line-up of chips.

The general consensus concerns a
potential Q3 (July-September) 2023 launch,
with processors based on an optimised 10nm
node, which will apparently allow for Intel to
squeeze an extra100-200MHz clock speed
out of these processors, with the same core
counts. These new processors are said to be

There are rumours that Intel may be refreshing

Raptor Lake laterin 2023, and postponing its
forthcoming Meteor Lake launch



The first DDR5 memory kits, such as Corsair's
Dominator Platinum, were overly expensive,
but we're starting to see more affordable
DDR5 memory options now

compatible with the existing LGA1700 socket,
giving some extra longevity to the platform.

Intelis also going to be launching anew
flagship processorin early 2023, the Core
i9-13900KS. It's expected to be the world's
first official 6GHz chip, as Intel said when
announcingits 13th-gen processors backin
September, and may bring similarincremental
boosts to power limits too. However, the
performance gains are reportedly smaller
than the ones AMD is bringing with its Ryzen
7000 X3D chips, which are slated for the
same ‘early 2023’ time frame.

DDRS PRICEDROP
DDRS memory may well have been out for
over a year now, but the fact remains thatit's
still pretty expensive. However, the Amazon
Prime Day and Black Friday/Cyber Monday
sales, as well as general markdowns from
retailers, have thrown up some decent
discounts and deals on DDR5 memory, and it
would make sense for the prices to fall further
tomore affordable levels in the coming year.
With therelease of Intel's Alder Lake
CPUsin2021,DDR5 RAM was scarce and
expensive, as there wasn't much demand
forthem, butas 2022 has rumbled on, we've
seenthelaunch of AMD's Ryzen 7000-series
processors, which are now much cheaper

The GamersNexus YouTube Channel managed to
Jrecreate the 16-pin cable melting problemin the lab

thanatlaunch. The total system
costof AMD'’s Socket AMS5 platform

has led to much smaller sales than
expected, and we expect both AMD and Intel
willbe doing whatever they can to make
DDR5 memory more affordable.

16-PIN12VHPWR CABLES FAILTO
BECOME STANDARD
A potentially contentious matter for2023
is what's going to happen to the 16-pin
12VHPWR cables and adaptors that are
required to work with Nvidia's RTX 4090
and 4080 GPUs. Since the GPUs launched
earlier this year, there have been reported
cases of the plugs melting, which has
now caused a consumer class lawsuitin
California for one owner against Nvidia, for
an allegedly ‘defective and dangerous power
cable plug and socket’, as detailed inthe
lawsuit's documentation.

Numerous photos of melted cables
and subsequently ruined cards have
appeared online, and the GamersNexus
YouTube channel (custompc.co.uk/
CableMelt) even managedto recreate the
probleminits lab, putting it down to anumber
of factors, including manufacturing debris
inside the cable connectors, as well as
improper installation.

Nvidia's latest GeForce RTX 4080 and 4090
cards require a 16-pin 2VHPWR power cable

Different parties have come out with
different solutions. Nvidiaitself advises to
simply make sure the adaptoris pluggedinto
the socket securely first, before connecting
any other cables, while Asus, atleastin China
for the time being, is offering owners of its
Strix and Thor (1st-gen) series of PSUs a
free official 16-pin power cable for‘more
peace of mind'.

The factis, though, that thisis anissue
that has to be fully resolved quickly. PCI-SIG,
the devisor of PCI-X and PCI E component
connectors and adaptors, and Nvidia itself, are
reportedly working on arevised design for
the 12VHPWR connector. If this goes through,
Nvidia may update their RTX 4090 and 4080
cards with this new connector.

Aside from the meltingissues, requiring
anew cable also clashes with older PSUs,

AMD has neatly side-stepped any problems with
melting power plugs, by sticking with tried-and-
tested PCI-E power sockets
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Blizzard's Diablo IV is expected to release in 2023

espedially if you have an attractively sleeved
system, and new ATX 3 PSUs are expensive.
While the cards come with a PCI-E adaptor
cable, again this will look a bit rubbish if you
have custom coloured sleeves for your power
cables elsewhere.

Meanwhile, AMD has neatly side-stepped
this whole issue by simply kitting outits latest

February, and the long-awaited zombie-
them-up Dead lsland 2 in April. Games with
unconfirmed release dates are Alan Wake
2,and Assassin’s Creed Mirage, with the
latter expected to see the series returnto its
stealthierroots.

We're also very much looking forward to
Larian's long-awaited update to Baldur's Gate,
whichis slated for an August release, while

NVIDIA ITSELF ADVISES TO SIMPLY MAKE SURE THE
ADAPTORIS PLUGGED INTO THE SOCKET SECURELY
FIRST, BEFORE CONNECTING ANY OTHER CABLES

RDNA3 GPUs with standard PCI-E power
sockets. This might look a bitbackward on the
face of it— multiple PCI-E cables seem a bit
clunky inthese times - but atleast you canbe
sure you can use your existing power cables,
and thatnone of the sockets is going to melt.

THEBEST OF THEREST

Onthe software side, there's some big-
ol'games expected for2023. Confirmed
releases include the hotly anticipated
Dead Space remake for January, as well as
Company of Heroes 3 towards the end of

Diablo 1V is scheduled to come outin June.
Warhammer 40,000: Space Marine 2is also
looking like afun action game andis setto
arrive some time this year, while Cyberpunk
2077 should be getting its Phantom Liberty
expansionas well.

Meanwhile, the world of gaming keyboards
islikely to see the continued trend of more
wireless and smaller offerings coming out, as
mainstream manufacturers grapple with the
continuedrise of the enthusiast space, and the
continued rollout of clever switch types, such

as ultra-low profile and analogue options, as

.

well as switches with adjustable actuation
points. Gaming mice also keep getting lighter,
and it would make sense for this trend to
continuein2023.

As for monitors, 2023 may well be the
year of the smaller OLED panel, given the big
year-end announcement we've seen from
LG pertainingtoa27in 2,560 x 1,440 240Hz
OLED panel (the UltraGear 27GR95QE-B) that
had longbeenrumoured, and it makes sense
for this trend of OLED screens to continue.

Thereis, of course, the novelty of the
bendable OLED screen, and with pre-
orders for Corsair's clever curved panel, the
Xeneon Flex, now available, maybe more
manufacturers will follow this route.

Larian’s long-awaited Baldur's Gate 3 is slated
foran Augustrelease
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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

The Ultimate Guide to
Informed Wearable Technology

iving abook aftitle thatincludes the
word ‘ultimate’is always arisky
proposition, given the necessary

breadth of such a publication, but Christine
Farion's The Ultimate Guide to Informed
Wearable Technology makes a heck of a case
forits applicability - with over 500 pages, it's
aweighty tomeindeed.

Farion’s chosen topicis wearable
technology, butthe book’s far fromadry
review of the state-of-the-art. Instead,
Farion, a post-grad lecturer at the Glasgow

The book opens with anintroduction
to (and history of) wearable tech

School of Art, has opted for ahands-on
approach - turning the book into a guide to
building arange of projects using Arduino-
compatible hardware.

Putting a few LEDs on a sewable circuit
wouldn't constitute an ‘ultimate guide’, though,
whichis where Farion’'s academic experience
comesintoits own. The book opens with a
look at exactly how wearable technology is
defined, a brief history and even alook at the
ethics of wearable designs. It then moves into
abeginner’s guide to electronics, working
from the first principles of how electricity
works and flows in acircuit.

Fromthere, Farion goes into the use of
e-textile technologies, using the Arduino IDE
(Integrated Development Environment) with
an Adafruit Gemma MO microcontroller board,
and thenmoves onto the rather more complex
task of addinginputs and outputs, including
sensors and displays.

For abeginner's book, that would probably
be enough, but the ‘ultimate guide’ has more
to offer. It covers moving from beginner-

Christine Farion’s book makes a good case for being
the ‘ultimate guide’ to wearables for beginners

friendly, wearable-specific boards such as
the GemmaMO to a generic Espressif ESP32
board, prototyping through the Houde and
Hillmodel, and self-described ‘quick and dirty
methods'including foammodels. It then walks
into the creation of a‘hyper-body system’ - a
wearable electronics platform that combines
three or more of the user's five senses - touch,
sight, hearing, smell and taste.

While it's an admittedly low-fidelity
example of the field, the hyper-body system
would be a great conclusion to the book.



Code snippets are printed, but you need
to head to GitHub for complete listings

However, Farion still has around 140 pages
leftto go by the time the project's complete.
The remainder of the book looks atthe
human-centred design process, introduces
the ‘Message Bag' project as a solution to
human fallibility, and then takes alook at best
practices and the potential future of wearable
technologyin general.

Thebook’s contents alone are evidence
enough that Farion has worked to justify the
‘ultimate’in the title, but the book isn'tjust
broad yet shallow. The topics are covered
in enough depth to make it worth the effort
of working your way through each chapter
inturn, and Farion strikes a good balance
between making the concepts accessible
to readers without prior electronics or
programming experience, while also not
talking downto you.

The last bit of the book introduces the ‘Message
Bag' project as a solution to human fallibility

That's notto say there aren'tareas of the
book that could be improved. In common with
adisappointingly large number of technical
tomes, imagery is sometimes reproduced
from elsewhere without proper attribution.
Those expecting an academic tone may take
issue with Farion’s use of the first person
throughout, and the print edition reproduces
all graphicsin greyscale, albeit with alink to
download colourimagery if preferred. The
publisher, Pakt, provides a free PDF download
forall print purchases too.

Forthose eagerto get theirhands dirty -
or as dirty as conductive thread, fabricand
alittle soldering will allow — each projectin
the book includes a full parts list, while an
appendix suggests suppliersinthe UK and
USA. There's nothing particularly unusual
to be foundinthe parts lists, and there's no
reliance on components hit by the ongoing
supply chainissues creating havoc throughout
the electronics industry. However, some
projects do assume access to relatively niche

hardware, such as a Brother Scanand
Cut, or a Cricutmachine.
All project source code
is available on Farion’s
GitHub repository,
at github.com/
cmoz/Ultimate,
and while it would
have been good
to see complete
code listings printed
inthe book for
those working away
fromareliable internet

SB Components unveils
square Roundy cousin

SB Components has launched a follow-
up toits RoundyFiand RoundyPi smart
circular displays, reviewed back inlssue
226, and this time the company has
decidedit’s hip to be square. SquaryFiand
SquaryPiare compact 240 x 240 colour
displays with either a Wi-Fi-equipped
Espressif ESP8266 or Raspberry Pi
RP2040 microcontroller and micro-SD
storage slot.

The square display panels aren’t
the only change - the new boards also
include support for an optional battery
and USB Type-C connection. The boards
should be available on sb-components.
co.uk whenthisissue hits shelves, with
pre-launch crowdfunding pricing set at
£23-£25inc VAT.

connection, it would have bloated the book
beyondits already hefty 500-plus page count.
Likewise, it's hard to identify any of the content
as superfluous - there’'s little that could be
removed without giving lie to the ‘ultimate’
claim of the title.

For anyone curious about building their own
wearable devices, or simply looking for an
introduction to the topic, The Ultimate Guide
to Informed Wearable Technology is easy to
recommend - although at £41.99 in print with
free a PDF download, or £32.99 electronically
(inc VAT), it's just a smidge beyondimpulse-
buy pricing. For students of the subject, it's
aprice well worth paying, and the review
questions atthe end of each chapter help to
drillthe topichome.

The Ultimate Guide to Informed Wearable
Technology is available from packtpub.com
now, or it can be ordered in from your favourite
bookseller underISBN 978-180323059-7.


http://github.com/cmoz/Ultimate
http://github.com/cmoz/Ultimate
http://sb-components.co.uk
http://sb-components.co.uk
http://packtpub.com
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The Fediverse

major shake-up at microblogging
u social network Twitter, courtesy of

acontroversial and rather reluctant
new owner, has shone a light on aninteresting
and effectively anti-corporate portion of the
modern web: The Fediverse.

Aportmanteau of ‘federated’ and ‘universe,’
it's a slice of the web as was - before it
became dominated by a surprisingly small
number of extremely large companies,
such as Twitter and Facebook parent Meta.

It's a place where individualismis key, and
community is the watchword. It's a place
driven by its users, andit's growing faster than
ever before.

ABRIEFHISTORY
The Fediverse is the name given to websites
and services built atop the ActivityPub
specification, adopted as an official standard
by the World Wide Web Consortium
(W3C)in2018 but dating to years earlier.
Originally designed by Evan Prodromou as a
successor to OStatus, ActivityPub - originally
ActivityPump - is designed to allow cross-
publication between sites.
It's this cross-
publication that makes the
Fediverse federated - any
ActivityPub-based service
can, intheory, talk to any
other ActivityPub-based
service. It's closer to email
- in which thousands
upon thousands of
independent servers agree
to communicate using a set
protocol - than the walled-
garden social networks
most modern web users
would recognise.
It's also not limited
toasingle service. The
Fediverseis made up of a
number of open-source
ActivityPub-compatible
platforms, offering arange
of experiences: Frendica,
a Facebook-like social
network; Mastodon andits
spin-offs, which attempt to

With no central authority,
account verification is handled
with simple link-backs

More thanjust a Twitter alternative, the Fediverseis a
throwback to amore community-driveninternet

bring back what people originally liked about
Twitter: PeerTube, a YouTube-like video
streaming platform; Pixelfed, an alternative to
Instagram or Flickr; and more, including event
planners andfile hosting services.

COMMUNICATIONISKEY
The key to the Fediverseis that all these
services can communicate with each other
- afeature that makes it stand entirely apart
from commercial alternatives. A Mastodon
user can, for example, follow someone on
PeerTube and be notified when anew video is
posted - thenreply within Mastodon and have
it published on PeerTube as a video comment.
There are few barriers in the Fediverse bar
technical ones. Pixelfed, forinstance, allows
forup to tenimages to be attached to a single
post, but only four will be visible to Mastodon
followers without having to visit the Pixelfed
page directly.

WHAT'SOLDISNEW
Readers of a certain vintage may be feeling
some déja vu at the idea of a federated social
networking service, as that's almost exactly
how newsgroups got their start — being
copied from server to server on a schedule
using the UUCP protocol. Universities, ISPs
and sufficiently technical individuals could run
their own newsgroup servers and choose the
peers with which they communicated, and
messages would wind their way through the
network to other servers hop by hop.

The Fediverse s certainly similar, although
more community-driven. As its services are



LibreOffice gets
RISC-V port

With two affordable quad-core 64-bit
RISC-V single-board computers
justaround the corner - the StarFive
VisionFive 2 and the PINE64 Star64 -
anincreasing number of large-scale
software projects are turning their
attentions to supporting the architecture,
with LibreOffice being the latest to
receive aport.

The popular productivity suite, forked
from OpenOffice whichinturn was
based on StarOffice, has now received
apatchsetthatintroduces fullRvV64
support. At the time of writing, this had
yetto bereflectedin binary availability,
butit brings the architecture one step
closertobeing usable as a daily driver for
desktop-class systems.

open-source, setting up a server, knownin
Fediverse terms as an‘instance’, isn't only
possible but recommended.
Cross-instance communicationis also
barely more challenging than writing an

email — complete with remembering to put
the domain name of the instance after the
ultimate ‘at’ symbol.

COMMUNITY RULES

The Fediverse goes a step further than the
newsgroups of old, however. The peering
agreements between instances, which
allow messages to pass between them, are
subjecttorevision. If aninstanceis known
as asource of abuse, it will likely find itself
defederated, with otherinstances refusing
their communications.

Defederation provides a way for instance
operators to remove abusers communicating
from differentinstances, but at the cost of
potentially encouraging echo-chamber
behaviours. That's notbeen aproblem so far,
but with the Fediverse experiencing explosive

Pixelfedis an ActivityPub-based alternative to
photo-sharing sites such as Instagram and Flickr

growth since the Twitter takeover — primarily
by users signing up to Mastodon - it's anissue
of which operators should be aware.

FINDING FRIENDS

Perhaps the mostinteresting aspect of

the Fediverse comes from the way most
implementations handle the concept of
instances, splitting contentinto user, local
and federated streams. The user’s streamis
filled with content from those they follow, like
any other social network. The local stream

is afirehose of posts from all other users on
the sameinstance. The federated stream,
meanwhile, is abarrage of messages from
every federatedinstance - it's interesting to
dipintoitfromtime to time, butit's too chaotic
forregularreading.

The local stream, though, is a valuable
resource. Pick aninstance matching your
interests — there are instances for gamers,
crocheters, programmers, lawyers and even
one exclusively available to former Twitter
staff — and you'll see posts of interest from
people you might not otherwise have found.

The Fediverseisn'tlike any commercial
platform. There's no advertising, and there's a
community that values accessibility features
such as alt-text and content warnings. It's a
place out of time, and one worth checking out.
Interested parties can learn more and find
Fediverse instances on fediverse.info cre

There are Fediverse alternatives to most
commercial services, from social networking
to peer-to-peer video hosting
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Case mods, tools, technigues, water-cooling gear
and everything to do with PC modding

The benefits of AMD’'s Eco mode

MD has usually offered some
sort of Eco mode withits
processors, which works by

limiting power consumption and cutting
temperatures. This usually resultsin
reduced performance, but seeingas
undervolting has become popular with
some Ryzen CPU owners, especially
those with small form factor PCs,
trimming power consumption and
operatingtemperaturesis a

relatively common activity among
some enthusiasts.

Aswe sawinour Ryzen 97950X
review, the 65W and 105W Eco modes
dramatically cut power consumption,
but still give the CPU enough headroom
to outperform previous AMD flagships.

Forexample, even atits 65W Ecomode,

the 7950X was still faster than the
Ryzen95950X and Corei9-12900K
inheavily multi-threaded tests,
whichis testament toits efficiency,
especially at lower power levels.
Inthese times of sky-high electricity
prices, lwouldn't blame anyone for

wanting to trim their PC's power
consumption and you can do thisin
avariety of ways, potentially shaving
hundreds of watts off your PC's load

Reducingthe
draw. This could save up to akilowatt power limits of
hour of electricity every couple of days Ryzen7000-series
. . ; CPUs enables
?f your PCis regglarly under hlgh loads them tobe tamed
in content creation work, saving up by surprisingly
to £10-15amonth at current prices. small coolers

That's not whatI'mhere fortoday,
though, as these lower TDPs are
now the target of coolers, particularly
low-profile models and coolers at the
lower end of the price spectrum. For
example, Noctua's L9alow-profile
cooleris only compatible with AMD'’s
Ryzen57600X whenitcomesto
Zen 4 CPUs, with every other AM5
chip out of bounds due to heatloads
drastically reducing performance.

Similarly, cheap coolers such as
ARCTIC's Freezer A13X aren'tusually
geared towards high-end CPUs, but
AMD'’s Ryzen 7000-series CPUs are
so efficient at lower power limits, that
Ithought thatusingthemin space-

limited cases with small coolers usually
limited to 65W or 105W TDPs could be
possible using one of the Eco modes.

| decided to putthis to the test, using
aRyzen97950X andNoctualL9a
low-profile cooler with a Socket AM5
adaptorkit, alongwithaLianLiQ58
mini-ITX case and Asus ROG Strix
X670E-1 Gaming WiFimotherboard.



At stock settings, the CPU instantly
hit 95°Cin Cinebench, with boost
frequencies quickly falling below
4.8GHz and ending up closerto
4.6CHz atmostby theendofa
relatively quick multi-threaded test.

Its score of 33,149 was quite a bit
lower than we saw in our review too,
dueto the limited cooling, and aftera
couple of runs this score fell to 30,512
as the CPU continued to throttle.

Applyingthe 65W Eco mode saw
the score fallto 27,487 - stillamatch
forIntel's Corei9-12900K and faster
thanthe Ryzen 9 5950X - butthe CPU
temperature fell tojust 75°C under
load, with these figures not budging
much after several benchmark runs.

Despite the slower than stock
performance, itwas greatto see a

tiny low-profile cooler dealing with a
16-core monster and outperforming the
flagship CPUs from the last generation.
Thereally interesting test came
with the T05W power limit, which
I setusing limits of 142,000 PPT,
110,000 TDCand 170,000 EDCin
the motherboard's BIOS. Not only
did this resultin similar boosting
frequencies across smallnumbers
of cores, but the CPU was also
able to maintain higher all-core
boost frequencies and higher
scoresin Cinebench across all the
benchmark runs | completed.
Thisis the sweet spot, reining
in power limits enough toreduce
temperatures to a point where the
CPU could maintain slightly higher
frequencies, bit without cutting

Antony's 2023 wishlist

performance like the 65W mode.
Clearly, lwouldn'trecommend using
aRyzen97950X withaNoctualL9a
coolerinany situation other than
extreme circumstances. This was
justafuntestto see what would
happen. After all, Noctuaitself says
the cooler and CPU are incompatible
due to the modest cooling on offer.
If you're limited to low-profile air
coolers, though, and arerestricted
to especially small ones due to
motherboard heatsinks, then
you can still get performance
that outstrips every other AMD
mainstream desktop CPU and cool
it effectively with atiny cooler. More
impressively, it really showcases
the sheer efficiency of AMD's new
CPUs atlower power settings.

emay have only justgotthe
big CPU and GPU launches
out of the way atthe end of

2022, butl've also gotmy eye onquite a
few bits and pieces lined up for the
coming year, particularly whenit comes
to smallform factor systems. Quite a
few items have been delayed, or aren't
available in great quantities recently due
tothe usualissues, and others are
promised to be onthe way.

One product that could revolutionise
water cooling, especially in small cases,
is EK’'s Quantum Velocity? 4.2 DDC
PWM D-RGB combined waterblock,
pump andreservoir. My sampleis
inbound, so I'lLhopefully be taking alook
atithere soon, with plenty of projects
plannedforit. The ability to do away
with reservoirs and pumps and strap all
the gear to your motherboard sounds
great, as long as vibrationisn'tanissue.

More SFX PSUs areinbound too. |
can't say muchyet, asthey're under
embargo, but they offer much more
power than the SFX units we've seen
so far, which hopefully means they'll

be quietertoo - noiseis anissue for
many SFX PSUs. Speaking of power,
I'malso hoping for cheaper GPUs. Even
thoughI've only recently got shot of my
ancient-feeling Radeon RX 5700XT,
I'm stillhoping the rest of Nvidia's stack
and AMD's new RDNA3 graphics
cards will be cheaper than recent GPU
prices, readily available and able to give
everyone the upgrade for which they've
beenwaiting.

Finally, there are PCI-E 5 SSDs on
the horizon. Several SSD launches
I've covered this year were expected
to be PCI-E 5-related, but only turned

Where are all the
PCI-E5SSDs?!

EK’s Quantum Velocity’ DDC 4.2PWM
D-RGB (right) stands only alittle taller
than awaterblock with barbs, butthere’s
awaterblock, pump and reservoirinside

outto be yetanother flagship PCI-E
4 SSD. That was certainly the case
with Samsung’s 990 Pro.I've seena
PCI-E5SSDinaction, and atthe time
acompany that shall remain unnamed
was rushing around a demo hall trying
to find a heatsink big enough to coolit
and preventit from thermally throttling.
I've seen enough motherboards
bundle extra-large heatsinks inthe last
few months to wantto know what the
fussis about. All signs point atthese
new SSDs being toasty, but 'mhoping
they'llbe extremely fast too. cee

Antony Leather is Custom PC's modding editor

@antonyleather


https://twitter.com/antonyleather

MODDING /HOW TO GUIDES

Water-cool
anRTX4090
or4080

Antony Leather shows you how
to remove the cooler from Nvidia's
new Founders Edition cards, and fit
awaterblock

aterblock manufacturers are already offering blocks for

Nvidia's latest RTX 4080 and 4090 Founders Edition cards,

butthisis quite a complicated job. Water-cooling Nvidia's
previous RTX 3000-series FE cards was aninvolved job, with you having
to deal with all sorts of cables, screws, magnetic covers and tiny latches
in order to remove the stock cooler, and while the processiis less involved
with these new cards, it's still quite fiddly.

In this guide, we'll show you how to water-cool Nvidia's RTX 4090
Founders Edition with EK’s Quantum Vector? waterblock, with the steps
also applying to the RTX 4080 model, as well as similar partner cards.
There are thermal benefits to cooling these cards with water, but the
biggestboonis getting rid of the enormous cooler, meaning the card
takes up farless space.

GeForceRTX 4090

waterblock . ) ) .
overclockers.couk  Micro screwdriver setincluding T5,

T6 and T7 Torx and crosshead bits
amazon.co.uk

Plastic pry tool
amazon.co.uk

Thermal paste cleaner
Scissors orisopropyl alcohol
Most hardware stores amazon.co.uk

/ UNLOCK THE BACKPLATE
The backplate secures using a single locking mechanism, whichis
released using alatch at the end of the graphics card. We've inserted a
point-tip plastic pry tool into the hole to release the backplate. This will
prevent you from scratching the cooler.

/ LIFT THE BACKPLATE
Thefirst part of the backplate will now lift up. Do this gently and take care
notto bendit, asinner sections will be heldin place using pins towards the
fan. Liftit gently and allow these sections torelease.

/ PUT SCREWS IN A CONTAINER
Before you start removing screws, grab a container to ensure they
don't getlost. You may well want to reinstall the cooler at some point,
soit's essential to keep these screws safe.



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

/ REMOVE CROSSHEAD SCREWS
You need to deal with three different types of screw types, so you'll
need amini screwdriver thatincludes all the bits you need. Start with a
crosshead bit, which you can use to remove the four screws next to the
backplate fan.

/ LIFT CABLE LATCH
There are two smallribbon cables on the rear of the PCB, which need to
be detached. This can be done using the small pointed end of the plastic
pry tool, lifting the end of the black plastic latch upwards.

/ REMOVE TORX HEAD SCREWS
You'llneed a T5 Torx bit for the next set of screws. These are located
around the lighter area of the backplate next to the expansion slot bracket.
Once you've removed these screws, place themin your container.

/ REMOVE RIBBON CABLE
Theribbon cable should now pull out easily. Don't force it out, as it can
tear easily. If it refuses to come away, try raising and lowering the latch
again, then wiggling the cable from side to side.

/ REMOVE BACKPLATE
The backplate should now lift away easily, but it does have thermal pads
underneathit that could be allittle sticky. Remove the backplate carefully,
so youdon'ttearthese pads - you'll need the pads intact if you ever want
torefitthe stock coolerinthe future.

/ OPEN CONNECTOR CAP
With the two ribbon cables removed, it's time to deal with the last
connector. This has a small metal cap that needs to slide away from the
connector. Again, you can use the pointy end of the plastic pry tool for
this job. The black connector will then be fully revealed.
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/ REMOVE CONNECTOR / REMOVE BRACKET

The connector will lift out vertically, and you can again use the pointy end You'llnow be able to remove the expansion slot bracket, which will pull
of the plastic pry tool to lift it from the end with the cables protruding. This out fromthe end of the card. If it doesn't, check that all seven Torx screws
jobneeds very little force. have beenremoved, along with the screws onthe PCB.

/ REMOVE CORE SCREWS / REMOVE PCB
Thefour screws surrounding the GPU core have T6 Torx heads, souse the The PCB should now lift up from the fan end of the card. It may need
correct bitto remove them. Startby loosening each screw by three turns, some persuasion, as the thermal paste and thermal pads underneath
then fully remove them and lift away the metal bracket. will have sat between the PCB and heatsink.

/ REMOVE BRACKET SCREWS
There are seven Torx screws securing the expansion slot bracket, one / REMOVE STOCK THERMAL PADS
of whichis at the end of the PCB. These screws require a T7 Torx bit If any thermal pads get left behind here, or on the rear of the card, use
this time, whichis larger than before. Remove the screw onthe PCB the flat end of the plastic pry tool to lift them carefully off the PCB, then
then deal with the six at the end of the card above the output ports. replace them back onto the heatsink.



/ REMOVE CARDBOARD INSERT
The waterblock includes a cardboard section that needs to be removed
before youfitit. Unscrew any screws holdingitin place, remove the card
and thenreplace those fittings afterwards. The card also provides aQR
code you can use to grab the latest instructions for the waterblock.

/ APPLY THERMAL PADS AND PASTE
Apple a thin cross-shape of thermal paste to the GPU core, then
follow the instructions for applying the thermal pads to the PCB on both
sides. You need to deal with three thicknesses of pads. Installing them
is asimple process if you follow the instructions - you just need a pair
of scissors.

/ FIT EXPANSION SLOT BRACKET
The waterblock includes a single-slot bracket that you'llneed to putin
place. You can then lay the new backplate down on top of the PCB.

/ SECURE BACKPLATE
Ensure that all six backplate screws have corresponding threaded
nuts on the waterblock, as they can occasionally come loose.
Each backplate screw needs a plastic washer onittoo. Secure the
backplate with a crosshead screwdriver, tightening each screw three
turns before moving around the plate until they're all fully tightened.

/ SECURE PCB TO WATERBLOCK
Place the waterblock so that the underside is facing up, then place the
PCB with the GPU core facing downwards. You can then secure the
PCB to the waterblock according to the instructions using the included
crosshead screws.

/ ATTACH BLANKING PLUGS
With the waterblock and backplate secured, you now just need to
attach blanking plugs to the ports on the waterblock before plumbing
itinto your loop. GPE
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ATIRAGE

The 3D Rage and 3D
Rage Il were typical
Free-D chips, with
decent2D and
video performance
but only basic 3D.
Photo own work

by Toggomusic,
CC-by-SA3.0

Stuart Andrews examines how ATiwent from dodgy ‘Free-D’

graphics to creating some of the fastest chips on the block

Ti's Rage graphics accelerators saw the firmrise
u over afour-year period to become one of the key

graphics hardware manufacturers. Its products
didn't break new ground like those of 3dfx and Nvidiain the
same period, but they consistently delivered the latest 3D
features in products that more of us could afford.

The first Rage 3D products were typical of early 2D/3D
graphics chips. Keen to jump on the 3D bandwagon as buzz
grew around the first 3dfx and VideolLogic 3D-only cards,
ATi combined the 2D Windows accelerator tech behind
its popular Mach64 chips with 3D tech it picked up from
acquiring the design team from Kubota Graphics, a small
division of anindustrial and construction giant, specialising
in high-end graphics workstations.

The new chip was launched at the Comdex trade show
in the winter of 1995, and was originally going to be called
the 264GT. However, at the last minute, Product Manager
Phil Eisler caught wind that S3 was planning to announce
its own 2D/3D accelerator, the S3 VIRGE, which clearly had
acooler name. Eisler hijacked the Rage branding froman
arcade graphics board on which ATi was working, and the
Rage 3D was born.

Launchedin early 1996, the 3D Rage, the S3 VIRGE and
Matrox's new Mystique cards were all sold at a price not
much higher than you (or a PC manufacturer) would pay
fora standard 2D graphics card. That was a big deal when
3D-only cards cost upwards of £200. Pundits described
the new cards as ‘Free-D'.

Of course, you got what you paid for. All these early 3D
cards were basic, with a single pixel shader, one texture-
mapping unit (TMU) and one raster operations pipeline
(ROP). The more powerful, two-processor design of the
3dfx Voodoo, which also handled the depth-buffering and
shading, left theminthe dust. What's more, where 3dfx had
its own GLide API - and developer support from the likes
of id Software - ATi was designed to accelerate Microsoft's
Direct 3D, which Microsoft hadn't even finished at the time
of launch.

While the 3D Rage was successful, it wasn'ta great 3D
graphics accelerator. The titles that ran best were those
designed or ported to run on ATi's tech, while issues with the
depth buffer, blending operations and mipmapping meant
that many early Direct3D titles ran at poor frame rates or
with visual artefacts — or simply didn't run at all. ATi's follow-
ups, the Rage Il and Rage II+, improved speeds and fixed
bugs but didn't give 3dfx much in the way of competition.

If ATiwanted to stay in the game, it needed to get serious
about 3D.

GOINGPRO

That's just what it did. Launchedin 1997, the Rage Pro

had several advantages over the Rage Il+, promising a 3x
improvementin 3D performance. The big one was that this
was the first ATi chip with a built-in, floating-point setup
engine, capable of processing up to 1.2 million triangles
per second. This took work from the CPU and accelerated
it, meaning the CPU could focus on core 3D geometry
and lighting transformations. The Rage Pro also included
enhanced support for alpha-blending features, such as
fog and transparency effects, along with specular lighting,
single-pass trilinear filtering and texture compression.

Just as crucially, the Rage Pro brought benefits beyond the
chipitself. It was the first ATi chip to fully support Intel's AGP
(Accelerated Graphics Port) interface, which dramatically
improved read/write speeds between the graphics card and
the motherboard chipset, and through that to the CPU and
system RAM. You could actually read textures directly from




RAM without killing performance. It was also the first ATi

graphics card to use 100MHz SGRAM, giving you much
faster video memory on-board.

Sadly, ATi still had a problem. While the Rage Pro was

a significantly better 3D accelerator, the competition was
moving even faster. Nvidia's Riva TNT featured two texture
mapping engines for speeds that rivalled 3dfx’'s mighty
Voodoo 2. Eventhough the TNT didn't have the Rage Pro’s
triangle setup engine, the Rage Pro fell behind itin both
Direct 3D and Quake Il benchmarks, with the Nvidia cards
sometimes doubling frame rates. ATirisked looking like an
also-ran. lt needed to take itself up another level.

TAKINGONTHETNT

Launched atthe end of 1998, the Rage 128 seemed hell-
bent on one purpose: destroying the Riva TNT. It helped that
it was the first Rage chip to be fabricated on a new process,
with ATimoving from 350nm to 250nm tech. In theory, this
meant the Rage 128 could be run at higher clock speeds
without overheating.

ATialso added both a pixel cache and a texture cache to
improve efficiency, and followed Nvidia inimplementing
single-pass multi-texturing, with dual texture-mapping
pipelines that enabled Rage 128 to render two bilinear
filtered pixels, or one bump-mapped pixel, per clock.

Bump mappingitself was seen as amajor new feature,
enabling games to render more realistic surfaces with
the impression of relief, although only a few showcase
games, such as Rage Software’s Expendable, actually used
it. Perhaps the biggest plus with the Rage 128, however,
was thatit was the first 3D chip to operate in 32-bit colour
without a huge performance penalty - less than 10 per cent
againstthe TNT's 40 per cent.

Neither the existing Voodoo 2 nor the upcoming VVoodoo
3 even supported 32-bit 3D, and at a time when more
games were coming out with 32-bit colour options, and
with a noticeable visual difference, this was a real feather
in ATi's cap.

Embarrassingly, though, as with the Riva TNT before
it, clock speeds had to be reduced before launch to avoid
overheating, with the first cards launching at 90OMHz rather
than 100MHz. Worse, delays getting into stores meant the
Rage 128 came up against the new TNT2 and Voodoo 3
chips within months of launch.

ATr's Rage Fury
Maxx gave you
two Rage 128 Pro
chips onasingle
card, rendering
alternate frames.
Photo own

work by Trio 3D,
CC-By-SA3.0

ATishowcased the
power of the Rage
128 withthe Rage
Dawning demo.
The people who
coded these demos
lovedreflections
and glowing light
alittle too much

Still, it did enough. Benchmarks showed similar and
sometimes better performance than the TNT and Voodoo 2,
while the chip’s triangle setup engine meant performance
remained steady when partnered with lower-end CPUs.
The Rage 128 was the best card out there if you moved to
32-bit colour, althoughissues with Super Socket 7 chipsets
made it a non-starter if you rocked an AMD or Cyrix CPU.

The Rage 128 was inevitably followed one year later by
the Rage 128 Pro, with an enhanced triangle setup engine
and higher clock speeds, plus the Rage Fury MAXX, which
incorporated two Rage 128 Pro chips, rendering alternate
frames. Both helped ATito remain competitive as the
graphics hardware industry evolved.

Sometimes, that's enough. ATi's investmentin 3D tech
keptitinthe picture at a time when other graphics hardware
companies were beginning to find the costs too high and
the competition too hot. Aggressive pricing helped, while
ATi continued to win big OEM contracts from the likes of
Compagand Apple.

Throughout the Rage line’s lifespan, ATi also created
different variants to reach different areas of the market.

ATl captialised onits strengthin video and DVD decoding
throughits All-in-Wonder line, which combined Rage

I+, Rage Pro or Rage 128 processors witha TV tuner and
composite and S-Video outputs. The Rage Pro, meanwhile,
was initially sold in two formats, as the Xpert@Work, aimed
atbusiness users, and Xpert@Play, aimed more at gamers.
The only difference between the two was that the latter had
an S-Video output as well as VGA.

As time went on, the company followed the lead of
Nvidia and 3dfx in building closer relationships with games
developers, andits Rage tech provided a solid platform on
whichit could build, with the Rage 6 chip that was to succeed
the 128 Pro morphinginto ATi's first Radeon GPU. As the
list of contenders became ever smaller, ATiremainedin
the game.epe
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-X-Box One S

Usingan AMD APU and a super-compact
water-cooling system, Aaron Howe
converted an Xbox One Sinto a fully

functional PC
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GPEG: What inspired
youtobuild aPCinto
an Xbox One S?
Aaron: [hadn't

seen it done before!
Thad previously

built an air-cooled
PCinside an Xbox
360 and, using that
experience,Iwanted
totaketheidea of
converting consoles
to computers an extra
step forwards,adding
complexity and
pushing boundaries.

GPE: How did you
plan this build?
Aaron: It started with
penand paperand
then moved to MS
Paint of all things.1I
then gotoutaruler
and just started
laying down general
sizing to see what

the boxwould take.I
then made an initial
concept build using
J-BWeld and some
aluminium to cold-
weld a frame together,
but the hardware

inside was just too hefty. It kept
breaking apart in a few weak spots,
just from holding it and moving
the system around.

Iused the measurements of that
original prototype to design an
internal chassisin 3D software,
whichIended up 3D-printingin
one solid piece that just slides into
the Xbox One S.It’s flexible in the
right places, so it can bend where
necessary,and it’srigid in other
placestokeep strength.

GPEG: What’s the side window
made from,and how is it attached
tothe chassis?

Aaron: It's not tempered glass;

it'’s just a glass piece from Home
Depot.The idea for the glass panel
was that I wanted the console to
have a‘sleeper’look if it was faced
downwards, but if it was vertical, it
would show off its true nature.

To attach it,Iused mirror clips
that you would usually use to hang
mirrors on a wall, which also act
asfeetifthe consoleislaid down

horizontally. The clips themselves
are hung on with ‘extreme’ double-
sided adhesive tape, which has
more than enough strength to
hold it up.

CPG: We're intrigued by that tiny
radiator at the bottom and the
little fans on top of it. What fans
and radiator did you use?

Aaron: It's the Alphacool XT45
somm dual radiator, with two
Gelid Solutions Silents somm fans.
Initially Itried to use the triple-
radiator version, butIrealised
quickly that it would leave no
room for the pump or reservoir,
solhadtoscale back the cooling.
It's powerful enough to keep the
machine in the mid-60s (°C) while
gaming, using stock clock speeds
and anundervoltto1.1Vonthe CPU.
I've occasionally seen it go higher,
butit’srare.

GPG: Why did you use soft tubing
instead of hard tubing?
Aaron: To be honest, this was my


http://custompc.co.uk/ExBox

first custom loop ever,and Iwanted
tonail the basics of a custom

loop first beforeItried to add the
complexity of making hard tubing
bend like that.Imight take theleap
one day and transition the build
tohard tubing, but for nowit’s
staying with soft tubing.

GPEG: Take us through therest of
the water-cooling loop.

Aaron: While researching my size
constraints, there wasreally only
one pump and reservoir choice
that would work for me.It’s the
Alphacool Eisstation 40 DC-LT
reservoir paired with its DC-LT
2600 ceramic pump. The super-
compact form factor and perfect
sizing, paired with Alphacool’s
XT4s5radiator, really allowed the
system to be small.

The fittings are made by
Bitspower, and Imainly used them
for aestheticreasons.Iliked the
way they look, especially with
theblack finish, and the green
O-ring makes a call back tothe

original Xbox design scheme. The
waterblock Iused wasn't my first
choice.Iwent through multiple
different versions, partially
because I went through several
motherboard ideas and various

| might take the leap one
day and transition the build
to hard tubing

ways to try to make the build work
as efficiently as possible.
Ieventually landed on the
ASRock Phantom Gaming X570
ITX/TB3 motherboard because
of itsfeature set. Not only does
itenable you toinstall aRyzen
APU with (what was at the time)
the world’s bestiGPU, the Ryzen
74700G, butitalso gives youa
Thunderbolt port at the rear, with

which you can use an external GPU.

Iend up using it paired with
aRadeonRX 5700 XT alot of the

time at LAN parties, which is
housed inside a Razer Core V2
external GPU box.

Oncel'ddecided touse that
motherboard,Ifound out there was
acompany that made a monoblock
forit,and it was the same company
from whichI'd already bought my
fittings. It really almost did feel like
fate, as if this hardware was made
specifically for my case-Ijusthad
tobuyit.

GPG: Where is the PSU,and what
modelis it?

Aaron: The power supply you
cansee justtotheright of the
motherboard isan HDPLEX
400W DC-ATX unit.Itusesa
laptop charging brick for input
power, and then outputs all of the
standard 24-pin, 8-pin EPS and
SATA power cables you typically
findin a computer.

What's great about this PSU is
thatit’s also fully modular—Idon’t
have SATA or a discrete internal
GPU, soIwas able to only run two
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cables inside the system. The build
uses a 1in ATX 24-pin connector
that was built by a friend of mine,
Heath from Tek by Design, and

the 8-pin EPS connector was built
by Michael over at MB Custom
Sleeving. They're good people and I
wanted to include some work from
both of them in my build.

GPG: What's the stand underneath
the machine with the four USB 3
ports,and does it interface with
thePC?

Aaron: It’s actually a vertical stand
designed to convert the One Stoa
standing position, from Best Buy’s
Insignia brand.It cost a total of $20
US. As for how it interfaces with
the computer, that’s a massive
rabbit holeIwent down to try to
getittowork.Since it’s designed for
aOne S, there are no drivers for it
fora computer, of course.

Iwent deep into trying to find
adriver that would work forit—I
checked the Hardware ID info
andtried repeatedly to getitto
function, but it sadly wasn’t meant
tobe.lended up snipping off the
end of the USB cable, and it’s now
just used to help keep the console
upright, and allow more airflow
intothe base for the radiator.
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GPG: What specdid you choose
and why?

Aaron: Itreally came down to
wanting a tiny powerhouse for
LAN parties.Ifrequent PDXLAN
here inthe Portland, Oregon area,
and wanted a PCIcould easily carry
toafew events each year. As such,
the main choiceImade was to go
with the fastest APU available at
the time.

It also has 16GB of 4800MHz
memory.Itried out multiple
different kits for this build, at
varying speeds from 3200MHz
allthe way up to 4800MHz, and
the faster memory did make a
difference to frame rates when
using the iGPU, soIkept the higher-
speed kit.

GPE: Is there any way you could
have squeezed a half-height
graphics card in there, oris it just
too tight?

Aaron: Iactually get asked that
alot,but no,sadly there’s just
noroom.Thereisaroundaix
1inrectangular shape below

the motherboard but above

the radiator where I could fit
something, but that spaceisn’t
large enough to accommodate
any kind of graphics card. The
motherboard heatsink,I/0 cover
and the radiator/fansleave no

CPUAMD Ryzen74700G

GPU External XFX RadeonRX
5700 XT

Storage WD SN7501TB SSD

Memory 16GB G.Skill Trident Z
RGB 4800MHz

Motherboard ASRock Phantom
Gaming X5701TX/TB3

PSU HDPLEX 400W DC-ATX
with Dell 330W laptop power brick

: CoolingBitspower ASRock X570

i ITX/TB3monoblock, Bitspower

i G1/4into3/8in 90-degreerotary
barb fitting, Bitspower G1/4in
15mm extender fitting 15mm,
Bitspower G1/4in-to-3/8inbarb
fitting, 3m of EKWB EK-DuraClear
10/13mm clear soft tubing,
Alphacool DC-LT 2600 ceramic
12V pump, Alphacool Eisstation
40 DC-LT reservoir, Alphacool
NexXxoS XT45 Full Copper
50mm dualradiator, GELID
Solutions Silent5 FN-SX05-40
50mmfans

room between themselves and
what was originally the bottom of
the One S console.

CPG: What'’s the performance like
from the iGPU?
Aaron: It actually works out really
well for me. Around 9o per cent
of my gaming time is typically
spent playing either StarCraft
or StarCraftIl, sol can almost
max out the settings and still
have great framerates. Asfaras
modern gaming,Iwouldn’t rely
onittoohard.
WhenIusetheRadeonRX 5700
XTeGPU,Iset any games settings
thatrely on CPU performance to
low or medium, and if 'm relying
ontheiGPU, all the settings are
settolow.I've sofartested out
StarCraft and StarCraft IT, Diablo 3,
BattleTech, Mechwarrior 5, Horizon
Zero Dawn, Forza 4 and 5,and a few
other smaller titles.




IfIdon’t have the CPU
performance items set tolow,
eventually the system will
succumb to heat soak, and
temperatures will climb and climb
until it justlocks up. The 100omm
radiator sadly doesn’t have enough
cooling headroom for the system to
run at full tilt

GPG: Did you come across any
difficulties?

Aaron: One huge problem was
finding a waterblock that would
fitin the small space between the
CPU socket and the glass screen.
Ihad tried a few variations of
hardware, and multiple integrated
pumps, but eventually,Iended up
going with a plain block,and then
integrating the pump and reservoir
lower down, instead of trying to
use a triple radiator.

Trying tofind aRyzen74700G
was also super-hard —at the time,
AMD wasn't selling the chips at
retail, as it ended up doing with the
Ryzen sooo-series APUs.Iended up
having to buy an entire HP prebuilt
system to get the chip,and then sell
therest of the system for parts.

Thelast real hardshipis
that, wheneverIhave todo
maintenance, the pump wiring
isreally delicate,andIcanend up
breaking the pump just by pulling
the computer apart.

GPG: How long did it take you to
complete this build?

Aaron: It took three years almost
tothe day to complete, my first
post on overclock.netwasoni9
July 2018, and Ifinished it in mid-
June 2021. The main reasons for
this were just budgetary concerns,
waiting for a 3D printer, only
having weekends due to work,and
health issues.It was well worth the
time though,and I'm proud of the
workI'vedoneonitsofar.

GPG: Are you completely happy
with the end result, or do you wish
you'd done some of it differently
inretrospect?

Aaron: Yes,and there are many
improvements planned!Ireally
want to get proper Startand

Reset buttons wired up, and then
figure out a way to for an Xbox
One controller to turn on the PC,
asyoudowith an Xbox.I've also
thought about using a tempered
glass screen, and redesigning

the internal chassis around the
pump to make sure it doesn’t
getdamaged during future
maintenance. There are a few
otherideasIhave in my head too,
butI'm keeping those under wraps
fornow.
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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

AFLASHINTHE PAN

It doesn't matterif you've got a competitive GPU if nobody
can actually buy it, argues James Gorbold

o here we are in the closing days of 2022 (as [ write
. this), and after the multitude of product launches

over the past few months, one brand has decided
to squeeze anotherlaunch into the year. However, unlike the
other launches, this one has been frustratingly marred by
the stock problems that we'd hoped had been relegated to
the past.

It feels a perhaps a little harsh to stick the knife into the
new AMD Radeon 7900-series GPUs after the editorial team
spent so much time and words covering the products in this
issue. After all, the GPUs themselves are very competitive,
providing similar performance to the Nvidia
GeForce RTX 4000 series in rasterised games.

AMD still lags behind Nvidia when it Barely atrickle of cards
comes to ray-tracing performance, whichis ~ made itinto UK stores at
the time of the launch

of growing importance as more games support
fancy ray-traced graphics. AMD alsolacks any
tech quite asingenious as DLSS 3,but FSR 2 does
seemto be gaining alot of traction with game developers,and
should prove to be a useful tool to extend the life of graphics
cards as more graphically demanding games are released.

However, the competitive performance and pricing are all
moot if you can’t actually buy a Radeon 7900-series graphics
card. Unfortunately, that’s exactly the situation—again—with
barely a trickle of cards making it into UK stores at the time
of the launch. What'’s worse, once again, there are no detailed
stock forecasts for retailers, meaning nobody sensible will
want to take the risk of taking pre-orders either.

Isay ‘again’because AMD made the same mistakes with the
Radeon 6000 series when they launched in December 2020.
Two years on, AMD doesn't appear to have learned a lesson,
and I can confidently predict that the result will be the same

—atiny flash in the pan of day one sales that does nothing for
AMD’s market share or brand awareness.

It's unlikely to have a significant impact on the Nvidia
juggernaut, even after the self-imposed hiccup around the
RTX 4080 launch. Some people might point to Nvidia already
dropping the price of the RTX 4080, but this is more to do
with weak sales than losing market share to AMD.

What's particularly disappointing about this pathetic
situation is that AMD is more than capable of executing
solid product launches. The company’s other two most
recent launches, Ryzen 7000-series desktop CPUs and EPYC
9004-series server CPUs, were both well-
managed affairs with great marketing, good
availability and detailed stock forecasts.

Yes, AMD may have shot itself in the
foot slightly with some technical decisions
around the Ryzen 7000 series, which means
the platform costs too much, but overall, it
was a good launch. Intel alsolearned how to launch products
properly in 2022 by making sure there were good numbers
of 13th-gen CPUs available.

Ican only speculate why AMD felt it necessary to proceed
with such a meaningless GPU launch in December 2022.
Perhaps a sense of vanity, as it can pat itself on the back
and say it launched before the end of the year. Alternatively,
perhaps it just felt the need to report something positive to
shareholders after a dismal year.

Either way, despite the Radeon7900-series GPUs themselves
having quite a few merits, the launch, if one can even call
it that, is a damp squib. It would have had a much better
chance of disrupting the market if it occurred in early 2023
with good availability. ere

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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