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Custom PC Issue 231

/ FROM THE EDITOR

Round one goes to AMD

he first of 2022’s autumnal flurry of hardware

launches is upon us,and it’s a bit good. AMD has once

again pulled out a blinder of a CPU architecture with
Zen 4 (see p64). The single-threaded performance ishuge,and
the multi-threaded performance is even bigger. Even the clock
speed, which has previously been a weak point for AMD, is
genuinely hitting 5.7GHz - there’s no merely theoretical boost
clocknonsense here.

Again, AMD’s chiplet approach has paid off, with AMD able
tomake a highly scalable system using a single die design built
on TSMC’s snm process, while Intel is still languishing at10onm.
The new1/0 chip (IOD) has also been overhauled, being built on
a 6nm process and incorporating an integrated GPU.

What’s more, as James Gorbold outlines on pg8, stock is
perfectly stable, especially compared with the shaky supply of
Zen 3 CPUs atlaunch. While this is all good news, though, one
factor has come as a bit of a smack in the face, which is the price.

Even the Ryzen 77700X (see p16) costs nearly £500,and the
Ryzen 9 7950X (see p14) costs nearly £850. The cost of upgrading
from an existing system won’t be cheap either,as you'llneed a
new motherboard and DDRs memory. Only ASRock was able to
supply us with Socket AM5 motherboards in time for our print
deadline, and the very cheapest option is £300.

We can sadly expect this to be acommon theme for new PC
hardware this year. Nvidia’s latest announcement of its Ada
Lovelace GPUs has prices starting at £949 for a card with 12GB of
memory and a192-bit memory interface, with the top-end RTX
4090 coming in at £1,679 inc VAT. With spiralling inflation, as
well as a weakened pound against the dollar, it’s fair to say that
PCupgrades are going to be pricey for the moment.

On the plusside, there’s a whole load of competition
coming soon, with Intel’s Raptor Lake and AMD’s Radeon RX
7000-series GPUs on the horizon -let’s hope that some fierce
competition starts to push down prices. As such, while AMD’s
latest CPUs are undoubtedly brilliant, it’s worth holding out for
amonth or two just to see how this all plays out.
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RICHARD SWINBURNE / VIEW FROM TAIWAN

WHATATX 3
CANDOFORYOU

With headroom for current spikes and 16-pin power connectors,
Richard Swinburne recommends upgrading to a new PSU

PSU may put in a decade of service before being
. replaced, but if you're looking at upgrading to a next-
gen graphics card, or even a current-gen card as prices
continue to fall, you need to be aware of the benefits of the
ATX 3 standard. Otherwise, you might find yourself with a PC
that shuts off unexpectedly, even if its wattage seems sufficient.

This is exactly what happened to me. Early in the summer,
Ijumped on a Radeon RX 6900 XT graphics card, as the prices
had fallen below MSRP. The Seasonic website told me my old
Focus PX 750W 80 Plus Platinum PSU was good to go. All great, I
thought, but then my PC randomly switched off during games.

Even enabling Radeon Chill and limiting the frame rate
didn’t prevent the PSU from cutting the PC
power entirely. I suspected it was hitting
the overcurrent protection breaker, so I ran
HWIiNFO64 software to monitor the power
draw.Ifired up a game in windowed mode
and watched the max power draw — 69A of
peak current on just the graphics card! My
750W PSU is only capable of providing 62A via 12V for the
whole system, so it’s woefully insufficient to handle these
peak loads.

After some digging around, I read about how high-end
GPUs from both AMD and Nvidia produce transient peak loads
that can be well in excess of their average current draw, and
what their max TDP suggests. Certain high-power (or recently
designed) PSUs are built with enough capacity to mitigate
this problem, but there’s no simple way to tell.

Thankfully, a new generation of ATX 3-spec PSUs are starting
to appear, and they're designed to address this exact issue.
ATX 3 marketing focuses on next-gen graphics cards, but it

Thenmy PC
randomly switched
off during games

will also benefit current-gen users. ATX 3 requires PSUs rated
at 450W and above to support transient load spikes of up to
200 per cent of the rated power for a fraction of a second,
eliminating overcurrent shutdown situations.

The new spec also replaces the multiple 8-pin PCI-E
connectors with a new 16-pin high-power connector
(12VHPWR) that supplies up to 600W. Introduced by Nvidia
on its RTX 3000-series Founders Edition cards, the connector
was only officially inked into the spec in February this year.
It seems more next-gen graphics cards will use 12VHPWR,
so if you're planning to buy one, you'll want to budget for a
new ATX 3 PSU as well.

Should you have a mega-powerful ATX
2-era power supply that you still want to keep,
the standards body, PCI-SIG, has warned NOT
to use cable adaptors that convert multiple
8-pin PCI-E connectors to 12VHPWR, because
it won't balance the current load across the
8-pin cables, risking excessive power draw
on any one of the cables, which can melt and cause a fire.

Instead, you need to contact your PSU maker to get a
12VHPWR cable that replaces the 8-pin PCI-E cables entirely
and plugs directly into the PSU itself. At the time of writing,
no PSU maker has yet offered this upgrade path, however.

This is only one of the new specs for ATX 3, which includes
single-to-multiple rail switching, better 12V voltage drop
protection, superior idle efficiency (one model sports up to 40
per cent load in fanless mode), and a feedback signal between
PCI-E devices and the PSU, allowing the PSU to become an
active part of the system. It’s certainly worth considering a
jump to ATX 3 in your next upgrade. cre

Richard has worked in tech for over a decade, as a UK journalist, on Asus’ ROG team and now as an industry analyst based in Taiwan @ricswi
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SILENT WINGS 4

No compromise silence and performance

The years of development have paid off. Packed with innovations, the new Silent Wings 4 and Silent
Wings Pro 4 models aim to set new standards in static pressure and airflow. At the same time, they
can run as a silent fan, giving users a choice to run them in a quiet or high-performance system,
depending on individual requirements. A perfect fit for any scenario.

m New fan blade design m Higher airflow and air pressure
®m Optimized radiator corners* ®m Speed-Switch*

*included in Silent Wings Pro 4

Available at:
scan.co.uk - overclockers.co.uk - ebuyer.com - novatech.co.uk - aria.co.uk - cclonline.com - amazon.co.uk
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Please send us your feedback and correspondence to
custompc@raspberrypi.com

RGBARJY

Thank you for the excellent Labs
teston fans thismonth.I have just
bought a Thermaltake P8 case,
which is awesome, and needed to
buy some more LED fans (the P8
cantake 18 x120mmfans!). ITwent
with your recommendation of the
Deepcool 120s, with five available
for £35from Amazon.

IThadnoideawhatIwas getting
intothough.Tassumed that most
fans and LEDs would follow a
connection standard, rather
than offering proprietary and
incompatible systems—thisisaPC
andnotan Apple system afterall.

Anyway, these fans had all the
cables and adaptors to connect them
tomy Corsair Commander Profor
the PWM control, and the RGB 12V
header on my motherboard for the
LEDs.Sofarsogood,and ifThad just
bought some more of these fans, or
more Corsair fans, allwould have
been well.

However, the story then takes a
turn for the worse.Ibought some
Deepcool 140s for the air intake on
the front of the case.Like the 120s,
these useJST-SM connectors for
the LED cables and a standard 5V
PWM connector. Unfortunately, the
140s didn’t come with the adaptors
to connect tothe motherboard or
the Commander Prolighting node,
and after spending a couple of days
buying and then sending back
cables I'm now about totry making
my own connector cable. Thisis all so
Icanuse Corsair'siCUE software to
controlthe LEDs.

My point is twofold. First,ideally
youwould have discussed the
fan cables and connectionsin the

When's the nextissue out?

GUSGOMPE xouw
Issue232 03

On sale on Thursday, 3 November

article,and secondly perhaps thisis
asubjectof interest foranin-depth
look in a Custom PC article? Anyway,
keepup the good work.
JOHNMULCAHY

Ben: The silly number of different
‘standards’ for RGB connections and
controllersis a constant source of
frustration for us, and many other
systembuilders —I'm sorry to hear
you've had such a nightmare with them.
Corsair'siCUE softwareis excellent for
lighting control, but sometimes youjust
have to end up using your motherboard
as an RGB controller for some parts, or
getting another third-party controller -
it's all veryirritating.
ThefanreviewsinthatLabs test were
only half-pagers, where we mainly
focused on cooling performance and
noise — we wouldn'thave had space to
try out every fan with various different
lighting control systems. Also, there
isn'ta140mm version of the Deepcool
FC120s we reviewed - the nearestis
the CF140, whichis a differentmodel.
However, you'rerightthatthisis a
minefield that could do with a proper
look at some point - we'll see if we
cando amorein-depth forayinto the
confusing world of RGB controland
connectorsinafuture feature.

James found ayeti
inhabiting his radiator

Afterreading through
ourPCbuilding
masterclass, James
now hasaneatand
tidy PCinterior

Clean-up masterclass

A quick thanks forissue 229, where
you provided a masterclass on
constructing a computer.I've

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

languished with my old PC for
years and decided it was time for
achange.

Using your informative guide,
Imoved the motherboard intoa
be quiet! case, tidied up the wires,
added some RAM and cleared out
the yetithatinhabited my CPU
radiator.I'mloving the new setup!
JAMESELLIOTT

Ben: Clad to be of service, James. It's
well worth cleaning the dust out of your
PCfromtimetotime,andlcan'timagine
that radiator was working very well!
That's atidy-looking setup now.
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/ NEWS

Incoming

Nvidia has officially unveiled the first of

its GeForce RTX 4000-series GPUs, the
GeForce RTX4090 and RTX 4080. Both

will be powered by the company's new Ada
Lovelace GPU architecture, which will be built
using TSMC's N4 manufacturing process.

Amongthe new featuresis an
improvementin ray-tracing acceleration,
with Nvidia promising double the triangle
intersection performance, and anew
Shader Execution Reordering mode
technology, which the company claimsis
as revolutionary as out-of-order execution
for CPUs, enabling the GPU to process and
reorder ray-tracing shader instructions no
matter when they arrive in the pipeline.

In addition to the new GPUs, Nvidia also
demonstratedits new DLSS 3 resolution
scaling technology, which doesn'tjustinsert
new pixels into existing upscaled frames, but
alsoinserts new frames altogether, using
anew optical multi-frame generator and
optical flow accelerator. If Nvidia's demois
to be believed, theresultis ahuge speed
up inframe rates with minimalimpact on
image quality.

Starting with the RTX 4090, this top-
end GPU will have 11 Graphics Processing
Clusters (GPCs), nine of which feature 12
Streaming Multiprocessor (SM) blocks, and
two of which have ten SMs. With each SM
containing 128 CUDA cores, you get a total
0f 16,384 onthe RTX 4090, compared to
10,752 onthe RTX 3090 Ti.EachSM also
contains one RT core for ray tracing, so you
get 128 of them onthe RTX 4090, along
with 512 4th-gen Tensor cores, which Nvidia
says can offer up to double the Al calculation
performance of their predecessors.

Cards based on this flagship GPU will
also feature 24GB of GDDR6X memory;,
accessed via a 384-bit wide memory
interface. Meanwhile, the stock boost clock
will be 2520MHz, and Nvidia claims the RTX
4090 will offer double the performance of
the RTX 3090 Ti. Nvidia says prices will start
at£1,679inc VAT.

So far, so expected - GPUs are expensive
now, particularly at the top end, but Nvidia
has surprised a lot of people with the high
prices and comparatively low specs of the
nextrung down, the RTX4080.

Two flavours will be available, denoted by
whether they have 16 GB or 12GB of memory,
but the differences extend well beyond
the memory allocation. The 16 GB version
has 9,728 CUDA cores and a 256-bit wide
memory interface, while the 12GB version
has just 7,680 CUDA cores and a 192-bit-
wide memory interface.

Compared with the Ampere range, you
hadto step downtoanRTX3070 Tito geta
256-bit wide interface, and the RTX 3060
Tito geta card with a192-bit-wide memory
interface. Using Ampere as a comparative
example, the RTX3060 Tihad 4,864 CUDA
cores, comparedto 10,496 onthe RTX3090
- a5 percentincrease, and there'sjusta
113 per centincrease in the number of CUDA
cores when you go fromthe RTX 4080 12GB
andthe RTX4090.

In short, interms of spec compared with
the flagship, the RTX 4080 12GB appears to
be more like the RTX3060 Tithanthe RTX
3080, andthe RTX 4080 16GB more like
the RTX 3070 Ti. That's not a problemif the
pricing followed, but Nvidia states that the
RTX12GB and 16GB will cost atleast £949
and £1,269inc VAT respectively. That'sa
massive price bump compared with Ampere,
so let's hope the benchmarks deliver.



AMDRDNA3TO
BEUNVEILED
INNOVEMBER

AMD has taken the opportunity to thumb
its nose at Nvidia's GeForce RTX 4090
announcement to tease a3 November
unveiling of its upcoming RDNA3 GPUs.
‘Join us on November 3rd as we launch
RDNA3 to the world! More details to come
soon! #RDNA3 #AMD,' announced the
company's SVP & GM for AMD Radeon, Scott
Herkelman, via his Twitter account.

Beyond this announcement teaser, AMD
has revealed no further details of the new
GPUs - expected to be released as the
Radeon RX 7000 series, butthe company
has previously confirmed it will be using
achipletapproach for some of its RDNA3
implementations, relying on multiple GPU
dies to achieve full performance.

EVGA SPLITS WITH

Previously one of Nvidia's key board
partners, EVGA has announced thatit's
pulling out of the graphics card industry.
YouTube channel Gamers Nexus
(custompc.co.uk/EVGASplit) said that it
was flown outto a‘closed doors meeting’
at EVGA's HQ, during which EVGA CEO
Andrew Hanreportedly said, 'We are hot

/IDIA

goingtobe onJensen’s lap on stage
...EVGA has decided to not carry the
nextgen.

A statementon EVGA's forums has
since confirmed that EVGA willindeed not
be producing next-gen graphics cards, but
thatit will continue to produce current-gen
cards and support their warranties.

INTELRAPTORLAKEINBOUND

As with AMD’s Zen 4 announcement
lastmonth, the full details of Intel's new
13th-gen Raptor Lake CPUs are due to

be announced four days after thisissue
goes to press, so we don't know the full
skinny. However, Intel has revealed that
its top-end CPUs are capable of boosting
to 6GHz, with liquid nitrogen overclocking
able to getthemup to 8GHz.

Intel recently published a page detailing
the CPU specs to its Canadian website,
before hastily deletingit. Assuming the
stats listed are correct, the flagship Core
i9-13900K is rumoured to feature 24
cores intotal, with eight P-Cores and 16
E-Cores, while the Corei7-13700K is
rumoured to have 16 cores, comprising
eight P-Cores and eight E-Cores.

If true, this would mark a step up of
four E-Cores compared with Alder Lake,
potentially also giving Intel the edge
over AMD’s Zen 4 CPUs in heavily multi-
threaded software. We hope to have our
first tests of Raptor Lake inthe nextissue
of Custom PC.
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/PROCESSORS

SOCKET AM5 PROCESSOR

AMD RY/EN9
/950X /£849 nevar

his autumnis going to represent
aninteresting battle for the CPU
performance crown, with AMD'’s new

5nm Zen 4 microarchitecture vying for pole position
againstthe expected Corei9-13900K from Intel.
However, while AMD has made huge performance
gains from shrinking the manufacturing process
andintroducing anew microarchitecture, ithasn't
increased the core count onits latest flagship
compared withits predecessor.

The Ryzen 9 7950X stillhas the same 16 cores
(and 32 threads via SMT) as the Ryzen 9 5950X,

SPEC

Base frequency
4.5GHz

Max boost freqtiency
5.7GHz

Core
Zen4

Manufz'l‘cturing |5rocess i
5nm

Number of cores

16 (32 threads)

IGP

AMD Radeon Graphics

Yes

Cache
64MBL3,16MB L2

Memofy controller
Dual-channel DDR5, up to 5200MHz

Packaging

AMD Socket AM5

Thermal design power (TDP)
170W

Features
Precision Boost 2, Precision Boost
Overdrive 2, FMA3, F16C, SHA, BMI /
BMI1+BMI2, AVX-512, AVX2, AVX, AES,
SSE4a, SSE4, SSSE3, SSE3, SSE2, SSE

andit’s similarly based on two core
complex dies (CCDs) with eight cores
each.ltalso has amuch higher TDP
of 170W, compared to 105W for the
Ryzen 9 5950X. Overclocking the latter
offered huge gains in multi-threaded
performance, soitlooks as though AMD
hasincreased the power available toitin
orderto clock up the boost frequencies.
Indeed, the Ryzen 95950X has a
massive 5.7GHz peak boost frequency;,
comparedto 4.9GHz forthe older CPU.
Evenif both CPUs processed the same
number of instructions per clock (IPC)
at stock speed, thatboost would offera
sizablejumpin performance, but AMD is

also claiminga 13 per cent upliftin IPC too.

We'llknow more about Intel's plans by
the time this magazine hits the shelves,
butif rumours are to be believed, it looks
settoincrease the core counts forits
flagship to a possible 24 cores, meaning
AMD may have its work cut outif it wants
to compete.

Back to the Ryzen 9 7950X, under the
hoodis anL2 cache thathas doubledin

size to 16MB (IMB per core), which should cut latency as well
as boost performance. There's also anew frontend, plus
improvements to branch prediction and the execution engine,
which allimprove performance further. You canread all about
the architectural details in our deep dive feature on p64.

Also, don'tforget that you getintegrated Radeon RDNA2
graphicsinside the chips too, althoughit's only powerful
enough to drive displays rather than games according to
AMD, plus there's now AVX-512 support, although AMD's
256-bit wide SIMD design means AVX-512 instructions will
take two cycles to execute, as opposedto a single cycle on
Intel's full 512-bit wide SIMD machine.

Those quoted clock speeds aren'tjust theoretical either.
We saw peak all-core boost frequencies of up to 5.2GHz,
whichis ahugeincrease over its predecessor, with the
single-core boost often hitting 5.7GHz. What's more, if you're
concerned about heat and power draw, AMD has introduced a
feature called Eco Mode. This allows you to drop the TDP from
the standard 170W to either 105W or even 65W.

Atthe time of writing, you had to enter specific power limits
into the EFI's Precision Boost settings in order to enable this,
but AMD has told us that this feature should be a one-click
affair soon after the launch, bothin motherboard EFIs andin
its Ryzen Master software.

That'sjust as well, as the Ryzen 9 7950X s arather toasty
CPU out of the box. Its core temperature regularly rose to
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90°Cinmulti-threaded workloads, even with our custom
water-cooling loop hooked up to it, which means amanual
overclock is best avoided - AMD's automatic overclocking
features are going to be better options.

However, this temperature fell dramatically when using
EcoMode, largely due to boosting frequencies being
curtailed, falling to a4.7-4.9GHz all-core boost at 105W and
3.6-3.8CHzat65W.

Incredibly, though, even at 65W the 7950X’s Cinebench
multi-threaded score of 29,821 was still faster than those of
the Corei9-12900KS and Ryzen 9 5950X, with dramatically
lower temperatures. When using the 105W profile, the score
was well above 30,000 points at 31,165, but still a fair way
from matching the monstrous 1770W score of 38,422 that
absolutely obliterated the competition.

The7950X also recorded the fastestresult we've seen
intheimage editing test of 93,724, which mostly stresses
single-threaded performance, outstripping even the mighty
Corei9-12900KS by over 7,000 points and achieving
1,397,365 in our heavily multi-threaded Handbrake video
encoding test, which was nearly 40 per cent higher than the
Ryzen 9 5950X. The system score of 495,461is the best
result we've ever seen, and by along way, with only the Core
i9-12900KS also being able to break the 400,000 point
barrier with a score of 412,369.

The single-threaded Cinebench test was lessimpressive,
with the Corei9-12900KS able to top the 2,050 scored

by the new AMD CPU - but only just — with the standard
Corei9-12900K not able to crack the 2,000-point mark.
The Ryzen 9 5950X, though, could only manage 1,653,
which goes to show justhow much AMD's lightly threaded
performance has increased with this new generation.
Games were fastertoo, although the Ryzen 9 7950X was
alittle behind the Ryzen77700X in Watch Dogs: Legion and
didn't make many gains over Intel's 12th-gen CPUs, even if
it was noticeably faster than AMD's older Zen 3 CPUs here.
Far Cry 6 saw the flagship 7950X hit 101fps on the 99th
percentile result, which matched the Core i9-12900KS and
beat the Corei9-12900K by 10fps, but the Ryzen75800X3D
was still alittle faster.

Conclusion
As expected, AMD's Ryzen 9 7950X s an absolute monster,
and it comes with a price to match. While it's not the killer
gamer CPU that many had anticipated, it's much faster than
previous AMD CPUs, except forthe Ryzen 7 5800X3D.
However, when it comes to content creation, this is the most
powerful mainstream desktop CPU we've ever tested by a
long way —it absolutely annihilates the competition.

What's particularly interestingis AMD's Eco Mode, which
could help toreinintemperatures so that even modest
air coolers can cope with this beast of a CPU, yet still offer
performance that outstrips any other option. If you want
a CPU that's ludicrously fast at every single job, then this
is currently the one to get, at least until Intel launches its
13th-gen CPUs later this year.
ANTONY LEATHER

VERDICT
It's expensive, but this is hands down the most powerful
mainstream desktop CPU we've ever tested.

ZENA4

Fantastic
multi-threaded
performance

Ecomodehas
huge potential

Massive boostin
single-threaded
speed

SUPERMAN 4

= Getshotin
multi-threaded
workloads

= \ery expensive

= Could be faster
ingames
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SOCKET AM5 PROCESSOR

AMD RY/ZEN/
/700X / £480 nevar

he only CPU to receive a slightname
. tweak with AMD's Zen 4 rangeis the
Ryzen77700X, but despite the factit's
not called the 7800X, little else appears out of place
with this processor. You get eight 5Snm Zen 4 cores,
which can execute 16 threads at the same time, thanks
to AMD's Simultaneous Multithreading tech. It's very
much the successor to the mighty Ryzen75800X. Ata
price of £480 inc VAT, it's up against some stiff competition,
though, seeing as the excellent Core i7-12700K retails for
£60 less and has four more cores, evenif they're notIntel's
full-fat P-Cores.

If you don't already have an AM5-compatible CPU cooler,
also bearin mind that there are no CPU coolers included
with any of AMD’s Ryzen 7000-series products, even the
Ryzen 57600X that we'll be reviewing soon, so you'llneed
to purchase your own.

SPEC

Base frequency
4.5GHz

5.4GHz

Yes

Packaging
AMD Socket AM5

Thermal design power iTDP)
105w

Features

Precision Boost 2, Precision Boost
Overdrive 2, FMA3, F16C, SHA, BMI
/ BMI1+BMI2, AVX-512, AVX2, AVX,
AES, SSE4a, SSE4, SSSE3, SSE3,
SSE2,SSE

Not surprisingly, clock speeds are
lofty, with the Ryzen77700X hitting a
peak boost frequency of 5.4GHzin lightly
threaded workloads, making it the second
fastest CPU we've ever testedin terms of
actualmegahertz. Incredibly, it was able
tohit5.2GHz across all cores in multi-
threaded workloads too, while the Ryzen 7
5800X could only hit4.5GHz.

That's amassive 700MHzincrease and
comes despite the fact that the two CPUs
have the same TDP of 105W. Thankfully,
the Ryzen77700X also ran much cooler
thanthe Ryzen 97950X, only hitting
87°Cunder sustained multi-threaded
loads. As with the rest of the Zen 4
range, the L3 cache remains unchanged
compared withits predecessor at 32MB,
butthe L2 cache hasincreased from
4MBto 8MB, as younow get a full IMB
of L2 cache per core, which should help
to cutlatency andimprove tasks such as
gaming performance.

Also, like other CPUs in this generation,
the Ryzen77700X hasintegrated Radeon
graphics. It's done this before, of course,
withits so-called APUs, but here they're

not designedto offer
reasonable frameratesin
games, butto allow you to use them
without a GPU and drive a couple of 4K monitors.

The IGP only has a dual compute unit, giving you a total of
128 stream processors, whichis along way from the spec of
even abasic RDNA2 discrete GPU. As such, AMD is keen to
stress thatif you want to play games, you'll need a dedicated
graphics card. Still, it's handy to have for troubleshooting, or
for tasks that have limited GPU acceleration builtin. Plus, it's
an added cost savingif you're notinterested in gaming.

Performance

In ourimage editing test, which stresses single-threaded
performance, the Ryzen77700X's score of 387,941beat all
of its predecessors, even outpacing the Ryzen 9 5950X. It
also matched the mighty Core i9-12900K, while sitting 14
per cent higher than the Core i7-12700K, whichis almost
exactly how much moreit costs than the Intel CPU.
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5NM
5.2GHzall-core boost

TANM+++

= Limited overclocking headroom

Excellent gaming performance = Cheaper Corei7-12700K

isfasterinsometests
Brilliant lightly threaded

performance = Reasonably expensive
Thatmassive all-core boost clock helped in multi-
threaded applications too, with the Ryzen 77700X scoring
932,918 points in our heavily multi-threaded Handbrake
video encoding test. That's enough for it to beat the 12-core
Ryzen 9 5900X and Corei7-12700K, andit's amassive 30
per centimprovement over the score of the Ryzen75800X.
The overall RealBench system score of 360,350 sits just
below that of the Ryzen 9 5950X at 373,168 - it's also
reasonably higherthanthe score of the Corei7-12700K and

miles higher than the 288,079 scored by the Ryzen 75800X.

Meanwhile, running Cinebench R23 resultedin a score
0f 20,030 in the multi-threaded test. This was beaten by
the Corei7-12700K, which managed 22,802, but soundly
thrashed the Ryzen 7 5800X withits lowly score of 15,608.
The single-thread Cinebench score of 2,007 was enough to
beat every Intel CPU except the Corei9-12900KS, though,
and was again fast enough to annihilate even the best result
achieved by the Ryzen 5000-series CPUs. For example,
eventhe Ryzen 9 5950X scoredjust 1,653 here.

Finally, gaming performance was excellenttoo, with
a99th percentile result of 100fpsin Far Cry 6 at1,080p,
closely matching the scores of the Ryzen 9 7950X, Core
i9-12900KS and Ryzen7 5800X3D, while offering near
double-digit gains over the Core i9-12900K and Ryzen 7
5800X. Watch Dogs: Legion saw it offer the highest 99th
percentile result we've seen of 82fps, gaining afew frames
per second overthe Ryzen 97950X, and pipping every other
CPUtothe posttoo.

We also managed to overclock the Ryzen 77700X, hitting
anall-core frequency of 5.4GHz with a vcore of 125V,
matching the peak single-core boost frequency. This didn't
resultin stellar benefits, though, only boosting the Cinebench
R23 multi-threaded score by 5 per cent, althoughit did
this withoutincreasing the peak load power draw for the
whole system.

AMD's new Eco Mode works with this CPU too, and
limitingthe Ryzen77700X to a TDP of 65W saw the
Cinebench score drop from 20,030 tojust 19,207, but the
peak total system power draw fell by a massive 70W, and
the peak temperatures plummeted as well.

Conclusion

It's clear thatin many situations, the Ryzen 7 7700X is now
the top doginits sector of the market. Innearly every test,
from games through image editing to multi-threaded
workloads, it was more than a match for the best of the
rest. It's not a clean sweep, though, with the cheaper Core
i7-12700K keeping up in some games and also offering
better multi-threaded performance in Cinebench.

There's also the question of the Ryzen 57600X and Intel's
new 13th-gen Raptor Lake CPUs looming on the horizon, and
we should have numbers for both nextissue.

Interms of longevity, though, if you're building a new
system, it makes more sense to go with Socket AM5 than
Intel's current LGA1700 socket, as the latter might possibly
be havingits last outing with Raptor Lake.

The only mainissue for the Ryzen 77700X is thatits price
is atad higherthan we'd have liked, but there’s no doubting
thatit packs a huge punchif you can affordit.

ANTONY LEATHER

VERDICT
Not as keenly priced as we'd hoped, but this is one
seriously fast 8-core CPU.

PERFORMANCE
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OVERCLOCKING ZEN 4
AND USING ECOMODE

You canalsouse
Ryzen Master

to enable PBOif
you're notkeen
onfiddling in your
motherboard’s EFI

here are several aspects to tweaking Zen 4 CPUs,
. andthis time we also have AMD'’s new Eco Mode,

which allows you to limit your CPU's thermal design
power (TDP) in order to reinin power consumption and
temperatures without losing heaps of performance. Here,
we'll be looking at this feature, as well as manual overclocking
and AMD's automatic tools, while discussing where and when
you should consider using each of them.

Precision Boost Overdrive

This remains the easiest and safest way to overclock your
Ryzen CPU and hit frequencies higherthan you'll get at stock
speed. The differences are often small, as the limiting factor
is nearly always temperature, and even custom liquid cooling
can'tdo much about temperatures inside the CPU. It's the
same with manual overclocks, as we saw this month with the
Ryzen77700X gainingjust200MHz.

This in part comes from the fact that, while AMD CPUs can
hit high frequencies with large voltages, it's nota goodidea
tousemuchabove 1.25V ona24/7basis. Also, today's CPUs
already run fairly close to their limits at stock speed.

Precision Boost Overdrive provides extra power to a CPU
that, when combined with Automatic Overclocking, can
allow a CPU to boost up to 200MHz higher than stock speed.
However, this doesn't mean it will hit this figure all the time
-itneeds enough power and thermal headroom for this to
occur. The benefit of using PBO is that, unlike usingamanual
overclock, your stock peak boost frequencies remain, evenif
they don't go higher than stock speed.

To enable PBO and automatic overclocking, head to your
motherboard's EFI. The actuallocation can differ between
manufacturers, butin general, you'llneed to find the Advanced
section, whichis often outside the main overclocking or
tweaking sections. Here, you should find an option for AMD

Our PBO settings enable the CPU to add another 200MHz to its
frequency if there’s enough power and thermal headroom

overclocking, and you'll probably be met with apromptto
continue. Accept this prompt, and on the next page you should
see an option for Precision Boost Overdrive.

The wording will differ between motherboard
manufacturers, but the principles and basic settings are the
same. Inthe PBO section on our ASRock motherboard, we
changedthe mode to Advancedto reveal therest of the
options. We then changed the PBO Limits to Motherboard,
changed the Scalar Control to Manual and set the Actual
Scalarto 10x. Finally, we entered 200 into the Max CPU Boost
Close Override box. This will allow the CPU to add 200MHz to
its boosting frequencies if there's sufficient power and thermal
headroom available. We saw a smallimprovement to both
single and multi-threaded scores in Cinebench by doing this.

If you preferto avoid delvinginto your motherboard's
EFI, you canalso use AMD's Ryzen Master software. Click
ona profileinthe left options pane, then head to Automatic
Overclockingand enter 200 into the Boost Override CPU box.

Manual overclock
A manual overclock works well with some CPUs, but not
with others. For example, youmay get a higher frequency

A good old-fashioned manual overclock can still be worth
doing on CPUs that don’t have huge core counts



across all cores than you would at stock speedin all-core
boost scenarios, but youmay notbe able to match the
peak boost frequency a stock speed CPU could hitin
lightly threaded workloads.

You'llneed to make that call with your own CPU, especially
as all chips overclock differently. In general, AMD's CPUs with
high core counts seeincreased multi-threaded performance
from amanual overclock, but may not match their single-core
boost frequencies. Its 6-core or 8-core CPUs might be able
to do both, though, as we saw this month with the Ryzen 7
7700X. It betteredits all-core boost by 200MHz and also
managed to matchits peak boost frequency.

Startby entering 1.25V into the CPU voltage section, and
then enter afrequency value 200MHz below the usual all-
core boost frequency. The latteris 5200MHz for our Ryzen7
7700X, so we've entered 5000MHz.

Next, run Prime95's smallest FFT test (downloadable from
mersenne.org)and disable all AVX options at the bottom,
then run Ryzen Master and focus on the CPU temperature it
displays. If itremains below 90°C then your manual overclock
is fine - leave the test running for five minutes before heading
back to the EFI, thenraise the frequency by 100MHz and
repeatthe process.

Keep doing this, and eventually Prime95 will crash, at
which point you'll need to back off the frequency by 100MHz.
We found afrequency of 5.4GHz was stable at 1.25V.

EcoMode

EcoMode has existed before, but this time AMD is trumpeting
itas amajor feature. Its key benefitis being able to limit the TDP
of a CPU to lower levels than stock settings, such as forcinga
170W chip to run witha TDP of 105W or even 65W.

This might sound like arecipe for drastically reducing
performance, but you can significantly lower power
consumption and thermals, and still sacrifice very little
performancein mosttasks. In fact, the Ryzen 9 7950X was
still significantly faster than the Ryzen 9 5950X, even when
itwas capped at 65W comparedtoits usual 170W.

Stress-test your
CPU with Prime95
and watch the
temperaturein
Ryzen Master
tomake sureit
doesn’'t overheat

While we wait for
AMD toimplement
its one-click Eco
Mode system,

you can enable it
yourself by setting
the PPT, TDCand
EDC in your EFI

AMD will beimplementing Eco Mode in a one-click feature
inboth motherboard EFls and Ryzen Master soon, but for
now, you can enable it manually by heading to the EFland
locating the Precision Boost Overdrive section; on our ASRock
motherboard, this was in the AMD Overclocking part of the
Advanced section.

As before, the wording will differ between motherboard
makers, but the principles and settings remain the same. On
our ASRock board, we selected Advancedin the firstbox to
access detailed options, then set the PBO limits to Manual.
You'llthen see options to setthe PPT, TDCand EDC, and we've
outlined the necessary numbers you'll need to enterinto
these fields to hit various TDPs.

65W 88,000PPT /75,000 TDC/150,000EDC
105W 142,000 PPT /110,000 TDC /170,000 EDC
170W 230,000 PPT /160,000 TDC 7 225,000 EDC

Entering one string of the above into these boxes will fix
the CPU to that TDP limit, which will resultin lower CPU
temperatures and power draw — good hews inthese times
of rocketing energy prices.

ANTONY LEATHER
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GIMP IMAGE EDITING
Stock speed

AMD Ryzen 9 7950X
AMD Ryzen 7 7700X
Intel Core i9-12900KS
Intel Core i7-12700K
Intel Core 9-12900K
AMD Ryzen 9 5950X
AMD Ryzen 9 5900X
AMD Ryzen 7 5800X
AMD Ryzen 7 5800X3D

Overclocked

AMD Ryzen 77700X
Intel Core i9-12900KS
Intel Core i7-12700K
Intel Core i9-12900K
AMD Ryzen 7 5800X
AMD Ryzen 9 5900X
AMD Ryzen 9 5950X

AMD Ryzen 7 5800X3D

HANDBRAKE H.264 VIDEO ENCODING
Stock speed

AMD Ryzen 9 7950X
Intel Core i9-12900KS
Intel Core i9-12900K
AMD Ryzen 9 5950X
AMD Ryzen 7 7700X
Intel Core i7-12700K
AMD Ryzen 9 5900X
AMD Ryzen 7 5800X

AMD Ryzen 7 5800X3D

Overclocked

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

Intel Core i7-12700K
AMD Ryzen 9 5900X
AMD Ryzen 7 7700X
AMD Ryzen 7 5800

AMD Ryzen 7 5800X3D

FAR CRY 6 (FPS)

Stock speed, 1,920 x 1080, Ultra settings

AMD Ryzen 7 5800X3D

Intel Core i9-12900KS

AMD Ryzen 9 7950X

AMD Ryzen 7 7700X

AMD Ryzen 9 5900X

Intel Core i7-12700K

AMD Ryzen 9 5950X

Intel Core i9-12900K

AMD Ryzen 7 5800X

Overclocked, 1,920 x 1080, Ultra settings

AMD Ryzen 7 5800X3D
Intel Core i9-12900KS
AMD Ryzen 7 7700X
AMD Ryzen 7 5800X
Intel Core i9-12900K
Intel Core i7-12700K
AMD Ryzen 9 5950X

AMD Ryzen 9 5900X

99th percentile

1,397,365

93,724
90,694
86,284
80,885
80,155
76,586
74,384
72,972
70,595
89,852
86,284
84,450
83,843
75,339
73,331
72,729
70,595
1,137,489
1,061,918
1,029,189
932,918
927,289
912,189
722,386
698,723
1,137,489
1,116,097
1,077,960
986,910
954,534
951,504
735,263
698,723
103 138
101 138
101 133
100 134
93 127
92 136
92 127
a 136
a1 125
103 138
101 138
98 133
94 125
94 139
93 138
92 127
o1 126
Average

HEAVY MULTI-TASKING
Stock speed

AMD Ryzen 9 7950X
Intel Core i9-12900KS
AMD Ryzen 7 7700X
Intel Core 19-12900K
AMD Ryzen 9 5900X
AMD Ryzen 7 5800X3D
AMD Ryzen 9 5950X
Intel Core i7-12700K
AMD Ryzen 7 5800X

Overclocked

Intel Core i9-12900KS
AMD Ryzen 7 7700X
Intel Core i9-12900K
AMD Ryzen 9 5950X
AMD Ryzen 9 5900X

AMD Ryzen 7 5800X3D
Intel Core i7-12700K

AMD Ryzen 7 5800X

SYSTEM SCORE
Stock speed

AMD Ryzen 9 7950X
Intel Core i9-12900KS
Intel Core i9-12900K
AMD Ryzen 9 5950X
AMD Ryzen 7 7700X
AMD Ryzen 9 5900X
Intel Core i7-12700K
AMD Ryzen 7 5800X3D

AMD Ryzen 7 5800X

Overclocked

Intel Core i9-12900KS
Intel Core i9-12900K
AMD Ryzen 9 5950X
AMD Ryzen 7 7700X

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

AMD Ryzen 7 5800X3D

WATCH DOGS: LEGION (FPS)
Stock speed, 1,920 x 1080, Ultra settings
AMD Ryzen 7 7700X
Intel Core i9-12900KS
Intel Core i7-12700K
Intel Core i9-12900K
AMD Ryzen 9 7950X
AMD Ryzen 7 5800X3D
AMD Ryzen 7 5800X
AMD Ryzen 9 5900X

AMD Ryzen 9 5950X

Overclocked, 1,920 x 1080, Ultra settings

AMD Ryzen 7 7700X
Intel Core i9-12900KS
Intel Core i7-12700K
Intel Core i9-12900K
AMD Ryzen 7 5800X3D
AMD Ryzen 9 5900X
AMD Ryzen 9 5950X

AMD Ryzen 7 5800X

99th percentile

AMD ZEN 4 CPU RESULTS

460,907
395,855
387,941
387,778

371,919

359,955

357,373
341,289

327,12

395,855

383,966
374,196
374,124
373,168
359,955

349,660
324,087

495,461
412,369
387,778
373,168
360,350
347,085
344,828
289,771
288,079

412,369
400,996
388,665
363,798
362,717
357,720
292,884
289,771

82 97
79 98
79 97
79 97
79 96
77 95
74 92
74 91
73 91

80 94
79 98
79 96

74 91
73 91
72 92

Average

Stock speed

AMD Ryzen 9 7950X
Intel Core i9-12900KS
Intel Core i9-12900K
AMD Ryzen 9 5950X
Intel Core i7-12700K
AMD Ryzen 9 5900X
AMD Ryzen 7 7700X
AMD Ryzen 7 5800X
AMD Ryzen 7 5800X3D

Overclocked

AMD Ryzen 9 5950X
Intel Core i9-12900K
Intel Core i9-12900KS
Intel Core i7-12700K
AMD Ryzen 9 5900X
AMD Ryzen 77700X
AMD Ryzen 7 5800X

AMD Ryzen 7 5800X3D

CINEBENCH R23 SINGLE-THREADED

Stock speed

Intel Core 19-12900KS
AMD Ryzen 9 7950X
AMD Ryzen 7 7700X
Intel Core i9-12900K

Intel Core i7-12700K
AMD Ryzen 9 5950X
AMD Ryzen 9 5900X
AMD Ryzen 7 5800X

AMD Ryzen 7 5800X3D

Overclocked

Intel Core i9-12900KS
Intel Core 19-12900K
Intel Core i7-12700K
AMD Ryzen 7 7700X
AMD Ryzen 9 5950X
AMD Ryzen 9 5900X
AMD Ryzen 7 5800X
AMD Ryzen 7 5800X3D

CINEBENCH R23 MULTI-THREADED

38,422

28,645

27,579

25,264

22,802
21555
20,030
15,608
14,463

30,853

28,653
28,645

24194
23,418
20,986
15,810
14,463

2,009
2,050
2,007
1992
1,930
1653
1,610
1602
1,455

2,099

1,987
1957
1,930

1527

1525

1523

1455

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

AMD Ryzen 9 5950X 104w
AMD Ryzen 9 5900X 7w
AMD Ryzen75800X ~ 93W,

Intel Core i7-12700K  58W.
AMD Ryzen75800X3D  98W
AMD Ryzen 7 7700X
Intel Core i9-12900K 57W,
AMD Ryzen 9 7950X

Intel Core i9-12900KS  61W/|

new|

15w

27w
231w
237w
248W
260W
273W
305w

376W

Overclocked, Windows desktop / Prime95 smallFFT

AMD Ryzen 7 5800X 105w
AMD Ryzen75800X3D ~ 9BW|

AMD Ryzen 7 7700X 1n8w

AMD Ryzen 9 5900X 9w

Intel Core i7-12700K  85W
Intel Core i9-12900K ~ 97W
AMD Ryzen 9 5950X

Intel Core i9-12900KS  61W/|

108w

Idle

219w
260W
272w
275W
281w
320w
331w

Load

489w

Lower is better

489w

Lower is better
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BESTWITHZEN 47

he landscape has changed since we first looked at

DDRS5 alongside Intel's 12th-gen CPU launch, and

you won't now need to wait weeks for your DDR5
kitto arrive. Frequencies are much higher too, with many kits
offering speeds in excess of 6000MHz, whichis the new
sweet spot for Ryzen CPUs accordingto AMD's gurus.
What's more, AMD has also introduced the EXPO standard.
Thisis essentially like Intel's XMP, but for AMD systems,
honing timings to offer the best performance.

We want to answer two questions here. Firstly, which
speeds are best foran AMD system - will a cheap 5200MHz
kit represent a false economy, andis using afasterkit going
to net you more performance? Secondly, is there much
difference between a typical DDR5 kit and an EXPO kit?

Our test system this monthincludes an ASRock X670E
Taichimotherboard, Nvidia GeForce RTX 3070 GPU and
32GB of G.Skill Trident Z5 Neo EXPO memory adjusted to
different speeds, plus a similar kit of non-EXPO memory.
The Infinity Fabric clock was kept at auto, but the memory
controller frequency was in sync with the RAM frequency.

Theimage editing score revealed small scaling when
increasing the speed to 6400MHz from 6000MHz, but the
gains over 5200MHz were minimal. Meanwhile, the non-
EXPO kit performed roughly the same as the EXPO kit set
tothe same frequency.

The video encoding test, though, saw even the
6000MHz EXPO kit outperform the non-EXPO kit, despite
its 400MHz advantage, and while it was a near tie for the
top spot between 6400MHz kits, it was the 6000MHz and
6400MHz EXPO kits that prevailed.

Meanwhile, Cinebench saw slim margins between all kits
inthe multi-threaded test, with both 6400MHz tests within
spitting distance, but again there wasn't much difference

GIMP IMAGE EDITING

SYSTEM SCORE

5200MHz (EXPO! 90,504

)
6000MHz (EXPO) 90,694
6400MHz (EXPO)

)

6400MHz (non-EXPO!

91759
91938

HANDBRAKE H.264 VIDEO ENCODING

5200MHz (EXPO)
6000MHz (EXPO)

906,053
932,918
950,900
917,144

6400MHz (EXPO)
6400MHz (non-EXPO)

HEAVY MULTI-TASKING

5200MHz (EXPO) 383,935

iii BENCHMARK RESULTS

5200MHz (EXPO)
6000MHz (EXPO)
6400MHz (EXPO)
6400MHz (non-EXPO)

5200MHz (EXPO)
6000MHz (EXPO)
6400MHz (EXPO)
6400MHz (non-EXPO)

between any of the results here. The single-threaded test,
though, put the non-EXPO 6400MHzkitin a distant last
place, where even our EXPO kit reduced to 5200MHz was
noticeably better.

InFar Cry 6, the best result was from the EXPO kit set
to 6400MHz, with the 6400MHz non-EXPO kit getting
similar frame rates to the EXPO kit whenit was reduced to
6000MHz. However, there was a slight drop when reducing
the EXPO kitto 5200MHz.

There are clear signs that the enhancements in timings of
the EXPO memory kit offer advantages, with several tests
showing our 6000MHz EXPO kit outperforming a 6400MHz
non-EXPO kit. The latter was quicker in some tests, showing
that frequency still counts and even boosting the EXPO kit to
6400MHz saw gains too.

However, a lot will come down to pricing and while EXPO
offers tangible benefits in some situations, we'd suggest
getting the cheapest 6000MHz kit you can find. If that
happens to be an EXPO kit, that's great, but we wouldn'tlose
any sleepifitwasn't.

ANTONY LEATHER

FARCRY 6
1,920 x1,080, Ultra settings
352,835

CINEBENCH R20 MULTI-THREADED

360,350 5200MHz (EXPO) 99fps
366,390 6000MHz (EXPO) 100fps
358,138 6400MHz (EXPO) 104fps
6400MHz (non-EXPO) 101fps
20,014 93th percentile

20,030
20,050
20,055

CINEBENCH R20 SINGLE-THREADED

5200MHz (EXPO) 2,006
6000MHz (EXPO) 387,941 6000MHz (EXPO) 2,007
6400MHz (EXPO) 393,055 6400MHz (EXPO) 2,012

6400MHz (non-EXPO) 393,624 6400MHz (non-EXPO) 1,987

Average

132fps
134fps
134fps

134fps



/MOTHERBOARDS

X670E MOTHERBOARD

ASROCK X6/0E
TAICHI / £600 wevar

t's surprised us thatmany
motherboard manufacturers
are opting for AMD's flagship

X670E chipset at the heart of the
majority of their launch products,
further putting strain on people’s
wallets when the prices of new
CPUs and DDR5 memory are
already a concern. However, it's
theright fit for the ASRock
X670E Taichi, with its whopping
£600 asking price, which also buys you some
decent hardware features.
In fact, based on some of the Intel Z790 motherboards
we've seen, features such as Thunderbolt 4 could become
more common on AMD motherboards this autumn than

onIntel's equivalents, and you get a pair of them on the
X670E Taichithat also offer USB 4 support. Sadly, there’s no

SPEC

Chipset
AMD X670E

CPU socket
AMD Socket AM5

Memory support
4 slots: max 128GB DDR4 (up to
6600MHz)

Expansion slots
Two 16x PCI-E5

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

Cooling
Eight 4-pinfanheaders, VRM

heatsinks, VRM fan, M.2 heatsinks,
extra-large PCI-E 5 M.2 heatsink

8 x SATA 6Gbps, 1xM.2 PCI-E
5,3xM.2PCI-E4,2 x Type-C
Thunderbolt4/USB 4,5x USB 3.2
Gen2 Type-A,3xUSB3,1xUSB
3.2Gen 2x2 Type-Cheader, 1x
audio out, 1x mic, 1x S/PDIF out

Dimensions (mm)
305x244

10Gbps Ethernet, and while Thunderbolt-
to-10Gbps adaptors do exist, at this price,
it should have beenincluded. Thankfully,
you do get 802.11ax Wi-Fiand a 2.5 Gigabit
Ethernetporttoo.

Meanwhile, the audio systemis geared
towards high-quality stereo listening, rather
than analogue surround speaker sets. It's
based on Realtek’'s ALC4082 audio codec,
and only has two minijacks ontherearl/O
panel, with the front panel header benefiting
from an ESS SABRE9218 DAC. There's also
an optical output.

You're sorted for USB ports too. There
are eight Type-A USB ports, all of which are
USB 3 or faster, and five of them support the
high-speed USB 3.2 Gen 2 standard. Plus,
if your case has aUSB Type-C front panel
connector, you can get areally high-speed
USB 3.2 Gen 2x2 port up and running. If you
want to ditch a discrete graphics card and
use your CPU's integrated graphics, then
there's a single HDMI port as well.

Overclocking and testing tools are usually
one of ASRock’s strong points, even on more

value-conscious motherboards, and

here you get a USB BIOS flashback system, a clear-CMOS
button, power and reset buttons, and an LED POST code
display. The power circuitry is also positively monstrous,
with a24+2+1phase 105A array that's clearly designed to
standup to AMD’s new 1770W CPUs.

As well as massive heatpipe-linked heatsinks, there’'s
also a small fan that kicked in with the VRMs around 58°C.
Thankfully, this fan was inaudible even from a few inches
away, and with our Ryzen 9 7950X under load for ten
minutes, the temperature failed to climb further. You can
also adjust the fan speed profile in the EFI, orin ASRock’s
A-Tuning software; at stock settings, this showed that
the fan would only speed up much more if the VRM
temperature hit 95°C.

Elsewhere, all four M.2 slots are equipped with hefty
heatsinks, including one set between the DIMM slots and
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HOME RUN HOME SICK
No stability issues = Expensive
despite new socket
= EFlisalittle basic
Extensive power delivery
= Lacksthepizzazz
Good VRM cooling expected for £600

24-pin ATX connector, which will be easier to access than
the others. For those foaming at the mouth to get hold of
PCI-E 5 SSDs, the slot nearest the CPU is where you'll want
to place them.

We're getting a bit concerned about the heat reportedly
generated by those SSDs, though, and like a few other
boards we've seen, the X670E Taichiincludes both a low-
profile heatsink and a much taller fan-equipped one to cool
what we can only assume will be some very toasty drivesin
the near future.

The board caters particularly well for storage in other
areas as well, with a massive tally of eight SATA 6Gbps
ports, but then we are talking about a £600 motherboard.
You also get eight 4-pin fan headers and four RGB headers,
should the small splash of RGB lighting on and under the
chipset heatsink area not be enough. On the downside,
there are only two PCI-E slots, but that's generally enough
for most people’s needs now, and they also both have 16
PCI-E 5 lanes allocated to them.

Performance

The standard heatsink did enough to keep our 2TB Kingston
Fury Renegade PCI-E 4 SSD away from any thermal
throttling, dishing out aread speed of 7,343MB/sec and
write speed of 6,909MB/sec, with the temperature

only peaking at 55°Cin our extended load test. The audio
performance was excellent, though, with a noise level of
-110.7dBA and dynamic range of 110.5dBA.

Meanwhile, the RealBench system score of 495,461was
the fastest we've seen from a mainstream desktop CPU,
as was the Cinebench R23 multi-threaded score of 38,422.
However, ASRock was the only company able to send us
Socket AM5 motherboard samples in time for our print
deadline, and it remains to be seen how motherboards from
other manufacturers handle this CPU at stock speed and
if they can eke out enough thermal headroom with some
tweaking to allow manual overclocking.

Delvinginto the EFlrevealed a fairly basic BIOS compared
with the likes of MSl or Asus, and the equally simplistic
fan-control suite lacked the ability to fine-tune the VRM fan
with a curve, yetit was listed and tweakable in the software,
andinthe basic text-only area of the EFI. For now, we've
not overclocked out Ryzen 9 7950X, as it gets too toasty
at stock speed, but we'll hopefully be tweaking it and other
CPUs further over the next few weeks in time to review
other motherboards.

Conclusion

For one of its first motherboards on a new platform, the
ASRock X670E Taichiis remarkably solid, with not a peep
of any of the instability or other flakiness that occurred
during AMD's last CPU socket launch. It dialled in our EXPO
memory profile, coped easily with a Ryzen 9 7950X, has
monstrous power circuitry and provides a beefy heatsink
for future PCI-E 5 SSDs too.

There’s no getting around the fact that £600is a lot of
cashto spend on amotherboard, though, and while there’s
plenty on offer here, it's not exactly a packed feature set.
There's no 10Gbps Ethernet, allthe M.2 ports are on the
PCB ratherthan a breakout card, as we've seen from other
premium boards in the past, and while there are some fancy
aesthetic tweaks, it doesn't exactly leap out at you with
enormous heatsinks or RGB lighting either.

We weren't privy to enough pricing information from
other manufacturers at the time of writing to know if this is
competitive with other boards with similar feature sets, but
either way it costs alot of money. Even so, it's a very solid
motherboard that has numerous high-end features, as well
as enough power to deal with any CPU AMD can throw atit.
ANTONY LEATHER

VERDICT
Remarkably well made and stable for a first release,
although it doesn't feel like it's worth £600.

PERFORMANCE

32/35

31/35




/MOTHERBOARDS

X670E MOTHERBOARD

ASROCK X6/0E STEEL

| EGEND / £385 nevar

fyou're after amore affordable
Socket AM5 option than the £600

Taichi (see p22), ASRock also has
the X670E Steel Legend, which will give
you change from £400 andisn't as eye-
wateringly expensive. In fact, in terms of
appearance, we even think the Steel
Legend looks alittle sexier than the
surprisingly dull-looking Taichi, with
the Legend sporting S-shaped light-
silver heatsinks and more extensive use of RGB lighting.
The £200 price drop from its more expensive sibling
sees Thunderbolt 4 and USB 4 support vanish, but there's
stillaPCI-E 5 M.2 port that's equipped with a tall heatsink
as standard. This kept our PCI-E 4 SSD at a peak of 61°C

SPEC

Chipset
AMD X670E

CPU socket
AMD Socket AM5

Memory support
4 slots: max 128GB DDR5 (up to
6600MHz)

Expansion slots
One 16x PCI-E 5,0ne 16x PCI-E 3,
oneIxPCI-E3

Networking
1x Realtek Gigabit LAN, 1x Realtek

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

4 x SATA6Gbps, 1xM.2 PCI-E5,
3xM.2PCI-E4,1xUSB3.2Gen
22x2 Type-C,1xUSB 3.2 Gen2
Type-A, 6 x USB 3 Type-A, 1x USB
3.2Gen 2x2 Type-Cheader, 1x
audio out, 1x mic, 1x S/PDIF out

Dimensions (mm)
305x244

under load, whichis atad warmer than the
X670E Taichi.

Weirdly, while the lower M.2 slot has
alarger heatsink than the top one, the
7,349MB/secread and 6,874MB/sec write
speeds we saw in the top port fell by a few
hundred megabytes a second with the
same SSD in the bottom port, despite the
SSD actually running a few degrees cooler.
If you have a fast SSD, you'll want to use it
inthe top port, and attach the heatsink. You
still get four M.2 ports in total too, with the
other four being PCI-E 4-compatible and
two of them being equipped with heatsinks.

Meanwhile, the power delivery is slightly
dumbed down compared with the Taichi, but
the Legend still boasts a total of 19 phases
with some fairly beefy heatsinks. These
certainly got toasty, but the VRMs were
keptbelow 60°C according to our IR probe.
Irritatingly, ASRock had removed a handy
VRMreadoutinits software for this board,
which was included with the X670E Taichi.

Unlike the Taichi, there'snofanto
assist the VRM cooling, but you get a fairly

standard count of six 4-pin fan headers to power case
fans. Therearl/0 panelis very well equipped, though,
and while there’s no Thunderbolt or USB 4, you geta
generous tally of 11 Type-A USB ports, seven of which are
USB 3 or faster. One of these supports USB 3.2 Gen 2, and
there’s also a high-speed USB 3.2 Gen 2x2 Type-C port,
with a corresponding front panel header on the PCB for
compatible cases.
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Therear /0 panel also sports two LAN ports, the fastest
of which supports 2.5Gbps Ethernet, and you get 802.11ax
Wi-Fias well. ASRock has again cut back on audio outputs
here, with just microphone and stereo speaker jacks in
addition to an optical output for the Realtek ALC1220 audio.

Sadly, this board lacks most overclocking and testing
tools as well, but does at least have a BIOS flashback
button, soif you pick the board up in a year or two and drop
in a future CPU, you'll be able to update the BIOS evenif the
existing one doesn't support your new CPU.

The Legend offers an extra display output over the
X670E Taichi as well, with both HDMI and DisplayPort
outputs, although the latter could use its Thunderbolt ports
for this purposeif need be.

Another cutback from the pricier board this month are
the SATA 6Gbps ports, with four rather than eight being
included, although fouris enough for most people. The
boardis slightly more flexible with PCI-E slots too, with a
single 16x PCI-E 5 slot, a 16x PCI-E 3 slot at the bottom of
the PCB and a 1x PCI-E 3 slot between them.

Performance
The Steel Legend's audio performance was fairly typical for
the Realtek ALC1220 codec, with RightMark Audio Analyzer
returning a noise level of -98.3dBA and dynamicrange
of 98.4dBA along with a total harmonic distortion (THD)
of 0.228 per cent, which are perfectly adequate for music
and gaming.

Headinginto benchmarks, and the board actually
added over 100 points to the Cinebench R23 muilti-
threaded test score of the X670E Taichi, scoring 38,550,
while returning a nearidentical RealBench system score
0f 497,096 too, so it seems perfectly happy to deal with our
mighty Ryzen 9 7950X test CPU.

The EFI was basic, as we've come to expect from
ASRock, but all the necessary settings were there to
take advantage of AMD's interesting Eco mode, as well
as Precision Boost Overdrive. The CPU and memory
frequencies, as well as voltage settings, are now all on the
same pagein the EFItoo, which is handy for overclocking.

Conclusion

If you want premium features such as top-notch VRM
cooling, Thunderbolt 4 and USB 4, as well as massive
heatsinks to cool PCI-E 5 SSDs, you'll need to reach deeper
into your wallet than the £385 asking price of the X670E
Steel Legend. However, the fact it coped fine with AMD's
16-core flagship and still boasts PCI-E 5 support for next-
generation SSDs, and has practically every other feature
most people could need, means the X670E Steel Legend
is ultimately one of the most affordable premium X670E
motherboards available.

It offers much better value for money than the X670E
Taichi, it still has decent audio performance, there are plenty
of USB ports and it has a decent design too. The only factors
to consider are the lacklustre M.2 speeds in the lower ports,
and alack of on-board overclocking and testing tools. Apart
fromthese smallissues, it's a decent (if overpriced) buy.
ANTONY LEATHER

VERDICT
Simple and effective, although the price of £400 is high
for what's on offer.

LEGEND

Copes fine with
Ryzen97950X

PCI-E5M.2
support

M Type-A
USB ports

FAKENEWS

= Noon-board
overclockingand
testingtools

= EFlis quite basic

= M.2speedsalittle
slowinsomeslots

PERFORMANCE

30/35

FEATURES

29/35
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X670E MOTHERBOARD

ASROCK X6/0E PG
LIGHTNING / £300 nevar

7000 system were dashed due to

. fyour hopes of owning a Ryzen

recent motherboard pricing leaks,

the fact that some X670E-chipset models
won't cost you more than £300 probably
comes as moderately good news. The
ASRock X670E PG Lightning still costs
more than we'd have paidfora

premium offering afew years ago,

and even the £300 pricing was still

very approximate when we wrote

this review. The big question,

though, is whether you lose anything
major by opting for a cheaper board such as this one.

SPEC

Chipset
AMD X670E

CPU socket
AMD Socket AM5

Memory support
4 slots: max 128GB DDR5 (up to
6600MHz)

Expansion slots
One 16x PCI-E 5, two 16x PCI-E 4,
oneIxPCI-E4

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

4 xSATA 6Gbps, 1xM.2PCI-ES5,
2xM2PCI-E4,1xM.2PCI-E 3,1

x USB3.2Gen22x2 Type-C, 1x
USB 3.2 Gen2 Type-A, 6 x USB 3
Type-A,4xUSB2,1xUSB3.2Gen
2x2 Type-Cheader, 1x audio out, 1
xmic, 1x line-in

Dimensions (mm)
305x244

The heatsinks for the 14+2+1phase power
delivery are fairly beefy, but the one above
therear|/0 panel fails to extend all the
way to the integrated /0 shroud, meaning
there’s a bunch of unsightly shiny silver
ports visible next to the black heatsink. The
rest of the board looks very smart, though,
with an attractive black and white patterned
PCB, and black heatsinks. Thankfully, our
IR probe revealed temperatures no higher
than 57°C, so we're confident this board
has whatit takes to handle AMD'’s latest
16-core CPU.

Sitting near the bottom of ASRock’s
Socket AM5 motherboard stack, the
ASRock X670E PG Lightning has shed a few
features to get there, such as only sporting
Realtek’'s ALC897 audio codec and a trio of
audio outputs excluding an optical output,
plus there's no Wi-Fiincluded either. There
is 2.5Cbps Ethernet, though, and amazingly,
ASRock has managed to shoehorn four M.2
portsinto the equation, two of which have
heatsinks, and the top M.2 port even offers
PCI-E 5 support too.

There are four SATA 6Gbps ports as well, so you have
plenty of storage options, and there’s a fairly typical total
of six 4-pin fan headers as well. Meanwhile, ASRock’s
software and EFl offer reasonable control over your fans,
butit's notas granular or appealing as the fan control
options from the competition, while the EFlin general feels
less attractive and a bit dated, evenif we approve of the
simple layout.

There's also PCI-E 5 support to be found on the top
16x PCI-E slot, with two further 16x PCI-E 4 slots and a 1x
PCI-E 4 slot as well, with these additional slots actually


http://scan.co.uk

LIGHTNING REFLEX

Copes fine with AMD’s
Ryzen97950X

LIGHTNING STRIKE

= Noon-board overclocking
andtestingtools

PCI-E5M.2 support = BasicEFI

T Type-AUSB ports = Mediocre M.2 temperatures

Non-ridiculous price = Entry-levelaudio

offering more bandwidth overall than the slots on the more
expensive X670E Steel Legend. Therear|/0 panelhasn't
been neglected either, and while there’s no Wi-Fi, ASRock
includes mounts here for aerials, and there's a dedicated
M.2 portto add your own Wi-Fimodule.

In addition, this panel offers animpressive tally of 11
Type-A USB ports, four of which are USB 2, oneis USB 3.2
Gen 2 andtherest are USB 3. Not surprisingly, the lone
Type-Cportlacks Thunderbolt and USB 4 support, but
bothit and the Type-Cheader onthe PCB are USB 3.2 Gen
2x2-capable. There's also a USB BIOS flashback button,
plus both HDMI and DisplayPort graphics outputs.

Performance

The X670E PG Lightning's top M.2 port was able to return
read and write speeds of 7,322MB/sec and 6,842MB/
secrespectively with our PCI-E 4 SSD, although the SSD
temperature did peak at 68°C at the end of our load test, so
you'd be well advised to have a case fan blowing across the
motherboard, in order to keep temperatures in check under
sustained loads.

Despite only having Realtek ALC897 audio, the
PG Lightning returned some half-decent numbersin
RightMark’s Audio Analyzer software, with a dynamic range
of 96dBA, noise level of 95.8dBA and THD of 0.0015 per
cent - it's not outstanding audio quality, butit's fine for most
people’s needs.

Power consumption was noticeably lower than other
boards we've tested as well, with the X670E Taichi drawing
376W under load compared to 336W for the X670E PG
Lightning. However, this could be down to BIOS versions,
as anew one hadjustlanded for the latter just before we
wrote this review.

Performance was fine though. The PG Lightning's
multi-threaded Cinebench score of 38,502 was slightly
ahead of the X670 Taichi, while the RealBench system
score of 491,557 was just a fraction behind that of the other
boards we tested this month. Overall, in terms of basic
performance, there doesn't seem to be any benefit from
spending more money on a Socket AM5 motherboard,
evenif you're usingaRyzen 9 7950X.

Conclusion

It's clear that aside from overclocking, which we haven't
had time to explore with AMD’s 770W-TDP CPUs much
yet, thereisn't much benefit from spending upwards of
£400 on a Socket AM5 motherboard. The ASRock X670E
PG Lightning has some quirks, such as its strange-looking
1/0 shroud, mediocre M.2 temperatures and basic EFI, but
it otherwise performed flawlessly with AMD’'s Ryzen 9
7950X at stock speed, offering performance that was on
par with more expensive boards.

Its audio codecisn’t the best, butit's still fine for most
people’s needs, andits PCI-E 5M.2 and 16x slots add an
element of futureproofing too. It's a shame there are no
on-board overclocking and testing tools, or Wi-Fi, which
we'd normally expect ASRock to include at this price, but
allnew computer hardware isincreasingin price atthe
moment. Whatever Zen 4 CPU you buy, though, the ASRock
X670E PG Lightning has what it takes to accommodateit.
ANTONY LEATHER

VERDICT
Proof that you don’t need to mug your wallet in order to
afford a Socket AM5 motherboard.

PERFORMANCE

29/35

FEATURES

21/35

VALUE

26/30

OVERALL SCORE
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45IN OLED GAMING MONITOR

CORSAIR XENEON
FLEX45WOQHD240

orsair caused quite a stirwhenitannounced the

Xeneon Flex afew weeks ago. Notonly isitone

of the very few OLED PC monitors to ever be
announced, butit's also ahuge 45in ultrawide panel that can
be bent so thatit offers the option of both a curved or flat
screen. Addin a240Hz refresh rate and the inherently ultra-
fastresponse time of an OLED display, and you have quite
an alluring combination.

Althoughit's still several months away from being
available, andit's yet to have an official price tag — expect
itto be very pricey - we recently got some hands-on time
with the display to get afeel for whatit can do. Given that we
were using pre-production samples, and features such as
the on-screen display were locked down, our observations
can'tbe considered final, but the models we saw were
largely representative of the final product.

SPEC

Screen size

45in

Resolution
3,440x 1,440
Panel technology
OLED

Maximum refreshrate
240Hz

Stated response time

0.03ms grey-to-grey

Max brightness

1,000cd/m?SDRand HDR

Stated contrastratio

1,350,000:1

Adaptive sync

FreeSync Premium, G-Sync compatible

Displayinputs
1x DisplayPort1.4,2 x HDMI 2

Audio

Headphone out

Stand adjustment
Height, rotation, tilt

Extras
5-port USB 3.2 hub, bendable screen

What first strikes you about the
Xeneon Flexisits size. Even by modern
standards - where 34in ultrawide
panels are relatively commonplace
- the Flexis ahuge screen with panel
dimensions of 1,048 x 44Tmm. Due to
itusinga21:9 aspectratio, itevenhas a
20 per centlarger total screen area than
Samsung's colossal 49in super-wide
panels that use a shorter, but wider, 32:9
ratio. It's also 81per centlargerthana
typical 34in, 21:9 screen.

Theimpactof such alarge screen
makes it fantastic forimmersive gaming
and watching video. However, this panel
only has aresolution of 3,440 x 1,440;
when stretched out over such alarge
screen, this does limitits sharpness. It's
less a problem for gaming and video,
but text looks allittle blocky and you
gain no extra desktop space over a 34in
screen, despite the vastly bigger panel.
This will certainly limitits appeal for
general desktop use.

As forits bendability, the roughly 10mm-thick panel
ismounted on a hinged arm system that supports the
paneland limits the bending of the screen. On the sides
of the screen are two slide-out handles that are used to
manhandle the screenintoits bent or flat states. The final
version can be set to five bend levels, but the version we
tested could only be flat or fully bentinto a tight 800mm
radius curve.

It takes quite an effort to bend the screen —it's bent by
your brute force, with almost no mechanical assistance -
andit's alittle unnerving to do, butit worked well enough the
half-dozen times we tried it. Corsair says the mechanism
is rated for a few thousand bending cycles, but we suspect
many users will largely set and forget the panel once
they've decided if they prefer the curved or flat setup.

Although we only had a short time with the screen, we
erred towards leaving the panelin a bent state. Unlike with
some LCD panels, the benefitisn't about getting an optimal
viewing angle across the whole width of the panel, but
rather that you get a more consistent view of the panel
- without a curve the edges of such big panels start to
disappear off in the distance. It's also great to have a slightly
more immersive view when gaming.

Any time you might sit back and watch the screen, though,
having the option to setit flat again would be very useful

The panelis mounted on a hinged arm system that supports
the panel and limits the bending of the screen



The 0.03ms response time results in a very sharp image in fast motion

- flat screens provide a better view if there are multiple
people viewing them, and the curve is only beneficial when
satup close.

A downside of the curving mechanismis that the display
doesn'thave a VESA mount for using monitor arms.
However, Corsair will be offering an extra desk clamp that
can be swapped out for the feet of the included stand.

Connection options are contained in the stand, with a
DisplayPortinput and two HDMI video inputs, along with
three USB ports on the back of the stand. Around the front
are two more USB ports, alongside a headphone jack, input
select button, power button and the OSD control.

Performance
We jumpedinto some game tests to gauge its performance
in action, and the 240Hz refresh rate and 0.03ms response
time - that's roughly 100 times faster than a standard LCD
panel - does feelincredibly snappy. The true status of it
as a competitive gaming panel will need further testing -
especially as we tend to find such large panels can actually
be detrimental to your focus in first-person shooters, for
instance - but we expectitto be very capable.

One feature this display doesn'tinclude, though, is a black
frame insertion mode, akin to the backlight-strobing blur

The large screen size and modest resolution results in text that
doesn'tlook particularly smooth

reduction modes we see on some LCD monitors. Although
these modes exist partly to mask the slow response time of
LCD panels, the momentary flashing of a black screen also
helps to trick the eye into seeing smoother motion, soithas
aplace on OLED panels too.

Finally, we come to the experience of using such alarge
OLED panelin general. The most obvious factor whenit
comes to using this monitoris the stunning 1,350,000:1
contrastratio, thanks to the true black you get from OLEDs
not using abacklight — any LCD looks grey and washed
outin comparison. Also, when bright colours are needed,
this panel delivers in spades thanks to a1,000cd/m? peak
brightness, resulting in dazzling HDR reproduction.

We'd need to use the panel for longer in order to assess
how wellit works for general use for long periods, as it
canbe more pleasant to work on screens that are less
vivid and with lower contrast to help reduce eyestrain.
Moreover, there's the ever-present concern of the effects
of OLED burn-into consider. That's where the pixels can be
permanently affected by showing the same colourforlong
periods, resulting in ghostly images of on-screen elements,
such as the Windows taskbar being visible in your games
and videos.

Conclusion

Without a price, we can't yet recommend or advise you to
steer clear of the Xeneon Flex based on any consideration
of value. However, as a piece of technology, we can see
ithaving wide appeal. For gaming and video, its amazing
contrast, bright colours and large screen size make for a
dazzling spectacle. We can also see the flexible screen trick
being genuinely useful to some people. Therelatively low
resolution will be a limitation for desktop use, though, so it
may not be the ultimate all-rounder for work, rest and play.
We look forward to reviewing a final sample in the future.
EDWARD CHESTER

Withits per-pixel
OLED lighting,
the Xeneon

Flex provides
astaggering
1,350,000:1
contrastratio
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ERGONOMIC MOUSE

POSTURITE PENGUIN /£119 weunr

POSTURE

Best vertical
mouse design yet

Relieves finger
and wrist pain

Availablein
multiple sizes

POSTURING

= Onlytwo
main buttons

= Mushy button feel

= Quite pricey forits
basic features

deally, ergonomic mice allow
your handto sitinanatural,
upright position, putting less

twisting strain on your wrist and forearm
thananormalmouse. The Posturite Penguin

takes thisideatoits ultimate conclusion. It's

completely vertical, so your hand grips it much like it
would grip ajoystick. What's more, it's completely
ambidextrous. The controls sit on the front edge of the
upright section where they can be reached by either hand.

However, the completely upright designisn't the most
revelatory part of the design — and noris the bowtie-
like switch on the bottom that completes the Penguin
look. Rather, it's the wide flat base that transforms this
mouse’s usability.

Most upright mice require your arm and handto rest on
the desk surface, as with normal mice. However, instead
of the weight of your hand and arm resting on the fleshy
underside of your forearm and base of your hand, these
upright mice expose the less fleshy side of your hand and
therelatively unprotected ulna bone of your forearmto the
hardness of your desk.

Consequently, vertical mice can be abit uncomfortable
in a different way, relieving twisted forearm pain and
replacingit with scraped-bone pain. Such a setup also
makes movement feel quite restricted and you sometimes
have to grip the mouse surprisingly firmly to moveit.

The Penguin largely eliminates these issues thanks to
its plastic skirt. You canrest the side of yourhand on the
base and easily lift your arm away from the desk surface to
totally remove any forearm friction. What's more, the side

You getjust three main controls - left-click onthe top,
right-click below and alarge scroll wheel in between them.
The bowtie switch tilts back and forth to switch the mouse
between left or right-hand modes, which just amounts to
it reversing the direction of the scroll wheel.

Onthe underside of the Penguinis a button for changing
the DPIbetweenits four fixed settings - 400, 600, 800 and
1,200, along with a power switch and a stowage areafor the
wireless dongle. We tested the large wireless version of
the Penguin, but wired and wireless versions are available
in small, medium and large variants. The wired versions are
cheaper, at £86inc VAT.

Overall build quality is a little underwhelming for the price.
The main buttons are rather mushy and undefined, the glide
pads on the underside are quite small, and the overall fitand
finishis onthe basic side. However, it's solid enough with no
creaks or flex and certainly gets the job done.

Conclusion
The Posturite Penguinis by far the

SPEC

Weight

2324 (large version)
Dimensions (mm)
121x154 x 98 (W x D x H)

Sensor
Optical

Buttons
3 (left, right, scroll wheel)

Stated battery life
Up to one month

Extras
RGB lighting, USB
dongle extension

of your hand's purchase on the Penguin’s
base means you don'thave to grip the joystick
partto move around, taking further strain off
yourhand.

The downside to relying almost exclusively
onarmmovement - rather than hand and
wristmovement - is accuracy. We only felt
comfortable using the lowest 400 DPI setting,
which we normally findis too low, as it means
picking up amouse multiple times to move
the cursor larger distances. However, because
the Penguinrelies on large arm movements,
you don'thave to worry about thisissue, as
long as you have alarge enough mouse mat.

most comfortable vertical mouse DESIGN
we've used, mainly thanks to its wide 19/20
flatbase. Aswell asrelievingpainfrom
twisting your forearm, it avoids the FEATURES
pain and awkwardness of using other 10/20
verticaldesigns. It'snottheflashiest ...
device otherwise, andis pricey forits PERFORMANCE

basic feature set, butif wrist painis a
major concern, it's the best antidote
we've tested.

EDWARD CHESTER

VERDICT

The best forearm pain-relieving vertical
mouse we've tested, but it's quite basic
for the money.

25/30
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@ PCSPECIALIST

ELIMINA® SERIES

> 12th Gen Intel® Core™ CPUs

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

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

Range from

£920-°Y

intel
IONICO® SERIES core
i7

> 12th Gen Intel® Core™ CPUs BT

> NVIDIA® GeForce RTX 30 Series

> 240Hz QHD Screen

> Magnesium Alloy Chassis

> Windows 11 Home

Range from

£1,450°

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

intel
DEFIANCE® SERIES  ore

i7

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

> 144Hz or 240Hz FHD Screen

> Thunderbolt™ 4

> Windows 11 Home

Range from

£1,350° | 4

CONFIGURE YOURS AT WWW.PCSPECIALIST.CO.UK

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


https://www.pcspecialist.co.uk/

/MONITORS

55IN GAMING MONITOR

SAMSUNG ODYSSEY
ARK /£2,599 wevar

HOMER

S

Incredible,
immersive design

Greatimage quality

Loads of
adjustment

Powerful speakers

IMPSON

HDR could be
even better

Some
underwhelming
features

Hugely expensive

amsung's 55in Odyssey Ark is abehemoth,
. deployinga1000R curve and 4K resolution to

deliverincredibleimmersion. Ontheinside, the Ark
uses 1,056 Quantum Mini LEDs forits backlight, andits VA
panel also supports AMD FreeSync Premium Pro at 165Hz.

What's more, the panelrunsin21:9 or 32:9 aspectratios,
aswell asits default 16:9, and you can shrink the display area
if youwantto sit closertoit. It also has every notable smart
TV app, alongside Nvidia GeForce Now and Xbox game
streaming, while the remote control and wheel-based Ark
Dial make navigation simple.

That's great versatility, although Samsung's Mullti View
modeisinconsistent. Itlets gamers deploy four sourcesin
landscape orientation and three in portrait view. It's easy to
configure and useful for gaming with streams or comms tools.
Sadly, though, it only supports single HDMlinputs, its windows

run at ”20Hz and most mainstream apps aren't supported.
The windows aren’t sharp either. Inlandscape mode, they

run at1080p, butin portrait mode, they struggle at 1,280 x

720. Atleast you'llget good audio - the four speakers and

SPEC

Screen size
55in

Resolution
3,840x2,160

Panel technology
VA

Maximumrefreshrate
165Hz

Stated response time
1ms (GTG)

Stated contrastratio
1,000,000:1

Active sync
AMD FreeSync Premium Pro

bi splaylnputs ............................
2xHDMI2.1

Headphone out, 4 x
speakers, 2 x subwoofers

Stand adjustment
Height, pivot, tilt

100 x 100mm VESA mount,
1xUSB Type-C3.2Gen
1,2xUSB 2, One Connect
box, 100Mbps Ethernet,
Wi-Fi5, Bluetooth 5.2

HDR standard
QuantumHDR2000

two subwaoofers deliver well-balanced sound with
loads of volume and thumping bass.

This 41.5kg unit also needs two people to
manoeuvre, and at 379mmdeep, it's far larger than
most screens and TVs. Build quality isimpeccable,
though, and there are loads of stand adjustment
options. You don'thave to fumble around the back
for ports either, because Samsung'’s One Connect
boxincludes four HDMI2.1sockets and transmits
signalsto the Ark via one cable. It's intuitive, but its
100Mbps Ethernet, Wi-Fi5 and USB 2 connections
alldisappoint.

Image quality is better. The Ark’s black point
of 0.02 nits pairs with a factory brightness of 90
nits for anincredible contrastratio of 4,500:1,and
thatlevel was retained at the screen’s SDR peak
brightness of 742 nits. The delta E of 2.29 and colour
temperature of 6,536K are good, and the Ark

rendered 99.5 per centand 91.6 per cent of the sSRGB and DCI-
P3 gamuts respectively.

Those results mean games look bright, bold and deep.
Switchto HDR mode and the Samsung's peak brightness level
goes up to 1,226 nits with a contrast level of 61,300:1. Combine
those figures with the Quantum Mini LEDs and you get
fantastic HDR performance. Proper OLED TVs are still betterin
thisregard, but the Arkis still great at reproducing HDR content.

Meanwhile, the 165Hz refresh rate isideal for single-player
games and mainstream esports, and performanceis good -
games are crisp and smooth with minor ghosting. Samsung
claims aIms grey-to-grey response time, but the Ark's VA
paneldoesn't matchthat - inthe display’s Standard mode, its
average hit7.97ms, and that figure only improved to 7.57msin
the Faster setting. That's fine for mainstream gaming, but not
forfast-paced, twitchy esports.

Conclusion
Nevertheless, this screen’s colours, contrast and form factor
make games look incredible. Samsung's

panelimpresses withits speakers, IMAGE QUALITY
smart TV options and adjustment, but it 28/30
suffers duetoits size, misfiingoptions
and cost. Atthis price you could get GAMING
better quality from a flagship OLED TV 26/30
atthe expense of refreshrateandthe ...
curve. If you wantahuge display for all FEATURES

your entertainment needs, though, the
Ark succeeds inmostkey departments,
but forahuge price.

MIKE JENNINGS

17/20

VERDICT
Incredible design and performance, but
with a few frustrating shortcomings and
a vast price.
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STEREO GAMING SPEAKERS

EDIFIER G5000/£350 neunr

SONICBLISS
Powerful sound
Lots of connections

Fantastic build
quality

AUDIO ASSAULT

= Cheesy gamer
styling

= Verylarge for
desktop speakers

= Expensive

SPEC

Weight
4.3kg (right speaker),
3.9kg (left speaker)

difieris one of the few companies still
. making dedicated PC speakers, and

we've been consistently impressed
by the great sound and fantastic value of its
products. With the G5000 series, though,
Edifier has abandoned the classic look of its
previous products and gone full gamer mode.

Outis the simple cuboid shape and faux
wooden or black vinyl finishes of the R1280DB,
andinis an aluminium-clad, multi-faceted, RGB
lighting-adorned design. The main body of each speaker
is avery hefty wooden box that's painted in a wonderfully
smooth matt black finish. However, thick aluminium plates
are slapped on the sides and extend beyond the back of the
speaker like a spoiler.

The RGB lighting sits between the body and the metal
plate, shining from a plastic strip running round the edge of
the plate. The lighting also shines through a‘GAMING’ logoiin
the centre of each side of the speaker.

As a competitor to the likes of the Razer Nommo speakers
- with their RGB illuminated bases — the G5000 delivers the
lighting goods, but the designis a little over the top. If Edifier
did away with the ‘GAMING’ and ‘LED TECHNOLOGY' labels
onthe sides, the whole design would look classier.

Moreover, the lightingisn't compatible with any of the
usual RGB lighting-control apps, so you can't syncit with the
rest of your system. Instead, you can choose from 11different
lighting effects, selected by double-tapping abutton onthe
top of theright speaker.

That same button cycles through three different audio
modes with a single press, while holding it down turns off the
lighting. Greeting each change in audio mode is a strongly
accented voice alertto tell you the
currentmode, or 'mood' thanks to that
accent. That same voice tells you which
input you've selected too, and frankly, it's
irritating, especially as its volume doesn't

Dimensions (mm)

190 x230 x 270 (W x D x H) per speaker

change along with the volume control.

Powering on (accompanied by a

Drivers - ' - )

1x 34mm tweeter and 1x revving engine noise) is controlled by
94mm woofer per speaker asecond button (when held down) on
Connections

Bluetooth 5,3.5mmaux,

USB, optical, coaxial

the top of theright speaker, and that
button also cycles through the input

Frequency range
70-40,000Hz

options whentapped. Inbetween the
two buttonsis a volume switch that you

Extras

Optical, USB and power

cables; RGB lighting

tap orhold up and down to adjust. The
volume up control was allittle finicky on
ourreview sample as well.

Around the back of theright speakeris a USB Type-B input
for connection to your PC, along with coaxial and optical
digitalinputs and a 3.5mm analogue input, although there
sadly isn't aheadphone output. Meanwhile, the left speaker
is attached via a proprietary 9-pin cable, which provides
power for the RGB lighting as well as the audio signal.

Giventhese speakers’ large size, it's no surprise they
deliver masses of volume and power, but they work well at
low volumes too. They also deliver excellent clarity, with a
strong but not overly forced bass presence. Huge, pounding
sub bassisn't quite there, but these are desktop speakers
afterall.

The movie and game audio modes do areasonable job
of enhancing dialogue and bombast for the former, and
bringing out detailed trebly noises, such as footsteps, for
the game mode. However, we generally left the speakers
in music mode for a flatter sound that we found suited
most needs.

Conclusion

The Edifier G5000's ‘gamer’ design DESIGN
additions aren't subtle and not

genuinely useful for gaming, plus 12/20 _____
it'sashame thelighting can'tbe FEATURES
software-controlled, and the various 17 / 20
sound effectsandvoice queuesare .
pure cheese too. Onthe plus side, SOUND QUALITY

thisis an excellent set of PC speakers
whenitcomes to audio quality and
connections —itjust struggles tojustify
its £350 asking price.

EDWARD CHESTER

24/30

VERDICT
Big, powerful and feature-rich
but pricey and unsubtle.
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/ PC SYSTEMS

AMD B550 GAMING PC

PCSPECIALIST
FUSION-RX /£1,499 wevr

his Fusion-RX systemmight share magazine
. space withAMD’snew Zen4 processors,butPC

Specialist'srigaimsto prove thatthere's stilllife
inZen3siliconyet, especiallyinmid-range systems. The
familiarRyzen55600X deploys six SMT-enabled cores
withatop speedof4.6GHz,andthe CPUunderpinsa
Gigabyte GeForce RTX 3070 card, whichoverclocks the
GPUboostclockfrom1725MHzto 1815MHz.

Youalsoget16GB of dual-channelmemory, along with
a2TBSSD. Corsair's TX7S0MPSUisreliable thanks to
asemi-modulardesignand 80 Plus Gold certification.
Those componentsdon'tsettheworldalight, but
they'regoodforthe price,andthey’llhandle mainstream

gamesfine.

Themotherboardisn’tbad either. The Gigabyte B550
Aorus Elite AXV2looks goodandoffers 2.5Gbps Ethernet

SPEC

CPU
3.7GHz AMD Ryzen 55600X

Motherboard
Gigabyte B550 Aorus Elite AX V2

16GB Corsair Vengeance RGB
Pro3600MHz DDR4

Graphics
Gigabyte GeForce RTX3070

Storage
2TB PC SpecialistM.2 SSD

Networking
2.5Gbps Ethernet, dual-band
802.1ax Wi-Fi, Bluetooth 5

Cooling

CPU: PC Specialist FrostFlow 240 with 2 x
120mm fans; GPU: 3 x 90mm fans; front:
3x120mmfans;rear: 1x 120mm fan

Front:2xUSB 3.2 Gen 1,2 x audio; rear:
2xUSB3.2Gen2,3xUSB3.2Gen1,2
x USB 2, 5 x audio, 1x optical S/PDIF

Operating system
Windows 11Home 64-bit

Warranty

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

anddual-band 802.117ax Wi-Fi.lthas
some otherlimitations though -only
oneofitstwoM.2socketsupports
PCI-E4,andtherearl/Opaneldoesn’t
haveaUSB Type-Cport.

Despitetherelatively modest
components,theFusiondoesa
decentjob of competing with pricier
rivals. The £1,799 Gladiator Nocturnal,
forexample, hasthe same GPU,
alongwithanintelCorei5-12600K
processorandanAsus motherboard
withPCI-E5supportandUSB
Type-C,butithas slowermemory,
asmaller SSD and aweaker PSU.

PCSpecialist's own-brand
Spectrumenclosureholds allthat
hardware. The chassishasallthe
essentials,includingatempered
glasssidepanel,aPSUshroud,a
magneticdustfilterontopanda
fetching,removablefrontpanelwith
RGBLED intake fans.Morelighting
comesfromaninternalstrip,the
graphics cardsupportbracket, PC
Specialist’s FrostFlow coolerand
Corsair'smemory -it'saneye-
catchingdesign.

Build qualityis consistently good, andthe chassisis
neat.If youwanttoupgrade, there aretwo freememory
slotsandoneM.2 connectoreasily accessible, butthe
graphics card supportbracket makesthe bottom half of
theboardtrickiertoreach. Attherear, you'llfind pairs of
2.5inand3.5indrivebays - thelatteraretool-free - but
nofancontroller.

Finally, PC Specialist's standard warranty covers the
basics, withayearof partsandlabour cover,includinga
monthof collectandreturnservice, plus anextratwoyears
ofreturntobaselabour cover.However, that'sonly thebare
minimum of parts cover,andit’'s worth considering paying
theextra£69toupgradetothe Gold warranty, which
includestwoyears of parts cover,including collectand
returnservice.

PERFORMANCE

TheoverclockedRTX3070 mightbe gettinglonginthe
tooth, butitremains viable formainstream gameplay. If you
playat1080p, you'llbefine -its Assassin's Creed Valhalla
and Cyberpunk 2077 99th percentileresults easily stayed

FUSION CONFUSION
Solid gaming performance — Modest motherboard
Good-looking, tidy case — AgingCPU
Large SSD = Disappointing SSD speed

Cheaper thanrivals


http://custompc.co.uk/FusionRX

above 60fps, sosingle-playergames willrunsmoothly,
andthetriple-figureresultsinDoom Eternalshows that
undemandinggames canbe played onscreens withhigh
refreshrates.

Gamesremainedperfectly playable atthetrickier2,560
x1,440resolutionaswell,althoughyou'llneedtoreduce
the settings slightly to achieve 60fps 99th percentile
resultsintoughertitles. This card canhandleraytracing
too, withnonoticeable performance hitifit's setto Medium
in Cyberpunk 2077 withDLSS enabled. It copedfine with
Metro Exodus withHighraytracingat1,920x1,080in
ourteststoo.

Thismachine didn't quite keep up withthe
aforementioned Gladiator systemin games, with the Intel
CPUgivingitanadvantage, butthedifferences are small.
Likewise,inourRealBenchapplicationtests,theRyzen5
chipreturnedabenchmark score 0f 227,415, whichwas 25
percentslowerthanthe Corei5-12600Kinthe Gladiator.
AMD’s siliconwas 11per centbehindin ourimage editing
test, which stressessingle-threaded performance,
andawhopping36 percentbehindintheHandbrake
benchmark, wherethelntel chip benefited fromits
extraE-Cores.

The PCSpecialist's SSD could be quickertoo, delivering
comparatively mediocreread and write speeds of
2,665MB/secand1,015MB/sec, althoughthisis still fine
formostpeople’'sneedsandit's goodto get2TB of capacity
forgamestorage.

TheRyzen55600Xremainsfastenoughforgaming,
multi-taskingandlight content creation, butintel's Corei5
processorsand AMD'’s Zen 4 chips are much quicker. When
itcomestothermalperformance,the PCSpecialistis good
though.Fannoiseismoderate and manageable (although

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

PC Specialist Fusion-RX 229fps

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

PC Specialist Fusion-RX 168fps 267fps

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

PC Specialist Fusion-RX 68fps 95fps.

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

PC Specialist Fusion-RX 55fps 75fps

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

PC Specialist Fusion-RX 66fps. 81fps

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

PC Specialist Fusion-RX 49fps  56fps

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

PC Specialist Fusion-RX 47fps 87fps

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

PC Specialist Fusion-RX 39fps 65fps

99th percentile Average

the Nocturnalis quieter, thankstoits all-Noctua cooling),
the CPUand GPUdelta Tsof 40°Cand45°Carefine,and
the processorachievedits properturbo speeds.

CONCLUSION

Whentakenatfacevalue, therearemany areas wherethe
PCSpecialistmissesthemark —its CPUis gettingonabit
andits SSD lagsbehindthe latest drives. Neither of those
issuesimpedetheFusion’'s ability tohandle everyday
gamingand computing, though, and this PCfights back
withalarge amount of storage space, asturdy,good-
lookingcaseandamuchlower price.

Ifyou'rehappyto spendmore, you'llgetabetterbalance
of components andaquieterbuildfromthe Nocturnal,
ormorepacefromanRTX3070 Ti-basedAlderLakePC.
However, if you're onatightbudget, the Fusion-RX still
givesyougreatgamingpowerforunder£1,500.
MIKEJENNINGS

VERDICT
It may not have the very latest tech, but the Fusion-RX still
offers solid gaming pace at a fair price.
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/ CUSTOM KIT

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

BLACKSHARKLUCIFER T2 / £34.99 incvar

The Lucifer T2 earbuds from Black Shark bring
the angularilluminated aesthetic of gaming
peripherals directly into your ears. It's abold
design choice, but the Lucifer T2 keeps it practical,
usingthe LEDs toindicate charge levels. The
earbuds themselves are comfortable and just
about stable enough, but they fall short of a good
fit. The sound quality is respectable, being very
clear for audiobooks or podcasts, while slightly
weakerin the mid and lower tones.

Battery lifeis solid - the earbuds last for five
hours when fully charged and the on-board

KENSINGTONUH1400P/

£184.99 inc VAT (plus £25.91for optional power adaptor)

The Kensington UH1400P is a USB Type-C-based laptop dock that
adds an array of connection optionsin arelatively tiny package.

It's a very small, sleek device, which makes it a practical carrying
companion for alaptop when out and about. The loadout includes
four USB 3 ports, 4K at 60Hz HDMI video, Gigabit Ethernet and both
SD and microSD readers - essentially, all the sockets a practical
working laptop might need.

Meanwhile, an optional power adaptor not only provides power to
the connected devices, but can also recharge your laptop. The power
adaptor does add a chunk to the overall bulk and the price tag, but it
can be handy depending on how you use your laptop setup. It's
not cheap, butthisis asmall, sleek
and very handy dock
fortoday’s often USB
Type-C-only laptops.

battery inthe caseis good for another 15 hours.

Meanwhile, the controls rely on double-tapping
aconcealed button, rather than using asingle
press for pausing or playing, which reduces the
chances of accidentally hitting pause, but does
make for a slightly clumsy interface and alot of
tapping your ear like a confused bodyguardin a
Hitman game. These aren'tbad earphones for
the money, but you can get a better sound and
fitelsewhere.

Button mashing Double tapping

The Orb Case-X s so wildly ostentatious thatit's impossible not to
beinawe of it. It's a gamepad case that contains a 5,200mAh power
bank to recharge your pad whenit's notinuse. The Case-X allows you
to carry your gamepad around like you might do a snooker cue or a
fishing tackle box. Then, when you
getto the place where you wantto
play games, you pop the clasps, lift
the lid and remove the pad to the
wonder of any onlookers.
There's not a lot of practicality
here, butthere’s utility - the padding
keeps your pad safe, and you can
charge devices inside or outside
of the box. There's even a carrying
handle, givingitthe appearance of a
tiny nuclear football. It's silly but the
goodkind of silly.

Serious gamer Absurdly serious gamer

Seen something worthy of appearing in Custom Kit? Send your suggestions to El phil.hartup@gmail.com
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“The Computers that Made Britain ' B . )<
is one of the best things I've read ..
this year. It’s an incredible story of g p
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madmen, and one that will have you
pining for a future that could have been.
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Buy online: wfmag.cc/ctmb Gz
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MOTHERBOARDS

/HOW WE TEST

TEST PROCESSORS

> AMD AM5 AMD Ryzen 97950X

> Intel LGA1700 Intel Core i5-12600K

> Intel LGA1700 mini-ITX Intel Corei7-12700K

We use a GeForce RTX 3070, plus a WD Black SN850 SSD

(LGA1700) orKingston Renegade SSD (AMS5) 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
Corsair 52200MHz Dominator Platinum DDR5 RAM (LGA1700) or
32GB of G.Skill Trident Z Neo EXPO RAM (AM5).

AllCPUs are cooled by a Corsair Hydro-X water-cooling loop
with two XR5240mm radiators, an XD3 RGB reservoirand an
XC7RGB 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 AMS ASRock X670E Taichi
> Intel LGA1700 Asus ROG Maximus Z690 Apex

We use a GeForce RTX 3070, plus a Samsung 970 Evo SSD
(LGA1700) or Kingston Renegade SSD (AM5). We use 32GB of
Kingston Fury 5200MHz DDR5 RAM (LGA1700) or 32GB of
G.Skill Trident ZNeo EXPO RAM (AMS5). 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 using either 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 10 Professional 64-bit.

GAMETESTS

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

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

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

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

POWER CONSUMPTION
We run Metro Exodus at
Ultra settings with High

ray tracingat2,560 x

1,440, and measure the
power consumption of our
whole graphics testrigatthe
mains, recording the peak
power draw.
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Our own benchmark suite, co-developed with Asus, is
designed to gauge a PC's performance in several key areas,
using open source software.

GIMP IMAGE EDITING

We use GIMP to open and edit large images, heavily stressing
one CPU core to gauge single-threaded performance. This
testresponds well toincreasesin CPU clock speed.

HANDBRAKE H.264 VIDEO ENCODING

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

LUXMARK OPENCL

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

HEAVY MULTI-TASKING

This test plays a full-screen 1080p video, while running a
Handbrake H.264 video encode in the background.
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LABS TEST /WIRELESS GAMING HEADSETS

Head space

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

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

Wireless gaming headsets are moving up in the world, with Bluetooth
now readily included and severalincludinginternal microphones.
Edward Chester tests seven of the latest models

How we test

here's adistinct sense of a step-change in wireless
. gaming headsets of late. Not long ago, many still used

micro-USB charging sockets, only offered stereo sound
and had few connection options. However, nearly all the major
players inthe gaming headset space have new headsets that now
include USB Type-C charging (sometimes with USB-C audio too)
along with Bluetooth, so you can conveniently connect them to your
phone, laptop or other portable device.

RGB lighting stillabounds, but it tends to be more subtly integrated
than before, while overall designs have matured into sleeker forms
that you might actually consider using in place of normal headphones
when you're out and about. Good-quality virtual surround soundis
now commonplace too, bringing excellentin-game directional audio
without the expense and bulk of multi-driver headphones.

In testing this latest raft of headsets, we looked at the designs in
terms of ease of use, comfort, ease and range of adjustment, and
styling. Some headsets are comfortable but look naff, while others

Contents

> AsusROG DeltaS Wireless /p45
> CorsairHS80 RGB Wireless / p46
> EPOSH3ProHybrid /p47

> Logitech G735 /p48

44

look amazing but fall off your head. Comfort, in particular, is tricky to
getright, with the wrong choice or thickness of foam padding, or a
badly contoured headband, making all the difference.

We also assessed the range and ease of use of any extra features.
Some headsets only use a2.4GHz USB dongle-based wireless
connection, while some include Bluetooth, USB audio and analogue
audio inputs. Others include retractable or fold-down microphones,
while others have removable or internal mics. Extra controls for all
those features can certainly help, but too many controls can make the
headset tricky to use.

To test the microphone, we recorded a voice sample and recorded
a section of music to check for overall sound quality, breath pickup,
noise cancelling and more. Meanwhile, the headphones were tested
using arange of music and games, to assess the audio range, level
of detail and the balance of bass, mid-range and treble frequencies.
We also engaged the virtual surround sound modes to see how they
performedin games.

> RazerBarracuda /p49
> Roccat SynPro Air / p50
> SteelSeries Arctis Nova 7 Wireless / p51



ASUSROGDELTAS
WIRELESS /£173 nevar

he Delta S Wirelessis the only
headset on test to maintain more of
atraditional gamer aestheticand

bulky desktop-centric design. Ithas very deep
and wide earcups, butit only weighs 310g.
That's not the lightest weight ontestbutit's
not the heaviest either.

The large earcups provide loads of room for
your ears, ensuring they don't get squashed.
Having so much earcup space canresultin
aheadset sloshing around on your head but
the Asus’ headband maintains a firm grip,
plus the pleather finish on the earcup padding
helps themnotto slip. They're not the most
breathable pads, but a set of replacement
fabric pads are included in the box that allow
more airthrough them.

Although the triangle design of the earcups
is alittle outlandish, the Delta S Wireless is
far from being outright garish. Most of the
headsetis black, with just a silver logo onthe
outside of each earcup and silver earcup-
holding forks. The use of internal microphones
also means there’'s no gangly boorm mic
breaking up the cleanlines of the earcups.

For features, the Delta S Wireless includes
2.4GHz wireless and Bluetooth connections,
with the former using a USB Type-Cdongle.
AUSB Type-C (charging only) port sits on
the left earcup, behind which sits a2.4GHz/

SPEC

Connections 2.4GHz wireless, Bluetooth, USB
Type-Ccharging

Frequencyrange 20-40,000Hz

Sensitivity / sound pressure level 116dB

Micfrequency response 100-10,000Hz

Mic sensitivity -37dB

Weight 310g

Stated battery life 25 hours

Extras Internal mics, USB Type-C dongle, USB
Type-Ato Type-C extension cable, spare fabric
earpads

Bluetooth/Off slider switch, amulti-
purpose Bluetooth button (play/
pause, skip track and pairing),

and a volume wheelthat canbe
pressed to mute the microphone.

The internal microphones
pick up sound through two tiny
pinholesinthe front of each
earcup. They combine their efforts
to actively cancel out background
noise, as opposed to the boomarm
microphones on most headsets that just
rely on the analogue pickup pattern of the
microphone - and its proximity to your mouth.

The noise cancelling does work, but there's
no substitute for a better mic held closerto
your mouth —the audio quality is rather thin
andnot overly clear. It's good enough for voice
comms and taking a callwhen you're out, but
there’s a definite compromise of convenience
over audio quality here.

As forthe Delta S Wireless' headphone
quality, thanks to the drivers being slightly set
backinto the deep earcups, the soundstage
is quite wide with an open, airy quality. It's
initially quite a pleasing change from the very
closed-in sound of some other headsets.
However, there's alack of clarity attimes, with
the mid-range feeling compressed. The result
is a slightly muddy sound that ultimately can
lack the detail needed to pick out finein-game
audio cues, without some EQ tweaking.

Asus’ Armoury Crate software provides
plenty of EQ and virtual surround options,
along with bit-rate control, amicrophone
noise gate, a‘perfect voice’ mic settingand
the Al-driven mic noise cancellation. It's not
the slickest software - it' alittle slow to load
and not quite as intuitive as the likes of Razer's
software, forinstance, but it gets the job done.

Conclusion

The Asus Delta S Wireless is anintriguing
prospect, with good comfort and reasonable
headphone sound quality. Meanwhile, the

DELTA FORCE
Comfortable

SUICIDE SQUAD

= Microphonenotas

o good as boom mics
Convenientinternal

microphones = Quite bulky design

Bluetoothand
2.4GHz connections

= Sound quality
lacks clarity

internal microphones don't sound as good as
conventional boom mics, but they're certainly
more convenient.

However, in terms of aesthetics, while its
designis relatively mutedin terms of garish
colours, it's still rather bulky and angular, plus
itlacks active noise cancelling to reduce train
and plane noise. Thisisn't a bad headset, but
its mic and headphone sound quality need
to be better for the asking price, andit's up
against some stiff competition.

VERDICT

Convenient internal microphones and
decent comfort, but you can get better
sound quality elsewhere.

DESIGN/COMFORT :  FEATURES

: OVERALL SCORE
420 14/
CSIUNDQUALTY | VAUE 0%

28/40 : 14/20
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/WIRELESS GAMING HEADSETS

CORSAIRHSEORGB
WIRELESS /£109 wevar

orsair's HS80is amongthe
cheapestheadsets in this test, at
justunder £110inc VAT. The design

is on the chunkier side, with a wide headband
andlarge, slightly angular earcups. However,
the stylingis quite subtle, with just plain
black or white finishes available, and small
illuminated Corsair sail logos on each earcup
being the only addition.

The saillogos can be set to show various
lighting effects, or a custom colour to match
your system’s other lighting, via Corsair's
iCUE software. Meanwhile, a thinring of light
around the tip of the microphoneindicates
whenit's muted (red) or live (white).

The HS80 uses afixed headband with an
adjustable elastic strap for both cushioning
the top of your head and adjusting the fit of the
headset. It works well, taking the strain off the
earcups while distributing the weight across
the length of the elastic strap. The downside
is that adjustment requires removing the
headset to reach the strap. Once adjusted,
though, there's no reason for the headset to
ever lose its perfect fit, unlike models with
adjustable arms.

The earcups are mounted on arms that
pivot from a pointin the top rear corner of each
earcup, then again where the arm meets the
headband. This allows for the earcups to be

SPEC

Connections 2.4GHz wireless, USB Type-C
charging and audio

Frequencyrange 20-40,000Hz

Sensitivity / sound pressure level 116dB

Micfrequency response 100-10,000Hz

Mic sensitivity -40dB

Weight 367g

Stated battery life 20 hours

Extras Dolby Atmos, fold-down auto-mute mic,
RGB lighting

folded flat and lets them adjust easily to most
head shapes. The headset is tight enough to
fit smaller heads without clamping too hard
onto larger heads.

Earcup paddingis ample, bothin terms of
cushioning and ensuring there’s room for
your ears to not get squashed. There's a fair
amount of space around your ears as well, but
the headsetremains secure.

For physical features, the HS80 is
quite basic. While you get an auto-
muting, flip-down microphone, it
can'tbe removed and you don't getan extra
analogue audio socket, there’s no Bluetooth
and controls are limited to just power and
volume. However, the USB Type-C port offers
both charging and a direct USB connection
to your PC, with the wired connection upping
the sample rate from 24-bit/48kHz to
24-bit/96kHz.

While simple, the HS8Q's controls and
features are very easy to use. Both the power
button and volume wheel are easy to find,
and volume adjustmentis quick. Likewise, the
microphoneis simple to deploy and stow.

Overall audio quality from the micis
adequate but nothing special. It gets the
point across with in-game voice comms but
lacks the depth and clarity of the EPOS H3Pro
Hybrid. Headphone sound quality is very good
though. There's bass and warmth without
it feeling too forced, while clarity is decent.
There's atouch less sparkle inthe top end
than with pricier headsets, butthat's to be
expected. Interestingly, we noticed a marked
improvementin audio quality when using

SET SAIL SHIPWRECK
Smartdesign = Payingmore gets
you better sound

Easy-to-use features

= Non-removable
Decentmicand

microphone
headphone sound
quality = NoBluetooth
Goodvalue

the wired mode, despite not optingto up the
sample rate. There was less background
noise, a stronger bass response and better
clarity, suggesting the internal amps benefit
from the extra power.

The headset also comes with alicence
for Dolby Atmos to provide excellent virtual
surround sound. The headset's EQ can
also be changed in software, with the FPS
preset proving useful for picking out subtle
in-game cues.

Conclusion

The HS80 RGB Wireless looks great, it's
comfortable, sounds decent and has enough
core features to do the job. The inclusion of
USB charging and audio makes it convenient
formodern systems, andits virtual surround
works well. It's not packed with extra features
butitdoes alotforthe price.

VERDICT

With a smart design, decent sound quality
and a basic but easy-to-use feature set, this
is a decent wireless headset if you have a
tighter budget.

DESIGN/COMFORT :  FEATURES

B 19 OVERALL SCORE
CSOUNDQUALTY :  VALUE 760/
0

30/40 : 13/20
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FPOS H3PRO

HYBRID /£220 wevar

e've generally beenimpressed with
. EPOS' (previously Sennheiser)

gaming headsets, with the GSP 300
still topping our Elite list for budget wired
headsets. The new H3Pro Hybridis at the other
end of the scale, though, with a premium price
and lots of features.

The H3Pro Hybridis a smarter, sleeker
looking unit than previous GSP models. The
three colour options - black and dark blue,
white and light grey, and dark green and gold
- arerelatively subtle. Previously, the GSP
range used awide, splitheadband design
thatwas less elegant than the single-piece
design here. We expected this to compromise
comfort, as the split design was excellent
atdistributing the headset's weight, but the
H3Pro Hybrid's memory foam padding proved
very comfortable.

RACING GREEN BOWLING GREEN
Superb sound quality = Expensive
Comfortable = Unresponsive

volume wheel
Loads of useful
features = Slightly awkward
headband adjustment
Includes ANC
SPEC

Connections 2.4GHz wireless, Bluetooth, USB
Type-C charging and audio, 2.5mm analogue jack

Frequencyrange 20-40,000Hz

Sensitivity / sound pressure level 116dB

Mic frequency response 100-7,500Hz

Mic sensitivity -20dB

Weight 308g(288g withoutboom mic)

Stated battery life 30 hours wireless (19 hours
with ANC), 38 hours Bluetooth (22 hours with
ANCQ), 29 hours with 3.5mm cable (19 hours
with ANC)

Extras Detachable fold-down micarm, micarm
joint cover plate, secondary internal mic, smart
button, USB Type-A extension cable, USB Type-C
cable, active noise cancelling (ANC)

The same goes for the contoured earcup
designthat closes round your ears for a secure
fit without putting pressure onthem. The
earcup paddingis deep and soft, with alovely
plush finish onthe surface that touches your
head, while the padded sides have an easy-to-
clean pleatherfinish.

You can adjust the fit via the notched sliding
earcup arms.

We foundthem

difficult to adjust

while onyour head,

andtoo easy toknock

otherwise, so you can'tjust setand forget the
headband. We ended up memorising how
many notches per side we likedin order to dial
intheright fit before donning the headset.

For features, the H3Pro Hybridis packed to
the gunnels. Along with USB dongle-based
wireless audio, you get Bluetooth, direct USB
Type-Caudio anda2.5mm analogue jackinput.
Annoyingly, though, the analogue input only
works when the headset has power.

Otherwise, audio quality is fantasticand
easily tops the charts in this group test. Detail
levels are well ahead of the pack, and there's
aspaciousness and width to the stereoimage
that far surpasses the otherheadsets ontest.
Music feels alive, and your sense of direction
and place when gamingis superb, even without
engaging the excellent virtual 7.1surround
mode (via EPOS' software). Tapping the Smart
button switches between stereo and7.1
modes, or between the preset EQ modes.

Back to those features, and as well as
having EPOS' signature large, excellent quality
fold-down microphone, the H3Pro Hybrid
has a secondary built-in microphone for mic
noise cancelling, as well as powering the
headphones' active noise cancelling (ANC).
The ANCisn'tthe most accomplished we've
used, butit takes the edge off the worst
transport noise. What's more, the primary
microphone can be removed (it's magnetically
attached), and you canrely entirely onthe

built-inmic, making for a cleaner,more
portable arrangement.

There's a pleasingly large and easy to feel for
volume wheel ontheright earcup too, butit's
disappointingly unresponsive, taking a quarter
turnto respond then changing the volume
inlarge increments. Meanwhile, battery life
ratings are middling for a gaming headset, with
arating of 30 hours for wireless use without
ANC, but we foundit easily lasted us a week of
regular use, unlike some longer-rated units.

Conclusion

Despiteits slightly unresponsive volume
wheel, the EPOS H3Pro Hybridis a superb
gaming headset. Its sound quality is class-
leading, plusit's comfortable and packed with
useful, easy-to-use features. Its ability to
morphinto an ANC-enabled, travel headset by
removingits boommicis also a huge boon for
regulartravellers.

VERDICT
Expensive, but this is a great-sounding,
comfortable and versatile gaming headset.

FEATURES

DESIGH/COMFORT : OVERALL SCORE
L0 c 18/
SOUNDQUALITY :  VALUE 86%

36/40 : 14/20
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ogitech’'s G735is asleek, stylish
affair aimed justas much at
travelling as PC gaming. It's also

only currently available in white. You can
customise the headset with lime green or
pink earpads and mic arm (£17 inc VAT for a
set) but there’s no black version.

Opting for white only is arisky choice,
butthe G735's designis otherwise rather
special. Even compared with the EPOS H3Pro
Hybrid and Razer Barracuda, which have
similar street-ready aspects to their design,
the G735is seriously sleek. The headband
is effortlessly elegant as it broadens gently
towards its middle, then slims downtoa
single polished steel pivot point upon which
the earcups spin. The addition of braille
markings on the headband, to indicate
leftandright, is also a nice touch and the
earcups themselves are compact, as well as
wonderfully smooth and lozenge-like.

Logitech has also managed to cleverly
squeeze some RGB lighting into the design.
Between the earcup padding and the rest of
the earcupis arubber skirt, which covers aftilt
mechanism that allows the padding to tilt up
and down to adjust to your head. Behind that
skirt, and shining throughit, is aring of RGB
lighting. It's prominent when powered on but

SPEC

Connections 2.4GHz wireless, Bluetooth, 3.5mm
jackinput, USB Type-C charging

Frequencyrange 20-20,000Hz

Sensitivity / sound pressure level Not stated

Micfrequency response 100-10,000Hz

Mic sensitivity Not stated

Weight 260g

Stated battery life 16 hours gaming with lighting,
56 hours gaming without lighting

Extras RGB lighting, Detachable mic, swappable
ear pads and mic

disappears completely into the design when
it's turned off.

This simple headset also only weighs
260g -100glighter than some other
headsets on test. Combine that weight
with the really soft, deep earcup padding
and the equally soft — though not all that
deep - headband padding and you
have aheadset that's deceptively
comfortable. It stays secure too,
despite the arm length adjustmentjust
using afriction fit around the steel pivot poles.

Despite all this impressive compactness,
the G735 stillincludes plenty of features. The
left earcup houses the removable mic arm,
along with the USB Type-C charging port, mic
mute button, 3.5mm analogue jack, volume
wheel and power button.

The right earcup has a Bluetooth button
(that also switches between wireless and
analogue inputs) and an A/B switch, which
lets you adjust the mix between Bluetooth
and either the wireless or analogue inputs,
so you can take a call while still hearing
your game, forinstance. It's a great set of
controls that feels intuitive, easy-to-use and
precise, although there’s a bit of alearning
curve with so many small buttons spread
around the headset.

Our least favourite aspect of this headset
isits microphone. Its audio quality is fine for
voice comms, butits mostly fixed position
(it's flexible but doesn't stay where you
bendit) and lack of stowage makesit less
convenient than fold-down options when sat
atyour desk, andit leaves an unsightly hole
when removed - the white finish makes it
particularly obvious.

Back to the good stuff, and the G735 has
great overall sound quality. It's not up with
the EPOS H3Pro Hybrid for stereoimage,
spaciousness and detail butit provides a
bassy, warm yet detailed sound. With arating
of 16 hours of battery life withits RGB lighting

PURE BRILLIANT OFF WHITE
WHITE = Quite expensive
Effortlessly

= Clunky microphone
arm

stylish design

Comfortable and light
= Only available in white

Loads of features

Decent sound quality

turned on, the G735is seemingly down onits
rivals, but turning the lighting off more than
triples battery life.

Conclusion

Assuming you don't mind its white colour,
the Logitech G735 s excellent. It's stylish,
compact, light, easy to use, comfortable,

has great battery life when the lighting is
turned off and it sounds decent too. You don't
get quite the sound quality or active noise
cancelling of the EPOS, but otherwise this
headset largely lives up to its premium price.

VERDICT
A fantastic premium headset, as long as you
don’t want it in black.

DESIGN/COMFORT :  FEATURES

: OVERALL SCORE
18/20 : 18/20
CSOUNDQUALTY : VALUE 8 2%

/4 ;1420
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RA/ERBARRACUDA /£150 nevar

azer's Barracuda misses outonthe
. ANC and THX AAA amplifier of its

Pro-branded range sibling, but still
has Bluetooth and internal microphones, plus
itadds an extra featurein the formof an
analogue 3.5mminput. It's aimed squarely at
the emerging market for premium, multi-
purpose headsets, with atagline of ‘home
gaming, streetliving'.

It's only available in black, and there’s not
even a hint of a coloured highlight — unlike the
Logitech G735, you can't even accessorise the
Barracuda with colourful extras. It's a neatlook
of which we approve.

The cleanlines of the earcups’ outer
surfaces - adorned only by a shiny black
Razerlogo hidden among the otherwise matt
black finish — and the simple headband look
effortlessly cool, and the lack of sticky-out mic

OCEAN PREDATOR
Stylish design

BAITFISH

= Poormicrophone

sound quality
Practical, compact

design = Lack of ANClimitsuse
onnoisy transport

Lots of features

forits price

Good headphone

sound quality

SPEC

Connections 2.4GHz wireless, Bluetooth, 3.5mm
analogue, USB Type-C charging

Frequencyrange 20-40,000Hz

Sensitivity / sound pressure level 96dB

Micfrequency response 100-10,000Hz

Mic sensitivity -38dB

Weight 300g

Stated battery life 40 hours

Controls Power button, volume wheel, mic mute
button

Extras Internal mics, analogue cable, USB
Type-C wireless dongle, USB Type-Ato
Type-C charging cable, USB Type-Ato Type-C
extension cable

arms makes the Razer Barracuda practical for
travelas well.

The headset's fitis secure, thanks to
areasonably strong clamping force
and agrippy pleather surface to
the headband. The notchedarm
adjustment works about as well as
usualtoo, and allows for heads small
and large to be accommodated.

Comfortis middling, with the
headband not as cushioning as headsets
with elasticated bands, and the foam not quite
as squishy as that of the EPOS. It's about on
par with the Logitech G735, and ahead of the
Corsair and Roccatin this respect. Meanwhile,
the earcups have sufficiently deep and soft
padding, with a fabric cover that provides
breathability without the slightly scratchy feel
ofthe Roccatheadset.

Two holes onthe front edges of the earcups
show where the internal mics pick up their
sound, while further back onthe left earcup
is the USB Type-C charging port, 3.5mm
analogue input, power button, volume wheel
and mic mute button. On the back of the right
earcupis the Bluetooth button that will play /
pause music and connectto devices. The
headset supports connecting to two devices at
once but can't mix the two audio sources.

Sadly, audio from the internal microphones
is, along with the Asus, the worst on test, with
atinny, inconsistent sound - there's only so
much that the headset can make up for the
microphones being so far from your voice. It's
sufficient for voice comms, and there's noise
cancelling that works well for drowning out
background annoyances, such as keyboard
taps, butthere's aninherent compromise of
convenience over sound quality.

Thankfully, the headphones sound better.
Overall clarity is very good with a strong but not
overblownbass response, pleasingly warm
mid-tones and plenty of top-end sparkle.

The EPOS H3Pro Hybrid beats it for detail and
stereoimage, but the Barracuda easily justifies
its premium over the likes of the Corsair HS80.

The Barracuda also supports THX Spatial
Audio for virtual surround sound, and it works
well. We particularly like how you can assign
the software to automatically enable or
disable the spatial audio on a per-game or
per-app basis. Razer's software also supports
ample tweaking of the EQ and spatial audio
calibration. Thanksin parttoits lack of RGB
lighting, battery lifeis also decent, witha
40-hourrating.

Conclusion

Withits compact, stylish design andinternal
microphones, the Razer Barracuda does an
excellentjob of bridging the gap between
home gaming headset and portable ‘street’
headset, althoughits lack of ANC dentsits
appeal foruse onplanes and trains. Sound
quality is solid and the feature listis strong, but
microphone quality is poor compared with
headsets with micarms.

VERDICT

A well-designed crossover headset for
home and away use, but the internal mics
don’t sound great.

DESIGN/COMFORT :  FEATURES

: OVERALL SCORE
16/20 : 16/20
CSOUNDQUALTY : VALUE 0%

32/40 : 16/20
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ROCCAT SYNPRO AIR /£100 wevar

erhaps the most obvious aspect
of the Roccat Syn Pro Airisiits
surprisingly low price. Widely

available for £100inc VAT, it still offers several
extras. There's the prominent RGB lighting, the
detachable, rotating, auto-muting microphone,
adedicated game/chat mix dialand more.

The overall designis quite conventional,
with a traditional padded headband, sliding
side arms for fit adjustment, and earcups that
rotate left and right to fold flat. However, the
arm adjustments aren't notched but move
smoothly. This makes them easy to adjust
when the Syn Pro Airis on your head, but
they’re notthe most secure and they'llneed
adjusting each time you wear them.

Overall comfort levels are middling. The
headbandis quite narrow and the padding,
while reasonably soft, isn't onthe same pillowy
memory foam level of softness as that of
the EPOS H3Pro Hybrid. Likewise, the earcup
paddingis amply deep but not the softest, and
the rather coarse woven fabric feels a bitrough
and scratchy.

Meanwhile, the earcups have areasonably
large opening that, when combined with the

SPEC

Connections 2.4GHz wireless, USB Type-C
charging

Frequencyrange 20-20,000Hz

Sensitivity / sound pressure level 116dB

Mic frequency response 100-10,000Hz

Mic sensitivity -40dB

Weight 390g

Stated battery life 24 hours

Controls Power button, volume wheel, mic mute
button, mic monitor wheel

Extras Flip-downremovable mic, USB Type-C
charging cable, USB Type-C adaptor, USB Type-A
transmitter, RGB lighting

modest clamping force and not particularly
grippy earcup covering, means the headset
slides around allittle on your head. It's not
terrible for people with larger heads, but it
feels quite loose on smaller heads, plus
the headband adjustment doesn'tgo
smallenough for suchusers.

Interms of styling, the
SynPro Airtakes on Roccat's
current signature look of a having a semi-
translucentblack housing with ahexagonal
pattern through which RGB lighting shines.
The lighting only comes from the bottomrear
quarter of the earcups, creating a firefly-like
effect. It's abold move, as we can seeitbeing
adivisive look when the lightingis on, although
otherwise the headsetis quite plain.

For physical features, the microphoneis on
the left earcup, along with the power button,
USB Type-C charging port and volume wheel.
The microtates down and auto activates when
lowered, or you canjust pull it out completely,
so you canuse the headsetas aset of
headphonesinstead. The hole can be covered
with anincluded plastic piece that we suspect
most users will lose almost straightaway.

You can hear your voice piped back through
the headset from the microphone, butits level
can be changed via a second volume wheel
onthe back of the right earcup. That's the only
extra physical feature, butit's a particularly
handy one - it lets you control one of the most
useful features for gaming chatrightonthe
headset. Audio quality from the microphone
is clear enough for voice comms, but won't
stretch beyond those duties.

FIREFLY

Decent sound quality

BLAKE'S7

= Fitisabitloose

Easy-to-usefeatures — Slightly scratchy

Useful fold-down, earcup fabric

removable mic

Sound quality from the headphonesis solid
enough, with plenty of clarity on offer. Bassis
alittle less prominent than on somerrivals but
this only serves to make for a better experience
when gaming, as powerful bass can drown
outfiner details. It's less fun for music listening
though. Finally, in terms of audio connections,
the Syn Pro Air only supports its wireless USB
transmitter, with no Bluetooth, analogue or
direct USB connection support.

Conclusion

While Corsair's HS80 is our low-cost pick of
the bunch, if you can't quite stretch your budget
thatfar, the Roccat Syn Pro Airis a good-value
wireless gaming headset that provides decent
sound quality and an easy- to-use feature

set, while the removable micmeansitcan
double as a portable set of headphones. Its fit
is abitloose, and the earcup paddingis alittle
scratchy, butit otherwise does the job.

VERDICT
It's not perfect, but this is a decent-quality
wireless headset for its modest asking price.

DESIGN/COMFORT :  FEATURES

v o OVERALL SCORE
CSOUNDQUALTY :  VALUE 730/
0

30/40 : 13/20
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STEELSERIES ARCTIS
NOVA / WIRELESS /£170 e

teelSeries has recently refreshed
the acclaimed design of its Arctis
headsets, and theresultis more

cluttered. The main culpritis the addition of a
secondary circular bump to the earcup, on top
of the main lozenge shape. The controls are
clustered on the sides of these bumps, making
them convenient to find, but more visible than
onthe old Arctis design.

Magnetically attached discs cap the
earcups, and removing them reveals nothing.
There's no hole to store the USB dongle or
areplaceable battery, forinstance. Instead,
the caps can be usedto stylise your headset,
with replacement packs of caps and elastic
headbands (red, green, purple and pink)
available for £30inc VAT.

Although build quality is solid enough, the
look and feel of the earcups, arms and much of
the headband s allittle plasticky, with several
mould seams visible — it broadly feels like a
step down from the build quality of the older
Arctis line, although no worse than the likes
of the Corsair HS80 or Roccat Syn Pro Air.

The fitis also a step down. The Arctis range
was on the slightly looser-fitting end of the
spectrum and the Novais worse. The fitis

SPEC

Connections 2.4GHz wireless, Bluetooth, 3.5mm
analogue jack, USB Type-C charging

Frequencyrange 20-22,000Hz

Sensitivity / sound pressure level 93dB

Mic frequency response 100-6,500Hz

Mic sensitivity -38dB

Weight 390g

Stated battery life 38 hours

Controls Power button, Bluetooth button, volume
wheel, mic mute button, game/chat mix wheel

Extras Retractable mic, USB Type-C charging
cable, USB Type-A to Type-C extension cable,
USB Type-C transmitter

loose enough that the headset slides off when
you're leaning forwards or backwards, and

the earcups don't tuck under your ears very
well, hampering the natural noise reduction

of wearing closed-back headphones. Sound
quality is also affected, with the poor seal
robbing the headset of bass - gently pressing
inthe bottom edges of the earcups provides a
marked bass boost.

The Velcro-adjusted elasticated headband
of the Arctis has also been dropped in favour
of one that's adjusted via three holes on each
end of the band, which clip onto bumps on
theinside of the outer headband. It's amore
awkward and less versatile system than
before, butit's comfortable and onceit's set,
you shouldn't needto touchit again; plus it
doesn'thang down, gettingin the way, like the
old design. The earcup paddingis pleasantly
soft but a little shallower than some, so our
earsjust touched the driver cover.

For features, the Nova 7 Wireless wants for
very little. You get aretractable microphone,
volume wheel and microphone mute button
onthe left earcup, as well as a Bluetooth
button, power button, game/chat mix volume
wheeland 3.5mm analogue jack inputon the
right earcup. All the controls fall comfortably
to hand, making for an easy control system.
The analogue volume wheelis particularly
welcome, as it makes foramoreimmediate
response than digital dials.

Overall sound quality is good in terms
of having a smooth, detailed presentation
without an overly forced bass or treble
response. However, because of the loose
fit of the earcups, the headset can sound a
little tinny, depending on how well you can
getittosit.

Battery life is also among the highest of the
headsets ontest, thanks to the headset having
no lighting. AUSB Type-C dongle and Type-A
to Type-C extension cableis included, plus
you getan analogue audio cable and a USB

NEWLY FORMED FADING AWAY
Useful combination = Dull plasticky design
of features

= Stepdownin
Easy-to-use controls build quality
Decent sound quality = Loose earcup fit

Type-C charging cable, along with a funky little
Minecraft-esque 3D cardboard character for
you to build.

Conclusion

The SteelSeries Arctis Nova 7 Wirelessis a
decent gaming headset with good sound
quality and plenty of convenient and easy-
to-use features. However, its styling and
build quality feels like a step back fromthe
older Arctis headsets andits fitis alittle loose,
potentially compromising sound quality. epe

VERDICT
A decent enough gaming headset, but it
could do with a better fit.

DESIGN/COMFORT :  FEATURES

e B OVERALL SCORE
CSOUNDQUALTY :  VALUE 8%

28/40 : 14/20
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The fundamental specifications we recommend for various types of PC. Just add your preferred case and power supply, and double-check there’s
roomin your case for your chosen components, especially the GPU cooler and graphics card. We've largely stopped reviewing power supplies, as the
80 Plus certification scheme has now effectively eliminated unstable PSUs. Instead, we've recommended the wattage and minimum 80 Plus
certification you should consider for each componentbundle. You can then choose whether you want a PSU with modular or captive cables.

8-core CPU, basic gaming

Needs a micro-ATX or ATX case. We recommend
a450W 80 Plus Bronze power supply. See Issue

218, p76 for an example build guide.

CPU

CPUCOOLER

GRAPHICS CARD

MEMORY

MOTHERBOARD

STORAGE

AMD Ryzen7
5700G

AMD Wraith air
coolerincluded
with CPU

AMD RadeonRX

Vega 8integrated

into CPU

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

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

500GB WD Blue
SN570 (M.2
NVMe)

awd-it.co.uk

N/A

N/A

scan.co.uk

awd-it.co.uk

scan.co.uk

Total £454

AMD Ryzen? 5199°

#218
p20

#218
p20

#218
p20

#218
p78

#218
p78

#222
p20

£280

£0

£0

£59

£99

£46

6-core CPU, 1080p gaming
Needs an ATX case. We recommend a

500W 80 Plus power supply. See Issue
224, p76 for an example build guide.

CPU

CPUCOOLER

GRAPHICS CARD

MEMORY

MOTHERBOARD

STORAGE

UPGRADES

SWAP
GRAPHICS CARD

SWAP STORAGE

Intel Core
i5-12400F

ARCTIC
Freezeri13X

AMD Radeon
RX 6600 XT

16GB (2 x8 GB)
Corsair
Vengeance LPX
DDR4 3200MHz
(CMK16GX4
M2B3200C16)

Gigabyte B660
Gaming X DDR4
(ATX)

1TB WD Blue
SN570
(M.2NVMe)

cclonline.com

scan.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

Total £847

Nvidia GeForce
RTX3060Ti

1TB WD Black
SN850

scan.co.uk

scan.co.uk

#227
p51

#224
p76

#228
po0

#224
p76

#224
p50

#222
p20

#228
p90

#225
p27

£173

£20

£360

£59

£155

£80

£420

£120
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RTX 3080

35

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

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

10-core CPU, 2,560
x 1,440 gaming and
ray tracing

Needs an ATX case. We

recommend a550-600W 80
Plus Bronze power supply.

Intel Core #227 Intel Core #227
CPU i5-12600K scan.co.uk p56 £300 CPU i5-12600K scan.co.uk pS6 £300
ARCTIC Liquid ARCTIC Liquid
Freezerl1240 #226 Freezer|1240 #226
CPU COOLER RGB (240mm scan.co.uk £80 CPUCOOLER RGB (240mm scan.co.uk 49 £80
AIO liquid P49 AIO liquid P
cooler) cooler)
Nvidia GeForce #228 Nvidia GeForce #228
GRAPHICSCARD o = overclockers.co.uk 590 £530 GRAPHICSCARD o ononiocg | Overclockers.co.uk p90 £690
16GB (2 x 8GB) 16GB (2 x 8GB)
Corsair Corsair
Vengeance RGB #230 Vengeance RGB #230
MEMORY Pro3600MHz scan.co.uk £73 MEMORY Pro 3600MHz scan.co.uk £73
o p47 DDR4 pa7
DDR4
(CMW16GX4 (CMW16GX4M
M2D3600C18) 2D3600C18)
- MSIMAG 2690 %222
Gigabyte Z690 # MOTHERBOARD  Tomahawk WiFi scan.co.uk £260
MOTHERBOARD Gaming X DDR4 scan.co.uk D46 £220 DDR4 p4s
1TB WD Black #225
1TB WD Black #225 STORAGE scan.co.uk £120
STORAGE SN850 scan.co.uk p27 £120 SN850 p27

Total £1,523
Total £1,323

UPGRADES
UPGRADES
- ADD SECONDARY Western Digital #166
ADD SECONDARY  Western Digital #166 ebuyer.com £85
STORAGE Blue 4TB ebuyer.com D54 £85 STORAGE Blue 4TB p54
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http://scan.co.uk
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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 1.920 x 1.080 .
a360mm all-in-one liquid cooler. v X1, gaming
We recommendan 850W 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.
AMDRyzen 9 #231
Pu AMDRyzen?7 sverclodkers.couk %231 cago CPU 7950X overclockers.co.uk p1a £849
7700X e p16
CorsairiCUE
H150i Elite LCD #226
N CPUCOOLER (360mm AIO scan.co.uk p78 £220
E?gsoilltzi.(t:g ECD #226 IEEleesies)
CPU COOLER (360mm AIO scan.co.uk P78 £220
liquid cooler)
AMD Radeon RX #220
GRAPHICS CARD 6600 XT scan.co.uk ps3 £360
Nvidia GeForce - #226
GRAPHICS CARD RTX 3080 Ti nvidia.com p78 £929 32GB (2 x8GB)
G.Skill Trident Z5
Neo DDR5 #230
MEMORY 6000MHzEXPO memoryc.co.uk p54 £280
b=os0nes
G.Skill Trident
Z5Neo DDR5 #231
MEMORY 6000MHz EXPO memoryc.co.uk p21 £280
(F5-6000J3636
ASRock X670E #222
F16GX2-TZ5N) MOTHERBOARD Steel Legend scan.co.uk P50 £385
ASRock X670E #231
MOTHERBOARD ; " scan.co.uk £300 #
PGLightning P26 STORAGE 2USWIDI s scan.co.uk 25 500
SN850 p49
2TB WD Black #215 Total £2,294
STORAGE SN850 ebuyer.com p49 £200
UPGRADES
Total £2,409 SWAP GRAPHICS  Nvidia GeForce idiacom 0221 oo
CARD RTX 3080 Ti - p48
UPGRADES
Appseconpary | arew 166 ADD SECONDARY  4TB Western ebuyer.com #166 85
estern # STORAGE Digital Blue ’ 54
STORAGE Digital Blue Selveon ps4 =80 9 P
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Our favourite components for building a micro-ATX or mini-ITX PC. Always double-check how much room is available in your chosen case
before buying your components. Some mini-ITX cases don’t have room for large all-in-one liquid coolers, for example, or tall heatsinks. You'll

also needto check that there’s room for your chosen graphics card.

Motherboards
IntelZ690 Gigabyte Z690I
(LGA1700) Aorus Ultra Plus
IntelB660 Gigabyte B660I
(LGA1700) Aorus Pro DDR4

Asus ROG Strix
AMD X570 (AM4) X570-1 Gaming
AMD B550 Asus ROG Strix
(AM4) B550-1Gaming
Cases

ALL-PURPOSE MasterBox
NR200P
Ssupd
B Meshlicious
HIGH AIRFLOW Fractal Design
Torrent Nano
PREMIUM Streacom DA2
V2
Other components
LOW-PROFILE
CPU COOLER Noctua NH-L12S
SFX POWER Phanteks Revolt
SUPPLY SFX750W

Cooler Master

amazon.co.uk

scan.co.uk

cclonline.com

cclonline.com

scan.co.uk

overclockers.co.uk

scan.co.uk

quietpc.com

scan.co.uk

overclockers.co.uk

#228
p46

#228
p47

#228
p40

#228
p39

#206
p18

#225
p51
#225
p45
#214
p51

#219
p54
#228
p74

ATX cases

BUDGET RGB

SUB-£100
AIRFLOW

COMPACT

HIGH AIRFLOW

PREMIUMHIGH
AIRFLOW

LUXURY

AntecDF700
Flux
Corsair4000D
Airflow

Fractal Design
Meshify 2
Compact
Fractal Design
Meshify 2

Fractal Design
TorrentRGB TG

CorsairiCUE
5000TRGB

cclonline.com

scan.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

scan.co.uk

#214
p26
#222
p56

#215
p20
#212
p45

#225
p20

#224
p22

£330

£220

£309

£224

£100

£105

£120

£199

£59

£130

£87

£80

£125

£155

£250

£350

Motherboards
AMD B450 Asus TUF
(AM4) B450M-PLUSII
AMD B550 MSIMAG B550M
(AM4) Mortar

Cases

Kolink Citadel

BUDGET MeshRGB

Networking'

BUDGET
ROUTER

ROUTER

MESH ROUTER

WI-FIADAPTOR

DUAL-BAY NAS
BOX

DUAL-BAY
MEDIA NAS BOX

2.5GIGABIT
DUAL-BAY
NAS BOX

Belkin
RT3200-UK

Asus
RT-AX68U

Asus ZenWiFi AX
Hybrid XP4

TP-Link Archer
TX3000E

Synology DS220j

Synology
DS218play

QNAP TS-231P3

awd-it.co.uk

scan.co.uk

overclockers.co.uk

amazon.co.uk

scan.co.uk

amazon.co.uk

overclockers.co.uk

box.co.uk

box.co.uk

ebuyer.com

#218
p76

#204
p42

#218
p26

#216
p52

#216
p51

#226
p59

#196
p58

#200
p22

#174
p34

#212
p25

\

£89

£145

£63

£88

£177

£260

£60

£159

£207

£372
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F-FREESYNC, G- G-SYNC, W - ULTRAWIDE

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

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

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

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

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

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

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

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

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

BUDGET TKL

MECHANICAL
65 PER CENT

MECHANICAL
TKL

PREMIUM TKL
MECHANICAL

PREMIUM
MECHANICAL

PREMIUM

WIRELESS
MECHANICAL

AOC24G2U

Acer Predator
XB253Q

Asus ROG Swift
PG259QN

AOC27G2U

LG UltraGear
27GP850

AOC
CQ27G3sU

AOCAG273QZ

Alienware
AW2721D

AOCU28G2XU

cclonline.com

box.co.uk

box.co.uk

overclockers.co.uk

currys.co.uk

overclockers.co.uk

overclockers.co.uk

dell.com

overclockers.co.uk

Monitors

#214
p28
#209
p57
#212
p20

#201
p53

#229
p48

#223
p45

#202
p27

#212
p21

#221
p29

£149

£230

£639

£170

£379

£320

£590

£669

£569

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

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

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

34N, 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

iiyama
G-Master
GB3266QSU

LG UltraGear
32GP850
iiyama
G-Master
GB3461WQSU

LG UltraGear
38GN950

Samsung
Odyssey Neo G8

Samsung
Odyssey Ark

LG27QN880

scan.co.uk

scan.co.uk

currys.co.uk

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

Corsair K70 RGB
Pro

Razer
BlackWidow
V3 Pro

currys.co.uk

overclockers.co.uk

cclonline.com

scan.co.uk

overclockers.co.uk

overclockers.co.uk

#221
p59

#230
p26

#226
p32

#214
p31

#225
p30

#208
p60

£40

£120

£100

£150

£150

£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

Asus TUF
Gaming M4 Air

Logitech GPro X
Superlight

scan.co.uk

overclockers.co.uk

currys.co.uk

roccat.com

currys.co.uk

scan.co.uk

overclockers.co.uk

amazon.co.uk

#205
p43

#224
p30

#220
p38

#206
p53

#208
p30

#229
p17

#231
p34

#210
p26

#226
p32

#215
p57
#215
p59
#225
p60

#217
p54

#210
p28

#227
p36

#217
p52

£370

£320

£449

£430

£1,099

£1,299

£2,599

£395

£40

£50

£70

£80

£100

£80

£48

£116
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RICK LANE / INVERSE LOOK

CRUSHING CROSSOVERS

TheIP crossover trend s shifting from fun ‘what if' scenarios
to turgid licensing bombardments, argues Rick Lane

ey you there, with the facel Want to play a game
. where Superman fights Shaggy from Scooby Doo?
Such is the rallying cry of MultiVersus, a fighting
game in the vein of Nintendo’s Smash Bros series that takes
every licensed character in Warner Bros’ Raiders of the Lost
Ark-style vault and pits them against one another in
colourful, chaotic brawls. See Batman battle the Iron Giant,
Arya Stark fight the Tasmanian Devil, Tom & Jerry punch
it out against ... Lebron James? Oh, he was in the terrible
Space Jam sequel. Now I understand.
MultiVersus has been an enormous hit, which
isn't entirely surprising. ‘What if x fought Y?’

Whatever argument you may have for or against Bruce
Lee and Muhammad Ali in a sparring match between the
two, there’s ultimately some uncertainty over who would
emerge victorious.

Whereas if you ask, ‘Who would win in a fight between
Shaggy and Superman?’ The answer is, always, ‘Superman’.
In fact, there’s a question over whether there would be a
fight at all, given that Shaggy would immediately run away.

The point here is not to quibble over MultiVersus’
representation of individual characters. The point is that
MultiVersus as a whole doesn't really care about
your fantasy face-offs. It’s just an intellectual

-
scenarios have made for fine entertainment for It SJUSt an property bomb, designed to lure you with an
years. It isn't hard to imagine Roman soldiers intellectual explosion of familiar faces from your childhood.
hunched over a campfire arguing who would win prope rty bomb It's the cheap trick pulled by fiction such as Ready

in a fight between Hannibal and Alexander the
Great. Heck, there are people who are probably
still having that argument today.

While the idea predates games, it’s also a natural fit for
them, letting you take those hypothetical grudge matches
out of your brain and play them out directly. We've seen
numerous games that ask what would happen if Alien
fought Predator, or Marvel superheroes battled Capcom’s
fighting roster. It's an ideal premise for games and a
harmless bit of fun.

But here’s the twist — MultiVersus isn't really doing that.
These fantasy contests thrive on the assumption that the
skills of the two combatants would result in a fair fight.

Player One, and increasingly by Fortnite, which
has gone from survival shooter to Battle Royale
to a gigantic, playable licensing repository.

Crossover fiction can be fun, but if you mix up every single
colour, you always end up with brown. The first Avengers
film is fantastic, for example. The ending of the Ready Player
One film, meanwhile, is like licensing diarrhoea.

The point of these crossovers is to create an interesting
story out of that scenario. If you keep adding stuff with no
thought about whether it actually fits, there comes a point
where it stops being interesting, and if big games continue
down this crossover railroad, it won't be long until they run
out of steam.

Rick Lane is Custom PC's games editor El @Rick_Lane
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Stray / £23.99 v

DEVELOPER BlueTwelve Studio/ PUBLISHER AnnapurnaInteractive

lueTwelve studios’ Stray has a powerful hook, with
you playing a ginger tabby cat searchingforits
missing family in a sprawling cyberpunk city. It
features astonishing visual design, some gently entertaining
puzzle-platforming and a button dedicated specifically
to meowing.

The game begins promisingly, with a brief introductory
sequence where you follow your cat family through the
overgrown outskirts of an abandoned metropolis, before
amistimed jump separates your kitty fromits feline friends.
Plungedinto the ancient city's drainage canals, your cat
must navigate along the abandoned streets and rooftops,
searching for a way to the surface.

Stray is atits best whenit quietly allows you to explore its
environments from a cat's perspective. The engrossing city
is adense, layeredjumble of concrete, neon and corrugated
iron. The gameis very simple, as jumps are always
predetermined in such a way that your cat never misses the
mark. However, the intermingled puzzling elements, such
as using empty barrels as platforms by hamster-wheeling
theminto new positions, and casually pawing objects off
ledges to smash windows and other breakable obstacles,
addjustenough meat to the experience to keep it engaging.

Unfortunately, Stray loses its way in aless endearing
sense when the robots show up. The game’s underground
city is populated by screen-faced automatons, which
became trapped when the city's human residents died out

and have since taken on the mannerisms of their creators. At That's aproblem, because the narrative-heavy

this point, the story becomes increasingly dialogue driven, conversations are aless natural fit for Stray than the
with your cat taking on aheroicroleina questto help the visual storytelling of the game’s opening hour, anissue
robots find a way out of their subterranean incarceration. compounded by framing the cat as a heroic saviour.

The central appeal of Stray is thatits catis realistically
depicted, and thisis true in terms of its abilities and
appearance. However, Stray gets the behaviours completely
wrong. Cats are independent and mischievous, and they like
to murder small animals. Stray’s cat, by comparison, is loyal,

obedient and compliant with instruction. In other words, it /VERDICT
behaves like adog. Stray offersa
There's not much depth to Stray. Outside of platforming, decent adventure
which the game mostly does for you, the only notable \s,tvg:r?iﬂ?\isual
mechanicinvolves evading ‘Zurks’ — scuttling spider-like design, butits cat
creatures that willmob your cat unless you run away from protagonist doesn't
them. These sections are designed to add a little actionto really deliver.

Stray's otherwise placid pacing, but the Zurks quickly wear
thin as opponents and there’s nothing else to replace them.

CAT'S F_’Y‘AMAS ] DOG'S L_IFE As ashort, gentle action-adventure, Stray is moderately
*+ Stunning cyberpunk cityscapes Annoyingrobots enjoyable, and certainly a visual treat, butits portrayal of cat
+ Catisfunto control Misguided narrative emphasis lifeis ultimately fur-deep.

Catbehaves morelike adog RICKLANE

59



Marvel's Spider-Man
Remastered / £49.99

DEVELOPER Insomniac Games/ PUBLISHER Sony

(]

arvel's Spider-Manisn't the greatest superhero
. game, butInsomniac’s Spider-Man is the greatest

game superhero. The studio’s adaptation of Peter
Parker and his wall crawling alter ego is mechanically and
narratively one of the best video game protagonists ever
committed to code. Even as the game around him pinballs
between fantastic and frustrating, Spidey is never less than a
joy toinhabit.

Nowhere is this more evident than in the game’s traversal
system. Web swingingis arguably the most crucial part of
realising the Spider-Man fantasy, giving players the ability
to travel across New Yorkin soaring, sweeping arcs. Many
Spider-Man games have tried to replicate this ininteractive
form, but nobody has done it better than Insomniac.

The secretto Insomniac’s web swinging is keeping
it simple. The basic action of moving above the streets

of New York is condensed into a single button. Pressing
left-Shift will shoot a web to the nearest, ah, sticking point,
while holding the button will continue the swing untilit's
released. At any point during a swing, Spidey’s trajectory
can be adjusted with the mouse, whichincidentally provides
considerably more precisionin movement than analogue
gamepad sticks.

Insomniac doesn’t want the simple act of getting around
to feel like an obstacle - it wants it to be liberating and fun,
anditabsolutely succeeds here. The game’s sense of
freedomis breathtaking, letting you explore every nook and
cranny of New York from the start. It also accompanies your
traversal with a rousing soundtrack that makes you feel like
a superhero every time you launch yourself from arooftop.

Moreover, while you can get around fine with the
straightforward taps of left-Shift, there are also optional
mechanics that turn web swinginginto a game of its own.
Releasing a swing asitreaches its apex will give Spidey
an extraboostin height. Letting him then fall until the last
moment, meanwhile, provides a huge injection of speed.
Pressing the spacebar between swings lets Spidey do
aweb-powered double-jump, while hitting the C key
performs a‘web-zip’ thatinstantly propels him towards
atargeted surface.

Combined with incredibly detailed animations and a
city that buzzes with activity, the web swinging of Marvel's
Spider-Manis comfortably the strongest part of the game.
However, Spidey is almost as fun when he stops to confront
the thugs and hoodlums that prowl New York.

Combatis broadly inspired by Rocksteady’s work on
the Batman: Arkham games, with Spidey able to pummel
enemies with the left mouse button and dodge incoming
attacks with the right. But Spidey is much more acrobatic
than Batman, able to rebound off walls for extradamage and



punch enemies into the air to get them away from a crowd.
You can also use Spidey’s web shooters to entrap foes,
alongside a wider range of gadgets, such as electrified webs
and web ‘bombs’ that splatter whole areas in sticky goo.

Insomniac also does fantastic work with Spidey from
anarrative perspective, using the extra breathingroom
provided by a video game over amovie to create amore
rounded portrayal of Peter Parker. In the game, Peter has
been Spidey for several years, making him an experienced
superhero, but one struggling to balance his nights of crime
fighting with the increasing demands of normal adullt life.
We see him grappling with a recent breakup with Mary Jane,
helping Aunt May to run ahomeless shelter, and becoming
aproto father figure to future Spider-Man Miles Morales.

The most effective of Spider-Man's various character
dramas, though, is Peter’'s working relationship with Otto
Octavius, soon to become Doctor Octopus.

The game takes considerable time to establish their
relationship as friends and colleagues, which makes the
gradual unravelling of Otto’s psyche gripping and tragic.
None of whichis to say that Spider-Manis a miserable
game, merely thatit balances quippy one-liners and
knockabout action with characters worth caring about
and drama that makes the stakes feel authentic.

Yet while Spidey himself is a great character to inhabit,
the wider game can struggle to give youinteresting tasks to
do with him. Many of the game’s open-world activities, such
as collecting backpacks, chasing pigeons and solving visual
puzzles left behind by professional thief Black Cat, become
highly repetitive.

Other activities include solving small-scale crimes and
clearing out more substantial enemy bases, which are
more involved and entertaining, but don't really evolve in
ameaningful way.

The game’s biggest problem, though, is that it fails to
capitalise upon Spider-Man'’s incredible roster of villains.
While the game features many classic Spidey opponents,
suchas Doc Ock, Scorpion, Rhino and Electro, most of them
don't appear until towards the end of the game. When they
do, it'sin highly restrictive story missions that make little
use of New York or the game’s wider systems. The inability
totrack, chase and fight these villains across New York is a
major oversight.

Instead, most of your time is spent fighting three
different factions of increasingly powerful thugs. Some
are regular thugs, some are magical thugs and some are
thugs with high-tech military equipment. But they're all
ultimately thugs, and although the combat systemhas a
respectable level of depth, it nonetheless wears thin due
totheincessant, increasingly protracted fightsin which
Spider-Man gets embroiled.

Onthe plus side, developer Nixxes has done arespectable
job with the PC port. The game plays impressively well
onkeyboard and mouse. Not only is the complex combat
system well adapted to the keyboard, as mentioned earlier,
but web-swingingis in some ways superior to the console
version thanks to added mouse control. The PC version
also benefits from unlocked frame rates, support for ray-
tracedreflections and several performance-enhancing
technologies, including AMD FSR 2.0 and Insomniac’s
homebrew Temporal Injection, alongside Nvidia's DLSS.

Inthe end, Insomniac’s Spider-Manis a less well-rounded
superhero game than Arkham City and Arkham Knight,
which better balanced their portrayal of Batman with afun
worldin which he caninteract. That said, evenif the open
worldis alittle undercooked, Spidey himself is never less
than wonderfulin this game.

RICKLANE

SPIDER-MAN

+ Incredible central
character

4+ Greatstory

+ Good combat
system

GREEN GOBLIN

Unremarkable
openworld

Neglected villains

/VERDICT
Insomniac’s
Spider-Man

is a perfect
superhero in
an imperfect
open world.
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HARD WEST 2/ £23.99 v

DEVELOPER Ice Code Games/ PUBLISHER Good Shepherd Entertainment

HARD WEST

+ Noveltake on
turn-based tactics

4+ Bravado system
works well

=+ Expansive, well-
designed missions

DUE SOUTH

Gamelogiccan
beinconsistent

/VERDICT
Tough yet
rewarding,

Hard West 2's
distinctive spin
on turn-based
tactics is a hard-
fought victory.
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ard West 2 tells the story of charismatic cowboy

Gin Carter and his colourful gang of outlaws, who

get onthe wrong side of the devil himself when
an ambitious train heist goes horribly awry. It transpires the
locomotive they've chosento lootis a bonafide ghost train
driven by ademon called Mammon, who helps himself to
Gin's soul before tossing the trespassers off the tracks.

Therest of the game is about Gin getting his soul back,
with the game seeing him and his crew trek across half
the Old West, robbing banks, dealing with forest spirits
and gettinginto more gunfights than Jesse James. These
gunfights are the meat of Hard West 2's core play, and they
revolve largely around a mechanic called Bravado.

This system completely refills a character’s action points
whenever they kill an enemy, essentially givingthem a
bonus action. There's no limit on the number of times you
cantrigger Bravado, which means that, in theory, you can
wipe out an entire screen of enemies in a single turn.

It's an extremely powerful system, although in practice,
using Bravado effectively is much more complicated. Your

units are always limited to three action points at once, and
most attacks use either two or all three action points, not
to mention moving around or using any of your character’s
special abilities.

Moreover, your posse is nearly always outnumbered
by the enemy, so you must think carefully about how to
combine Bravado with other mechanics. For example, pistol
shots can bericocheted off in-game objectsin order to
hit enemies squatting behind cover, letting you take down
enemies without having to waste action points on moving.

Grappling with Hard West 2's unusual interpretation of
turn-based tactics can be tricky, though, not least because
the game’s logic doesn't always seem consistent. In certain
situations, such as shooting someone holed up in a building,
orusingthericochet system from a distance, the game’s
basis for deciding whether or not these actions are viable
seems entirely arbitrary.

Once you've unlocked a few character skills, however, the
game becomes more flexible, blossoming into an enjoyably
chewy tactical experience. Each levelis large and lavishly
designed, with some missions taking a couple of hours
to complete. Between missions, you explore a top-down
overworld that takes the form of a light narrative-based
RPG, visiting towns to purchase new weapons and gear,
chatting with your posse to reveal their backstories, and
embarking on short (but well-written) side-quests.

Like Clint Eastwood’'s Man With No Name, Hard
West 2 can be a tricky character to fathom, but don't let
that fool youinto underestimatingit. It's a formidable
gunslinging experience.

RICKLANE



TWO POINT CAMPUS/ £34.99 v

DEVELOPER Two Point Studios/ PUBLISHER SEGA

eleasedin 2018, Two Point Hospital was a

delightful modernisation of the distinctly British

style of management sim pioneered by Bullfrog
inthe 1990s. For the sequel, Two Point Studios has
applied this template to an entirely different type of
institution — universities.

Two Point Campus puts youin charge of a network of
higher-education facilities across its fictional Two Point
County. You need to construct the university’s facilities,
laying out lecture theatres, tuition rooms, student
dormitories and so on, while also managing the college’s
everyday affairs, such as hiring and firing staff, organising
annual courses and arranging events.

The visual styleis virtually identical to that of Two Point
Hospital, and the game sports a similarly goofy humour and
eye for detail.

Almost every object you place in aroom, from advanced
laboratory equipment to library bookshelves, has bespoke
animations with which your students caninteract, which

makes watching the cogs of your university turn fascinating.

Campus also has a slightly different structure from
Hospital, whichis designed to reflect how universities
operate. The game’s core loop is heavily based around the
academic year. At the start of the year, you choose which
courses to run from a limited selection that gradually
unlocks as you progress, and each course can only take a
set number of students. Unlike Two Point Hospital, where
the challenge revolves around catering for an endless
influx of patients, Two Point Campus is more about working
within the budget provided by that annual matriculation.

This structureis less immediately engaging than the
more pressurised environment of a hospital, but Two
Point Campus compensates for it through its mission
design. Each university has a specific theme, ranging
from culinary colleges and robotics institutes, to more
eccentricinstitutions such as a wizard's academy. These
all come with unique room types and objects, but also
with specific challenges, such as dealing with a curse
epidemic at the Wizard's Academy. These level-specific
problems add the granularity missing from the broader
management challenge.

Two Point Campus also introduces inter-character
relationships, although you'd be forgiven for not noticing.
Students can become friends and even have relationships.
However, it's all fairly abstract, mostly impacting student
grades, which are important for completing missions, but
notinteresting to watchin action. Inits attempt to be genial
andinoffensive, Two Point Campus misses an opportunity
to represent both the domestic drama of student life, and
the friction that comes with a wealthy institution overseeing
abody of young people with emergingideologies.

Still, this doesn't prevent Two Point Campus from being
a highly enjoyable management sim. It succeeds in giving
players a completely new type of organisation to manage,
without losing the essence of Two Point Hospital.

RICKLANE

DISTINCTION

+ Totally new setting
foramanagement
game

4+ Samegreat
presentation

4+ Colourful, creative
courses

EXPULSION

Takes awhile
torevealits
best qualities

Undercooked
relationship system

/VERDICT
Two Point
Campus is

a perfectly
PIEENIE]E
university builder,
although it
doesn't quite
reach PhD level.
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AMDO’SRYZEN 7000-SERIES
CPUsSBRING A BRAND-NEW
ZEN 4 MICROARCHITECTURE,
ALONGWITHA HOST OF
OTHER KEY CHANGES.
EDWARD CHESTER
EXPLAINS EVERYTHING
YOUNEED TOKNOW

ABOUT THE NEW CHIPS

ith Intel having wrestled back
the CPU performance crown

(in some applications) from

AMD withits 12th-gen Core
processors, there's alotridingon AMD’s
new Ryzen 7000-series chips and their
Zen 4 architecture.

While AMD has garnered a significant
amount of good will from the PC-buying
public, thanks toits previous Ryzen
processors pushing forward progress on
CPU performance, pricing and platform

ZEN 4.
THE INNER

CURE

longevity, when it comes to putting your
money where your mouth is, most buyers
will go where they can get the best bang for
their buck.

It's good for AMD, then, that as Antony
Leather shows in his in-depth reviews of the
AMD Ryzen 97950X (see p14) and Ryzen7
7770X (see p16) that the new chips well and
truly deliver on their performance promise.
But what makes them tick and what other
features are hidden away inside AMD'’s
latest CPUs? Let take a closer look.



Socket AMS sees AMD
moving to an LGA socket,
with each chip sporting
1,718 contacts

There are four Ryzen 7000
CPUs atlaunch, ranging
from 16 to six cores

THE PLATFORM AND LINE-UP
Before we delve too deep into the architecture
of Zen 4 itself, let's quickly recap which
processors are launching now, which features
the chipsinclude and the other key products
thatare launching alongside them.

There are four Ryzen 7000-series CPUs
intheinitial launch roster — the 16-core
Ryzen 97950X, the 12-core Ryzen 97900X,
the 8-core Ryzen77770X and the 6-core
Ryzen57600X. All support Simultaneous

Multithreading (SMT), so can have twice as
many application threads in flight as they
have cores.

The 16-core 7950X tops out ata whopping
peak single-core clock of 5.7GHz, which
makes for a 0.9GHz or 18 per cent maximum
clock speedincrease over the Ryzen 9 5950X.
Allthe other launch CPUs also have decent
boost clocks, ranging from 5.3GHz onthe
Ryzen57600Xto5.6GHz onthe Ryzen 9
7900X. Considering that raw clock speed
has foralongtime been the one area where
AMD hasn'tbeen able to compete with Intel,
foritto now surpass the best fromIntelis a
significantmoment.

However, Intel did just hint that its upcoming
Raptor Lake CPUs, launching later this year,
will top out at over 6GHz, and that they've hit
8GHz with extreme overclocking, soitmay be
ashort-lived victory for AMD. For now, though,
AMD can atleast revelin having taken abig
leap forwardin this area.

One negative consequence of the general
uptickin clock speed and processing power
of the 7000 seriesis anincreasein heatand
power draw —ideal timing for an energy crisis.
The thermal design power (TDP) for the 5000
series topped out at 105W, but the 7950X and
7900X both have TDPs of 1770W. You probably
won'tneed to upgrade your power supply to
accommodate these changes, unless your
currentoneis right onthe limit already, but as
we foundin our testing, good-quality cooling
will be essential, as these chips run hot.

Rather countering thisincreasein
maximum TDP, AMD is also introducing an
Eco Mode that can be usedto limitthe CPUs
TDP to 105W or even 65W, although obviously
thisimpacts peak performance, with boosted
clock speeds dropping to below S5GHz at 105W
andtounder4GHz at 65W in our testing.




What will need an upgrade if you wantto
buy one of these CPUs is your motherboard,
as the new chips use anew socket. Outis the
pin grid array (PGA) socket of AM4 - where
the pins are onthe CPU - andinis aland grid
array (LGA) layout where the motherboard
plays host to the pins and the CPU has flat gold
contactpoints.

Essentially, it's shifting the burden of
busted pins from the CPU to the motherboard
manufacturer, but also allows for a denser grid
of pins, with AMS5 supporting 1,718 contacts, up
fromthe1,331contacts of AM4.

Making your Ryzen 7000-series upgrade
evenmore priceyisthe needtoinvestin DDR5
memory, as Ryzen 7000-series CPUs and
AMS5 motherboards won't have support for
DDR4 memory atall. DDR5 comes with clock
speed and power consumption benefits, but
stilldemands a premium over DDR4.

Finally, one otherinteresting feature bonus
with Ryzen 7000-series processorsis that
they allinclude integrated Radeon graphics,
whichis afirst for standard Ryzen chips.

Assuming you're notinto gaming, so don't
require the extra grunt of a dedicated graphics
card, theintegrated graphics here will easily be
sufficient for desktop work, saving you onthe
costof an extra card.

Prise off the integrated heatspreader (IHS) of
aRyzen7000-series chip and you'll see two
or three main chips, consisting of one or two
Zen 4 core complex (CCX) dies (CCD) and the
input/output die (I0D).

ThelOD controls communication between
the core dies, and between the whole CPU and
therest of your system. Itincludes features
such as the Infinity Fabricinterconnect, DDR5
DRAM controller, PCI-E Sinterface, USB 3.2
interface and more. It's also where the new
RDNA 2 integrated GPUis housed.

Meanwhile, the CCDs each house eight Zen
4 cores, although only some may be enabled,
and you'll get one ortwo CCDs depending on
the core count of the chip. So, forinstance, a
Ryzen77770X willhave two CCDs with each
of those CCDs having two of its cores disabled.
Alongside the cores, each CCDis alsohometo

3271MB chunks of L3 cache that are combined
- along with the cache from the second CCD -
toformasingle shared L3 cache for the whole
CPU.When cores of a CCD are disabled, the
neighbouring two IMB chunks of L3 cache are
disabledtoo.

Aside from an area for the Infinity Fabric
interconnect, and afew extra system
management units, that's all that makes up
aCCD -alltherest of the CPU's features are
offloaded to the IOD.

This approach of using multiple dies for
different functions — known as chiplet design
- comes with amultitude of advantages and
one main disadvantage. The advantages
include improving manufacturing efficiency
and cost, as you can fitmore smaller CCD dies
in a silicon wafer than alarger single die that
incorporates everythinginthe CPU.

You can also do what AMD has done here
and use a cheaper, older process for some
parts of the CPU, saving the most advanced
and expensive processes forjust the cores.
Theimpact of any defects s reduced as well,




as oneruined CCD uses much less silicon than
awhole ruined CPU die.

Other advantages include the ability to
create awide array of CPU designs using the
same core building blocks. With the same
components, AMD canintheory offer any
design from a2-core to a16-core desktop
processor, and while AMD no longer produces
Threadripper high-end desktop processors,
which used up to four CCDs per CPU, it does
still produce EPYC server processors that use
upto12 CCDs per CPU.

The main disadvantage of chiplet design
is managing the data flow
between the CCDs and the IOD.

Traditionally, resorting to off-
siliconinterconnects resultsin
significantreductions in speed,

but AMD has managed to make

its Infinity Fabricinterconnect

work well enough forits chiplet designto keep
upsofar.

Intelhasn'tused a chiplet design forits
CPUs yet. Instead, it currently uses a single
slab of silicon forits 12th-gen processors and
will do the same forits upcoming 13th-gen
processors. However, it's set to adopt a chiplet
designforits 14th-gen Core CPUs arriving
nextyear.

AMDis also set to use a variant of a chiplet
design forits upcoming RDNA3 GPUs, with
multiple GPU dies being used to make up the
total processing power of the card. This would
see the company out onits own for now, with

neither Intel nor Nvidia setto adoptthe same
approach for their next generation of chips.

AMD's CCDs are built on the latest 5nm
process from Taiwan Semiconductor (TSMC)
butthe new 10D is built on the slightly older
6nm TSMC process. Both are upgrades over
the Ryzen 5000 series, which used 6nmor
7nm processes for the core dies and 14nm for
the IOD.

As ever,amove to a smaller manufacturing
process means alower power draw and,
inthisinstance, afairly significant uptick in
clock speedtoo. AMD s claiming Ryzen

7000-series CPUs will provide a 62 per cent
drop in power consumption for the same
performance level as Ryzen 5000-series
chips, ora 49 per cent uptick in performance
forthe same power draw.

While alot of thatimprovementis just
down to the new manufacturing process, a
significant chunk comes from the new Zen
4 architecture, with AMD boasting a 13 per
centuptick ininstructions per clock (IPC) over
Zen 3. That's actually the lowest generational
change we've yet seenfromanew Ryzen
processor, but a double-digit uptick is still
impressive and, when combined with the

significant clock speed gains, AMD expects a
step upin single-core performance over Zen 3
of 29 per cent.

Taking a closerlook at the core design of
Zen 4, from ablock diagram perspective,
the overall setup of the new core looks very
similar to that of Zen 3, with the same front-
endlayout, the same execution engine layout
and largely the same load/store and cache
setup. In comparison, the move
from Zen2to Zen 3incorporated
several more obvious macro-
level changes.
However, on a deeper
level, there have been tweaks
throughout the design of
Zen 4, along with some more obvious
changes, such as added support for AVX-
512instructions, alarger L2 cacheand a
larger micro-op cache. As ever with chip
design, it can be the combination of many
smaller tweaks that add up to big changesin
performance and efficiency, rather than a total
redesign being required.

The front end of a processor core designis

where largerinstructions that have been sent

tothe CPU are decoded into smaller micro-

operations (micro-ops), which are passed on .



Improvements to branch prediction and a larger
op cache provide large performance boosts

THE FIRST BIG FRONT
END IMPROVEMENT
WITH ZEN 4 IS A G8
PER CENT LARGER
OP CACHE

to the execution engine portion of the chip.
These micro-ops are stored in amicro-op
queue and then scheduled for execution by
the separate integer and floating point portions
of the execution engine. Some operations
canalso be directly passed on to the micro-op
queue without needing further decoding, and
these macro-ops are storedinthe op cache
before joining the micro-op queue.

The design of Zen 4's frontendis largely
very similar to that of Zen 3, witha32KB
instruction cache that can commit four
instructions per clock cycle fromits decoder
to the micro-op queue, while the macro-op

cache can commit up to nine macro-ops per
cycle. Zen 4 also retains the six micro-ops
per clock cycle dispatchrate of Zen 3 -itcan
pass six operations per cycle to the integer or
floating point engines.

Thefirstbig front endimprovement with
Zen4is a 68 per centlarger op cache. This
allows the core to handle and prioritise more
potential work for the execution engine at
once, to ensureit's passing on work to the
execution engine in the most efficient manner.

The branch prediction engine has also been
improved. Branchingis where aprogram
is waiting on the result of a calculation with




multiple outcomes — anif/then/else type of
statement. Waiting for branch outcomes to be
resolved before proceeding to the next stage
canleave the CPU starved of work. As such,
CPUs employ branch prediction to guess the

outcome of the branch and set up the data and

operations for that branch outcome.

Branch predictionis one of the very first
stages through which aninstruction goes
whenit's received by a CPU, as guessingright
as early as possible can save alot of time and
wastedresources. With Zen 4, the branch
predictor has seen severalimprovements,
including alarger L1branch target buffer (BTB)
andlarger L2 BTB.

While AMD has provided a13 per cent
IPCimprovement figure for the architecture
improvements with Zen 4, it doesn't break
down how much eachindividual change
to the architecture contributes to the total
improvement. Its visual representation of
these proportions (below), shows the branch
prediction changes alone account for the third
largest contribution to that IPCincrease.

Meanwhile, the other combined frontend
changes account for the biggest portion of
the totalIPCincrease. In essence, this shows
the importance for performance of efficiently

managing the workload of the CPU before
that workloadis passed onto the number-

crunching execution engine portion of the chip.

The block diagrams of Zen 3 and Zen 4 show
no change between the two whenit comes to
the execution engine portion of the core - on
amacro level, Zen4's execution engineis the
same as Zen 3. It still has anissue width (the
number of operations that can be performed
per cycle) of tenforthe integer engine and a
6-wideissue for the floating point engine.

The scheduler arrangement also remains
the same 4x2 setup forinteger and 2x3 for
floating point as before.

As aside note, a notable difference
betweenIntel's current core designand AMD's
latestis that Intel uses a combinedinteger
and floating point scheduler, not the separate
paths usedhere.

However, there are changes hiddeninside
the execution engine that combine to provide




amodest uptick in performance. Theseinclude
a25 per centlargerinstruction retire queue,
alarger mainregister file for bothinteger and
floating point engines, and deeper buffers
throughout the core. We don'thave any details
beyond that, but essentially this adds up to the
engine as a whole having slightly larger data
stores than Zen 3 throughout.

AMD has attributed more of a significant
performance upliftto changes to the load and
store portions of the Zen 4 core. These deal
with moving data back and forth between the
core and system memory orinternal caches.
Again, the overall setupis largely the same
as with Zen 3, with amaximum of three
memory operations per clock cycle - three
memory loads or two memory stores —and

six table walkers (used to automatically
manage entries in the translation lookaside
buffers). However, the L2 data cache size has
beenincreased by 50 per cent, while the load
queue hasincreased by 22 per centas well.

These larger data stores allow more data
tobeinflight atthe sametime, increasingthe
chance that the right data will be available
for other operations downtheline. The
downsidesto larger caches are anincreasein
die space and potential difficulty in ensuring
the store can be accessed efficiently, but
clearly AMD felt the larger stores would
provide a net benefit.

Other changes to the data access structures
include support for more outstanding misses
fromthe L2to L3 caches, andfromL3 cache
tomemory. A cache missis where the data

requiredisn’t storedin that cache, so the CPU
has to move to ahigher-level cache, or evento
systemmemory, to retrieve that data.

While those dataretrieval processes are
being undertaken, the information pertaining
tothatcache missis heldin what's known as
anoutstanding miss store. Increasing the size
of these stores ensures that any more cache
misses - and the processes associated with
them - can be kept on standby, ready to be
executed again as quickly as possible when
the missis resolved.

Again, looking at AMD's visual breakdown
of the contribution towards IPCincrease
provided by each of the changes to the Zen
4 architecture, while the L2 cache change



Zen4brings
hardware AVX-512
instruction support

is the smallest block shown, the load/store
changes contribute the second largest
proportion of improvement. This again shows
theimportance to processor performance

of efficiently managing datain and out of the
execution engine.

AVX-512

One of the moreintriguing additions to Zen 4

is proper hardware support for 512-bit vector
instructions (instructions that performthe
same calculation on multiple bits of data at
once), known as AVX-512. Pioneered by Intel,
these are generally only used in scientific, Al
and other such specialist applications, but have
seen growing supportand are afeature that
Intel has long highlighted asimportant.

[t'sironic, then, that withits 12th-gen
Core processors, Intel actually removed
AVX-512 support. Its removal was in part
because of that architecture’s use of
different P-Cores (that support AVX-512)
and E-Cores (that don't support AVX-512),
which raised complications about managing
instructions, butit also pointed to this being
anicheinstruction set for regular desktop
processor users. As such, for AMD to now
bring supportis particularly notable.

Intel's AVX-512 implementation was also
infamously power-hungry, causing huge
power spikes that pushed well beyond the
rated power output of the chips. Meanwhile,
AMD is claiming power-efficient operation of
its AVX-512 hardware. However, AMD's design
uses a256-bit wide single instruction multiple
date (SIMD) design, so it takes two clock cycles
to perform a full 512-bit wide instruction,
compared with Intel’s full 512-bit wide, single-
cycle design, soit's no wonder AMD can claim
its designis more power-efficient.

AMD claims anincrease of 1.31x for FP32
inferencing calculations compared with Zen 3,
and anincrease of 2.47x for Int8 inferencing,
thanks to this new AVX-512 hardware.




Several of the biggest changes to Zen 4 over
Zen 3 pertaintoits 10D, as not only does it now
incorporate integrated graphics, butit's also
where support for new features such as DDR5
and PCI-E 5 comeinto play. Plus, the whole
chip has seenalarge change in manufacturing
technology, from arelatively ancient 14nm
process to a nm process.

The netresult of this change in silicon
manufacturing technology will be significantly
lower power draw per on-die component,
although with the Zen 4 die being so much
denser and feature-packed than the Zen 3 die,
itwon'tnecessarily draw less power overall -
it certainly won'tif you're using the integrated
RDNA2 graphics.

AMD is makingit clear that the integrated
GPUisn'tmeant for gaming, butinsteadit'sjust
meant to support desktop usage, with support
for high-resolution display output (DisplayPort

2 and HDMI2.1), USB Type-C with DisplayPort
AltMode, and AV1and H.264 video decoding
and encoding. Thisis largely irrelevant for
gamers, but for the wider PC market, it opens
up AMD's CPUs to afar greater range of low-
costand compact systems.

What's more, while AMD saysit's not for
gaming as such, theintegrated graphics
system does stillincorporate a single RDNA2
dual compute unit, so it can technically support
allthe latest processing requirements to run
the latest games, but the emphasis hereis
on‘technically’.

RDNA2 GPUs have 64 stream processors
per compute unit, so you'llget 128 inaZen
4 CPU'sintegrated GPU. Comparatively, a
Radeon RX 6600 has 28 compute units
(1,792 stream processors), so there'sahuge
performance gulf between this integrated
GPU and evenamodest discrete GPU.

Thefinal piece of the Ryzen 7000-series
platformpuzzleis the launch of AMD'’s
accompanying new AM5 socket and araft
of new motherboard chipsets, as well as all
the related motherboards, to support the
new processors.

Along withits higher pin count and flipped
pin arrangement, Socket AM5 also includes
several power-related enhancements,




including two-way communication to
motherboard voltage regulators and voltage
regulator health monitoring. The result should
be better system stability and potentially more
overclocking headroom.

As for those chipsets, AMD will be offering
four of them: the X670E, X670, B650E and
B650. Boards based onthe X670-series
chipsets will be available from September
(by the time you read this), but the B650-
series boards won't start arriving until October.

However, while AMD talks about chipsets,
inreality, the company has only created
one chipset die that will be implementedin
different configurations for each chipset type.

As such, for X670 and X670E
motherboards, two dies willbe usedinan
uplink and downlink configuration, while the
B650 variants will use a single die for both.

The upshotis that X670-series boards will
provide essentially double the features and
connection options of B650-series boards. So,
forinstance, you'll get two SuperSpeed USB
20Cbps ports and 12 USB 480Mbps ports on
an X670 board, compared to one SuperSpeed

USB 20Gbps port and six USB 480Mbps ports
forB650, unless the motherboard maker
adds third-party controllers.

Other differences between the chipsets
include X670E configurations supporting
PCI-E 5 across all PCI-E slots andM.2 slots,
whereas X670 only supports it for one PCI-E
slot - therestwillbe PCI-E 4. As for B650, as
well as having fewer connection options than
onthe other chipsets, you'llalso miss outon
overclocking support.

Launching alongside Zen 4is AMD's new
EXPO memory technology. Fundamentally
arivalto Intel's eXtreme Memory Profiles
(XMP), EXPO is AMD's one-click technology
foroverclocking DDR5 RAM.

Like XMP, EXPO-certified memory will
guarantee stable performance of amemory
kit for the EXPO rated clock speed, voltage and
timings. Also, like XMP, it doesn't necessarily
guarantee that the kit will play ball with your
chosen CPU atitsrated speed —just that
the memory kit canreach those speedsin
isolation. However, given the kits will have
been tested with AMD CPUs - rather than with
Intel CPUs, asis the case for XMP - you stand
agreater chance of it working with your new
AMD chip than a non-certified memory kit.

Atotal of 15 EXPO-certified memory kits are
setto be available atlaunch, with speeds of up
to DDR5-6400 available, but we're sure more
will arrive in the near future. cee
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VIRTUAL REALITY

HERE TO STAY OR GONE TOMORROW?

VRREMAINS AT THE CUT TING EDGE OF GAMINGAND INTERACTIVE EXPERIENCES, BUTDOES
THE SECTOR HAVE A VIABLE LONG-TERM FUTURE? RICK LANE INVESTIGATES

WO years ago, virtual reality was

riding high. InMarch 2020, Valve had

justreleased Half-Life: Alyx, by far
the most prestigious and exciting title to
release on VR devices. Meanwhile, Facebook
was sellinghuge numbers of its Oculus Quest
headset, and was gearingup torelease the
Oculus Quest 2, which would quickly
outperformits older sibling to become the
biggest-selling VR headset to date. It seemed
like the sector was brimming with potential, on
the verge of burstinginto the mainstream.

Today, you'd be forgiven for wondering

where all that potential went. Neither Valve
nor any other developer has followed up
Alyx with anything close to its ambition, while
Facebook, havingrecently rebranded as
Meta, has jacked up the price of the Quest 2

while it piles vast amounts of money into its
highly speculative Metaverse project. Froman
outsider’s perspective, the path ahead seems
farless clearthanin 2020, to the point whereit
isn'tunreasonable to wonder whether VR has
already seen the peak of its popularity, andis
now inadecline.

Butthereality of virtual reality currently sits
somewhere between these two extremes.
‘VRis definitely here to stay. We are still

selling significantnumbers of VR headsets
every month,’ says James Gorbold, director

of content at Scan Computers. It's not one of
those things like 3D displays, whichin terms of
gaming, as opposed to cinema, were around
forthe better part of a year and a half’

There are numerous reasons for this
stability in VR sales, not least the simple fact
thatthe technology properly works, unlike the
first wave of VR devices that appearedin the
1990s. One of the key factors that separates
VR from 3D displaysis that, whereas 3D
displays were purely aluxury product, VR has
far greater practical uses to go alongside its
potential as a gaming device.

‘They're really popular in organisations
doingtraining, becauseit allows people to
be trained much more cheaply and much
more safely thanin the real world, Gorbold
explains. ‘Surgery, fire and rescue, oil rig
training - alot of things that are dangerous and
expensive to do forreal.’ Other areas outside
gaming where VR has highdemandinclude
engineering, research and development, and



.

When Half-Life: Alyx launched in March 2020, Scan saw a spike in sales of VR headsets

the entrepreneurial sector, where VR devices
are used for events, presentations and so on.
Muchlike PCsin general, there’s a stable
market for VR devices independent of the
gameindustry, and they aren'treliant on sales
of games to sustain them, unlike 3D monitors
or bespoke game consoles. However, thisisn't
to say thatthe typical outsider perspective on
VRis entirely wrong. VR sales have declined
over the past couple of years, with Gorbold
stating Scanis currently selling ‘roughly half

Most notably, while the Meta Quest 2is by
far the most popular consumer VR headset,
substantially outsellingHTC's various Vive
headsets, interms of business-to-business
(B2B) sales of VR devices, the two companies
are ‘more equally split’.

Giventhat B2B represents a substantial
chunk of the VR market, this may explain
why Meta's next headset, codenamed
Cambria, is rumoured to be amore powerful,
premium headset.

ITISN'TUNREASONABLE TO WONDER WHETHER VR

HAS ALREADY SEEN THE PEAK OF ITSPOPULARITY,
ANDISNOW INADECLINE
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the number of units per month’ that they were
selling around the same time in2020.

However, there are mitigating factors at play.
First, the pandemic and the resulting lockdown
caused significantincreasesin hardware
sales, with Scan's sales increasing by around
300 per centacross the board. Furthermore,
when Half-Life: Alyx launchedin March 2020,
Scan saw a spikein sales of VR headsets that
not only massively exceeded the sales bump
caused by the pandemic, but was bigger than
the spikes triggered by the Black Friday sales
ofboth 2019 and 2020. 'Alyx musthave had an
effect, becauseit's too much of a coincidence,
Gorbold observes.

Thedropin sales Scan has experienced
is less of adecline and more of areturnto
normality. Within this generaltrend are
more specific stories told by the sales data.

This leads to another point. If VR
manufacturers aren'treliant on consumer
sales to support their business then the health
of the VR sector and the health of VR gaming
are two different areas. Headset sales only
provide part of the story, and to understand the
future of VR gaming, we need to speak to the
developers themselves.

PC VS QUEST
One UK VR developeris nDreams, which has
specialisedin VR developmentforarounda
decade.In2020, the studio released Phantom:
Covert Ops, a stealth shooter that saw players
infiltrating a secret paramilitary base via the
unusual medium of a kayak.

‘Unexpected or unnaturalmovementin VR
canbereally uncomfortable for the player,
says Glenn Brace, studio head atnDreams

Elevation.Inakayak, you don't expectto move
off suddenly; it takes time to build momentum
orcome to astop. Andthat's greatbecause
that gives us one-to-one, intuitive, analogue
control, with none of the usual abstractions
that come with button mapping on controllers
and so on. It's more natural and therefore
broader and more accessible.’

Brace states thatnDreams was initially
targeting high-end PC VR, namely the Vive and
the Rift, but then Facebook revealed the first
Oculus Quest. ‘We were lucky enoughto get
our hands on some of the first prototypes built,
Brace says. ‘There were so many positives
about the Quest headset thatreally excited us,
but the real challenge was that the chipset still
very much had amobile level of performance.’

Atthis point, development of Phantom
became‘'mega complex’, as the studio looked
for ways to optimise the game for Quest
without compromising on the experience
ithad planned. ‘We pushed the hardware
harderthan anyone in the world at that
point,' Brace says. ‘Phantom had a significant
influence on where nDreams is now and
what we have become.’

Phantom was both a critical and commerecial
success, to the point thatnDreams is now
working on multiple new projects. This
includes the upcoming Ghostbusters VR
game, whichis being published by Sony, but
also an entirely new, unannounced project
developed by the company's new second
studio, nDreams Orbital. The marketis
certainly in a growth phase right now,’ says
Steve Bristow, head of nDreams Orbital. 'VR
isn'treally a niche anymore. We're looking
ataudiences of tens of millions in the next
fewyears.

Indeed, while there are no official figures,
it's estimated by some market research
firms, including IDC, that Meta alone has sold
between ten and 20 million Quest 2 headsets.
This is substantially fewer units than the

Marketresearch firms estimate that Meta has sold
betweenten and 20 million Quest2 headsets u
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hundreds of millions of PlayStation 4 consoles
sold by Sony, butif these figures areinthe
right ballpark, it's not far off sales of the latest
generation of consoles, with Sony having sold
around 20 million PlayStation 5 consoles, and
Microsoft having sold around 15 million Xbox
series X/S devices.

‘The audience size has got to the point
now where we can begin to apply some
of the knowledge that we've gained
from conventional game devto our VR
development strategies,’ Bristow explains.
‘Our titles will receive regular updates,
incorporate live events, and players canteam
up with friends as a core component.’

THEINDIE INFLUENCE

What's interesting about the VR market

right now is thatit's large enough to support
dedicated VR developers such as nDreams,
but stillnew enough thatitisn't dominated by a
handful of large corporations. This is resulting
in someinteresting transitions. Incuvo Games
isaPolish VR developer that has worked on
titles such as Blair Witch VR, and the recently
release Green Hell VR. Incuvo originally started
out developing mobile games, but quickly
founditimpossible to competein that market.

‘Basically, smallindependent companies
were squeezed out by huge players,’ says
Radomir Kucharski, CEO of Incuvo, about what
happenedin the mobile market.

The company then moved into developing
more traditional games for the Nintendo
Switch, but was again crowded out by larger
studios swamping the console’s storefront.
With VR, however, Incuvo has established

itself as adeveloper of note. This is partly due
to the smaller market size, but also because
designing for VR requires a specific set of skills
with which not all developers are equipped.
‘Some people think it's pretty easy to porta
flat version of agameinto VR - youjust need
to putthe VR camerainthe game, butunless
the gameiis specifically designed for VR, it will
not succeed, Kucharski says. ‘When you have
the same game onflat platforms and VR, it
willbe more comfortable and easier to play on
flat platforms than VR. So players need to get
some funand added value that's special to the
VR experience, to make it enough to endure
the additional [physicall cost of playing VR.
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weredesigned all the interactions into physical
VRinteractions.’ With Quest, however, the
device couldn'trender Green Hell's massive
open world, so Incuvo hadto restructure the
game, then add new features to give the
Quest versionits own appeal.

‘There's fewer mechanicsinthe
Quest version, but they are even more
VR-orientated, Kucharskipoints out. ‘Inthe
PCVR version, we've got the table to craft stuff
in a similar fashion as the original flat version,
butinthe Quest version, it's all physical. If
youwantto craftanaxe, youneedtohavea
stick and asharpened stone, and put all these
things together.’

TOMAKE THEMOST OF PCVR, BUT ALSO PUT YOUR
GAME ON THEMOST POPULAR VRPLATFORM, YOU
ESSENTIALLY HAVE TOMAKE TWO GAMES

In addition to this is the complexity brought
by Oculus Quest; as pointed out by Glenn
Brace, this has much less processing power
thana VR device connectedtoaPC.If you
wantto make the most of PC VR, but also put
your game on the most popular VR platform
available, you essentially have to make two
different games. This is what Incuvo did with
GreenHell VR.

‘We actually started witha PC VR version,
andit's very close to the original flat version
interms of the environment, and the story is
almost the same. The only differenceis that

Phantom: Covert Ops, from nDreams, sees you infiltrating a paramilitary base in a kayak

PC COMPLICATIONS

Incuvo has the experience and resources to

be able to develop two very different versions
of the same game. However, the divide Meta
has created betweenits ownheadsets and
high-end PC VRis forcing other developers to
pick their battles. Chris Youles s the Creative
Director of Foggy Box Games, which earlier
this year launched a sci-fi bartending simulator
called Startenders on Oculus Quest.

The gameis yettorelease on PC VR, though,
and gettingit onto high-end devices s alow
priority for Foggy Box, compared with getting
itonto other devices, such as PlayStation VR
(PSVR).‘One of the biggest differences in
terms of Quest vs something like Steam, is that
with Quest youhave a closed store. Thereis at
least some quality control,' Youles says.

‘If you go into the Steam store right now,
and go to VR, most of the gamesinthe top
sellers, trending or even the carousel areas,
are allgames thathave a VR mode, butaren't
[full] VR. And | think that's such a hindrance.
Iflgoonthere,andlsee F12022, 1 think,
great,ithas aVRmode, butI'm looking for VR
specificgames, and all those great games
are way down the list, because they're not flat
traditional games thathave sold well’

Thisisn'tthe only issue encountered when
developing for PC VR. With both the Quest and
PlayStation VR, developers are building their
game to work onasingle, universal device.



Startenders on Oculus Quest, by Foggy Box
Games, has yet to getarelease onPCVR

With PC VR, developers not only needto
account for differentheadsets (whether it's
one of several Vives, Valve Index or more niche
headsetbrands such as Pimax), but also for
the wide range of hardware that those users
mightbe running.

‘The problem with something like Steam
is everyone has a different computer,” Youles
says. He points out that if your PC can only just
runaPC VRtitle, and the framerateis lower
than optimal, the problemis exacerbated
because it can have physical consequences,
such asinducingnausea. ‘That could ruin
someone’s experience with VR and putthem
off forever’

For VR developers, then, the consistency,
curation and market stability offered by Meta
and Sony currently makes these platforms

‘The problem with something like Steamis

everyone has a different computer,’ says Chris
Youles, Creative Director of Foggy Box Games

One big challenge when developing for the Quest
wasits limited performance compared withPCVR

more viable than the untamed wilderness of
PCVR.Thatdoesn't necessarily mean PC VRis
doomed though.

For one, itwould be foolish to rule out
any project with which Valveis involved.

We don'tknow exactly how many Indexes
have shipped, but there are some rumours
circulating about Valve's future with VR.

Oneis that Half-Life: Alyx will cometo
Sony’'s upcoming PSVR2 (1think Sony and
Valve have a very good relationship, Youles
says), and another s that Valve's next headset
will essentially be aframe into which the
Steam Deck can be slotted. While there's
no hard evidence for any of this speculation,
as theindustry saw with Alyx, Valve can
have amassive effect onthe VR scene at
amoment’s notice.

More broadly, as with VR headsets
ingeneral, thereis amarketfor PCVR
experiences outside direct consumer
purchases. Sam Watts is the Immersive
Partnerships Director of Make Real Ltd, a
developer that worksin both the commercial
sector andin traditional game development.

In2017,Make Real released Loco Dojo, a
multiplayer VR party game. Loco Dojo sold
modestly until last year, when Make Real
releasedit onthe Quest platform. ‘[t took three
weeks to sellas many copies on Quest asit
had done on PCinfive years’, Watts says. ‘That
should give you anidea of the sort of current
marketplace opportunities.’

However, Make Real has also found success
with PC VRinthe form of dedicated VR
arcades, or ‘location-based entertainment’
(LBE). Here, customers can book outa space
and play VR with their friends, colleagues

andsoon. It's actually worked out well for us,
because these locations use proper dedicated
LBE licensing systems,’ Watts explains. ‘We
get paid so many cents per minute thatthe
game has run. Plus, because they're playing
four-player games, we get paid four times.’

A BRIGHT FUTURE?

Inshort, VRis now an established part of the
gameindustry, anditlooks set toremainthat
way for the foreseeable future. The Quest has
given VR developers access to a substantial
and dedicated audience, and although PCVR
is less predictable, elements such as the LBE
scene and the presence of Valve make it worth
many developers’ whiletobe apart ofit.

The question now is whether VR has what
it takes to fully break into the mainstream, to
become aregular part of our gaming diet. It's
notimpossible that this will happen, but for
itto do so will require several changes. First,
the sector needs more games such as Half-
Life: Alyx, killer apps that can tip playersinto
purchasing aheadset.

Accordingto Watts, there are ‘severalftitles'
currently in development that ‘willhave a
similarimpact on sales’, although he admits
thesetitles aren’'t on the same development
scale as the estimated $50-150 million US
that Valve allegedly spent making Alyx. Youles,
meanwhile, sees Sony's flagship PSVR2 title
Horizon: Call of the Mountain as a potential
new Alyx.

This may also eventually cometo PCVR,
given Sony’s more recent policy of releasingits
premium titles on the platform.

Sony has ‘such a quality roster of studios
under them,’ says Youles, ‘that|think the
more they put out, the more they're going
to convince other third-party, high-end AAA
studios to go, okay. This is something that we
definitely cando.’



FEATURE / ANALYSIS

Make Real has a found success with PC VR in the form of dedicated VR

arcades, or ‘location-based entertainment’, seen here in Loco Dojo

The other crucial requirementis better
hardware. One of the mainbarriersto VR
becoming mainstreamis the inconvenience
and discomfort of wearingheadsets compared
with sittingin front of aflat display, anissue that
isn't going to disappear any time soon.

That said, VRhas come alongwayinthe
past decade, from low-res boxes that required
external sensors and a cable link to your PC, to
the high-res, wireless, easily set-up hardware
of the Meta Quest 2, complete with internal
tracking. Much like the evolution of mobile
phones, the next decade of VR will probably
see devices become both more comfortable
and more powerful, although progress won't
be straightforward.

‘There are always new technologies and
features that get added, whichinitially add

Valve's presence in the PC VR market makesiit
worth many developers’ while to be apart of it

bulk, such as eye tracking, mouth tracking,
facial tracking and so on,’ Watts says. ‘The
next five years are still going to be having this
situation where headsets are going to get
smaller,and when new things get added they
might get more bulky again.’

Andnew headsets are coming, most
immediately in the form of Meta's Cambria
(whichis likely to be announcedin October as
the Quest Pro) and Sony’'s PSVR2. However,
Kucharski also states there are other
‘Facebook-sized’ companies currently working
on headsets of their own.

Kucharski doesn't specify which companies,
buttwo notable absentees fromthe VR market
at present are Microsoft and Apple. Watts
suggests Apple has something substantialin
the works. ‘Whenever Apple does revealits
hand, it's probably going to turn everything on
itshead,' he says.

Onefinal considerationis the spectre of
the metaverse, Meta's lofty goal of areal-life
cyberspace thatintegrates VR, AR and ahost
of other technologies. It's difficult to speculate
abouttheimpact of Meta's plan.

Gorbold notes that the whole conceptis
‘incredibly nebulous’, while Watts observes
thatthe term has been co-opted more broadly
by people ‘looking to make a quick buck’. The
mostimportant consideration at this stage

is that, beyond unscrupulous companies
seeking to capitalise on abuzzword, the
metaverse won't be amajor factor of daily
life anytime soon.

‘The metaverse means the underlying
networks and protocols that will enable
the next generation of the Internet to exist,
Watts explains. ‘[t needs to be built first, but
itrequires more explanation and education,
becauseit's causingmore confusion among
people currently.’

Wherever the future of VR ends up heading,
the main takeaway is that VR has a future.

It's hard to gauge where exactly the sector

is sitting in terms of its evolution right now.
Youles compares it with the ‘indie golden age’
between 2006 and 2014, when Steam and
Xbox Live Arcade pushedindie developers to
theforeforthefirsttime.

Butin practice, VRis probably closerin
formto the game development scene of the
1980s, where the hardware was built by huge
companies such as IBM, but the games were
mostly made by small-scale developers, with
afew medium to large studios throwninto the
mix. Either way, Youles sums up the situation
well: ‘It's definitely around that point where
you canreally capitalise on being there before
otherpeople, he says. Itis anice place to be at
themoment.’



FOR THE WIN / COMPETITION

A 240HZIIYAMA
GAMINGMONITOR

Fans of super-fast frame rates will love this
fantastic prize from the generous folks at
ilyama this month. Control the game with
the 240Hz G-Master GB2790QSU Gold.
Packed with the latest technologies, including
FreeSync Premium, the 27in Gold Phoenix
features a240Hz refreshrate and a stunning
Tms MPRT response time, making sure your
equipment will never hold you back.

Its fast IPS panel technology guarantees
superb image quality, and the ability to
adjust brightness and the dark shades with
the Black Tuner delivers greater viewing
performance in shadowed areas. To ensure
comfort during marathon gaming sessions,
you can also easily adjust the screen position
to your preferences thanks to the height-
adjustable stand.

e 27inlPS panel

® 240Hzrefreshrate

* FreeSyncPremium

¢ Imsresponse time (MPRT)

® 2,560 x1,440 resolution

e HDMI2 and DisplayPort 1.4 inputs

® Height-adjustable stand

SUBMIT YOURENTRY AT CUSTOMPC.CO.UK/WIN
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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

Keychron Q8 Alice Layout

here was atime when split-layout
keyboards were all the rage, with
even Microsoftlaunchingits own

range of ‘Natural’ designs. Designed to keep the
user's wrists in a neutral position, rather than
requiring themto be turned outwards to
accommodate a keyboard with horizontally
laid-out keys, split layouts are less common
today. What's more, those that do exist often
take the concept to the extreme, physically
splitting the keyboard into two sections with
acable between the two.

Keychron's latest mechanical keyboard
doesn't go quite that far, using a single PCB

The keyboardis positioned as a premium product,
complete with holographic-finish box labelling

to create a unibody split keyboard. It adopts a
modified Alice layout - 65 per cent, up fromthe
60 per cent of Yuk Tsi's original design, offering
adedicated cursor-key block and separate
Insert, Delete and Home keys.

Foranyone wonderingif the resulting
compact footprint would make this agood
portable for taking to and from the office, the
answer is aresounding no. Keychronhas
positioned the Q8 at the premium end of the
market, using a CNC-machined aluminium
body, which gives the device anear-2kg
assembled weight — not the sort of device you
want to be cramminginto abackpack morning
and evening.

As adesktop device, though, the weight
provides a stability most keyboards can't
match. While itlacks adjustable feet to change

A near-bulletproof block of
aluminium, the Keychron Q8
definitely doesn’t lack heft

the rake angle (although spare rubber feet
areincludedinthe pack), it's absolutely rock-
solid. Both the board and plate inside are also
mounted on gaskets above and below, vastly
lowering the noise level, even when the clicky
tactile Gateron Blue switch optionis chosen.

The gasket mountisn't the only premium
feature hidinginside the thick aluminium
body. Keychron has also performed what's
commonly called a‘tape mod, installing
sound-absorbing tape underneath the PCB
before the bottom half of the case to further
reduce noise. Just as with aftermarket tape
maods, it's reversible - if you'd prefer alittle
more noise, just unscrew the case and
remove the tape layer. All switches are also
pre-lubricated, with a choice of Gateron G Pro
Blue clicky, Brown tactile or Redlinear.



Arduino seeks input on
multi-tasking plans

The Arduino team has asked for
community inputonaplanto bring
true multi-tasking capabilities to the
microcontroller platform, finally putting
an end to wasteful do-loop coding.

‘The goalis to define a standardised API
that canbe ported across all architectures
andthat, inline with the Arduino
philosophy, willmake complex things
easy foranyone,’ explains Arduino’s
Alessandro Ranellucci.‘Multitaskingis
ahard concept, so here we have plenty
of marginto bring the Arduino approach
tomake this available to everyone.’

See github.com/arduino/language/
discussions/2 for more details.

The switches, meanwhile, are installed
south-facing for clearer visibility of the
programmable RGB lightinginstalled on the
keyboard when using the stock double-shot
PBT keycaps. Hot-swap sockets are used
throughout, providing solder-free compatibility
with Cherry MX-style switches with three
or five pins, but there's no way to convert the
board to north-facing LEDs for those installing
shine-through keycaps.

The biggest feature of the board, though,
is its programmability. The Q8is built around
an Arm microcontroller with the open-source
QMK firmware installed, and Keychron
provides a design file — not, at the time of
writing, yet accepted into the upstream project
- forthe cross-platform VIA utility.

A switch at the rear flicks between the macOS and
Windows/Linux default layers

VIA provides access to the keyboard's five
layers —two for standard and multimedia
keys under macOS, two for the same under
Windows or Linux and afinal layer that
turns the number keys into their Function
key equivalents. Two layer-shiftkeys are
positioned either side of the split spacebar, in

another modification to the original Alice layout.

In VIA, the function of any key onthe
keyboard can be altered, including the ability to
save and execute macros or emulate amouse.
There's also reasonably fine-grained control
over the RGB backlighting, but only through
solid colours, or a shortlist of preconfigured
animations, none of which reactto the user's
typing nor allow host-based triggers to, for
example, light up when an email arrives.

Keychron provides two main variants
of the Q8, both available in three colours -
Carbon Black, Silver Grey and the Navy Blue
asreviewed. The firstis an American-style
ANSI layout, available fully assembled or as
abarebones kit without keycaps or switches;
the secondis a UK-style ISO layout, available in
kit-only form. Those buying either kit should be
advised, however, that Keychron's OSA-profile
keycaps use differing heights — and that not
all third-party keycaps will provide a satisfying
typing experience.

There’s one final configurable optioninthe
mix. The Insert key, located at the top right of
the board, can be swapped for a continuous-
rotationknob input. This is configurablein

Three Gateron switch colours are offered, with hot-
swap sockets if you want to fit your own ones instead

software for any task from zoominginan
image editing application or scrubbing through
video, to simply adjusting the volume.

Regardless of which model you pick up,
Keychronincludes afew bonusitemsinthe
box. There's a sleeved USB Type-C cable with
Type-A adaptor, four spare rubber gaskets,

a switch puller, akeycap puller, a screwdriver
and an Allen key. There are also Windows and
Altkeys, to swap for the macOS Option and
Commandkeys pre-installed.

At $175 US for abarebones set, or $195 US
fully assembled (around £148 and £165 ex
VAT respectively) for the knobless versions, or
anextra $10 US (around £8.50 ex VAT) for the
knob, the Keychron Q8isn't cheap, butthat's
still great value for the build quality on offer — it
will last you alifetime. The Keychron Q8is
available to buy from keychron.com now.


http://keychron.com
http://github.com/arduino/language/discussions/2
http://github.com/arduino/language/discussions/2
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Ubuntu 22.04 for the VisionFive

he free and open-source RISC-V
instruction set architectureis pretty
mainstream these days, atleastin

some sectors. It's proven a smash hit with the
microcontroller crowd, with Espressif going so
faras to declare every chip it designs from
here on out willbe RISC-V. It's also displacing
proprietary Arm cores in storage devices and
graphics cards. Plus, as last month's review of
the StarFive VisionFive showed, it's now even
making an appearance in near desktop-class
single-board computers that costless thana
second mortgage.

It's not quite there yet though. Asinthe early
days of Arm-based single-board computers
(SBCs) - and, it could be argued, even
today - there's the thorny issue of software
compatibility. When a company releases an
SBCinto the market, they all too often create
asingle operating systemimage and consider
the job done - leaving it quickly outdated and
riddled with security issues.

Eventhe VisionFive, arelatively new board,

suffers fromthe problem. As our review noted,

its Fedora-based Linuximageis basedona
version that was already end-of-life when
the boards started shipping, and StarFive had

provided no replacement at the time of writing.

Enter Canonical, which has already been
investigating RISC-V supportinits Ubuntu
Linux distribution. Ubuntu 22.04 launched
with official support for SiFive's HiFive
Unmatched, for example - an expensive but
high-performance desktop-class board,
which has sadly been discontinuedin the face
of component shortages.

Tweaks speed up the desktop, but performance for
graphical workloadsis still weak

Now, though, it has redoubledits efforts.
Ubuntu22.04.1,the latest point release,
brings with it officialimages for the StarFive
VisionFive and, surprisingly, the less capable
but more affordable Sipeed Nezha D1
(reviewedin Issue 221).

Unlike the official StarFive Fedora remix,
theimage from Canonical for the VisionFive
is based on Ubuntu Server, meaning there's
no desktop environment as standard, booting
instead into the text-based console. Adding
Xfceis a quick command away, though, and

Canonical has even provided a tip for boosting
performance sapped by the lack of a GPU
onthe VisionFive - deleting a kernel mode-
setting library and replacing the running
window manager with Openbox.

Theresultis ameasurable boost - the
Speedometer 2.0 browser benchmark
jumped from1.32 runs per minute onthe
stock StarFive Fedoraimage to 2.54rpmon
the tweaked Ubuntuimage. However, using it
is still arather painful experience. Canonical's
work also does nothing for the board's



StarFive formally
unveils VisionFive 2

Even as Canonicallaunchesits first
Ubuntuimages for the VisionFive,
StarFive is working onits successor.
Launchingin2GB, 4GB and 8GB
variants, the VisionFive 2 uses a faster
quad-core SiFive U74 cluster running at
1.5GHz. It features an Imagination BXE-
4-32 GPU and two Gigabit Ethernet
ports, but drops the Wi-Fi and Bluetooth
radios in favour of M.2 M-key expansion.

At the time of writing, the company
was crowdfunding on kickstarter.com,
with options starting at $46 US (around
£39 ex VAT) with delivery in February
2023. An early model with one Gigabit
portand one 10/100Mbps Ethernet
port will ship in November 2022.

hardware shortcomings. The same display
compatibility issues are presentin Ubuntu
as they werein Fedora, and the board still
won't shut down properly without someone
physically pulling the power out.

But moving to Ubuntu from the end-
of-life Fedoraimage brings some major
advantages. Thefirstis, of course, security.

The experience is more polished than StarFive's
stock Fedora spin, but still feels beta-level

Ubuntu takes full advantage of all the features of the
board, though it needs a PPA installing for Bluetooth

Ubuntu22.04 Jammy Jellyfish'is a Long-Term
Support (LTS) release, meaning Canonical will
provide hardware and maintenance updates
through to 2027, and an ‘Extended Security
Maintenance’ period to 2032.

The software, meanwhile, comes from
Canonical's own RISC-V repositories. There's
almost every feature you would expect to find
onamodern Linux system, ready toinstall ata
moment's notice and largely fully compatible,
withjust afew exceptions. The biggest of
these exceptionsisin the web browsing
category —there are no pre-built Firefox or
Chromium packages available in Canonical's
repositories, leaving Epiphany as the sole
graphical browser option, unless you're
willing to build your own one from source.

More important than what it offers now,
though, is what it promises for the future. A
partnership with a single company, SiFive, to
support asingle board could be a passing flight
of fancy. However, tripling the support burden
with another two boards suggests Canonical
is serious about supporting Ubuntu on RISC-V
—-makingitmore likely that we'll have a future
where chips based on the architecture are
powering not only embedded and hobbyist-

level devices, but also desktop and server-
class machines.

It's not going to happen overnight, sadly.
While those looking to install Ubuntu on an
x86 or AMD64 system can download a single
ISOimage, installing it on one of the three
currently supported RISC-V SBCs means
downloading a hand-craftedimage specificto
the board. While there's talk afoot regarding
marrying RISC-V with the UEFI standard,
which would make it easier to build a single
operating systemimage compatible with a
range of devices from different vendors, it's a
workin progress with no firm dates attached
for wide deployment.

Butit's a start, and one that provides enough
hope to even overlook some of the rougher
edges. Theseinclude thereliance onan
optional Personal Package Archive (PPA) to
install the drivers required by the Bluetooth
radio, owing to Canonical failing to getits
hands on the source code for properinclusion
inthe repositories, or the handful of non-
critical errors seen on boot.

Those with a VisionFive or Nezha D1
board can try the Ubuntu Server 22.04.1
images now, by following the download
links and instructions from custompc.co.uk/
VisionFiveUbuntu erc

Gareth Halfacree is a keen computer hobbyist, journalist, and author. His work can be found at freelance.halfacree.co.uk @ghalfacree
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and everything to do with PC modding

Small Socket AMS5 boards

ne of the companies | saw
atthe Gamescom show
lastmonth was Asus,

which had ahuge array of Socket AM5
motherboards on show. This was the
firsttimel'd seenany AM5 boardsin
the flesh, soit was a good opportunity
to familiarise myself with some of the
models that would be landing on the
testbench soon.

Firstly, | was surprised to see that
all of the examples on show, from
high-end ROG and Strix models all the
way down to TUF and ProArt, were
based on AMD'’s X670E chipset.lcan
understand flagship models donning
AMD's premium chipset, but'm slightly
concernedthateven TUF boards are

usingit, when there will presumably be
cheaper versions based onthe X670
and B-series chipsetsin October.

Normally, I wouldn't care too much,
but | worry that the majority of its
motherboards will be out of reach for
many people. Anyway, that's not why
I'mhere. Whatreally interested me
were two ROG Strix motherboards -
the ROG Crosshair X670E Gene and
ROG Strix X670E-I Gaming.

The formeris the first Gene-branded
micro-ATX motherboard foran AMD
chipset, andit clearly shows that Asus is
fully on board with AMD's new platform
interms of appealing to enthusiasts.
The new Gene has asingle 16x PCI-E
5slot, butitalso has asmaller 1x PCI-E

Alarge DIMM.2
module onthe
Gene has massive
heatsinks to cool
the pair of PCI-E
5M.2ports

Thereisn’tasingle
audio socket onthe
mini-ITXboard's1/0
panel, with audio
instead coming from
anexternal DAC

5slot, givingitan advantage over a
mini-ITX board. In addition, the Gene
also has three M.2 ports, two of which
support PCI-E 5 devices.

Another funky feature onthe Geneis
alarge DIMM.2 module update, which
has massive heatsinks to cool the pair
of PCI-E5M.2 ports. Perhaps Asus has
some advance knowledge here, and
knows that these new SSDs are going
torunrather hot. It certainly seems
that way.

Meanwhile, the mini-ITXROG Strix
X670E-1 Gaming has the dual USB
Type-Cdaughterboard we've seen
before, which offers SATA ports and
other gubbins, freeing up PCB space.



The massive stacked heatsinks
onthe south end of the board seem
tohave changed abitas well, again
with huge heatsinks to deal with one
PCI-E5M.2 port, and a second PCI-E
4 M.2 portinthe mix too. The really big
change, though, comes from the audio.

Asus has introduced its first Gene-branded
micro-ATX board for AMD CPUs inthe
form of the ROG Crosshair X670E Gene

Asus has ditched on-board
audio entirely andis instead including
an external USB DAC. There are no
audio ports ontherearl/0 panel atall.

To be fair, Asus does generally make
decent audio products whenit comes
to PChardware, soI'm confidentinit
pulling this off, but opinionis definitely
dividedin the comments section on my
YouTube channel.

The ROG Strix
X670E-1Gaming's
dual USB Type-C
daughterboard
offers SATA

ports and other
gubbins, freeing
up PCB space

[tdoes seem that mini-ITX has
gained a following of enthusiasts who
prefer a clean, tidy build, and that's not
goingto be easy if you have to have an
external USB device. However, you'll
always have atleast some cables
coming out the back of your PC, so
addingone moreisn'tgoingtobea
bigissue, and you can probably just
have the device satunder your desk or
behind a speaker anyway.

The benefit of doing this wasn't clear
atthe show, though, and Asus wasn't
forthcoming withinformation.| can
only guess that there was increased
need for spacein ordertoinclude the
option foraPCI-E 5SSD inthat heatsink
stack. Hopefully, we won't have to wait
long for more details on both these and
evenmore Socket AM5 motherboards,
and we'llhopefully have reviews for
them soon - watch this space.

Hands onwith Alphacool's Rise Flat reservoir

ompactreservoirs are all the

rage atthe moment, and EK

has notonly produceda
120mm version of its FLT reservoir, but
atiny 80mm version too. This timeit's
Alphacool's turnto getin on the action,
though, withits Rise Flat reservoir.
Availableinboth DDC and D5 pump
mount variations, the reservoir features
Alphacool's zero-height port plugs to
save spacein smallbuilds.

Plus, while EK's similar models have

The Rise Flat has ports onits flat-edged
corners, a top-mounted fill port instead of
aside-mounted one, and even arear port

annoyingly placed ports, the Rise Flat

reservoiris more flexible. It has ports on

its flat-edged corners, atop-mounted
fill portinstead of a side-mounted one,
anditevenhas arear port. If you've
seenmy orange Raijintek Ophion Evo
water-cooled PC mod, you'll probably
know Ihad to modify the EK FLT
reservoir lusedinthere,asIneededa
portontherear side of the reservoir, so
hadto add one myself.

It's good to see afew more options
here that will enable the reservoir to
suit more situations than previous
designs. Ithas RGB lighting as well,
but sadly there's no PWM control for
the pump. Alphacool’s thinking hereis
probably thatits power DDC310 pump
has less gruntthan ausual DDC pump,
andis therefore quieter, butit would be
much better to have full PWM control
if you want to tune down your pump to
very low RPMs.

Mounting cantake place in 120mm
fanmounts using theincluded

There's sadly no
PWM control for
the DDC310 pump
ontheRiseFlat

brackets, which canbe mounted onthe
left orright side of the reservoir. Also, as
the sides are flat, you can use mounting
tapethere.

Price-wise, the Rise Flat reservoir
costs around £20 less than the EK
FLT 120 DDC, but the latteris thinner
andincludes PWM control. The Rise
Flatreservoiris still worth considering,
though, especially if the port placement
on EK'sreservoiris a dealbreaker. cre

Antony Leather is Custom PC's modding editor

@antonyleather
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Fitatantoa
PSU cover

Antony Leather shows you how
to use your case’s PSU shroud as
an extrafan mount

here's a good reason why high-airflow cases point their front

fans atyour graphics card, as any extra airflow in its direction

canimprove cooling. It's little wonder, then, that some cases
have added fan mounts to the PSU coverin order to point airflow directly
atyour graphics card's cooling fans, as any extra help here can often yield
noticeable GPU cooling and clock speedimprovements.

If your case has a PSU cover, and you're up for some case modding,
then adding a PSU cover fan to blow at your GPU can shave several
degrees off its load temperature. In this guide, we'll show you how to
create your own PSU cover fan mount using basic tools, and take you
through where to positionit for the best effect.

Glue stick
Mosthardware stores

Metal file Fantemplate
Mosthardware stores supportarcticde
120mmfan Hole saw

overclockers.co.uk Wickes.co.uk

/ CHECK FOR EXISTING FAN MOUNT
Youmight nothave noticedit, but some cases include fan mounts in their
PSU covers already, so it's worth checking to seeif thereis one. If there’s
nota complete fan mount then there might at least be some vents that
will reduce the amount of modification you need to perform.

/ IDENTIFY FAN VENT LOCATION
There are two key considerations with the location of the fan mount. It
needs to sit so that the fan can exhaust straightinto your graphics card's
cooler,anditalso needs to have a clear space underneathit, in front of
your PSU. You'll want your graphics cardinstalledin your case in order to
work out the best location.

/ DOWNLOAD TEMPLATE
To accurately drilland cut the required holes, it's a good idea to use
atemplate. These can be downloaded from ARCTIC's website at
support.arctic.de, although you'll need to resize the print so that it
matches the hole distances on your actual fan.



http://overclockers.co.uk
http://Wickes.co.uk
http://support.arctic.de
http://support.arctic.de

/ MARK UP AREA
Remove any components from your case, if you haven't already, then cut
out the template and stick itin the centre of the location in which you need
the fanto sit, using Pritt Stick or a similar glue stick. We marked a cross for
the centre on the PSU cover where we wanted the fan vent to sit.

/ DRILL FAN MOUNTING HOLES
Cutting the fan vent hole will probably tear up the template, so start
by drilling the mounting holes first. You need to use a drill bit Tmm
smaller than the thread of your fan mounting screws, so the screws
bite into the PSU cover and secure the fanin place.

/ CUT THEHOLE
Some drills are too big to sitinside a case. If the roof of your case can't
be removed as standard, or by drilling out a few rivets, you can also
use aDremel and reinforced cutting disc to cut the fan hole. Measure
theinternal diameter of the fanring and use a hole saw the same size
as the diameter in order to cut the vent hole.

/ FILE THE EDGES
With the hole cut, use a metal file to sand the edges, as they will be
roughin places. You can also use 100-200-grit sandpaper, but only
use it on theinside of the hole, as it can easily mark exposed areas of
the PSU cover.

/ INSTALL THE FAN
We've used Thermaltake's reversible SWAFAN 120, as it still lLooks
good when exhausting, but any fan will do. Fit your fan using
the mounting screws in the lower part of the fan, using a small
screwdriver to pass through the upper hole to reach it. The screw
will bite into the PSU cover and secure the fan.

/ COMPARE TEMPERATURES
Install and run GPU-Z (techpowerup.com) and MSI Afterburner
(guru3d.com), setting GPU-Z to show the highest GPU core frequency
and temperature. Use a 3D graphics benchmark such as Unigine Valley
(benchmark.unigine.com) to record the peak values after ten minutes,
both with and without the fan on the PSU cover. We saw a4°Cdropin
GPU temperature and a 15MHz increase in peak boost frequency after
our fan was added.



http://techpowerup.com
http://guru3d.com
http://benchmark.unigine.com

MODDING /HOW TO GUIDES

INnstalland use
afill port

Antony Leather shows you how to

make refilling your water-cooling loop / CHECK FOR EXISTING FILL PORT HOLE
i Some cases, especially high-end models from the likes of Phanteks and
easlieran d I.e SS h aZ4a rd ou S, th an |<S tO Fractal Design, already include the hole necessary to fit afill port, usually
. X inthe top fan mount panel. It's worth checking your case’s manual or
th emda g IC Of d ﬂ |.|. DO I’t product page first to seeif ithas one.

hileit's usually easy enoughtofillup areservoir these days,

doing thisin close proximity to your hardware, or with your PC

powered on, can be hazardous, as well as inconvenient. Even
after you've filled the reservoir and primed your loop, air bubbles can take
hours or even days to work their way to the reservoir where they're
trapped, eventually seeingits coolant level drop.

Afar easier way to fill or top up your reservoiris to use afill port. Any
spills will then happen away from your components, and you won't even
needto open your case’s side panel. Installing oneis a simple job, plus
the portitself will only cost you a few quid. In this guide, we'll show you
how toinstall and use one.

/ IDENTIFY FILL PORT LOCATION
If you need to make your ownfill port hole, it should be positioned above
your reservoir, ideally in the roof of your case. You could add it next to the
front panel ports, or even underneath amesh panel, but you'llneed to
check there's clearance forit.

Fill port Masking tape
overclockers.co.uk Mosthardware stores
/ MASK UP FILL PORT AREA
You'llbe using a drill to cut the hole, and drill bits can easily slip and scratch
your case's paint. For this reasonit's essential to cover the areain masking
Stepdrill Rounded metal file tape, which will prevent damage to your case f this happens.
Most hardware stores Mosthardware stores


http://overclockers.co.uk

/ MARK FILL PORT LOCATION
Thefill port will have a specific size of shaft, and youneed touse a
step drill of this size, or a millimetre wider, but no more or yourisk the
port cover not hiding the hole. Mark the centre position of the hole
where you needit.

/ FILE THE EDGES
Once the hole for your fill port has been created with the step drill, use
arounded metal file to smooth down the hole, as it will very probably
be sharp and have a serrated edge.

/ USE STEP DRILL
A step drill can gradually open a hole withits graduated cutting sections,
starting with a small one as an anchor point. A step drill will also enable
youto cutinto mesh areas, asin our example. A hole saw shouldn'tbe
used here, as it will tend to tear up the slim mesh sections.

/ TEST-FIT FILL PORT
Next, place thefill port into the hole. It should slot freely into place.
Don't forceit or screw itinto the hole, as the metal case can damage
the plastic threads on thefill port. If this happens, file away more of
the edge or open the hole another millimetre.

/ DRILL THEHOLE
Remove all the hardware from your case, if you haven't done so
already. Then, when you're ready to start drilling, use the weight of the
drillto cutinto the case using your step drill. Do this at a slow speed.

/ CONNECT FITTINGS AND TUBING
Thefill port secures using anut from underneath, leaving just a couple of
millimetres on top. Both ends have a G/14in threaded hole, with a port plug
goinginthe top and your tube fitting in the base. This needs to connecttoa
porton the main reservoir chamber, ideally its main fill port. EPE
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Retro tech

3DFEXVOODOO2

PCBs packed with chips, the first taste of SLI and 'high-res’
800 x 600 gaming. Ben Hardwidge takes alook at 3dfx’'s
final dedicated 3D gaming card

usthow do you follow up a card as beloved,
n groundbreaking andjust plain damn awesome as

3dfx's original Voodoo Graphics chipset? There
was, after all, no way to repeat that gargantuan leap from the
grainy, low-resolution horror of CPU-bound 3D rendering to
the smoothness of hardware-accelerated rendering all over
again, but 3dfx knew it had to maintain its momentum, and
the Voodoo2 promised an awful lot.

Not only did the Voodoo2 give you the ability to upgrade
your 3D gaming resolution from 640 x 480 to 800 x 600, but
if you paired two of them together with aribbon cablein the
new SLImode, you could even play games at 1,024 x 768 (cue
sarcasticjaw drop).

While it's difficult to think of this as high resolutioninan
age where people are sincerely discussing gaming at 7,680
x 4,320, backin 1998 most people were using 14-15in CRT
screens, some of which couldn’t even go above 800 x 600
innon-interlaced mode. Theidea that you could actually run
3D-accelerated games at 1,024 x 768 (786,432 pixels), when
the first Voodoo cards could only runat 640 x 480 (307,200
pixels), seemed astonishing.

VOODOO MAGIC

We'll come to SLIinaminute, though, as the Voodoo2 was
already taking advantage of parallel processing onits own,
without the need for a second card.

Part of the reason why I loved the Voodoo2 so much atthe
timeisn'tjustbecause it was immensely powerful, but also
because the cards themselves really looked like they were
packedto the rafters with silicon. Like early sound cards, the
PCBs were coveredin chips.

There was either 8MB or 12MB of EDO memory, made
up of 256KB chips, often on either side of the circuitboard,
and there were also three big chips with fancy 3dfx logos on
them, whichis where the magic happened. Why three? Well,
the Voodoo2 took the idea of the original two-chip Voodoo
Graphics chipset and parallelised some of the work.

Let's step back andlook at that first Voodoo Graphics
chipset, called SST1and built by TSMC ona 500nm process.
It had two main chips - a frame buffer interface (FBI) and
atexture mapping unit (TMU), each of which were usually
allocated 2MB of memory, giving you 4MBin total, although
some cards gave you more memory.




The job of the FBI was to take the polygon data from your
CPU, and do the basic pre-texturing work - Z-buffering,
Gouraud shading, tracking the polygons andfilling the visible
ones with basic shading.

Each frame would then be splitinto scanlines and sent
to the TMU (or T-Rex as 3dfx called it), which would apply
perspective-correct textures, including mipmapping (using
smaller, less-detailed textures as an object becomes more
distant) and bilinear or trilinear filtering (smoothing out blocky
textures when displayed at their largest size close to the
viewpoint). For more background, it's worth reading Stuart
Andrews' full piece onit, which is available in our Retrograde
free PDF book download (custompc.co.uk/retro).

THREE CHEERS FOR THREE CHIPS

The Voodoo2 then took this same approach and ran with

it. For starters, it accelerated a bit more of the 3D graphics
pipelinein hardware, taking the triangle setup process away
from the CPU. Secondly, the architecture officially had the
ability to scale with more texture units being added. The
original Voodoo Graphics standard also had this ability to
scale with extra TMUS (it's detailed in the whitepapers from
the time), but it was never used in the gaming cards available
inthe shops.

Trilinear filtering could now

be performedin one pass
rather thantwo

Like SST1, the new SST2 chipset (fabricated ona350nm
process by TSMC) also contained an FBI chip codenamed
Chuck (denoted by 'CK’ onthe chip) and a texture unit
codenamed Bruce (denoted by ‘BE’ onthe chip). A standard
Voodoo2 card would sport one Chuck chip, which did
allthe communication with the CPU, performed the
aforementioned triangle setup, and also applied Gouraud
shading, alpha blending, fogging, depth-buffering and
dithering. Chuck also hadits own 2-4MB allocated chunk of
90MHz EDO memory, addressed through a 64-bitinterface,
and handled display controller duties as well.

A close-up of one of
the texture mapping
units found on
Voodoo2 cards - the
‘BE’ shows thatit'sa
‘Bruce’ chip. Photo
credit: Stonda,
licensed under CC
BYSA3.0

Theframe
bufferinterface,
codenamed Chuck,
was joined by two
texture mapping
units, codenamed
Bruce, with each
chip gettingiits
own allocation

of memory

Two Bruce chips would then be hooked up to Chuck, and as
with the T-Rex chip on the original Voodoo Graphics chipset,
these would map the textures to the correct perspective,
and process level-of-detail (LOD) mipmapping, as well as
applying bilinear or trilinear filtering.

By having two of these chips on one card, you could
effectively perform double the texturing work in a single pass,
as long as the game supported more than one texture layer.
Both Unreal and Quake Il supported dual texturing per pixelin
asingle pipeline pass, for example, resulting in gains from the
Voodoo2 compared with the original Voodoo Graphics cards.

If the game didn't support dual texturing then you'd still
getadecentuplift from the clock speedincrease, going
from 50MHz on the first Voodoo to 90MHz on the Voodoo?2,
but the difference wasn't so pronounced. Having that extra
chip on hand also effectively gave you the ability to enable
other features that would otherwise take too much of a
performance hit due to the number of passes required.

A prime example s trilinear filtering, which could now be
performedin one pass rather than two. There was also then
more headroom for simulated bump mapping, reflection
maps, shadow maps, more detailed textures and lighting
maps. Some games really took advantage of this, such as
the 1998 game Battlezone, for which you could download
a Voodoo2 patch that gave you some graphical enhanced
effects, including more detailed explosions.

As with Chuck, each Bruce chip had a 64-bit memory
interface andits own allocation of EDO memory. The
minimum spec was 2MB per Bruce chip, which would give
you an 8MB card with a 4MB frame buffer. There were also
cards with more memory — 12MB cards, where each chip had
4MB allocated toit, were a very common option.
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A pair of STB
Voodoo2 cards
connected by an
SLlIribbon cable.
Photo credit:
Swaaye atthe
English-language
Wikipedia, licensed
under CCBYSA3.0

ONTHESLI

If that extra performance boost wasn't enough for you, then
you could even go one step further, and use the little grey
ribbon cable that camein every Voodoo2 card's box. This
cable enabled you to chain two Voodoo2 cards together using
the pinheaders at the tops of the cards.

The two cards could then share synchronisation
information with each other over the cable, giving you the
headroom needed to run games at 1,024 x 768, and enabling
even more work to be done in one pass, as you now had four
Bruce chips working together.

Although SLlis the sameinitialism used by Nvidia, which
bought out 3dfx andits assets in December2000, for its (now
largely defunct) multi-GPU gaming technology, the original
3dfximplementation worked quite differently. For Nvidia,
it stood for‘scalable link interface’, where cards worked
together either on alternate frames orin a split screen mode.

For 3dfx, it stood for‘scan line interleave’, and it took
advantage of the part of 3dfX's pipeline in between the Chuck
and Bruce chips. Chuck would do the job of splitting each
frameinto scan lines (horizontal chunks of pixels from the left
edge of the scene to the right), and then the Voodoo2's pair
of Bruce chips would get to work on the texturing work. With
two cards, however, they could work in tandem — with one
card texturing the even-numbered scan lines, and one card
texturing the odd-numbered ones.

Again, the benefit here wasn'tjust the performance boost,
but the ability to process even more work in a single pass.
Forexample, a single Voodoo2 could do trilinear filtering with
mipmappingin a single pass, but would require two passes
if you then added detail textures to the mix. Adding a second
card meantthis could all be done in one pass.

SLIwas a good braggingrights technology, butit was
only used by a select niche of gamers, and not only because
buying two cards was expensive. SLI was notoriously fussy
when it came to cards working together, and the only safe
way to ensure compatibility was to buy two identical cards
from the same manufacturer atthe same time.

This cutdown your options for upgrading. If you bought
asingle Voodoo?2 card at first, upgrading to SLI later would
require you to look for anidentical card. There were some
exceptions, where cards from different manufacturers would
cooperate with each other, but there was risk involved.

The all-in-one Banshee was
significantly slowerin games
that supported dual-texturing

Plus, as we mentioned earlier, not every game supported
multi-texturing in this way, which meant your two expensive
cards were sometimes no faster than a single one. What's
more, having two cards put a lot of extra work on the CPU,
which stillhandled a fairamount of the 3D graphics pipeline at
this time, including transform and lighting.

Previously, you only needed a 1st-gen Pentium CPU to
geta3dfx Voodoo Graphics card working well at 640 x 480
inmost games, and officially, the Voodoo2 had the same
requirements. However, SLI upped the pressure on the CPU.
In 3dfx's owntests, a 200MHz Pentium would run Quake Il at
36fpsin SLImode, but this went all the way up to 67fps if you
had a300MHz Pentium Il - you really needed to remove the
CPU bottleneck if you wanted to run two Voodoo?2 cards.




And there were more problems still, evenif you bought
twoidentical cards. For example, Creative's website detailed
aproblem using two Creative cards with a75Hz monitor
refresh rate using the bundled cable. Its advice was to either
use asingle cable or run your monitor at 60Hz instead.

The Voodoo2 was also still only a 3D accelerator, meaning
you also needed a dedicated 2D graphics card, which you'd
connectto the Voodoo2 with a VGA loop-back cable round
the back. You still only needed one loop-back cable for SLI,
but once you had two Voodoo?2 cards, you were then using
three of your PCl slots for graphics alone.

That's a problem when most motherboards had few
integrated components, and people oftenhad atleasta
PClmodem and sound card as well. Not only did an SLI
system mean potentially running out of PCl slots, but every
expansion card also needed its own system resources, and
resolving IRQ conflicts with SLI systems was aright pain.

WAILING BANSHEE

3dfx did have an answer to the multiple card problem, with
a Voodoo2-based card that could handle both 2D and 3D
duties, much like the previous Voodoo Rush cards had done
with the first Voodoo Graphics, but with just one main chip.
Called the Banshee (denoted by ‘BAN' onthe chip), it was
available with the new Accelerated Graphics Port (AGP)
interface, which had started appearing on motherboards.

The Banshee effectively combined the resources of a

Chuck chip and a single Bruce chip in one piece of silicon. It
also upped the chip clock speed slightly to 100MHz, and used
100MHz SDRAM, rather than the 90MHz EDO memory on
the standard Voodoo?2 cards.

The lack of a second texture unitmeant the Banshee was
significantly slower thanthe Voodoo2 in games
that supported dual texturing, butits small clock
speed advantage meant the Banshee was very
slightly quicker in other games.

However, concentrating all that processing power (4 million
350nmtransistors) into a single 137mm? chip made the
Banshee atoasty customer. It came with a heatsink onthe
chip as standard (some Voodoo?2 cards also had heatsinks on
their chips), but that small heatsink stillbecame seriously hot
to the touch - it was well worth jerry-rigging a small fan to it if
you wantedto keepitin check.

With largely disappointing performance, as well as thermal
issues, the Banshee struggled to compete with other all-in-
one cards, such as Nvidia's Riva TNT, as well as ATi's Xpert
cards, butit did lay the foundation for the single-chip Voodoo3
thatappeared laterin 1999.

THELAST DEDICATED 3D CARD

The Voodoo2 was a success for 3dfx, with the ability to run
games at800 x 600, andits improved performance, making
it highly popular with gamers. At this time, going down the
3dfx route was the only way to ensure compatibility with

the company's GLide API, which was required by some
games, and also sometimes looked better than Direct3D
and OpenGL at the time - you could only get reflective floor
surfacesin Unreal using GLide, for example.

But the Voodoo2 was the last of its era — the competition
was busy making2D/3D combo cards, such as Nvidia's Riva
TNT, and 3dfx later fully joined the club withits Voodoo3. The
age of the dedicated 3D gaming accelerator was over, but
the Voodoo2 laid alarge part of the foundation for parallelising
the 3D graphics pipeline with multiple processors.

Its last gasp came when 3dfx pulled all of its card
manufacturingin house, and rebranded it as the V2-1000,
abudget 3D card for people who couldn't afford the Voodoo3,
and later Voodoo4 and 5 cards. The final Voodoo2 whitepaper
from 1999 even details a version that used SDRAM or
SGRAM, rather than EDO memory, and could feature up to
three Bruce chips on asingle card - a setup that never saw the
light of day.epe

The Banshee didn't
look anywhere near
as exciting as the
Voodoo2, andit only
had one texture
mapping unit. Photo
credit: Slaventus,
vgamuseum.ru,
licensed under CC
BYSA3.0
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Operation Don't

- lectrocute Yourself

For his 50th birthday, Steve Higgins decided
to splash out on atop-end new system
packed with RGB lighting, and have his first
stab at making a custom water-cooling loop
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GPE: Let's start at the beginning.
What inspired you tobuild this PC?
Steve: I've been building PCs for

3o years formyself,
family, friendsand
soon,butI'dnever
actually gotround to

I'dlooked at some of
the creations featured
in CustomPCand
thought ‘TwishIcould
dothat’.I'd messed
around with a series
of AIO coolersinthe
preceding years, but
with my soth birthday
approaching,Idecided
Iwas going totake
the plunge.

I'm self-employed
anddoalotofmy
work viaonline
conferencing-the
aestheticsangle
mightbe considered
secondary to
performance, but
myPCisinthe
background when
I'm conferencing. My
previous builds have
beena good talking
point when speaking

building a custom loop.

with potential
customers,sol
alsowanted toup
the ante alittle.

GPG: Why did you

choosetheLian

Li PC-O11D Asus

ROG case?

Steve: Ilove the

look of the 011D

—it'saniceroomy

case for building, it shows

off your components nicely,

and the second chamber for the PSU

and drives makes tidying the cables

aloteasier. Whenyou're dealing

with alot of RGB components,

youreally need extraroom for the

additional cabling and control hubs.
Thad the regular-sized PC-O11in

white and silver previously, butI

upgraded toablack PC-O11 XLjust

forachange.IfoundthatIlovedthe

look of white components against a

black case,as the components seem

to glow against the dark backdrop.

GPEG: Tell us about those light-up
RGBtriangles.

Steve: They're Corsair LC100
lighting panels. They’'re magnetic,
soit’srelatively easy tojust putthem
where youwant inside a typical

PCchassis.The PCsits nexttosome
Nanoleaf panels on my office wall,
sothere’s some attractive symmetry
between them, althoughThaven't
synchronised them with each other
yet. They're controlled by iCUE,
along with all of the other RGB
elements, so synchronising them
isvery simple.

GPG: That's alot of lighting! Take us
through all the parts thatlight up.
Steve: My theme was essentially
‘RGBall the things’,which Iknow
enrages some people (certainly my
World of Warcraft guild mates!) but
Iloveit. A guiding principle was



that everylight had to controlled
using a single piece of software.
I've previously used a wide range
of RGBlighting, but it can be very
hitand miss whenit comesto
how well the different parts work
with each other,and the software
is often awful, particularly from
motherboard manufacturers.
Iwanted a wide range of RGB
products that would play nicely
together,and for it to be relatively
straightforward to change the
lighting quickly. Corsair’siCUE is
probably the best softwareI've used
forthis (though the baris quite low!).
The casefansatthetopand
bottom of the case have the
brightest RGB elements. They're

GPG: That's areally tidy build.
How did you plan the tubing

and cable routing?

Steve: I'd put together most of the
hardware around three months ago
using an AIO cooler,soI'd had time
togetall the cables tidied away to
areasonable degree in the second
chamber of the case.

Iusually stick fan hubs,RGB hubs
and soontothebackside of the
motherboard tray and roof of the
second chamber, to avoid cables
piling up at the bottom of the case,
and thenroute cabling up to them,
making heavy use of cable ties
tospread out surplus cabling.It’s
amazing how quickly arat’s nest
formsin your case if you don'tkeep

The PC sits next to some Nanoleaf
panels onmy office wall, so there's some
attractive symmetry between them

Corsair QL120 fans—they're okay
interms of performance and they
look great. The CPU block, pump/
reservoir unit and the RAM are also
Corsair and controlled through iCUE.
The GPU block is made by Barrow
and was a little difficult to find,
asmy card (a Gigabyte RTX 3080
Vision OC) uses non-standard power
connectors, so many manufacturers
didn'trelease ablock forit.Itusesa
3-pin 5V connector for RGB duties,
butIuse anadaptortoplugit

intoa Corsair Hub and control it
through iCUE.

The Asus motherboard hasan
RGB panel over the IO shield, but
thankfully it plays well with iCUE
without requiring any additional
cables or adaptors.WhenI'mvideo
conferencing for work (with the
PCinthebackground),Itendto
keepthelarger RGB elements,
such asthefans andthelighting
panels, white and leave the RAM,
waterblocks and pump/reservoir to
slowly cycle through colours. If Iput
itin full rainbow-unicorn mode, it
continually messes with the white
balance on my cameral

ontop of it. It helps that the second
chamber of the case isn’t visible—it’s
possibleto get the interior looking
ina‘good enough’state without
having tobe obsessive about it.

For the water-coolingloop,I
spent some time placing the water-
cooling components in various
positions within the case tosee
what would give me the simplest
tubing runs while still looking
balanced-Ididn't wantto cram

i CPUlntel Corei9-12900K

GPU Gigabyte Nvidia GeForce
RTX 3080 Vision OC

i Storage 4 x 2TBNVMe SSDs

Memory 32GB Corsair
¢ Vengeance RGB Pro 3200MHz

. Motherboard Asus ROG Strix
Z690-A

: PSU Cooler Master V850 v2
Gold 850W

Cooling Corsair Hydro XiCUE
¢ XH303iwater-coolingkit
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allthe gearinto one corner of the
case in order tokeep tubinglengths
shorter,and then have bigempty
spaces around the rest of the case.
Ilearned that understanding
which ports areinlets and outlets
onthe waterblocks and pump/
reservoir unitis paramount here—
Ialmost gotit wrong with the GPU
block thanks toa dodgy translation
intheinstructions

GPG: What tubing did you use,
and how did you cut and bend
ittoshape?

Steve: The Corsair Hydro XiCUE
XHj3o03ikitIbought was supplied
with14/10in PETG hardline tubing.
Idid use thelittle hacksaw that
came with the kit, but soon binned
itin favour of a Dremel, which was
much faster and gave me a cleaner,
more accurate cut. A cheap hot air
gundid the business with bending
the tubes, along with a silicon insert
tokeep the shape of the tubing as it
was bent.Idid have abending tool
available to create specificangles
butended up notusingit.

GPEG: Take us through the
water-cooling loop?
Steve: I've always been put off
custom loops because of my lack
of understanding of (and fear of
mismatching) fittings and tubing.
Iwent with a Corsair completeKkit,
because it meant those decisions
were already made forme,and
Icould be sure all the kit would
match properly (plusIwas already
using iCUE).

Now thatI'vehad abit of
experience,though,I'malot
more comfortable buying other
manufacturers’kit. Within a couple
of days of setting up the CPUloop, I
decided to add my graphics card to
the loop, sourced a waterblock for
itand merrily dismantled my card.
Several days afterthatIadded a
second radiator.Iwas well and truly
bitten by the water-cooling bug -
I'malready planning what parts
I'm going to use for my wife and
son’s PCs.
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GPE: How did you find working
withhard tubing?
Steve: Thisisthe partthat made me
mostnervous—Idinitially planned
touse soft tubing due to the relative
ease of cutting and manipulating it
into place, but afterlooking at other
people’s systems,Idecided that
hardline tubinglooked better, plus
if other people candoit,socanl!
I'watched hours of video, asked for
advice on online forums, bought all
the tools and so on. My wife actually
did the first couple of tubes because
she’sfarbetter at that sort of thing
than me, before I gave it a whirl. It
wasn't nearly ashard asI'd feared it
mightbe though. Patienceis thekey
—letitheat up slowly and evenly,and
you can manipulate it quite easily.

GPEG: What specdid you choose
and why?

Steve: It'sa Coreig-12900K with
32GB of RAM and an Nvidia GeForce
RTX 3080 graphics card.I'vebeen a
PC gamer since I built my first PCin

1992, butIalsouse my PCforawide
range of activities, such as making
videos, editing photos, conferencing
and soon,so a good, versatile specis
important tome.

Over the yearsI've always gone
forthe best price/performance CPU
but with my soth approaching,I
feltlike splurging a little. That said, I
didn’t want to pay outrageous prices
for DDR5 RAM, soIwent with DDR4
motherboard and reused the RAM
from my previous system.

GPG: What PSU cables are those?
Steve: They're Antecsleeved cable
extensions.I'm using a white Cooler
Master 850W PSU, and I find the
sleeved cableslook a little more
respectable than the stock cables.
Idid previously use Lian Li Strimer
RGB cables, whichlooked great but
just wouldn't fit around the water-
cooling tubing.

GPG: What temperatures do you
getwith those sixfans and the
customloop?

Steve: I've beenreally impressed
with both the temperature drops
and the quietness of the system.
The Coreig-12900K is a hot boy,
andIhadn’t expected much of an
improvement from the AIO cooler
I'd been using, but my system went
from most coresidling in the mid-
30°Cstothe mid-to-high-20°Cs,
with significantly less noise from
thefans.



Oncel'd added the GPU to the loop,
the CPU temperaturesincreased
alittle but the GPU temperature
dropped by around 15°C. The fans
often drop tozerorpmandthe PC
isalmost silent, which is a pleasant
change from whatI'mused to.

GPEG: Did you come across any
difficulties?

Steve: Gettingtheairoutofthe
loop.Inow have arms like Popeye
afterrotating the case tomove the
airbubbles.

GPG: Do youhave any tips for
readers thinking about
creating their first custom
water-cooling loop?

Steve: Don’tleaveitaslongas
metogiveitatry. There’salot
of information available online,
and plenty of knowledgeable
and helpful people to support
you, plus the end result is
incredibly satisfying.

Also,onamore practical note,I'd
advise anyone building a custom
looptoinclude ameans of draining
the system-Ididn'tand ended
up getting a mouthful of coolant
after trying tosiphonit out when
Iadded the GPU block. To be fair, it
tastes better than you'd think, but it
probably isn’t good for you!

GPEG: Are you completely happy
with the end result?

Steve: Iset out tofamiliarise myself
with the process and the parts,so
fromthat perspective,I'm happy
with the end result.If Iknew two
weeks ago what Iknow now,I'd have
included the GPU block and second
radiator from the start,butIdidn’t
think I'd find the whole experience
so enjoyable. Now I've done it once,
though,I'mkeen to try out other
components, other types of coolant
andtosee how creativeIcan get
with the tubing.Isuspect this build
will never truly be finished!

N

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

ON THE RISE

With a decent amount of stock, and great performance,
James Gorboldisimpressed by AMD's latest CPU launch

his issue marks the start of Q4, a time when tech
. companies positively fall over themselves tolaunch

new products in time for the peak shopping season
to come. The first company off the blocks this year is AMD,
with its Ryzen 7000-series processors, but there are plenty
more new products to follow.

By the time you read this, Intel will have announced its
13th-gen Core processors and Nvidia will have announced
its next-gen GeForce graphics cards. AMD’s next-gen Radeon
graphics cards aren't all that far off either.

With such extensive editorial coverage in this issue, there’s
little value in recounting the specs and capabilities of AMD’s
new Zen 4 microarchitecture in my column.

However, in case you've not read everything

stock to meet demand, and if prices will remain stable. After
all, AMD’s Ryzen 5000-series CPUs, Intel's 12th-gen Core chips,
Nvidia’s GeForce RTX 30-series GPUs and AMD’s Radeon RX
6000-series GPUs were plagued with purchasing problems.
Unexpected high demand, limited and erratic supply, soaring
costs and disrupted supply chains all contributed to many PC
enthusiasts and gamers being unable to buy the products
they wanted at the price originally intended.

WhileIdon't have a crystal ball, Ithinkit’s a fair assumption
that theselaunches won't see the unprecedented demand from
which the first three of those launches suffered. Firstly because,
outside of mainland China, most of the world’s population is

no longer in lockdown.
Secondly, at atime of impending recession,

yet, let me give my own personal summary. Scanhasmana g edtosecure demand has already started to soften. Global

AMD has done a fantasticjob of increasing
both single and multi-threaded performance
with these new processors. In our own
testing in the 3XS Lab, we measured up to
a 30 per cent increase in the former and 50 per cent in the
latter, when compared with the equivalent Zen 3 CPUs.

These sorts of speeds would be remarkable alone with an
architectural shift, going from Zen 3to Zen 4, but AMD has also
accompanied them with a massive improvement in power
efficiency, at least when performing heavily multi-threaded
tasks such as rendering.

It'snot allroses. We found that the Ryzen 9 7950X overheats
and throttles at its default settings, even with a high-quality
36omm all-in-one liquid cooler attached, but this is easily fixed
by undervolting the IMC, a task that takes a few clicks in the
BIOS.That’s a small blot in an otherwise unblemished record.

But enough about the architecture — the big question for
both retailers and buyers is whether there will be enough

over 110 per cent more
Ryzen7000-series CPUs

supply chains and logistics are generally
speaking in a much better position too,
although there are still issues with the
supply of some specific semi-conductor
components, such as substrates.

While it’s too early to see how the other launches will go,
looking at the AMD Ryzen 7000-series launch in particular,
I think AMD is definitely worthy of a ‘most improved over
last year’ award.

For instance, whileIcan't reveal specific numbers, I'm really
pleased that Scan has managed to secure over 110 per cent
more Ryzen 7000-series CPUs for this launch day than Ryzen
5000-series chips at launch.

We'll have to see how long those CPUs last, and I may well
be eating my words if demand is anything like that of 2021,
but I really don’t see that happening. Hopefully, this time,
many PC enthusiasts will be able to freely buy a new CPU
when they’re ready for it. 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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