
HDD - Spinning Rust

Before an SSD can feel like magic, you have to feel the thing it replaced: the hard disk drive, or
HDD - "spinning rust," as engineers affectionately call it. Everything it does - fine for some tasks,
painfully slow for others - comes down to one fact: it has moving parts. Data lives on a physical
surface, and to read any piece, the drive has to physically move there.

What's actually inside

An HDD is a stack of rigid, spinning metal disks - platters - coated in magnetic material; data is
stored as microscopic magnetized spots on the surface. A read/write head floats a hair's width above
each platter on the end of a swinging arm: the platters spin continuously, the arm swings in and out to
position the head.

📝 Terminology. A platter is one spinning disk. A track is one of the concentric rings of data
on it (like record grooves, but separate circles, not a spiral). A sector is a small slice of a
track - the smallest chunk the drive reads or writes at once. Finding data = the right track (move the
arm) + the right sector (wait for the spin).

        side view                          top view (one platter)
   ┌──────────────────┐
   │  ════ platter ═══ │ ← spins             ╭───────────────╮
   │  ──── head ────── │   continuously      │   ╭───────╮   │  ← outer track
   │  ════ platter ═══ │                     │   │ ╭───╮ │   │
   │  ──── head ────── │                     │   │ │ · │ │   │  ← your data is one
   └────────┬─────────┘                      │   │ ╰───╯ │   │     sector on one track
            │                                │   ╰───────╯   │
       ┌────┴────┐                           ╰───────┬───────╯
       │ arm     │ ← swings in/out                   │
       │ pivots  │   to pick a track          arm pivots from the edge to
       └─────────┘                            reach any track on the platter


People picture a drive as a uniform "box of bytes" where every byte is equally far away - that's how RAM
behaves, and an HDD is the opposite: where data sits on the platter changes how long it takes to
reach - one smooth sweep versus hopping all over the surface.

Why random access is slow

This is the heart of it. When you ask an HDD for data that isn't where the head currently sits, two
physical things have to happen, and you wait for both:


	Seek time - the arm has to swing the head to the correct track. Mechanical movement, slow in
computer terms.

	Rotational latency - even over the right track, the head has to wait for the platter to spin
until the sector it wants passes underneath. On average you wait for half a rotation.



📝 Terminology. Random access means jumping to scattered, unrelated locations - read a bit here, a
bit way over there, a bit back near the start. Sequential access means reading a long stretch that's all
laid out in a row. An HDD is far happier with the second.

   Reading 100 scattered little files (RANDOM):

   seek → wait for spin → read · · · seek → wait for spin → read · · · (×100)
   └──────────── you pay the mechanical cost every single time ────────────┘

   Reading one big 4 GB video file (SEQUENTIAL):

   seek → wait for spin → read ▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒
   └─ pay the cost ONCE, then the head just rides the track as it streams ─┘


Booting an OS or launching a program reads hundreds or thousands of small files scattered across the
disk - the worst possible workload for an HDD, paying the seek-and-wait tax over and over. Copying one
enormous file is mostly sequential, so it fares far better. That's why a machine booting from an HDD
takes agonizingly long to become usable, yet copies a big movie at a perfectly tolerable speed.

⚠️ Gotcha - "defragmenting" only ever made sense because of this physics. On an HDD, a file whose
pieces are scattered across distant tracks (fragmented) reads as lots of little random seeks;
defragmenting rearranges the pieces to sit together so the read becomes sequential again - a genuine
speedup on an old machine. On an SSD it does nothing useful and you should never run it - there's no head
to move, so "scattered" costs nothing. (More on why in the next phase.)

So what is an HDD still good for?

Writing the HDD off as obsolete would miss the point: it stores a lot of data for very little money,
better than anything else. Per gigabyte, HDDs are the cheapest storage you can buy, by a wide margin, and
they come in very large capacities. For data you write once and read rarely and sequentially - backups,
archives, a media library, security-camera footage, the "bulk" tier of a NAS - the slow random access
barely matters, and the low cost per gigabyte matters a lot.

🪖 War story. A team put their database on big, cheap HDDs to save money, then couldn't understand why
the app crawled under load. A database does the most random thing imaginable - tiny reads and writes to
scattered records, constantly. It was the worst possible match. Moving the database to flash (next phase)
fixed it overnight, while the HDDs went on doing what they're good at: holding the nightly backups.

The plain summary: an HDD is a record player for your data. Smooth when it can ride one groove; slow and
clunky when it has to keep lifting the needle and hunting for a new spot. Cheap, roomy, and mechanical -
perfect for cold bulk storage, painful for anything that boots, launches, or does lots of small scattered
reads.

Recap


	An HDD stores data as magnetic spots on spinning platters, read by a head on a swinging arm -
it has moving parts, and that's the whole story.

	Reaching scattered data costs seek time (move the arm) plus rotational latency (wait for the spin)

	so random access is slow.





	Sequential reads pay that cost once and then stream, so big-file copies are fine.

	HDDs are still the cheapest way to store lots of data - great for backups and archives, bad for
anything that does many small scattered reads (like booting, or a database).



Now let's remove the moving parts entirely and watch what happens to that random-access tax.



← Guide overview · Phase 2: SSD - Flash, No Moving Parts →



SSD - Flash, No Moving Parts

Every slow thing about an HDD traced back to one cause: it has to physically move to your data. So -
what if we got rid of the moving parts entirely? That question is the solid-state drive, or SSD.
"Solid-state" literally means "no moving mechanical parts," and removing the arm and platter changes
everything.

What's actually inside

An SSD stores data in flash memory - silicon chips full of microscopic cells, each holding an
electrical charge that represents your bits. No platter, no head, no arm. Reading means electronically
addressing the cell that holds your data; writing means changing its charge. Nothing physically travels
anywhere.

📝 Terminology. The flash inside almost every SSD is NAND flash (NAND is the type of logic gate
the cells are built from - you need the name, not the electronics). A small onboard computer, the
controller, manages the chips: where data goes, where everything is, and the housekeeping below.

   HDD (Phase 1)                        SSD (this phase)

   ┌──────────────────┐                 ┌──────────────────────────┐
   │  ════ platter ═══ │ spins           │ [chip][chip][chip][chip] │ ← NAND flash
   │  ──── head ────── │ + moves         │ [chip][chip][chip][chip] │   (no motion)
   └──────────────────┘                 │      ┌────────────┐      │
   reach data = move arm,               │      │ controller │      │ ← finds any cell
   wait for spin (slow)                 │      └────────────┘      │   electronically
                                        └──────────────────────────┘


Why random access stops hurting

On an HDD, scattered data was expensive because the head had to travel to it. On an SSD there is no
travel: reaching cell #5 and cell #5,000,000 takes essentially the same tiny amount of time, because the
controller addresses them electronically. The single most important fact about SSDs: the seek time and
rotational latency from Phase 1 are gone - that category of cost doesn't exist when nothing moves.

   Reading 100 scattered little files:

   HDD:  seek+spin+read · seek+spin+read · seek+spin+read · …  (slow, every time)
   SSD:  read·read·read·read·read·read·read·read·read·read·…   (no seek, no spin)


Booting and launching apps - thousands of small scattered reads, the workload that made an HDD crawl - is
precisely what an SSD demolishes. Random access on flash isn't a little faster than a spinning disk; it's
a different class entirely. Sequential reads are faster too, but the random-access difference is the one
you feel day to day.

💡 Key point - this is why an old machine "feels new" with an SSD. Swap an HDD for an SSD in an aging
laptop and people describe it as the single biggest speedup they've ever felt - boot, login, opening
apps, all snappy. Same CPU, same RAM; what changed is that every operation
secretly waiting on a moving arm now isn't. The computer was rarely slow at thinking; it was slow at
fetching.

The trade-offs (the real part)

An SSD isn't strictly better than an HDD on every axis. Two real costs:

1. Cost per gigabyte. Flash is more expensive per gigabyte than spinning platters. The gap has
narrowed, but the same money still buys substantially more HDD capacity than SSD capacity - which is why
the practical sweet spot is often both: a small fast SSD for the OS and apps, a large cheap HDD for
bulk files.

2. Flash cells wear out. A cell can only be rewritten a limited number of times before it stops
holding a charge reliably. Reading doesn't wear it; writing does. Left naïve, a drive that kept
rewriting the same cells (a frequently-updated file, say) would kill them while the rest of the drive sat
untouched.

📝 Terminology. Wear-leveling is how the controller solves this: instead of repeatedly writing the
same physical cells, it spreads writes evenly across all the cells, so they age together rather than a
few dying early. You never see this happening - the controller quietly remaps where data physically lives.

   Without wear-leveling:            With wear-leveling:
   ████░░░░░░░░░░░░░░░░               ▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓▓
    ↑ same cells hammered             writes spread across all cells,
      to death, rest unused           so the whole drive ages evenly


⚠️ Gotcha - don't defragment or "optimize" an SSD. Defragmenting exists to make an HDD's head travel
less. An SSD has no head, so it buys nothing - and worse, it's a giant pile of writes, the one thing
that actually wears flash. Modern operating systems know this and won't defrag an SSD; instead they run a
maintenance command called TRIM, which tells the drive which blocks are no longer in use so it can
keep write performance high. Let the OS handle it; don't run old HDD-era "optimizers."

How worried should you actually be about wear? For normal desktop and laptop use: not very. With
wear-leveling spreading the load, a typical SSD comfortably outlasts the useful life of the computer it's
in. Wear becomes a genuine planning concern mainly in write-heavy server scenarios (busy databases,
logging, video capture), where drives are chosen specifically for high write endurance. Understand the
mechanism; don't lose sleep over it.

Recap


	An SSD stores data in flash (NAND) cells with no moving parts - a controller addresses any
cell electronically.

	Because nothing moves, seek time and rotational latency are gone, so random access is dramatically
faster than an HDD - that's the speedup you feel when booting and launching apps.

	Trade-off one: flash costs more per gigabyte, so SSD + HDD together is often the smart split.

	Trade-off two: cells wear out with writes, but wear-leveling spreads writes so the drive ages
evenly - rarely a worry for everyday use. Don't defragment an SSD; let the OS run TRIM.



One more twist almost nobody tells you: even with all this flash speed, your SSD can still be held back -
not by the flash, but by the cable it plugs into. Next phase.

Watch it animated: SSD vs. HDD



← Phase 1: HDD - Spinning Rust · Guide overview · Phase 3: NVMe vs SATA →



NVMe vs SATA - the Interface Bottleneck

Two SSDs can use the very same flash chips and still perform very differently, because the connection
between the drive and the rest of the computer can be a bottleneck - a race car on a one-lane country
road goes exactly as fast as the road allows. The flash is one thing; the interface it talks through
is another, and that's where SATA and NVMe part ways.

📝 Terminology. An interface is the physical connection plus the language the drive and computer
speak over it. SATA and NVMe aren't storage technologies like flash - they're how the storage
gets delivered to the rest of the machine.

SATA - a road built for spinning disks

SATA is the older interface, designed in the HDD era, assuming the thing on the other end was a slow
mechanical spinning disk that could never deliver data very fast anyway. So SATA's data path is
relatively narrow, and its command system talks to the drive one queue at a time - perfectly adequate for
an HDD bottlenecked by its own moving arm.

The problem: put a flash SSD on a SATA connection and the flash can suddenly deliver data far faster
than SATA can carry it. A good SATA SSD is still enormously faster than any HDD - losing the moving parts
(Phase 2) is a huge win by itself - but SATA puts a ceiling on it that the flash would happily blow past.


NVMe over PCIe - a road built for flash

NVMe is the newer interface, designed for flash from the start, and it talks over PCIe - the same
high-speed bus the computer uses for other fast components like graphics cards. Two things make it fast:
a much wider, higher-bandwidth path than SATA, and a command system built for enormous numbers of
requests in parallel - many deep queues at once - which is exactly what flash, with no single moving
head to serialize through, can do.

📝 Terminology. PCIe (PCI Express) is the computer's general-purpose high-speed expansion bus - how
the CPU talks to fast peripherals; NVMe drives ride on it directly. For how PCIe and buses move data
inside the machine, see How Data Moves Inside a Machine.

Take the SATA ceiling off and the flash stretches its legs: far faster raw throughput, shining especially
at many requests at once. The real nuance: for everyday desktop tasks (boot, launch an app, open a
document), a SATA SSD already feels so much better than an HDD that the jump from SATA SSD to NVMe is
real but far less dramatic than the jump from HDD to any SSD was. NVMe's advantage becomes obvious
under heavy load - large file transfers, video editing, compiling big projects, databases, anything
moving a lot of data or making many simultaneous requests.

   The size of the jumps you actually feel:

   HDD ───────────────────────────► SATA SSD ──────────► NVMe SSD
       │◄═══ HUGE (lost the ═══►│    │◄═ noticeable, ═►│
       │     moving parts)      │    │   load-dependent│


How to tell which one you have

You don't have to open the case. The interface usually gives itself away:


	A SATA drive is connected by two cables: a flat data cable and a separate power cable. SATA SSDs are
almost always a flat 2.5-inch rectangle (laptop-drive shaped). All traditional HDDs use SATA too.

	An NVMe drive is usually a small bare stick - an M.2 module - that slots directly into the
motherboard with no cables at all.



⚠️ Gotcha - the M.2 slot is the great confuser. M.2 is a physical shape/slot, not an interface.
Most M.2 drives are NVMe, but some M.2 SSDs actually speak SATA over that same slot - same stick
shape, SATA speed underneath - so "it's an M.2" does not guarantee "it's NVMe." Don't judge by the
connector; check what the drive reports.

The reliable way: ask the operating system.

$ lsblk -d -o NAME,ROTA,TRAN,MODEL
NAME    ROTA TRAN   MODEL
sda        1 sata   WDC WD10EZEX-08WN4A0
sdb        0 sata   Samsung SSD 860 EVO 500GB
nvme0n1    0 nvme   Samsung SSD 980 PRO 1TB


What just happened: on Linux, lsblk listed each whole drive (-d). ROTA ("rotational"): 1 =
spinning HDD, 0 = flash. TRAN = the transport (interface): sata vs nvme. So this machine has a
spinning SATA hard disk, a SATA SSD (flash on the older interface - exactly the gotcha's case), and a
true NVMe SSD. (On Windows, Task Manager → Performance shows each disk's type; modern Macs are NVMe.)

Which should you pick?

Here's the straight, case-by-case version - no "it depends" cop-out.




	Your situation
	The clear pick





	Reviving an old laptop/desktop
	Any SSD over the HDD. If the machine only takes SATA, a SATA SSD is a massive, life-changing upgrade - don't skip it waiting for NVMe support it may not have.



	Building/buying a normal modern PC
	NVMe for the drive holding your OS and apps. It's the default now, usually costs about the same as SATA SSD, and there's no reason to choose the slower interface.



	You move big files, edit video, compile, or run a busy database
	NVMe, clearly. This is where its parallel-request and high-throughput advantage actually shows up in your day.



	You need to store a LOT of data cheaply (media library, backups, archives)
	An HDD, still. Cheapest per gigabyte by far, and bulk/archive storage is mostly sequential, so the slow random access barely matters.



	You want both speed and capacity
	The classic combo: a smaller NVMe (or SATA) SSD for the OS and active work, a big HDD for bulk storage. Best value per dollar for most people.





💡 The one rule to remember. The biggest, most-felt upgrade is always HDD → SSD - that's where you
escape the moving parts. SATA → NVMe is a genuine, worthwhile second step, but a smaller one for everyday
use and a large one under heavy load. If you can only make one move, make the first one.

Recap


	An SSD's flash can outrun the interface it plugs into - the connection itself can be the bottleneck.

	SATA was designed in the HDD era: a narrower path and a one-queue-at-a-time command system that caps
a flash SSD's speed (though it's still far faster than any HDD).

	NVMe over PCIe was designed for flash: a wider, higher-bandwidth path and massively parallel command
queues, so it's far faster - especially under heavy, parallel load.

	M.2 is a shape, not an interface - some M.2 drives are SATA. Check what the drive reports
(e.g. lsblk on Linux) rather than trusting the connector.

	Picking: the HDD → SSD jump is the big one; choose NVMe for a modern OS/apps drive and heavy work,
keep an HDD for cheap bulk, and combine both for the best value.



That's the whole stack, from a magnetic spot on a spinning platter to flash racing down a PCIe lane. You
can now read any storage spec sheet and know not just which is faster, but why.



← Phase 2: SSD - Flash, No Moving Parts · Guide overview
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