TECHNICAL BRIEF — ONE MICRON® 6600 ION SSD vs. 16x DATA CENTER HDD

One Micron 6600 ION SSD or 16 HDDs in

the spin cycle? A throughput, latency, and
power efficiency wakeup call.

Rethinking storage foundations

Modern data center architectures are under pressure as capacity scales faster than performance. As HDDs grow
denser, mechanical limits can increasingly constrain throughput, latency, and power efficiency, forcing architects to
rethink how storage tiers support Al, analytics, and large-scale data platforms.

This paper presents a detailed comparison between a single 245TB Micron 6600 ION NVMe™ SSD and a
similar-capacity 256TB HDD array (16x 16TB Seagate® EXOS® HDDs).! Using controlled Flexible 1/0 Tester (fio)?
benchmarks, throughput, latency, power efficiency, per-TB performance, and rack-scale density are evaluated across
multiple block sizes and read/write mixes. Across all tested workloads herein, block sizes, and concurrency levels, the
1x SSD leads in throughput, latency, and power/energy efficiency.

The sections that follow analyze these behaviors across the representative workloads in Table 1 and highlight how
storage characteristics shape performance, efficiency, and scalability under real-world access patterns.

Workload mapping

We represent different application profiles using four read/write ratio mixes and two request sizes. All tests use fio
randrw (random read/write) access, with 256KB representing moderate-size application requests and 4MB
representing large-block transfers commonly seen in streaming, backup/restore, and large-file workflows. Note: Block
sizes are shown as KB/MB for readability; fio was configured with 256KB and 4MB (Table 2). Terminology: In this brief,
read-heavy refers to 70/30 R/W, while read-dominant refers to 90/10 R/W. Table 1 summarizes how these read/write
mixes and request sizes map to common use cases.®

Common use case Workload type Block size* Workload Read % Write %
Logging, moderate-sized ingest 256KB 30/70 R/W  30% 70%
Write-heavy
Large-sized file ingestion 4MB 30/70 R/W  30% 70%
General-purpose server 256KB 50/50 R/W 50% 50%
Balanced
Media processing 4MB 50/50 R/W 50% 50%
Analytics, reporting 256KB 70/30 R/W  70% 30%
Read-heavy
Streaming, restoring backups 4MB 70/30 R/W  70% 30%
256KB 90/10 R/W  90% 10%
Content delivery, caching Read-dominant
4MB 90/10 R/W  90% 10%

Table 1: Workload mapping

1. Al capacity statements refer to rated capacity; formatted capacity will be less; 1GB = 1 billion bytes. The single 245TB Micron 6600 ION SSD configuration is abbreviated “Ix SSD,” and the
256TB HDD array (16x 16TB HDDs) configuration is abbreviated “16x HDD” for brevity. We chose 16x 16TB HDDs because they yield an array size that closely matches the 1x SSD size and
provide an architectural building-block analysis, ensuring a reasonable number of HDD spindles are used. Different HDDs may yield different results.

2. See “fio - Flexible 1/0 tester rev. 3.4.1 Overview and history” (fio.readthedocs.io). Test configuration summarized in Table 2.
3. Block sizes and I/0 patterns are based on Micron Data Center Workload Engineering research.
4. Block sizes are in MB and throughput in MB/s per the unit convention in the Appendix (fio reports in base 2; all data was converted to base 10 (SI) before calculations).

micron. |


https://fio.readthedocs.io/en/latest/fio_doc.html

TECHNICAL BRIEF — ONE MICRON® 6600 ION SSD vs 16x DATA CENTER HDD

Write-heavy: Logging and ingest (30/70 R/W)

I/0 profile: 256KB (logging, ingest); 4MB (large file
ingest). This profile represents logging, ingestion, ---8--- 1x SSD (256KB) ---8---16x 16TB HDD (256KB)
and backup creation. It is akin to a continuous, —e— 1x SSD (4MB) —e— 16x 16TB HDD (4MB)
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Figure 2: Write-heavy workload power and energy efficiency
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Write latency (Figure 3)
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4MB: At 4MB, 1x SSD was 10.19ms while 16x HDD 1x SSD read 1x SSD write 16x HDD (read)  16x HDD (write)

reached 3,770.40ms, a difference of (3,770.40 /
10.19) = 370x. Figure 3: Write-heavy workload latency
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5. The fio parameter “numjobs” controls the number of parallel job instances fio launches to generate load. Increasing numjobs scales the workload by running multiple independent threads
or processes with identical parameters. See “fio - Flexible 1/0 tester rev. 3.41” (fio.readthedocs.io) for more information.

6. Latency is defined as fio-reported average I/0O completion latency (submission-to-completion), in ms, tied to the same workload definitions and numjobs. Benchmark methodology and fio
parameters are listed in Table 2. Reported latencies are averages.
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Balanced: General purpose servers and media processing (50/50
R/W)

I/0 profile: 256KB general purpose; 4MB media processing. This profile represents a common operating mode for
shared repositories and multi-tenant services.
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Figure 4: Balanced workload performance
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Read-heavy: Analytics, reporting, streaming, and backup (70/30 R/W)

---0--- 1x SSD (256KB) ---0--- 16x 16TB HDD (256KB)

I/0 profile: 256KB (analytics, reporting), 4MB 1x SSD (4MB) 16x 16TB HDD (4MB)

(streaming, reading backups with updates). It can
be thought of as an analytics read stream with a
small percentage of simultaneous updates or
inserts.

Performance (Figure 7)

256KB: 1x SSD scaled from 1,25656—5,216 MB/s,
while the 16x HDD grew 126—386 MB/s.

Details: Low concurrency (1,255 / 126) = 10x. High
concurrency (5,216 / 386) = 13.5x.

4MB: 1x SSD delivered 2,449—3,971 MB/s versus
2,379—2,448 MB/s for 16x HDD.

Details: Low concurrency (2,449 / 2,379) = 1.0x
(essentially the same). High concurrency (3,971 /
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Figure 7: Read-heavy workload performance
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Figure 9: Read-heavy workload latency
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Read-dominant: Content delivery and caching (90/10 R/W)

I/0 profile: 256KB (content delivery, cache read), 4MB (content delivery). This is mostly read and can be thought of as
a streaming service that shows popular broadcasts,

with only occasional updates when new content is ---®--- 1x SSD (256KB) ---®---16x 16TB HDD (256KB)
added. —e— 1x SSD (4MB) —e— 16x 16TB HDD (4MB)
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Figure 10: Read-dominant workload performance
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Read latency (Figure 12 50
256KB: At 256KB, 1x SSD read latency remained

extremely low at O.4ms, while the 16x HDD showed 0
1,114.50ms. This represented a latency advantage

of (1,114.50 / 04) = 2,786x for SSDs and illustrated Figure 11: Read-dominant workload power and energy efficiency

how small-block reads dramatically penalize HDD

arrays under parallel load in this testing. 0256KB m4MB

4MB: At 4MB, 1x SSD read latency was 4.29ms,

while 16x HDD read latency reached 3,544.30ms. 10000 3544.30 2167.30
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Conclusion

Across representative workload mixes, the practical differentiator is not a single metric. It is both simpler and more
complex than that.

It's whether a storage architecture exhibits bounded behavior by design, remaining predictable under contention and
mixed 1/0O. Real-world demand is getting more complex, messier, and more power-constrained. That means more
threads, more jobs, more competing demands, and more simultaneous reads and writes. Architectures that assume
best-case access patterns may pay for it later in scheduling complexity, inflated safety margins, and expensive “just in
case” overbuild.

Long-term design implications must anchor architectural decisions in workload envelopes, not device datasheets.
Design around the worst-case credible concurrency and mixed I/O conditions, then choose the architecture and its
essential elements to keep latency predictable, throughput quick, and power efficiency within business bounds across
that envelope.

Storage isn’t a passive component—it governs platform behavior in many ways. Media characteristics propagate
upward as pacing, queues, and variability, which the software stack treats as instability and compensates for with
retries, buffering, and overprovisioning.

Consistent storage performance enables predictable system-level behavior, allowing compute resources to sustain
high utilization and scaling decisions to be capacity-driven rather than compensatory. From an architectural
perspective, storage should contribute to platform efficiency rather than define its operational limits.

At rack scale, that SSD performance, power and energy efficiency, and consistency compound into higher utilization
and better performance-per-watt.
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Appendix: fio parameters

All benchmarks were performed using fio (Flexible 1/0 Tester) with identical parameters across both storage
configurations. Each workload was run five times, and the results presented are the average of all five runs.

Parameter Value

fio version 3.41

I/0 engine io_uring

Block sizes (base 2, fio reported) 256 KiB, 4 MiB

Block sizes (base 10, converted) 256KB, 4MB

I/0 pattern Random Read/Write (randrw)
Direct I/0 Yes (O_DIRECT)

I/0 depth 64

Ramp time 300 seconds (5 minutes)
Runtime 600 seconds (10 minutes)
Number of jobs 1,2,4,8

Runs per configuration 5

Reporting method

Average of 5 runs

Table 2: fio parameters used

Unit convention: fio reports throughput in MiB/s (mebibytes per second, base-2). All throughput values in this report
have been converted to S| MB and KB (megabytes per second, base-10) for readability by multiplying by 1.048576 (1
MiB = 1,048,576 bytes = 1.048576 MB). Similar conversions were performed for KiB. GB/s values use base-10

gigabytes.
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