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Abstract

The persistent performance gap between CMOS-SOI and I11-V compound semiconductor power amplifiers (PAs)
remains one of the most consequential unsolved problems in RF integrated circuit design. Despite decades of
aggressive investment from market-leading industry titans and numerous fabless startups, the promise of a
fully integrated, CMOS-compatible RF front-end for high-performance Wi-Fi applications has remained elusive,
particularly as Wi-Fi 7 (IEEE 802.11be) pushes operating frequencies, bandwidth, linearity, and efficiency
requirements to unprecedented levels. The analysis is extended here to Wi-Fi 8 (IEEE 802.11bn, Ultra High
Reliability), whose reliability-first objectives convert these front-end limitations from performance shortfalls
into standards-compliance failures.

This white paper examines the fundamental physical, materials, circuit-level, and systemic barriers that
historically prevented CMOS-SOI power amplifiers from displacing GaAs-based solutions in consumer and
enterprise Wi-Fi front-ends, and analyzes why substantial R&D investments have not yielded the anticipated
returns. It critically presents and contextualizes a silicon-proven monolithic CMOS-SOI front-end chipset that,
for the first time, meets and exceeds Wi-Fi 7 performance requirements without digital pre-distortion correction
of any kind, outperforms the best available GaAs solutions under equivalent operating conditions, and uniquely
maintains linearity and efficiency under the dynamic antenna impedance conditions of real-world mobile use
— achallenge that defeats every incumbent solution on the market today. The same closed-loop platform also
yields a DPD-efficient variant for the installed base of DPD-centric systems — delivering 2-3 dB more mask-
compliant output power at 160 and 320 MHz with EVM held within 0.5 dB across all channels using a low-order
correction engine, providing deployed platforms with an immediate Wi-Fi 8 upgrade path while the fully linear
tier eliminates the correction apparatus entirely.

Note: This document contains proprietary technical analysis. The breakthrough described in Section 11 represents
unpublished, patent-protected innovation. Technical details are disclosed at a level sufficient to establish
credibility without revealing implementation specifics.
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1. Introduction: The Integration Dream and Its Friction with Reality

The semiconductor industry has long aspired to integrate the entire radio frequency front-end — low-noise
amplifier (LNA), power amplifier (PA), switches, filters, and transceiver — onto a single CMOS die. The economic
logic is compelling: CMOS fabrication benefits from Moore's Law scaling, vast manufacturing infrastructure,
lower per-unit costs at volume, and the ability to co-integrate digital baseband and analog RF functions on a
monolithic chip.

CMOS-SOl emerged as a particularly attractive variant for RF applications due to its superior isolation, reduced
parasitic capacitances from the buried oxide (BOX) layer, improved linearity of switches, and better high-
frequency transistor characteristics compared to bulk CMOS. Companies like GlobalFoundries with their
45RFSOI and 22FDX platforms, and STMicroelectronics with their BICMOS/SOI offerings, specifically targeted RF
front-end integration.

Yet, in 2026, virtually every high-performance Wi-Fi device continues to rely on GaAs pHEMT or GaAs HBT power
amplifiers from the established market-leading suppliers. The CMOS-SOI PA remains confined to low-power,
low-complexity applications. Understanding why requires a multi-layered analysis spanning materials physics,
device physics, circuit architecture, process technology, system requirements, and industrial economics — and
understanding the breakthrough that has finally changed this calculus requires an appreciation of all these
barriers simultaneously.

2. Wi-Fi 7 System Requirements: Raising Every Bar Simultaneously

Wi-Fi 7 (802.11be) represents the most demanding WLAN specification ever standardized.

2.1 Multi-Band, Multi-Link Operation (MLO)

Wi-Fi 7 mandates simultaneous operation across 2.4 GHz, 5 GHz, and 6 GHz bands, spanning 2.4-2.484
GHz, 5.150-5.850 GHz, and 5.925-7.125 GHz. Each PA instance must independently meet full performance
specifications — there is no system-level averaging that relaxes individual PA requirements.

2.2 320 MHz Channel Bandwidth

The doubling of maximum channel bandwidth from 160 MHz to 320 MHz imposes severe demands on PA
linearity across a much wider instantaneous bandwidth. Wideband linearity is fundamentally harder to achieve
than narrowband linearity, as memory effects and frequency-dependent distortion mechanisms become
dominant contributors to spectral regrowth.

2.3 The True EVM Budget: A Critical Clarification

A fundamental misunderstanding pervades competitive PA specifications: the -38 dBc EVM requirement cited
for Wi-Fi 7 4096-QAM operation is a system-level budget, not a PA specification. This distinction is critical and is
rarely stated explicitly.

The system EVM budget at -38 dBc encompasses all impairment contributions simultaneously: IQ amplitude
mismatch, 1Q phase mismatch, LO feedthrough and carrier leakage, DAC non-linearity and quantization
noise, transceiver chain non-linearities across the full signal path, and — critically — the phase noise of

the local oscillator reference, which alone can consume 3-5 dB of EVM budget in a practical Wi-Fi 7 system
implementation.

For a PA to be compliantin a real Wi-Fi 7 system, its individual EVM contribution must be significantly better
than the system budget allows. The correct PA-level EVM target, accounting for other system impairments
consuming their share of the budget, is below -45 dBc at the PA output. A PA that achieves exactly -38 dBc EVM
in isolation will fail system-level compliance the moment it is connected to a real transceiver with real phase
noise, real IQ imbalance, and real LO feedthrough. The industry’s own silicon confirms the arithmetic: state-of-
the-art Wi-Fi 7 transceivers are designed to —46 dB TX/RX EVM floors for precisely this reason [13], [14].
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2.4 4096-QAM and the MCS Linearity Ladder

The adoption of 4096-QAM (MCS13) requires the system to maintain an EVM of -38 dBc across the entire MCS
ladder from MCSO0 through MCS13. The peak efficiency operating point — where a PA delivers its highest PAE —
occurs at MCS0 with a 20 MHz channel, where the signal carries the lowest PAPR and the PA can operate closest
to its compression point while remaining linear. This MCS0 / 20 MHz condition is the industry-standard PA
efficiency benchmark, and is the condition under which all efficiency claims in this white paper are made and
against which GaAs solutions are compared.

2.5 Output Power Requirements

Application Required Output Power PAE Requirement  PA EVM Requirement
Client devices

+20 to +23 dBm >25% <-45 dBc (PA-level)
(phones/laptops)
Home access points +26 to +28 dBm >30% <-45 dBc (PA-level)
Enterprise APs / +24 to +28 dBm >30% <-45 dBc (PA-level)
outdoor

2.6 The Real-World Mobile Challenge: Dynamic Antenna Impedance

Every PA specification discussed above is typically measured under a single idealized condition: a perfectly
matched 50Q load, corresponding to a 1:1 Voltage Standing Wave Ratio (VSWR). This is the condition under
which GaAs PAs are characterized, DPD algorithms are trained, and compliance is demonstrated. It is not the
condition under which mobile devices actually operate.

In the real world, antenna impedance varies continuously as a function of the user's grip, body proximity,
device orientation, and environmental reflections. Three representative usage conditions define the practical
VSWR range that Wi-Fi front-ends must handle: 1:1 VSWR (stand-alone, device on surface), 2:1 VSWR (one-
hand operation — the dominant real-world condition), and 3:1 VSWR (two-hand landscape operation — video
streaming, gaming, or navigation). The impact of this variation on incumbent solutions is explored in detail in
Section 5.3.

2.7 Wi-Fi 8: The Reliability Pivot Raises the Stakes

Every Wi-Fi generation from 802.11b through 802.11be chased the same headline — peak throughput. IEEE
802.11bn (Wi-Fi 8, “Ultra High Reliability”) breaks the pattern. Its project authorization targets are not gigabits:
at least 25% higher throughput in challenging signal conditions, 25% lower latency at the 95th percentile,
25% fewer dropped packets when roaming between access points, and reduced power consumption [11],
[12]. Draft 1.0 was completed in mid-2025, with ratification expected in 2028 and first devices arriving ahead of
certification.

Critically for the RF designer, the physical layer largely carries over from 802.11be: operation from 5.15 to 7.125
GHz, channel bandwidths to 320 MHz, and 4096-QAM as the maximum constellation [12]. Wi-Fi 8 does not relax
a single linearity requirement — it demands the same fidelity under worse conditions. Several UHR features
raise the stakes further: enhanced long-range (ELR) PPDUs and distributed resource units increase uplink
transmit power and power spectral density precisely to serve the coverage edge, pushing the client PA harder;
and multi-AP coordination, seamless mobility domains, non-primary channel access, and dynamic subband
operation make traffic more band-agile and bursty than ever — conditions that, as Sections 5.3 and 5.5 will
show, are precisely those under which the industry’s digital correction machinery degrades. Reliability, in other
words, is being engineered at the MAC layer on the assumption that the PHY beneath it holds its margins in the
field. The remainder of this paper is about why that assumption fails with today’s front-ends — and what it takes
to make it true.
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Front-end reality:
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Fig. 1. Wi-Fi 8 (IEEE 802.11bn) Ultra-High-Reliability targets [1] and the front-end mechanisms that consume them
in today’s DPD-assisted architectures. Each PAR objective maps to a specific failure mode of the nonlinear-PA-plus-
correction approach.

3. Fundamental Materials Physics: Why Silicon Is at a Disadvantage

The performance gap between CMOS-SOI and GaAs PAs is not primarily a circuit design problem — it is rooted in
fundamental differences in semiconductor material properties.

3.1 Electron Mobility and Saturated Velocity

Parameter Si (CMOS-SOI) GaAs (HBT)
Electron mobility (cm?2/V-s) ~1,400 ~8,500
Electron sat. velocity (cm/s) 1x107 1-1.3x107 t
Bandgap (eV) 112 142

t HBT minority-carrier base transit velocity. The bulk GaAs pHEMT channel value is 2x10” cm/s (majority carrier).
Bandgap and bulk mobility are substrate properties, unchanged between HBT and pHEMT.

Higher electron mobility in GaAs translates directly to higher fT and fmax at equivalent geometries — a
fundamental advantage that cannot be engineered away in silicon regardless of circuit sophistication. For
the InGaP/GaAs HBT devices that dominate incumbent Wi-Fi front-ends, however, the velocity picture is more
nuanced: minority-carrier base transit velocity is comparable to silicon’s saturated velocity, and the HBT’s
decisive advantage is expressed instead through breakdown voltage, as the following table quantifies.

3.2 Breakdown Voltage and Johnson Figure of Merit

Technology fT (GHz) BVce / BVceo (V) JFoM (GHz-V)
GaAs HBT (InGaP) 40-80 9-18 ~400-1,400
GaN HEMT 100-200 40-100 ~6,000-15,000
CMOS-S0I1130nm 70-100 3-7 ~210-700
CMOS-SOI 22nm FDX 350+ 1.0-1.8 ~400-600
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JFoM = fT x BVce (Johnson Figure of Merit). GaAs HBT fT is lower than pHEMT (40-80 vs 80-120 GHz) because
minority-carrier base transit time dominates — the trade-off accepted for higher collector breakdown voltage. The
BVce range spans standard InGaP/GaAs processes (BVceo 9-14 V) to high-breakdown epitaxy (BVcbo up to 24 V).

As CMOS-SOl is scaled to improve frequency performance, breakdown voltage degrades faster than fT
improves. The net JFoM worsens with every node — making the RF PA the one circuit category where Moore's
Law scaling is actively harmful. Notably, the 130nm RF-SOI node in which the Section 11 breakthrough is
fabricated sits at the bottom of this table. The JFoM deficit was not avoided through node selection — it was
overcome through architecture.

3.3 Thermal Conductivity: The Hidden Catastrophe

. Thermal Conductivity
Material Role
(W/m-K)

Thermal barrier in SOl —

Silicon dioxide (BOX) 1.4 catastrophic for PAs

Silicon bulk 150 Substrate under BOX
GaAs substrate 46 Heat spreader in GaAs PAs
SiC substrate (GaN) 490 Excellent heat spreader

Heat generated in the transistor channel cannot efficiently dissipate through the BOX layer. This causes severe
self-heating: threshold voltage shift, mobility degradation (u o T72**), kink effect amplification from body-
floating, and under continuous Wi-Fi 7 duty cycles, measurable gain compression and efficiency collapse.

3.4 Substrate Resistivity and Passive Component Loss

Even in advanced HR-SOI processes, the achievable inductor Q at 6 GHz is typically 25-30, compared to 50-80 in
GaAs processes. This difference has outsized effects on matching network insertion loss, harmonic suppression,
and LNA noise figure — impacts that compound across every stage of the signal chain.

4. Device-Level Challenges in CMOS-SOI Power Amplifiers

4.1 Supply Voltage Constraints and Power Density

CMOS-SO0I thin-oxide device voltage rails have scaled dramatically: 1.2-1.5V at 130nm standard devices, 1.0-
1.1V at 45nm, 0.8-1.0V at 22nm FDX. To deliver +23 dBm into a 50Q load from these constrained supplies, the
required impedance transformation ratios become extreme — driving up matching network loss, narrowing
bandwidth, and compounding every downstream efficiency penalty.

4.2 The Output Impedance Collapse Problem

Under large-signal RF drive, the effective output impedance of CMOS-SOI PA transistors can collapse toward
zero or become negative due to the interaction of gate-drain feedback capacitance (Cgd), channel length
modulation, and body-floating dynamics specific to SOl devices. A negative output impedance condition
represents a potential instability boundary where the PA oscillates rather than amplifies. This forces CMOS-SOI
PA designers into a fundamental three-way conflict between maximum power delivery, unconditional stability,
and adequate bandwidth — a conflict that GaAs designers simply do not face in Wi-Fi-band applications.
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4.3 Transistor Non-Linearity and Memory Effects

The body floating effect in PD-SOI causes threshold voltage to shift dynamically with signal amplitude,
introducing strong second and third-order non-linearities. Gate oxide capacitance voltage dependence
generates harmonic currents. Near-breakdown impact ionization creates memory effects correlated to signal
envelope history — particularly destructive for wideband OFDM signals and extremely difficult to compensate
even with sophisticated Volterra-series DPD.

4.4 The Stacking Dilemma

Transistor stacking distributes voltage swing across multiple devices but adds parasitic capacitance at each
level, requires precise transient voltage equalization, and compounds self-heating by co-locating multiple heat
sources directly above the insulating BOX layer.

5. Circuit and Architecture-Level Challenges

5.1 Impedance Transformation and Matching Network Loss

A CMOS-SOI PA transistor cell typically presents output impedance in the 5-10Q range under nominal
conditions — already demanding significant transformation from 50Q — and potentially negative impedance
under large-signal drive. The matching network must simultaneously perform impedance transformation,
ensure unconditional stability, and maintain bandwidth: three objectives in direct conflict. Matching network
insertion loss in CMOS-SOI PA chains typically consumes 1.5-3 dB, versus less than 0.5 dB in equivalent GaAs
implementations.

5.2 The mmWave False Precedent

The commercial success of CMOS-SOI PAs in mmWave 5G NR beamformers — operating up to 29.5 GHz — is
sometimes cited as evidence that CMOS-SOI PAs are viable at high frequencies. This inference is critically
misleading. mmWave beamformer PAs typically deliver ~13-14 dBm per element with P1dB around 21 dBm
and poor efficiency. System-level EIRP is achieved through spatial combining across 64-256 antenna elements
— an architecture fundamentally incompatible with Wi-Fi 7 front-end requirements where each PA must
independently meet full output power and linearity specifications. Requiring 64-256 PAs to do what one GaAs
PA accomplishes is not a solution — it is an elaborate accommodation of the underlying physics limitation.

5.3 The VSWR Problem: Where GaAs + DPD Fundamentally Fails
The DPD Training Problem

Digital pre-distortion operates by characterizing the PA's non-linear transfer function at a specific operating
condition — supply voltage, temperature, output power level, and critically, load impedance — and computing
inverse pre-distortion coefficients that cancel the PA's distortion in the digital domain. This training is
performed at a fixed, known load impedance: the nominal 50Q antenna impedance at 1:1 VSWR.

When the antenna impedance shifts — as it does continuously and unpredictably during mobile use — the
PA's non-linear transfer function changes. The load line shifts on the I-V characteristic. The AM-AM and AM-
PM distortion curves change. The memory effect profile changes. The DPD coefficients, trained on a different
impedance condition, are now applying pre-distortion based on a model that no longer describes the system.
The result is not merely reduced DPD effectiveness — the pre-distortion can actively worsen linearity if the
impedance shift is large enough to invert the sign of the correction relative to the actual distortion.
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Measured Real-World Impact

Usage Condition VSWR Efficiency vs. QuantalRF  EVM Degradation (incumbent)
Stand-alone (device on surface) 11 -30% lower Baseline

One-hand operation 2: -45% lower Significant degradation
Two-hand / landscape operation  3:1 -50% lower Up to -7 dB degradation

At 3:1 VSWR — the two-handed landscape condition common during video streaming, gaming, and navigation
— incumbent GaAs technology EVM degrades by up to 7 dB. A system achieving =42 dBc EVM in the lab may be
delivering only =35 dBc EVM when the user picks up the phone in both hands, pushing a 4096-QAM link out of

compliance and forcing the modem to step down MCS — reducing throughput by 50% or more precisely when
the user is most actively engaged.

Why This Problem Is Structurally Unsolvable With DPD

Adaptive DPD, where coefficients are updated in response to measured load impedance, has been proposed
as a solution. Itis not viable: impedance measurement requires additional hardware adding cost and loss;
continuous coefficient updating at rates fast enough to track hand-grip dynamics (millisecond timescales) is
prohibitively power-hungry; and feedback latency means the PA is always operating with stale coefficients
across thousands of Wi-Fi 7 symbols. Any approach that corrects after distortion has been generated cannot
solve a problem that requires preventing distortion from being generated in the first place.

5.4 Efficiency Enhancement Architecture Limitations

Doherty, Envelope Tracking, and Outphasing architectures face compounding implementation challenges in
CMOS-SOI. Each technique's efficiency benefit is partially eroded by fundamental process limitations — which is
precisely why the best GaAs PA solutions, with all of these techniques deployed alongside full DPD, achieve only
17-18% PAE at MCS0 / 20 MHz under ideal 1:1 VSWR. Under real-world VSWR conditions, effective efficiency is
materially lower.

5.5 The DPD Tax: Quantifying the Correction Machinery

The performance comparisons throughout this paper repeatedly reference “DPD-assisted” incumbent
solutions, and Section 5.3 established why the approach fails structurally under dynamic load. What the phrase
conceals, however, is an entire subsystem whose cost is rarely itemized. A Wi-Fi 7-class DPD implementation
comprises: a sample-rate digital datapath — crest-factor reduction, 3-5x interpolation (the predistorted signal
occupies the expanded bandwidth of the correction order), and a generalized-memory-polynomial actuator
— running at 1.3-1.6 GS/s for a 320 MHz channel; an observation receiver whose own linearity must exceed
the corrected EVM target by roughly 10 dB, since the loop cannot correct below a floor it cannot measure; a
12-bit-class gigasample observation ADC; and a block-rate adaptation engine performing signal capture, sub-
sample time/phase/gain alignment, and regularized least-squares coefficient estimation. Every element of
this apparatus exists solely to correct distortion that the PA should not have produced. The arrangement is so
institutionalized that incumbent catalogs explicitly market such parts as “non-linear” front-end modules [9].
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Fig. 2. Indirect-learning digital pre-distortion as deployed in Wi-Fi 8-class transmitters. The sample-rate datapath
(upper partition) processes every transmitted sample at 1.3-1.6 GS/s for a 320-MHz channel; the block-rate
adaptation loop (lower partition) retrains the inverse model from capture bursts and assumes statistically
stationary, full-band traffic — the assumption that UHR’s band-agile features undermine.

Engineering estimates from published transceiver and DPD ASIC literature place the active power of this
machinery, per transmit chain in a modern 7-16 nm SoC, at approximately: 30-100 mW for the sample-rate
datapath, 40-100 mW for the observation receiver, 50-150 mW for the observation ADC, and 10-20 mW for the
adaptation solver — a total of roughly 150-350 mW while the correction loop is active, settling to 5-15% of total
transmit-chain power once the observation path is duty-cycled. These figures multiply by chain count: a four-
stream 802.11be radio pays the sample-rate datapath tax four times, on every transmitted sample.

The silicon cost is equally concrete and, importantly, immune to process scaling. The DPD apparatus occupies
approximately 5-8% of the radio die. The digital datapath shrinks with node, but the observation path —
mixers, filters, and a gigasample ADC — is analog and does not. The result is a per-chip silicon cost that is
effectively invariant under Moore’s Law: at leading-edge nodes the apparatus is compact (roughly 0.5-0.8 mm?
for a four-stream radio at 7 nm) but occupies expensive silicon, while at mature nodes the digital blocks
expand (roughly 0.7-1.0 mm? at 16 nm) on cheaper wafers — the two effects largely cancel. At the volumes of a
major Wi-Fi chipset vendor this represents a material annual wafer spend, and — measured against the value
of the front-end module itself — the chipset vendor purchases a significant fraction of an FEM’s worth of silicon
whose only function is to compensate for the FEM.

Intellectual honesty requires stating why the industry accepts this tax: DPD is, at nominal conditions, a net win.
Correcting the PA digitally permits operation 2-4 dB closer to saturation, raising peak power-added efficiency
from approximately 12% to approximately 19% at equal EVM — though under actual 802.11be modulated
traffic the delivered PAE remains below 8% — and saving roughly 300-400 mW in the RF PA per chain at a
representative 22 dBm average output, against the 150-350 mW the machinery consumes. The net saving, on
the order of 100 mW per chain, is the bargain the industry accepts. It erodes structurally with each generation:
the correction datapath and observation ADC scale with channel bandwidth, while the PA saving does not,

and the analog observation path does not shrink with process node. Every bandwidth doubling raises the tax
without raising the rebate.

Beyond power and silicon, DPD imposes product-level costs that per-die comparisons never capture.
Consistency: coefficients are valid at the temperature, supply voltage, and channel at which they were trained;
holding specification across real operating conditions requires iterative per-band, per-channel calibration
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during bring-up and frequently in production test. Qualification lock-in: because linearity is co-produced by
the SoC vendor’s DPD engine and the front-end it corrects, qualifying a new FEM against a given engine is

a substantial joint engineering program — chipset vendors consequently qualify only one or two front-end
modules, and OEMs inherit that short list. Fragility and latency: the closed loop can lose lock on atypical traffic
and must retrain, and the capture-align-solve cycle adds latency in the transmit pipeline. Training starvation:
multi-link operation and OFDMA resource-unit fragmentation deprive the adaptation loop of the statistically
rich, stationary, full-bandwidth signal it requires, so coefficients go stale between updates while the PA drifts
thermally within a single long PPDU — the same staleness mechanism that defeats adaptive DPD under the
VSWR dynamics of Section 5.3.

The DPD tax, in summary, is not a rounding error. It is 150-350 mW per chain and 5-8% of the radio die —

a silicon cost that node scaling cannot erase — plus a web of calibration, qualification, and fragility costs
purchased for one purpose: to make a nonlinear amplifier imitate a linear one. Section 11 describes silicon for
which the entire apparatus is unnecessary.

Afinal framing is worth stating plainly: none of the alternatives eliminates trade-offs, because engineering
never does — it relocates them. Every architecture is a decision about where to pay: power, area, complexity,
memory, latency, cost. Physics is remarkably good at collecting its debt. The DPD approach pays in the digital
domain, continuously — gigasample datapaths, observation receivers, calibration programs, coefficient
staleness. The architecture described in Section 11 moves the payment into the analog circuit at design time,
where a one-time investment in mathematical understanding is amortized over every unit shipped and every
symbol transmitted. The best architectures are not those with fewer trade-offs; they are those that move the
trade-offs to where the system can best afford them.

6. The Foundry Model Problem: An Unacknowledged Design Barrier

A critically important and rarely discussed practical barrier deserves its own section: the fundamental
inadequacy of foundry-provided transistor models for large-signal RF PA design.

SPICE models provided by RF SOI foundries are characterized and validated for LNAs, switches, oscillators, and
power management circuits — applications operating well below 3V where model accuracy is acceptable. For RF
PA applications exploiting EDMOS devices at drain voltages above 4-5V and at frequencies up to 7 GHz, foundry
models break down in several compounding ways.

Drain current models lose accuracy at high Vds due to inadequate characterization of velocity saturation and
impact ionization at large voltage swings. Capacitance models (Cgs, Cgd, Cds) are poorly characterized for

the large-signal voltage excursions of PA operation. Self-heating models underestimate junction temperature
rise above the insulating BOX layer. EDMOS transistor models are particularly deficient for RF applications

— characterized for bias circuits, regulators, and power converters, they cannot capture the distributed RC
network behavior of the drift region responding to RF excitation at 5-7 GHz, where the drift region behaves as a
distributed transmission line segment with frequency-dependent impedance and non-linearity characteristics
that quasi-static DC-characterized models are structurally incapable of predicting.

A PA designer relying on foundry simulation models to close a CMOS-SOI PA design at Wi-Fi frequencies
and supply voltages above 3V will encounter systematic discrepancies between simulation and silicon that
parameter tuning cannot resolve. The models are structurally wrong for this operating regime — not merely
inaccurate in their parameters. This barrier can affect organizations attempting CMOS-SOI PA development
under these conditions, regardless of circuit design sophistication, and it is rarely acknowledged publicly.
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7. Why R&D Investment Has Not Closed the Gap

7.1 The Physics Barrier Is Not an Engineering Problem

The performance gap is primarily rooted in immutable material physics. No circuit cleverness fully compensates
for an order-of-magnitude lower electron mobility, a factor of 100 lower thermal conductivity through the

BOX layer, and a factor of 5-10 lower breakdown voltage for standard thin-oxide devices. Every time CMOS-

SOl advances, GaAs also advances — often with less engineering effort because it starts from a more favorable
physical baseline.

7.2 The Process Node Paradox

CMOS scaling creates a paradox for PA design: finer nodes increase fT and fmax but simultaneously lower
supply voltage, reduce breakdown voltage, increase gate leakage, worsen foundry model accuracy in the large-
signal regime, and increase process variation. The net effect on PA power delivery at a fixed Wi-Fi frequency

is often negative when moving to a more advanced node. The RF PA is the anomaly that breaks the scaling
narrative.

7.3 The Cost Argument Is Weaker Than It Appears

A high-performance Wi-Fi PA die in GaAs might be 0.8-1.2 mm?Z. In CMOS-SOI, the same function has historically
required 1.5-2.5 mm? due to larger transistor arrays, more complex matching networks, and combiner
structures. The manufacturing cost advantage narrows dramatically and in some cases inverts when accounting
for co-integration isolation overhead, reliability qualification costs, and the additional development cost
required to work around foundry model inadequacies.

7.4 The CMOS PA Graveyard

Over multiple generations from approximately 2010 to the early 2020s, one market-leading mobile chipset
vendor invested hundreds of millions of dollars in CMOS PA development. The results were commercially
disappointing for high-performance Wi-Fi PAs. Its front-end module strategy ultimately relied on GaAs FEMs.
Similar outcomes were observed at other established chipset vendors and at numerous venture-funded
startups.

The lesson is not that CMOS-SOI PAs are useless — they perform acceptably at lower power levels — but
that the performance boundary GaAs achieves for high-power, high-linearity, high-efficiency Wi-Fi PA
applications has never been breached by CM0OS-SOI, even with world-class engineering and virtually
unlimited budgets. Until now.

8. GaN: A Future Pressure — Not a Wi-Fi Incumbent

Across the Wi-Fi market — consumer client devices, mobile, access points, and enterprise — GaAs HBT
dominates the front-end entirely; GaN has not displaced it in any Wi-Fi segment. GaN on SiC, with power
density of 5-10 W/mm, >28V operation, and excellent efficiency at high output powers, has instead established
itself in cellular base-station infrastructure. If GaN eventually challenges GaAs HBT in Wi-Fi, the more plausible
vehicle is GaN-on-silicon, whose lower substrate cost could reach consumer price points — a potential future
challenger, not a present incumbent. The competitive picture for CMOS-SOI in Wi-Fi is therefore singular: GaAs
HBT holds the entire performance envelope from client devices through enterprise access points, with CMOS-
SOl historically confined to ultra-low-power IoT applications — until the breakthrough described in Section 11
redraws the competitive map entirely.

9. Where CMOS-SOI Is Winning — And What That Reveals

CMOS-SOI has achieved genuine dominance in antenna switches and T/R switches, LNAs at 5-6 GHz, phase
shifters and beamforming VGAs, and low-power loT PAs at Pout < +15 dBm. The pattern is unambiguous: CMOS-
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SOl succeeds when power levels are moderate, linearity requirements are relaxed, or integration and cost
dominate. It has consistently failed when high Pout, high PAE, high linearity, and high operating frequency must
be simultaneously achieved under all real-world load conditions — the precise combination Wi-Fi 7 demands.

10. The Industry's Pragmatic Response: Heterogeneous Integration

The current commercial optimum is the heterogeneous FEM: GaAs PA, switch, BAW/SAW filters, and passive
components in a single package. The market-leading FEM suppliers exemplify this strategy. It acknowledges
the material physics reality and works around it through packaging innovation — but sacrifices full monolithic
integration, adds inter-die routing losses, and perpetuates GaAs supply chain dependency. Crucially, it does
nothing to address the VSWR linearity problem, since DPD operates identically regardless of whether the PAis in

a heterogeneous module or a monolithic die.

11. The Breakthrough That Changes the Equation
A Monolithic CMOS-SOI Front-End Chipset That Meets Wi-Fi 7 — Without DPD, Outperforming GaAs Under

All Real-World Conditions

11.1 Context: What "Holy Grail" Actually Means

Sections 1 through 10 have established with rigor why a monolithic CMOS-SOI RF front-end meeting Wi-Fi 7
performance requirements — without digital correction, without GaAs, without heterogeneous packaging,
and under the dynamic antenna impedance conditions of real mobile use — has been considered physically
implausible by the RF IC community. The material physics barriers are real. The output impedance instability
is real. The VSWR degradation of DPD-based solutions is real and measured. The foundry model inadequacy is

real. The decades of failed investment are real.

Against this backdrop, a privately held company has achieved precisely what the industry consensus declared
unachievable: a fully monolithic CMOS-SOI RF front-end chipset — PA, LNA, and antenna switch on a single die
per band — fabricated in 130nm RF-SOI on a 300mm wafer, delivering Wi-Fi 7-compliant performance with no
DPD, exceeding GaAs efficiency under matched conditions, and uniquely maintaining linearity and efficiency as
antenna VSWR varies from 1:1 through 3:1 under real-world mobile use.

SILICON-PROVEN PERFORMANCE | Wi-Fi 7 Protocol-Level Validated

Metric

Linear Output Power

PAE (MCSO /20 MHz)

PA-level EVM

Supply Voltage

DPD Required

Best GaAs PAE (DPD-assisted, same conditions)
Relative Efficiency Advantage (1.1 VSWR)
Relative Efficiency Advantage (2:1 VSWR)
Relative Efficiency Advantage (3:1 VSWR)
EVM degradation at 3:1 VSWR vs. 1:1

Incumbent EVM degradation at 3:1 VSWR
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Client Device

24 dBm

25%

<-45dBc

3.8V (standard mobile)
None

17-18%
~40-47% better
~45% better
~50% better
<1dB
Upto7dB

Access Point

28 dBm

32%

<-45dBc

5V (standard)
None

~23-25%
~45-60% better
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EVM <-38 dBc system-level | PA contribution <-45 dBc | 320 MHz channel | Full 802.11be protocol stack validated
Peak efficiency measured at MCS0 / 20 MHz — the industry-standard PA efficiency benchmark

11.2 The Two-Chip Wi-Fi 7 Chipset Architecture
The complete solution is a two-chip chipset covering the entire Wi-Fi 7 band plan.

Die 1 — 5 GHz / 6 GHz Front-End: A monolithic CMOS-SOI die covering 5.150-7.125 GHz, incorporating the
PA with novel RF-domain frequency tracking architecture, LNA, and antenna switch. This die addresses the
most demanding portion of the Wi-Fi 7 spectrum where 320 MHz channels and 4096-QAM place the greatest
simultaneous demands.

Die 2 — 2.4 GHz Front-End: A companion monolithic CMOS-SOI die covering the 2.4-2.484 GHz band,
incorporating the same core architectural innovations adapted to the lower-frequency operating conditions of
the legacy band mandatory for Wi-Fi 7 backward compatibility and MLO operation.

Together, the two dies cover the complete 802.11be band plan — 2.4 GHz, 5 GHz, and 6 GHz — enabling full
Multi-Link Operation with no GaAs components anywhere in the RF signal chain.

11.3 Why 130nm RF-SOI — The Counterintuitive Node Choice

The 130nm RF-SOI node was chosen not despite its maturity, but because of it. EDMOS devices in this node
offer drain-source breakdown exceeding 7V — essential to the voltage management strategy. The process
provides physically reproducible large-signal device behavior that, while poorly captured by foundry models,
is characterizable through direct measurement and therefore compatible with the data-driven design
methodology. And 130nm on 300mm wafers delivers exceptional yield, well-established reliability data, and
competitive cost without leading-edge node premiums.

The node choice is a deliberate architectural decision that enables the voltage headroom strategy at the heart of
the breakthrough — inverting a decade of conventional wisdom about the direction of CMOS-SOI PA development.

11.4 The Voltage Architecture: EDMOS Cascode as the Physical Enabler

EDMOS devices in 130nm RF-SOI feature a lightly doped drain drift region extending effective breakdown
voltage to above 7V — more than double standard thin-oxide devices in the same process. Deploying EDMOS
transistors as the upper cascode element achieves three simultaneous outcomes.

The standard thin-oxide core RF transistors operate with low, tightly controlled internal voltage swings well
within their safe operating area — preserving linearity by keeping them away from compression and breakdown
where their most severe non-linearities are activated.

The EDMOS cascode devices absorb the full high-voltage excursion at the output, enabling the 3.8V supply rail
— a standard mobile power management voltage — to be used directly without a dedicated PA supply regulator,
eliminating a major efficiency tax and source of supply noise.

Most critically, the EDMOS drift region non-linearity is dominated by smooth, low-order, and highly process-
reproducible mechanisms: drain capacitance voltage dependence and drift region resistance modulation. This
mathematical regularity is the foundation that makes the linearization architecture tractable. The EDMOS non-
linearity is predictable and cancellable in a way that the chaotic, thermally-sensitive distortion of a standard
thin-oxide device pushed to its limits is not.

EDMOS transistors are not designed or modeled by foundries for RF signal path use at 5-7 GHz. Their intended
applications are bias generation, voltage regulation, ESD protection, and power conversion. Operating them as
active RF cascode elements at these frequencies and voltages requires operating entirely outside the foundry's
characterized design space, which demands the data-driven design methodology described in Section 11.7.
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11.5 The Linearization Architecture: Real-Time Analog Distortion Cancellation

The distortion cancellation system represents the core intellectual property of this breakthrough. Patents filed,;
specific implementation details are not disclosed. What can be stated with technical precision:

» Dual-device linearization: The feedback/feedforward topology linearizes both the thin-oxide core RF
transistors and the EDMOS cascode devices simultaneously — treating the complete PA stack as a single
non-linear system to be cancelled rather than a collection of independent subsystems.

~

Multi-level operation: The linearization operates simultaneously within the PA core at the transistor level,
at the output matching network level, and through a carefully designed parallel cancellation signal path —
addressing distortion at its point of origin rather than at a single aggregate output node.

~

Coupled resonator technique: A patent-pending coupled resonator implementation enables the feedback
loops to function with materially lower matching network insertion loss than conventional PA feedback
topologies — converting what would otherwise be a passive loss element into an active participantin the
linearization network, simultaneously improving stability margin and extending cancellation bandwidth.

~

Adaptive biasing: The PA incorporates adaptive biasing that dynamically reduces current consumption
as output power decreases — providing intrinsic efficiency enhancement across the full PAPR distribution
of real OFDM traffic across the entire MCS ladder, without external envelope tracking hardware, switching
noise, or latency constraints.

~

RF-domain frequency tracking: A novel RF-domain frequency tracking implementation tunes the PA
across the Wi-Fi 5 GHz and 6 GHz channels in approximately 500 MHz operating bands — entirely in the RF
domain, without digital control overhead or the Q-degradation of discrete switching elements. The result
is a PA that operates in a narrow, efficiency-optimized band at any given Wi-Fi channel while seamlessly
covering the complete 5.150-7.125 GHz space. This is patent-pending.

~

Real-time VSWR linearization — the critical differentiator: The analog linearization architecture
operates continuously, in real time, at the transistor level, without any model-based prediction of load
impedance. When antenna VSWR shifts from 1:1 to 2:1 or 3:1, the linearization responds instantaneously
because it responds to the actual instantaneous electrical conditions at the transistor terminals. There is
no DPD coefficient table to go stale. There is no measurement-feedback latency. There is no computational
overhead. The linearity is a physical property of the circuit that holds continuously across the full VSWR
range of mobile operation.

~

Unconditional stability: The architecture is unconditionally stable across rated supply voltage,
temperature, process corners, and the full VSWR range of mobile operation. The negative output
impedance tendency that forces conventional CMOS-SOI PAs into the three-way conflict between power,
bandwidth, and stability is managed by the feedback architecture as part of its normal operating envelope.

The absence of digital pre-distortion is the proof of the linearization's physical — not computational — nature.
DPD-based systems degrade by up to 7 dB EVM at 3:1 VSWR because their correction is model-based and therefore
stale the moment conditions change. A linearization that maintains EVM across the full VSWR range of mobile use
is not correcting distortion after the fact — it is preventing it from being generated in the first place, under all load
conditions, continuously.

11.6 The VSWR Performance: Measured Silicon Results

The dynamic EVM performance across VSWR conditions — measured on fabricated silicon — demonstrates a
categorical separation from incumbent technology.

At 1:1 VSWR, QuantalRF technology achieves approximately 30% better Wi-Fi FEM efficiency than the incumbent
GaAs solution, both operating under their best conditions.
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At 2:1 VSWR (the dominant real-world usage condition), the efficiency advantage increases to approximately
45%. Incumbent technology begins showing linearity degradation as DPD coefficients trained at 1:1 VSWR
become increasingly inaccurate.

At 3:1 VSWR (two-hand / landscape operation), the efficiency advantage reaches approximately 50%. Incumbent
technology EVM degrades by up to 7 dB. QuantalRF technology maintains EVM across the full 1:1 to 3:1 VSWR
range with less than 1 dB of variation.

Phase-resolved dynamic EVM data — measured across the full range of VSWR phase angles from -172° to +178°
— shows QuantalRF technology maintaining tight EVM curves regardless of reflection phase, while incumbent
technology shows dramatic EVM spread with worst-case phase conditions causing complete linearity collapse
at output powers otherwise within the PA's rated range.

11.7 The Data-Driven Design Methodology

Rather than relying on foundry simulation models — the standard IC design flow that fails in this operating
regime — the architecture is designed to be inherently adaptive to discrepancies between simulated and
realized device behavior. The mathematical framework underlying the linearization and feedback topology
accommodates variations in transistor non-linear transfer characteristics within bounds defined by physical
device characterization rather than foundry model outputs.

In practice, this means the design process is more closely related to data-driven system identification and
adaptive control theory than to conventional circuit simulation and optimization. Indirect characterization

of EDMOS and thin-oxide devices at actual operating voltage, frequency, temperature, and large-signal drive
conditions provides the input data that drives architecture parameter selection. The resulting design is robust
to the specific model inaccuracies that have historically caused CMOS-SOI PA designs to fail at the silicon
measurement stage.

This methodology is as significant as the circuit innovations themselves — it defines a repeatable, transferable
design process that operates correctly in the regime where standard IC design methodology is known to fail.

Underlying this methodology is a modeling stance that departs from standard practice at the conceptual level.
A nonlinear RF amplifier is, fundamentally, a dynamical system with memory: its behavior is governed by
charge, temperature, trapping effects, and the instantaneous waveform applied to it. The circuit itself has no
notion of OIP3, ACPR, or EVM — these are not intrinsic physical quantities, but projections of the underlying
dynamics onto particular measurements and signal conditions. The projections have served the field well, but
320-MHz bandwidths and deep large-signal operation expose the cost of reducing a high-dimensional nonlinear
system to a handful of scalar figures of merit. The productive question is no longer “what distortion products
are produced?” but “what trajectories through the device state space give rise to them?” Viewed through that
lens, much of RF design has spent decades studying the shadows cast by waveform dynamics rather than the
dynamics themselves — not because the measurements are wrong, but because the physics is richer than the
projections.

The architecture is accordingly modeled and optimized at the level of its state-space equations, driven by
direct large-signal characterization of the devices at actual voltage, frequency, and temperature. Compression
point, OIP3, and EVM are outputs used to verify the result — they are not the variables in which the design is
performed. This is the substantive difference between the framework described here and conventional EDA
flows, and it is why the correlation results of Sections 11.9 and 11.10 were achievable in a practical number of
silicon iterations.

11.9 Silicon Validation: What Protocol-Level Testing Means

The performance claims in this white paper are measurements on fabricated silicon, validated through full Wi-Fi
7 protocol-level testing using a complete 802.11be MAC/PHY protocol stack. Protocol-level validation subjects
the device to real-world OFDM signal conditions across the complete operating envelope: full PAPR loading
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across MCS0 to MCS13, frequency agility across 320 MHz channels, multi-spatial-stream MIMO operation, and
realistic statistical signal amplitude distributions. This validation was performed across the full VSWR range
from 1:1 through 3:1 — confirming that the silicon-proven performance is not a lab artifact of ideal impedance
conditions.

Achieving PA-level EVM better than —45 dBc at 20 dBm conducted output power, 25% PAE at MCSO0, from a 3.8V
supply, in 130nm CMOS-SOI, with no DPD, across the full mobile VSWR range, has no precedent in the published
RF IC literature at any process node with any amount of digital correction assistance.

11.10 Competitive Performance Benchmarking
Best published results from IEEE JSSC, ISSCC, RFIC, and IMS proceedings 2020-2024.

For calibration of these comparisons against the open literature: the closest published no-DPD result of which
we are aware — a 2.4-GHz SOI-CMOS front-end module achieving 20 dBm at —43.9 dB EVM for 40-MHz, 1024-
QAM Wi-Fi 6 signals [19] — illustrates both the state of the art and the distance from it to 320-MHz, 4096-QAM
operation at 5-7 GHz.

11.11 Forward Roadmap: 65nm RF-SOI

The architecture's node portability has been validated: the core mathematical topology functions in 65nm
RF-SOI, where improved transistor fT and fmax combined with the same EDMOS voltage management strategy
yield additional efficiency gains. The 65nm path represents the next generation roadmap — enabling further
PAE improvement, reduced die area, and potential frequency range extension beyond 7.125 GHz. This node
portability confirms the breakthrough is a generalizable design methodology that improves with mild process
scaling — the inverse of conventional CMOS-SOI PA behavior.

11.12 Manufacturing and Commercialization Strategy
Three distinct engagement models accommodate different partner strategic positions.

IP Licensing makes the mathematical architecture and circuit topology available to Tier 1 Wi-Fi chipset
companies, SoC vendors, and RF module manufacturers. This is the natural entry point for large chipset
companies preferring internal implementation control.

Fabless Product Sales supplies monolithic CMOS-SOI front-end dies directly to OEM and ODM customers. The
300mm wafer manufacturing on mature 130nm RF-SOI enables competitive per-die costs, with total system
cost potentially significantly below equivalent GaAs FEM solutions when elimination of multi-die packaging
overhead, GaAs supply dependency, and DPD processing cost are fully accounted for.

Manufacturing License enables strategic partners requiring captive production capability, reflecting
confidence in the architecture's reproducibility across process corners and in the data-driven design
methodology that delivers consistent silicon performance.

Validated reference designs for both mobile client and access point applications are provided across all
engagement paths.

12. Industry Implications: Rewriting the RF Front-End Roadmap

12.1 Supply Chain Disruption

The market leaders' GaAs-based FEM revenues from Wi-Fi alone represent billions of dollars annually. A
monolithic CMOS-SOI chipset that outperforms GaAs efficiency at matched conditions, eliminates multi-die
packaging overhead, and uniquely solves the VSWR degradation problem that GaAs + DPD cannot address
represents a genuine structural threat — compounded by the DPD elimination benefit which reduces total
system cost in ways that per-die price comparisons do not capture.
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12.2 The VSWR Problem as a Market Catalyst

The VSWR robustness data introduces a dimension of competitive differentiation that goes beyond
conventional PA performance metrics. OEM system architects are acutely aware that their Wi-Fi performance
ratings — based on lab measurements at 1:1 VSWR — do not represent what users experience in the field. A
technology that demonstrably maintains Wi-Fi 7 compliance across the full range of real-world usage conditions
addresses a pain point that every major smartphone OEM has been unable to solve through any combination of
antenna diversity, DPD sophistication, or modem rate adaptation.

12.3 The SoC Integration Opportunity

For market-leading Wi-Fi chipset companies, a licensable CMOS-SOI PA architecture means true RF SoC
integration without GaAs dependency. DPD elimination reduces baseband processor power, die area, and
latency — quantified in Section 5.5 at 150-350 mW per transmit chain and 5-8% of radio die, per generation, in
perpetuity — benefits that cascade through the system architecture and compound the direct PAE advantage.

12.4 The Access Point Market Transformation

The 28 dBm / 32% PAE access point specification opens a market segment historically inaccessible to silicon-
based PA technology. The VSWR robustness benefit applies to APs as well — where antenna impedance varies
with mounting location, nearby structures, and Wi-Fi client density — further strengthening the competitive
case in infrastructure deployments.

12.5 Validation of an Alternative Scaling Philosophy

The most intellectually significant implication is the validation of a design philosophy that deliberately rejects
the assumption that breakthrough performance requires the most advanced process node. Breakthrough

RF performance emerges from architectural innovation in well-understood processes — not from expensive
leading-edge fabrication.

The deeper point is a change of optimization target. For decades, front-end development optimized the
amplifier — gain, linearity, peak efficiency — objectives that were correct for their time. Wi-Fi 8 makes the true
objective explicit: not the best amplifier, but the most efficient and reliable communication system. Under that
objective, the front-end can no longer be treated as an isolated block: RF performance, DPD complexity, digital
power consumption, calibration overhead, and thermal behavior are one optimization problem. Changing the
optimization target changes the optimal architecture. That distinction sounds subtle; it is not.

12.6 Architecture Versus Material: The Decisive Comparison

Sections 3 and 4 established GaAs’s commanding materials advantage — superior electron mobility, higher
breakdown voltage, lower substrate losses. On paper, a CMOS-SOI RF front-end should never approach GaAs
performance. Market-leading FEM and chipset companies have together spent over one billion dollars and
many years of engineering effectively proving that proposition, with numerous venture-funded startups adding
hundreds of millions more in confirmation. They were right about the physics. They were wrong about the
architecture.
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QuantalRF CMOS-SOI Incumbent GaAs HBT QuantalRF GaAs HBT

Metric . :
(current generation) FEM (next generation)
Advanced architecture, Stan_dard Advanced architecture +

Approach . architecture, -
standard material . advanced material

advanced material

Operating Voltage 38V 38V 38V

Power delivered 26 dBm 23dBm 30dBm

Power efficiency 25% 17% 45%

Manufacturing cost Lowest Highest Low (near CMOS-SQI)

Selling price Lowest Higher Premium

Die size 1.9 mm? 3.0 mm? 1.2 mm?

Total manufacturing

. 50-55% 45-50% 70-80%
margin

The comparison can be viewed as a controlled experiment. Holding architecture constant and upgrading the
material — the incumbent GaAs HBT FEM — yields 23 dBm at 17% efficiency in 3.0 mm?. Holding material
constant and upgrading the architecture — QuantalRF’s CMOS-SOI — yields 26 dBm at 25% efficiency in 1.9
mm?, at substantially lower manufacturing cost. Architectural innovation, on this evidence, dominates material
advantage.

The next-generation port of the same architecture onto GaAs HBT then answers the natural question: what
happens when the advanced architecture meets the advanced material. The result — 30 dBm at 45% power-
added efficiency in 1.2 mm? — is not an incremental improvement on either axis; it is a class of its own,
delivering approximately 2.6x the incumbent’s efficiency in 40% of its die area at near-CMOS manufacturing
cost, with an 80% manufacturing margin. It also demonstrates that the architecture is portable across material
systems — reinforcing the node-portability finding of Section 11.11 and the scaling philosophy of Section 12.5:
performance leadership derives from the mathematics of the architecture, and it compounds with, rather than
competes against, whatever material it is implemented in. Materials define the limit; architecture determines
how closely a design approaches it — one sets the boundary, the other the outcome.

12.7 The DPD-Efficient Variant: The Same Physics, Aimed at Deployed Platforms

The architecture described in Section 11 admits more than one product expression. Because linearity is a
tunable property of the closed-loop analog platform rather than a fixed attribute of a device, the same silicon
architecture can be calibrated to different points on the linearity-efficiency curve. QuantalRF’s Elementum™
portfolio expresses this as two tiers: the fully linear FEM of Section 11 (QWX27105 class), which requires no
digital correction at all, and a DPD-efficient variant (QWX27104 class) engineered for the large installed base of
platforms whose transmit chains are built around a DPD engine and will not abandon it mid-generation. The
strategic premise is straightforward: roughly the entire deployed mobile Wi-Fi ecosystem corrects its front-end
digitally today, and the fastest way to improve those systems is not to demand an architectural conversion — it
is to hand their correction machinery a fundamentally better amplifier.

The measured behavior of the DPD-efficient variant illustrates what “better” means in this context. With DPD
applied at 160 MHz bandwidth, the part holds EVM to within 0.5 dB across all channels — where competitive
solutions vary by more than 4 dB from channel to channel, a variation that forces system designers to back off
output power to guarantee worst-case compliance. At 320 MHz, it sustains better than =40 dB EVM up to 16.5
dBm and remains spectral-mask-limited out to 18 dBm — roughly 3 dB beyond the point where conventional
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FEMs break =40 dB. The net system benefit is 2-3 dB of additional mask-compliant output power under
precisely the wide-bandwidth, dense-constellation conditions that stress every other element of the radio,
alongside 22 dBm of linear output at HE20 MCSO0 with 3 dB of spectral-emission margin. The part operates from
mobile-native supplies (3.8 V PA, 1.8 V LNA), integrates PA, LNA, switch, and coupler on one monolithic CMOS
RF-SOI die in a 2 x 2 mm LGA or sub-2-mm? flip-chip form, and — critically for what follows — is pin-, power-
mode-, and package-compatible with the incumbent GaAs FEMs it replaces.

It bears emphasis that the variant’s numbers are measured with DPD engaged and are therefore system-level
figures; they are not directly comparable to the no-correction PA-level results of Section 11, which characterize
the fully linear tier. The two tiers are calibration points on one platform, not different architectures.

12.8 Why Intrinsic Linearity Transforms the Correction System It Feeds

Section 5.5 itemized the DPD tax. The DPD-efficient variant does not abolish that tax — by design, it keeps the
correction loop — but it shrinks nearly every line item, because the difficulty of digital correction is set by the
character of the nonlinearity being corrected, not by the mere presence of one. A front-end whose residual
nonlinearity is smooth, low-order, and reproducible requires a low-order DPD engine: a smaller basis set, a
shorter least-squares solve, fewer coefficients, and a lighter sample-rate datapath on the host SoC. The 0.5-
dB cross-channel consistency collapses the per-channel calibration burden that Section 5.5 identified as a
bring-up and production-test cost, and eliminates the worst-case power back-off that channel-to-channel
variation otherwise forces. Native thermal stability across the = 5 ms packets of high-throughput traffic means
coefficients trained at the start of a PPDU still describe the amplifier at its end — directly addressing the
intra-packet drift that defeats block-rate adaptation. And a well-behaved, low-order model converges on less
training data, easing the starvation problem that band-agile trafficimposes on the adaptation loop. The multi-
loop analog feedback that defines the platform continues to operate underneath the digital loop, holding the
amplifier’s behavior — including under 3:1 VSWR antenna mismatch — so the DPD engine corrects a stationary,
well-conditioned target rather than chasing a moving one.

The distinction matters commercially as well as technically. Section 5.5 described qualification lock-in:
because linearity is co-produced by the SoC’s DPD engine and the front-end it corrects, qualifying a new FEM

is a substantial joint engineering program. A front-end that converges quickly, varies little across channels and
temperature, and demands only a low-order model shortens that program dramatically — lowering the barrier
that has historically kept chipset vendors’ qualified-FEM lists short.

12.9 Impact on Existing Platforms in the Wi-Fi 8 Transition

Wi-Fi 8 will not arrive on clean-sheet platforms. It will arrive, as every Wi-Fi generation has, largely on evolved
versions of existing ones: the same SoC families, the same DPD engines and calibration infrastructure, the

same qualified front-end lists, upgraded incrementally. Section 2.7 established that 802.11bn keeps the Wi-Fi 7
physical layer while demanding its fidelity under harder conditions — which means existing platforms must find
new margin without new PHY headroom. For those platforms, the DPD-efficient variant is the available move.
Drop-in compatibility — pin, power mode, and package — means no board respin and no power-tree redesign;
the platform keeps its DPD architecture and simply corrects a better amplifier.

Each of the variant’s properties maps onto a specific UHR objective. The 2-3 dB of additional mask-compliant
power is edge-of-coverage link budget — the raw material of 802.11bn’s 25% challenging-conditions throughput
target, and headroom for the enhanced long-range PPDUs and distributed resource units that deliberately raise
uplink transmit demands. The low-order DPD requirement returns computational cycles and power to the host
SoC, in direct service of UHR’s reduced-power objective, and shortens the correction pipeline that tail latency
budgets must absorb. Cross-channel consistency and packet-scale thermal stability keep coefficients valid
through exactly the traffic patterns — long PPDUs, multi-link operation, band-agile scheduling — that starve

and stale conventional adaptation loops. And the retained 3:1 VSWR robustness addresses the failure mode of
Section 5.3 at its root: the amplifier the DPD engine models remains the amplifier that exists when a hand closes
around the device.
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The two tiers together give platform architects a migration path rather than a leap. Deployed and near-term
Wi-Fi 8 platforms adopt the DPD-efficient tier today, recovering power, margin, and calibration effort inside
their existing correction architecture; as SoC roadmaps expose reduced-DPD and no-DPD transmit modes, the
same silicon platform — already qualified, already characterized — extends to the fully linear tier of Section 11,
and the correction apparatus is retired rather than replaced. One architecture serves both futures: the platforms
that keep DPD and the platforms that delete it.

13. Conclusions

This white paper has traced the technical and commercial case for why CMOS-SOI power amplifiers have failed
to displace GaAs in Wi-Fi front-ends — material physics barriers, device-level limitations, negative output
impedance instability, the three-way matching conflict, the mmWave false precedent, efficiency enhancement
architecture limitations, the underacknowledged foundry model inadequacy, the VSWR problem that
structurally defeats DPD-based solutions, and the systemic failure of every well-resourced industry program,
including those of the market leaders. Against this backdrop, the achievement described in Section 11 is not an
incremental improvement — it is a categorical discontinuity across every dimension simultaneously.

The key conclusions:

1. Fundamental performance ceiling: Material physics imposes a fundamental ceiling on conventional
CMOS-SOI PA performance that cannot be breached through standard circuit techniques or process
scaling. This ceiling has been validated empirically by two decades of industry failure.

2. New architectural approach: The breakthrough resolves these constraints not by changing
the physics but by designing an architecture that operates harmoniously within them — EDMOS
breakdown above 7V for voltage management; simultaneous dual-device linearization of thin-oxide
and EDMOS non-linearities; patent-pending coupled resonators reducing matching loss within the
feedback architecture; adaptive biasing for intrinsic back-off efficiency; and RF-domain frequency
tracking across 5.150-7.125 GHz.

3. Target EVM specification: PA-level EVM below -45 dBc is the correct specification for a Wi-Fi
7-compliant PA operating in a real system. Achieving this without DPD is categorically different from
GaAs solutions that consume the entire system EVM budget in the PA alone.

4, Real-time VSWR linearization: Real-time analog VSWR linearization solves a problem that DPD
cannot. Incumbent GaAs solutions degrade by up to 7 dB EVM and 50% efficiency at 3:1 VSWR.
QuantalRF technology maintains EVM and efficiency across the full VSWR range of mobile operation
because the linearization is a physical property of the circuit, not a model-based digital correction.

5. Performance efficiency advantage: The PAE advantage over DPD-assisted GaAs is ~40-50% relative
across the 1:1 to 3:1 VSWR range — compounding at higher VSWR as DPD loses effectiveness while
analog linearization maintains performance.

6. Data-driven design methodology: The data-driven design methodology circumvents the structural
inadequacy of foundry models and defines a repeatable design process that operates correctly where
standard IC methodology fails.

7. GaAs-free Wi-Fi 7 chipset: The two-chip chipset covers the complete Wi-Fi 7 band plan with no GaAs
components anywhere in the RF signal chain — for the first time in the history of Wi-Fi silicon.

8. -65nm RF-SOI scalability: The 65nm RF-SOI roadmap confirms node portability and continued
improvement with mild process scaling — the inverse of conventional CMOS-SOI PA behavior.
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The RFFE Holy Grail

The holy grail of RF front-end integration has been achieved. A monolithic CMOS-SOI chipset — proven on
silicon, validated at protocol level against the full 802.11be standard including dynamic VSWR conditions,
manufacturable at scale on 300mm wafers, and outperforming DPD-assisted GaAs by 40-50% in efficiency
while maintaining linearity where incumbent solutions fail — now covers the complete Wi-Fi 7 band plan
without the GaAs dependency, the digital correction overhead, the multi-die packaging complexity, or the
real-world performance cliff that has defined the industry for three decades.

Finally, the two-tier expression of the architecture deserves a place in any strategic reading of these results: a
DPD-efficient tier that upgrades deployed platforms immediately, within their existing correction architectures,
and a fully linear tier that removes the correction apparatus entirely. The industry does not have to choose
between its installed base and its architectural future — the same silicon platform serves both.
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