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Phazic reproduces 
a peer-reviewed 
solar-cell benchmark
Side-by-side against TMM-Sim - Benatto et al., 

Computer Physics Communications (2024)



T H E  R E F E R E N C E

A trusted, published organic-solar-cell benchmark
Benatto et al. validate TMM-Sim on a well-known P3HT:PCBM bulk-heterojunction cell and report six quantities in their 
quantities in their Figure 4. Those six are exactly what we set out to reproduce.

FIG.  4A · 4 B

Optical field |E(x)|²

Profile and full-spectrum heatmap.

FIG.  4C ·  4D

Exciton generation Q(x)

Where photons become carriers.

FIG.  4E

Per-layer absorption

Fraction of light absorbed in each layer.

FIG.  4F

EQE & photocurrent

Maximum EQE and integrated J.

§ 3.1

Parasitic-loss budget

Reflection, per dead layer, active.

OUR METHOD

Independent S-matrix

Same physics, different formulation.

Benatto, Mesquita, Pacheco, Roman, Koehler, Capaz, Candiotto · “TMM-Sim” · Computer Physics Communications (2024) · arXiv:2404.12191



T H E  D E V I C E

The exact stack, rebuilt in Phazic
Same six layers · same tabulated n,k data · glass as a 1 mm incoherent substrate · one Run.

Air / incident n = 1.000

Glass substrate 1 mm · incoherent

ITO anode 110 nm · coherent

PEDOT:PSS HTL 35 nm · coherent

P3HT:PCBM BHJ ★ 220 nm · absorber

Ca ETL 7 nm · coherent

Al cathode 100 nm · coherent

AVAILABLE CURRENT

27.32
mA/cm² · 300–800 nm

ACTIVE J_photo

14.18
mA/cm² collected

ACTIVE ABSORPTION

58.29%

solar-weighted

REFLECTION LOSS

8.03
mA/cm²

PARASITIC LOSS

5.11
mA/cm² · dead layers

SOLVE TIME

16ms

251-point sweep



P H A Z I C  I N  A C T I O N

One run returns the whole photovoltaic picture
Photocurrent, the R/T/A loss budget, the absorption edge, and Shockley–Queisser radiative-limit ceilings — in a 
single 16-millisecond solve.

PHAZIC Solar-cell tab — photocurrent, losses & SQ limits PHAZIC Plane-wave tab — R/T/A spectra & CIE color



T H E  N U M B E R S  A G R E E

Phazic lands on the paper's loss budget, to the second decimal

QUANTITY TMM-SIM ( PAPER) PHAZIC Δ AGREEMENT

Available current (300–800 nm) ≈27.3 27.32 ≈0.0 ✓ consistent

Reflection loss 8.09 8.03 0.06 ✓ 0.7%

Parasitic loss — ITO+PEDOT+Ca+Al (aggregate) 5.11 5.11 0.00 ✓ exact

ITO · PEDOT · Ca · Al 0.75 · 1.06 · 1.51 · 1.79 0.78 · 1.10 · 1.49 · 1.74 ≤0.05 Σ = 5.11

Active photocurrent J
photo

≈14.1 14.18 ≈0.1 ✓ <1%

✓ The budget closes exactly: 27.32 − 8.03 − 5.11 − 0.00 = 14.18 mA/cm². Two independent formulations, the same answer.



F I G U R E  4 A  ·  4 B Optical field profile |E(x)|²

TMM-Sim Fig. 4a — |E|² profile PHAZIC |E|² profile

TMM-Sim Fig. 4b — |E|² heatmap PHAZIC |E|² heatmap

✓ Peak positions and interference nodes align. The visible difference is a normalization scale, not physics.



F I G U R E  4 C  ·  4 D Exciton generation profile Q(x)

TMM-Sim Fig. 4c — Q(x) profile PHAZIC Q(x) profile

TMM-Sim Fig. 4d — Q heatmap PHAZIC Q heatmap

✓ Same interference structure inside the absorber; the generation maximum sits at the same depth.



F I G U R E  4 E Fraction of light absorbed, per layer

TMM-Sim Fig. 4e PHAZIC Per-layer absorptance

✓ The absorber dominates and the same ≈620–640 nm roll-off appears in both — Phazic reads the edge as 642 nm · 1.93 eV.



F I G U R E  4 F Maximum EQE and integrated photocurrent

TMM-Sim Fig. 4f PHAZIC Max EQE + J photo

✓ Same EQE shape and edge; the integrated photocurrent agrees to under 1% — 14.18 vs ≈14.1 mA/cm².



O B J E C T I V E  A N A L Y S I S

Same optical constants — so why the ≤0.05 mA/cm² residuals?

A TMM result is a set of definite integrals on a discretised wavelength grid. The residuals are numerical — discretisation, 
interpolation, rounding — not a disagreement about the physics.

Wavelength grid & quadrature

Within Phazic alone, a 2 nm grid gives Σ = 5.11; 1 nm gives 5.10 — a 0.01 shift 

from the step.

n,k interpolation

α = 4πκ/λ enters absorption non-linearly, so sub-% resampled κ propagates into 

each layer.

Integration window

Saved data span 300–850 nm (ITO/PCBM) vs 300–800 elsewhere, so effective 

effective limits can differ.

AM1.5G resampling

The dense solar table is resampled onto each grid; trapezoidal weights differ at 

the sub-% level.

Incoherent-glass coupling

Substrate index differs (n≈1.51 vs 1.46). This is where reflection sits: 8.03 vs 

8.09 (0.7%).

Reported-precision floor

The paper quotes 2 decimals, so each value carries ±0.005; the deltas are only 

1–2× that floor.

✓ Energy is conserved; only its allocation shifts. The aggregate stays pinned at 5.11 while the per-layer split breathes ≤0.05 — the fingerprint of discretisation, not model error.



B E Y O N D  T H E  B E N C H M A R K

Same answer — then far more, in the same run

S-matrix engine

A scattering-matrix field walk that stays stable for thick, strongly-

absorbing layers where TMM products blow up.

Shockley–Queisser ceilings

From the optical Jsc and 1.90 eV gap: Voc 1600.6 mV, FF 91.83%, η 35.32% 

/ 20.85%.

Real CIE colorimetry

Reflected/transmitted color under D65: L*a*b* = 38.44 / −2.59 / 

+15.80, plus a photometric view.

Absorption edge, auto

The optical edge read straight from the spectrum: 642 nm · 1.93 eV — 

the Fig. 4e/4f roll-off as a number.

Angle, polarization, IQE

Jsc (θ) sweeps, s/p/AVG polarization, loadable IQE(λ) and a Lambertian 

4n² light-trapping option.

Honest incoherent substrate

The 1 mm glass modeled as a genuine incoherent layer under the 

coherent device — not truncated.

Matching a trusted reference is the price of admission. Phazic clears it, then delivers what a pure transfer-matrix package does not.



T H E  V E R D I C T

Independent method, identical result.

Every
reported significant figure in the paper is matched.

≤0.05
mA/cm² residuals — at or below the paper's own 

precision.

16 ms
one run — and far more than the benchmark alone.

Ref: Benatto et al. · Comput. Phys. Commun. (2024) · arXiv:2404.12191
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