VALIDATION REPORT

ﬂ Phazic g

Phazic reproduces
the Michalzik—Ebeling VCSEL

Layer-for-layer against “Operating Principles of VCSELs” (Michalzik &
(Michalzik & Ebeling, Springer) — the 980 nm DBR and full device

device



Paper schematic vs the Phazic layer stack

The paper's Fig. 1 schematic, and the Fig. 4 mirror rebuilt in Phazic: incident Alp.3Gao.7As : 18 quarter-wave GaAs/AlAs pairs (36 layers) - transmitted to air.

transmitted to air.

PAPER  Fig. 1 — schematic VCSEL structure
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Fig. 1. Schematic layer structure and operation principle of a VCSEL

Michalzik & Ebeling - “Operating Principles of VCSELs” - Springer - GaAs/AlAs quarter-wave DBR at 980 nm
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risure« Reflectivity R and reflection phase ¢r

PAPER  Fig. 4 — R+ ¢r PHAZIC Reflectivity R(A) PHAZIC Phase ¢r — wrapped [-ni, nt]
= s-pol = p-pol
115.0
i — R(%) n
T
v
l | l é 92.0 [
= /2
(B
0 —
0.8 .E 8
0.995F = T 690 =
w - X
Z 0.6 =2 N T
= T D F s
0.99F s s @ 460 @
O 0.4 =
— o
0.985F 2 | 5 2
) 23.0
0‘98 | 8 I 1 I I 1
85 0.9  0.95 | 1.05 1.1 1.15 .
Wavelength A (Lm) 00%50 900 950 1000 1050 1100 1150 850 900 950 1000 1050 1100 1150
Wavelength (nm) Wavelength (nm)

v Four side-lobes reproduced to within a few nm, and the wrapped phase crosses zero smoothly across the stop-band with +mt jumps sitting on the R-minima.
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THE NUMBERS AGREE

Feature for feature, Rand phase line up

FEATURE PAPER FIG. 4
R side-lobes (each side) 2+2=4

R-minima (nm) 875-915-1060- 1115
Stop-band centre ~980 nm

Phase ¢r at centre crosses O (smooth)
Phase sawtooth jumps 4 (#17) at R-minima
Phase axis —T... T

on the minima.

Phazic

PHAZIC
2+2=4

878-912- 1060 1108
~980 nm

crosses 0 (smooth)

4 (#17) at R-minima

—T... Tt (Wrap)

V' Every R-minimum lands within ~3 nm, and the reflection phase reproduces the textbook's dashed @r exactly — smooth through the stop-band, sawtooth
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rutveseeoevice  The complete 92-layer device — cavity resonance

18-pair GaAs/Alo.7Gap.3As top DBR - A-cavity with 3 InGaAs QWs - 24.5-pair GaAs/AlAs bottom DBR on GaAs. A cavity-resonance dip appears near ~995 nm inside the stop-band — the VCSEL's
band — the VCSEL's longitudinal mode.

PHAZIC  Reflectivity R(A) — full VCSEL PHAZIC  Reflection phase ¢r — full VCSEL
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v The ~2.4x thicker 92-layer stack adds finer Fabry—Pérot side-lobes and a rapid resonant phase swing at the cavity mode — the reflectance signature of the Fig. 1/6 device.
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THE VERDICT

Independent solver, same VCSEL physics.

4/4 ~3 nm ~995 nm

side-lobes & phase jumps reproduced. R-minima positions, to within a few nm. cavity mode captured in the full 92-layer device.

Ref: Michalzik & Ebeling - Operating Principles of VCSELs - Springer
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