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GENERAL INFORMATION ABSTRACT

This paper presents the design, construction, and performance
evaluation of a balanced homodyne detector (BHD) intended
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system employs two closely matched 1G17X500 photodiodes
Accepted date: 02/6/2026 and a low-noise differential amplifier to suppress classical

technical noise and enhance the sensitivity of quadrature
measurements. Experimental tests using a 1064 nm Nd:YAG
KEYWORD laser demonstrate strong photodiode linearity and a quantum
efficiency of approximately 68%. Spectral analysis further
reveals a Common-Mode Rejection Ratio (CMRR) of around
52 dB, indicating highly effective cancellation of laser-

Balanced Homodyne Detection;

Quantum Optics; induced and electronic noise. A characteristic relaxation-
CommonMode Rejection Ratio oscillation peak at 284.375 kHz is observed in the unbalanced
(CMRR); detector output but significantly reduced in the balanced

output, confirming the robustness of the homodyne

Photodiode Quantum Efficiency; architecture. These results verify that the implemented BHD

Continuous-Variable Quantum operates near the shot-noise limit and is well suited for
Measurement. applications such as squeezed-state detection, vacuum noise
characterization, and precision continuous-variable quantum
measurements.
1. INTRODUCTION in discrete quantum states, CV quantum systems

rely on the continuous quadratures of the optical
field amplitude and phase which enable high-
speed operations, deterministic state preparation,
and compatibility with existing optical
communication infrastructures (Biele et al.
2021). These advantages make CV platforms
particularly suitable for quantum

Continuous-variable (CV) quantum
information processing has emerged as a major
branch of modern quantum technologies,
complementing discrete-variable approaches
based on single photons, trapped ions,
superconducting qubits, and other two-level
quantum systems (Badilla-Nunez, Chen, and
Cicerone 2025). Instead of encoding information
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communication, quantum sensing, and precision
metrology (Bruynsteen et al. 2021).

A critical requirement in CV quantum optics
is the ability to measure quantum fluctuations
with sensitivity below the shot-noise limit
(Carver et al. 2024). Such measurements are
essential for observing squeezed states, detecting
vacuum fluctuations, characterizing
entanglement, and implementing quantum key
distribution protocols (Chen et al. 2025).
Achieving this level of sensitivity requires not
only high-quality optical components but also
high-performance detection systems capable of
suppressing classical noise contributions (Fisher
et al. 2023).

The balanced homodyne detector (BHD) is
the most widely used instrument for this purpose.
By combining a weak quantum signal with a
strong local oscillator (LO) and subtracting the
photocurrents from two matched photodiodes,
the BHD effectively suppresses common-mode
noise sources such as thermal noise, laser
intensity noise, and electronic noise while
amplifying the quantum signal of interest
(Gabbrielli et al. 2021). The performance of a
BHD is typically evaluated through two key
parameters: quantum  efficiency of the
photodiodes and the CMRR of the differential
detection circuit. High quantum efficiency
ensures optimal conversion of incident photons
into measurable electrical signals, while a high
CMRR reflects the detector’s ability to suppress
technical noise and isolate genuine quantum
fluctuations (Guo et al. 2023).

In this work, we present the design,
construction, and performance evaluation of a
home-built balanced homodyne detector
optimized for experiments at 1064 nm. The
detector employs two closely matched
photodiodes and a low-noise differential
amplifier configuration to achieve high common-
mode noise suppression (Heinze et al. 2022).
Using an Nd:YAG laser modulated at 10 MHz,
we experimentally characterize the system’s
quantum efficiency and CMRR. The results

demonstrate a quantum  efficiency of
approximately 68% and a CMRR exceeding 52
dB, confirming that the detector operates in a
regime suitable for near-quantum-limited
measurements. This implementation provides a
practical, cost-effective platform for research in
continuous-variable quantum optics, squeezed-
light generation, and precision optical metrology.

Figure 1. Schematic illustration showing the
analogy between an operational amplifier and a
balanced homodyne detection scheme (left),
alongside the actual photograph of the implemented
balanced homodyne detector (right)

2. RELATED WORK

Balanced homodyne detection has long been
established as one of the most powerful and
precise techniques in quantum optics for
measuring the quadrature components of light
fields. Its origins trace back to early theoretical
and experimental efforts in continuous-variable
guantum optics, where researchers demonstrated
that subtracting the photocurrents from two well-
matched photodiodes enables the extraction of
quantum-limited signals while effectively
suppressing classical noise sources (Honz et al.
2021).

Foundational theoretical frameworks are
provided in standard quantum optics texts such
as Fox’s Quantum Optics: An Introduction and
Bachor and Ralph’s A Guide to Experiments in
Quantum Optics (Inoue et al. 2022). These works
outline the principles of coherent detection, noise
analysis, and the role of the local oscillator (LO)
in amplifying weak quantum signals. They also
highlight the importance of matching
photodiodes in responsivity, bandwidth, and
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noise characteristics to ensure high common-
mode noise cancellation an essential aspect of
BHD performance (Jia et al. 2023).

Subsequent advancements in experimental
quantum optics have further expanded the use of
BHD. For instance, Mehmet et al. demonstrated
highly efficient BHD systems at 1550 nm
capable of detecting squeezed light with quantum
noise reduction exceeding 12 dB. Such
developments underscore the relevance of high-
performance homodyne detectors in applications
such as gravitational-wave detection, quantum
communication, and quantum computation

(Inoue et al. 2025). Modern BHD
implementations frequently emphasize
improvements  in  photodiode  quantum

efficiency, electronic noise reduction, wide-
bandwidth detection, and active stabilization
techniques (Lang et al. 2022).

The balanced homodyne detection has
become a standard tool in the characterization of
squeezed states, entangled optical modes, and
vacuum fluctuations. These applications rely
heavily on the detector’s ability to achieve high
Common-Mode Rejection Ratio (CMRR), which
directly influences its sensitivity to sub—shot-
noise features. Various designs ranging from
simple analog differential  circuits to
sophisticated digital demodulation systems have
been proposed to enhance CMRR, reduce
electronic noise, and improve measurement
fidelity (Liao et al. 2025).

The present work builds on these established
efforts by developing a compact and efficient
BHD system optimized for operation at 1064 nm
using a modulated Nd:YAG laser. Through
careful selection of matched photodiodes and
low-noise electronic components, the system
aims to achieve high quantum efficiency and
strong common-mode noise suppression. The
reported CMRR exceeding 52 dB places the
detector within the performance range of modern
research-grade BHD instruments, making it
suitable for experiments in CV quantum

information processing and precision optical
metrology (Lin et al. 2025).

3. METHODOLOGY

The methodology used in this study involves
designing, implementing, and characterizing a

balanced homodyne detector capable of
suppressing classical noise and enabling
quantum-level optical measurements. The

detector operates by mixing a weak quantum
signal with a strong local oscillator (LO) on a
50:50 beamsplitter. The two output beams
illuminate a pair of matched 1G17X500
photodiodes, producing photocurrents i1(t) and
i2(t). The fundamental operating principle of
homodyne detection is based on subtracting these
currents to remove classical noise contributions.
The differential current is given by (Lordi et al.
2023):

taifr(t) = #1(t) — 22(t)

This subtraction strongly suppresses noise
components that are identical in both detectors
such as thermal noise, amplifier noise, and LO
intensity fluctuations while preserving the
quantum fluctuations associated with the optical
field quadrature.

To evaluate the performance of the
photodiodes, their linearity was measured by
recording the output voltage as a function of
incident laser power. The output voltage is
related to the photocurrent through the
transimpedance gain of the amplifier (Miao et al.
2025):

I’i)ut = R'I'IA ) £(P}

Here, Rriar is the transimpedance gain, and
i(P) is the photocurrent generated by
illumination. For optimal balanced detection,
both photodiodes must exhibit nearly identical
responsivities, which is verified by ensuring that
the slopes of their voltage—power curves satisfy
(Milovancev et al. 2022):
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This close matching ensures high common-
mode cancellation capability.

The quantum efficiency of the photodiodes
was then evaluated using the standard definition
of the conversion efficiency from incident
photons to output electrons. The quantum

efficiency m is given by the expression
(Nakamura 2021):

1 fuw
n— ——
eP

In this formula, i is the measured
photocurrent, P is the incident optical power, e is
the electron charge, # is the reduced Planck
constant, and o is the angular optical frequency
of the 1064 nm laser. The photocurrent is
obtained from the measured voltage through the
relation (Ng et al. 2024):

Substituting this into the quantum efficiency
equation yields (Ruifang 2023):

L:J]lt F— Wl

n —
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This  formulation allows  accurate
determination of the quantum efficiency across
varying illumination levels.

To quantify the ability of the BHD to
suppress classical noise, the CMRR was
measured. Three measurements were performed:
the noise power when only PD1 was illuminated,
when only PD2 was illuminated, and when both
photodiodes were illuminated simultaneously.
The effective single-detector noise level is
expressed as (Qi et al. 2023):

P, + P
P'single = D) 2
The differential noise level when both

detectors are illuminated is denoted as Pgit. The
CMRR is then computed using (Zhang et al.

2022):
P‘single )
Pt

A higher CMRR indicates more effective
cancellation of classical noise and improved
sensitivity to the quantum noise floor.

CMRR (dB) = 101og,, (

All characterization experiments were
performed using a 1064 nm Nd:YAG laser
modulated at a frequency of 10 MHz by an
electro-optic modulator (EOM). This modulation
frequency lies within a low-noise region of the
detection electronics and enables reliable
measurement of shot-noise-limited behavior.
The resulting electrical spectra were analyzed
with a spectrum analyzer configured with a
resolution bandwidth of 100 Hz and a video
bandwidth of 20 Hz. During these measurements,
a characteristic frequency peak at approximately
284.375 kHz was also observed, originating from
internal laser dynamics.

Table 1. Comparison of representative balanced homodyne detectors

Ref. Wavelength  Key reported Bandwidth CMRR / noise Remarks
/ Platform feature performance
Shot-noise-
Biele et al. 2 um limited MHz ranee Shot-noise Quantum light
(2021) K homodyne & limited characterization
detection

Integrated : Shot-noise-

Bruynsteen photonic- Ultra-high- ~20 GHz limited Integrated

etal. (2021) . speed . platform
electronic operation
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Ref. Wavelength  Key reported Bandwidth CMRR / noise Remarks
/ Platform feature performance
integrated
BHD
Langetal.  Discrete low- Low-noise Application Improv.e d low- Quantum noise
. quantum noise
(2022) noise BHD dependent measurement
measurement performance
Badilla-
Nunez et al. Balanced High CMRR 30 MLz 65 dB at 30 Strong common-
detector MHz mode rejection
(2025)
~52 dB
1064 nm, Practical Useful representative Suitable for CV
This work 1G17X500 laboratory measured CMRR; near- quantum optics
photodiodes BHD band shot-noise- experiments
limited

The notation in the manuscript has been
standardized as follows: i, (t)and i, (t)denote the
photocurrents  from PD1 and PD2;
igire(t)denotes the differential current; Ry is the
transimpedance gain; V,,is the balanced-output
voltage; nis the quantum efficiency; CMRR(f)is
the  frequency-dependent = Common-Mode
Rejection Ratio; and P gis the local-oscillator
power. All equations have been revised and
renumbered accordingly.

Detector circuit description

The implemented BHD consists of four main
subsystems: (1) a 50:50 optical beam splitter, (2)
two closely matched 1G17X500 photodiodes, (3)
a transimpedance conversion stage, and (4) a
differential subtraction and output amplification
stage. Each photodiode is operated under reverse
bias to reduce junction capacitance and improve
response speed. The generated photocurrent is
converted into a voltage signal by a
transimpedance amplifier (TI1A), and the outputs
of the two TIA channels are then subtracted by a
low-noise differential amplifier.

The output voltage of each photodiode
channel can be written as

Vk = —RTik,k € {1,2}

where Rris the effective transimpedance
gain and i,is the photocurrent generated by the
k-th photodiode. The balanced detector output is
then expressed as

Vout = Gd(vl - VZ)

where Ggis the gain of the differential
subtraction stage. To maximize common-mode
noise rejection, the two photodiode branches
were arranged with closely matched bias
conditions, similar gain paths, and symmetric
routing. Particular attention was paid to
minimizing parasitic capacitance, resistor
mismatch, and power-supply-induced noise,
since these factors directly affect the achievable
CMRR.

Frequency-dependent CMRR

The CMRR is treated as a frequency-
dependent quantity to better describe the
performance of the detector over the
measurement band. Let P, (f)and P,(f)be the
single-channel noise powers measured when
only PD1 or PD2 is illuminated, and let
Pg4irs(f) be the balanced-output noise power when
both photodiodes are illuminated
simultaneously. The effective reference power is
defined as
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Pres(f) = 2

And the frequency-dependent CMRR is then
given by

D)

CMRR(f) = 10log 1, ( R

Shot-noise-limit verification

To verify whether the detector operates near
the Shot-Noise Limit, the balanced-output noise
power was measured as a function of local-
oscillator power in a frequency region free from
strong technical peaks. For shot-noise-limited
detection, the noise power should increase
linearly with local-oscillator power in linear
units, while the electronic noise floor remains
nearly constant when the optical input is blocked.
The measured noise power may therefore be
expressed as

Py(f, Pro) = a(f)Pro + Pete(f)
where Py qis the local-oscillator power, a(f)is a

proportionality ~ factor, and P.(f)is the
electronic noise floor.

Bandwidth

The detector bandwidth was evaluated from
the small-signal frequency response of the
balanced output. The —3dB bandwidth, denoted
f-3aB. IS defined as the frequency at which the
response magnitude decreases to 1/~/20f its low-
frequency value:

| H(f_3q8) |

20lo ( ) = —3dB
S0\ HO) |
Shot-noise-limit verification

To verify near-shot-noise-limited behavior,
the balanced-output noise power was measured
as a function of local-oscillator power in a
spectral region free from dominant technical
peaks. For shot-noise-limited operation, the
measured noise power should scale linearly with
the local-oscillator power in linear units, while
the electronic noise floor remains nearly constant

in the absence of optical input. The measured
noise power can therefore be expressed as

Py(f, Pro) = a(f)Pro + Pere(f),

where P;ois the local-oscillator power,
a(f)is a proportionality factor, and Py (f)is the
electronic noise floor.

To confirm near-shot-noise-limited
operation, the balanced-output noise power was
measured while varying the local-oscillator
power within the linear operating range of the
photodiodes. The results show that the measured
noise power increases approximately linearly
with local-oscillator power in linear units, while
the electronic noise floor remains substantially
lower and nearly constant. This behavior is
consistent with the expected shot-noise scaling of
a balanced homodyne detector and provides
direct support for near-shot-noise-limited
operation.

4. EXPERIMENTAL SETUP

The performance of the balanced homodyne
detector was evaluated by measuring both the
response of the photodiodes under illumination
and the degree of common-mode noise
suppression achieved by the detection circuitry.
In addition to quantum efficiency and linearity
measurements, a detailed spectral analysis was
conducted to identify characteristic noise
features in the laser source and to quantify the
CMRR. The figure provided illustrates one of the
key spectral measurements used to assess the
BHD’s noise performance. The Figure 2 shows
the amplifier output voltage as a function of
incident laser power for the two photodiodes,
PD1 and PD2, demonstrating a strong linear
response across most of the measured range.
Both detectors exhibit nearly identical voltage—
power characteristics from 0 to approximately
55 mW, indicating excellent responsivity
matching, which is essential for achieving high
common-mode noise suppression in balanced
homodyne detection. This close overlap confirms
that the photodiodes reliably convert optical
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power into electrical signals with minimal
mismatch, thereby  supporting effective
differential subtraction. At higher power levels
near 6 mW, PD1 begins to show slight saturation
while PD2 continues to increase, resulting in a
small divergence between the two curves.
Although this deviation is minor, it suggests that
optimal operation should remain within the linear
region to ensure maximum CMRR performance.
Overall, the figure verifies that both photodiodes

provide high-quality, consistent responses
suitable  for  precise  quantum  optical
measurements.

-e- PD1

-e- PD2

Figure 2. Quantum efficiency measurements for the
two 1G17X500 photodiodes obtained using a 1064
nm incident laser beam. The results illustrate the
linear photocurrent response and the matching
performance required for balanced homodyne
detection.

The quantum efficiency nwas calculated
using the incident optical power at the operating
wavelength of 1064 nm. The quantum efficiency
is given by

i hwg
n= eP
where iis the measured photocurrent, Pis the
incident optical power, eis the elementary
charge, and w, = 2mc/Ais the optical angular
frequency corresponding to the laser wavelength
A = 1064nm. All calculations in this work were
performed using this wavelength value.

1054nm Laser without EOM

-20+ PC
26744BM | 984.375kHz Pt
-40-
-60 -// N 52dB
77.60dBm
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20000 30000 40000
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Figure 3. Spectral measurement used to determine
the Common-Mode Rejection Ratio of the balanced
homodyne detector. A prominent characteristic peak

at approximately 284.375 kHz is observed in the
output of the 1064 nm Nd:YAG laser.
Measurements were performed with 0.8 mW
incident laser power, with the spectrum analyzer
configured at a resolution bandwidth of 100 Hz and
a video bandwidth of 20 Hz.

Shot-Noise Scaling: Balanced Output Noise vs. LO Power
(Measurement at 10 MHz, RBW = 100 Hz)

limit regime

—ag

—95

Noise Power (dBm)

—100+ ® Measured balanced output noise
—— Linear fit (slope = 2.34 dBm/mW)
===+ Electronic noise floor (beam blocked)

-105

0 1 2 3 a 5
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Figure 4. Measured balanced-output noise power as
a function of local-oscillator power at 10 MHz
(RBW = 100 Hz). Blue circles: measured data; red
line: linear fit confirming shot-noise scaling; dashed
black line: electronic noise floor with beam blocked.
The linear dependence of noise power on LO power
is consistent with shot-noise-limited operation.
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Balanced Homodyne Detector Frequency Response
(Small-signal, balanced output)
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Figure 5. Small-signal frequency response of the
balanced homodyne detector output. Blue: measured
response; red: single-pole theoretical fit. The —3 dB
bandwidth is approximately 25 MHz (green dotted
line), consistent with the combined roll-off of the
1G17X500 photodiodes and the transimpedance
amplifier stage. A residual feature near 284.375 kHz
corresponds to the laser relaxation-oscillation peak.

The Figure 3 shows the electrical spectrum
of a 1054 nm laser measured without applying
modulation from the electro-optic modulator
(EOM). Two detection traces are plotted: the red
curve corresponding to the photodiode while
illuminated, and the black curve corresponding to
the differential (balanced) output of the
homodyne detector. The most prominent feature
in the spectrum is a sharp peak located at
approximately 284.375 kHz with a measured
amplitude of 26.74 dBm. This peak represents a
characteristic frequency component originating
from internal dynamics of the Nd:YAG laser,
likely caused by relaxation oscillations or cavity-
related modulation effects. Such peaks are
commonly observed in diode-pumped solid-state
(DPSS) lasers and serve as a useful benchmark
for evaluating the detector’s ability to suppress
technical noise.

Beneath the main peak, the black curve
shows the corresponding output of the balanced
detector. The amplitude measured at the same
frequency is significantly lower, around —77.60
dBm, indicating that the classical noise
associated with the laser has been strongly
suppressed. The approximate difference between
the two traces is about 52 dB, which directly

reflects the common-mode rejection capability of
the detection system. A CMRR of this magnitude
confirms that the photodiodes are well matched
and that the differential amplifier effectively
cancels shared noise components. This strong
suppression is essential for ensuring that the
BHD operates close to the shot-noise limit,
enabling accurate measurement of quantum noise
fluctuations.

Beyond the primary peak, the surrounding
spectral region also demonstrates the detector’s
performance. The red trace displays a slowly
rising noise floor as frequency approaches the
relaxation-oscillation peak, whereas the black
trace maintains a much lower and relatively flat
noise profile. The wide separation between the
two traces across the measured bandwidth further
indicates that the system is capable of rejecting
not only narrowband noise features but also
broadband technical noise. Such behavior is
crucial for continuous-variable quantum optics
experiments, where the integrity of quadrature
measurements depends on minimizing classical
noise contributions across a wide frequency
range.

The measured quantum efficiency of
approximately 68% is sufficient for the present
homodyne detection application, although it is
lower than the peak values sometimes reported
for optimized silicon detectors. This can be
explained by several factors. First, the operating
wavelength of 1064 nm lies near the long-
wavelength response limit of silicon, where the
absorption coefficient is lower than in the visible
range. Second, external quantum efficiency may
be reduced by reflection loss at the detector
surface and by nonideal anti-reflection coating
performance at this wavelength. Third, practical
factors such as optical alignment, finite active-
area collection, photodiode packaging, and
calibration uncertainty in the transimpedance
conversion can also contribute to the observed
reduction in efficiency. These factors together
provide a plausible explanation for the measured
value.
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5. RESULTS AND DISCUSSION

The experimental results demonstrate that
the implemented balanced homodyne detector
exhibits strong performance characteristics
suitable for continuous-variable quantum optics
applications. ~ The  photodiode linearity
measurements confirm that the two 1G17X500
detectors respond consistently across the tested
optical power range. This matching is critical, as
even small differences in responsivity can
degrade common-mode cancellation. The
observed agreement between the photodiodes
therefore indicates that the BHD has been built
with appropriate component selection and
alignment, providing a strong foundation for
high-fidelity homodyne detection.

The measured quantum efficiency of
approximately 68% further supports the
suitability of the photodiodes for quantum-level
measurements. Although not at the theoretical
maximum for silicon photodiodes, this value is
typical for devices operating near 1064 nm and
represents a reasonable trade-off between
detector ~ bandwidth,  responsivity, and
availability. The efficiency achieved in this
system ensures that a significant portion of
incident photons contribute to the measured
signal, enhancing the signal-to-noise ratio and
enabling the BHD to approach the shot-noise-
limited regime when operated at appropriate
optical powers.

One of the most important indicators of the
detector's performance is the common-mode
noise suppression, quantified through the
Common-Mode Rejection Ratio (CMRR). The
measured CMRR of approximately 52 dB is
consistent with that of research-grade homodyne
detectors and demonstrates a high degree of
cancellation of technical noise originating from
the laser and electronic circuitry. The provided
spectral analysis clearly illustrates this effect:
while the unbalanced photodiode output displays
a strong peak at 284.375 kHz (a characteristic
frequency of the Nd:YAG laser), the
corresponding balanced output significantly

reduces this peak, indicating successful
subtraction of correlated noise. This level of
suppression ensures that the BHD is sensitive
primarily to differential signals, including
quantum fluctuations.

The presence of a narrow spectral peak at
284.375 kHz reveals intrinsic modulation
dynamics of the laser source, which is common
in diode-pumped solid-state lasers. Although not
problematic for homodyne measurements, such
features highlight the importance of careful
spectral  characterization when  designing
experiments involving squeezed light or vacuum
noise measurements. If not accounted for, these
characteristic frequencies may interfere with
quantum noise measurements if they overlap
with the detection band of interest. However, the
strong suppression observed in the balanced
output confirms that the detector effectively
isolates quantum signals from such technical
noise.

The combination of strong photodiode
matching, reasonable quantum efficiency, and
high CMRR indicates that the BHD is capable of
operating in a near—shot-noise-limited regime.
This is essential for applications involving
quadrature  measurements,  squeezed-state
characterization, and precision noise
spectroscopy. The results also suggest potential
avenues for further improvement. For example,
using photodiodes with higher intrinsic quantum
efficiency or optimizing the transimpedance
amplifier design could enhance sensitivity.
Additionally, implementing temperature
stabilization or active balancing techniques may
further improve long-term stability and reduce
drift.

To further substantiate near-shot-noise-limited
operation and quantify the detector bandwidth,
two additional characterization measurements
were performed and are presented in Figures 4
and 5. Figure 4 shows the balanced-output noise
power measured as a function of local-oscillator
power at the 10 MHz detection frequency. The
noise power increases linearly with LO power in
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linear units while the electronic noise floor
(measured with the beam blocked) remains
nearly constant, confirming the expected shot-
noise scaling described by the relation PN(f,
PLO) = a(f)PLO + Pele(f). This linear
dependence constitutes direct experimental
evidence that the detector operates in the shot-
noise-dominated regime over the usable LO
power range. Figure 5 presents the small-signal
frequency response of the balanced output,
measured from the audio range up to beyond 100
MHz. A single-pole roll-off behavior is
observed, yielding a —3 dB bandwidth of
approximately 25 MHz, consistent with the
combined bandwidth limitation of the IG17X500
photodiodes and the transimpedance amplifier
stage. The relaxation-oscillation feature at
284.375 kHz is also visible in the frequency
response curve, confirming its laser origin.
Together, Figures 4 and 5 address the two key
characterization requirements identified by the
reviewer and confirm that the implemented BHD
satisfies the performance criteria needed for
continuous-variable quantum optics
experiments.

6. CONCLUSION

This work presents the design, construction,
and performance evaluation of a balanced
homodyne detector intended for continuous-
variable quantum optics experiments. Through
careful selection and matching of photodiodes,
precise optical alignment, and a low-noise
differential amplification scheme, the developed
system demonstrates strong capabilities for

suppressing classical technical noise and
enabling high-sensitivity quadrature
measurements.

Experimental characterization confirms that
both photodiodes exhibit excellent linearity and
a quantum efficiency of approximately 68%,
consistent with expectations for silicon
photodiodes operating near 1064 nm. These
results ensure that the detector -effectively
converts incident photons into measurable

electrical signals, contributing to the overall
performance of the homodyne detection scheme.

One of the most significant findings is the
measured CMRR of approximately 52 dB. This
value indicates a high degree of noise
cancellation between the two photodiode
channels and verifies that the BHD operates close
to the shot-noise limit, where quantum
fluctuations dominate over technical noise
sources. The spectral analysis further confirms
that characteristic laser noise features such as the
relaxation-oscillation peak near 284.375 kHz are
strongly suppressed in the balanced output,
demonstrating the effectiveness of the detector's
differential architecture.
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NGHIEN CUU BO DO HOMODYNE CAN BANG VOI KHA NANG
TRIET TIEU NHIEU CHE PQ CHUNG CAO, UNG DUNG TRONG
CAC THi NGHIEM QUANG HQC LUQNG TU
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TU KHOA

Phat hién homodyne cdn bang;
Quang hoc luong ti;

Ty s6 triét nhiéu ché dg chung
(CMRR);

Hiéu sudt lirong tir ciia photodiode;

Phép do lwong tir bién lién tuc.

7 rieong Pai hoc Cong nghé Pong Nai
2 Truong Dai hoc Lac Héng
3Trwdng Pai hoc Thi: Dau Mot

* Tac gia lién hé: Nguyén Thi Hién, nguyenthihien@dntu.edu.vn

TOM TAT

Bai bao nay trinh by qué trinh thiét ké, ché tao va danh gia
hiéu nang cia mot bd do homodyne cin bang (Balanced
Homodyne Detector — BHD) nham phuc vu cac tmg dung
trong quang hoc luong tir bién lién tuc. Hé théng st dung hai
photodiode IG17X500 dugc ghép cip c6 dic tinh gan tuong
duong, két hop véi bo khuéeh dai vi sai nhiéu thap, nham triét
tiéu nhiéu ky thuat c¢6 dién va nang cao do nhay cua phép do
cac thanh phan tir cuc (quadrature). CAc thi nghiém dugc thuc
hién voi laser Nd:YAG budc song 1064 nm cho thiy
photodiode co dic tinh tuyén tinh tot va hiéu suét luong tir dat
xap xi 68%. Phan tich phd cho thiy ty sb triét nhidu ché do
chung (Common-Mode Rejection Ratio — CMRR) dat khoang
52 dB, phan 4nh kha ning loai bé hiéu qua cac nhiéu do laser
va nhiéu dién tir gay ra. Mot dinh dao dong thu gian dic trung
tai tan s 284,375 kHz duoc quan sat trong tin hiéu dau ra cua
bo do khong can bing, nhung di bi suy giam dang ké trong
c4u hinh can bang, qua d6 khing dinh tinh bén viing cta kién
tric homodyne. Cac két qué thu dugc xac nhan rﬁng bo do
homodyne cén bang dugc trién khai hoat dong gan gidi han
nhidu ban (shot-noise limit) va phii hop cho cac img dung nhur
phét hién trang thai nén, dic trung nhidu chan khong va cac
phép do luong tir bién lién tuc c6 do chinh xac cao.
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