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Abstract: Despite rapid advancements in lidar technology, extremely long-range observation remains a signifi-
cant challenge. Recently, 2 pwm lasers have demonstrated a potential to be applied in CDWL (Coherent Doppler
Wind Lidar) system, for its high atmospheric penetration capability through the atmosphere and high potential la-
ser power. In this study, we present a 2 wm balanced detector that consists of a pair of commercial positive-intrin-
sic-negative (PIN) diodes with a low-noise transimpedance circuit. To meet the high bandwidth requirements,
the highspeed transimpedance circuit and bias voltage tuning method were utilized to overcome the large capaci-
tance of PIN diodes. The circuit transfer function, stability analysis and noise calculation have been studied. The
detector was co-packaged with a data acquisition module for convenient data transmission and bias voltage con-
trol. The characteristics of the detector, including bandwidth, noise and bias voltage influence, are evaluated in
laboratory. Results show that the RMS value of the balanced detector background noise is 539 wV and the band-
widths of the two diodes are 110. 8 MHz and 110. 3 MHz, respectively. The evaluation results show that the bal-
anced detector meets the wind measurement requirements and allows for a 1. 45X increase in bandwidth through bi-
as voltage tuning. Our work offers insights into lidar detector design and bandwidth enhancement, providing a
valuable reference for researchers and professionals in the field. More importantly, it lays a critical foundation for fu-

ture ultra-long-range and space-borne 2 wm coherent wind lidar systems by addressing key device-level challenges.
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Introduction

In recent decades, wind lidar has become widely
used in various applications, such as environment obser-
vation, wind measurement, atmosphere research and avi-
ation safety ™. To meet the application requirements,
wind lidar pursues higher detection range, distance reso-
lution, data accuracy and faster acquisition rates. In the
context of detection regimes, wind lidar can be catego-
rized into two types: direct detection and coherent detec-
tion . The direct detection utilizes spectrometers to re-
solve the doppler frequency shift mainly from molecular
Rayleigh backscatter, which is typically operated with
visible and ultraviolet lasers. The Aeolus lidar, so-called
ALADIN, operates in ultraviolet (UV) at 0. 355 pm. It
is a direct detection lidar and developed by the European
Space Agency  , which intends to provide wind data
evenly distributed everywhere in the lower astmosphere
(below 30 km altitude). Despite challenges such as sys-
tematic errors affecting data quality at the beginning of
the mission, Aeolus surpassed its planned lifetime of
three years and proved invaluable for weather prediction
and scientific research until its conclusion'”.

The coherent detection regime utilizes the interfer-
ence between aerosol Mie backscatter and local oscillator
beam to retrieve the doppler frequency shift, which re-
sults in a narrower spectrum peak, enabling higher reso-
lution in wind speed measurements. Different from direct
detection, it requires a balanced detector to transform
the interference into an electric signal, enabling follow-
ing signal digitization and data processing. Wind lidar
using coherent detection is called Coherent Doppler
Wind Lidar (CDWL), and many experiments have bheen
conducted based on this technology ***". Canadillas per-
forms an offshore wind farm cluster wake observation
with CDWL, which aims to demonstrate the system per-
formance and thus quantify cluster wake effects reliably
1% Although many comparative experiments have shown
that CDWL can generate reliable wind data with respect
to the other observation instruments, there remains a
challenge for application in extremely long range detec-
tion, such as global observation on satellites """, As the
distance increases, data accuracy may be compromised
and can become unreliable due to low signal-to-noise ra-
tio (SNR) "+,

Despite suppressing the system noise, increasing
the aerosol backscatter intensity appears to be the prima-
ry approach to enhance the SNR, which requires higher
laser emittance power and reduced energy loss during la-
ser propagation. In addition, increasing the receive effi-
ciency is also a complementary method to increase the
SNR, including increasing the aperture radius and em-
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ploying the high-quantum-efficiency detector. However,
increasing the telescope aperture is not always practical ,
especially in volume-sensitive applications.

Recently, 2 wm wavelength lasers have shown po-
tential to be applied in future CDWL systems, for their
high atmospheric penetration capability through the atmo-
sphere. Meanwhile, 2 pm solid-state lasers are expected
to achieve an order of magnitude higher output power
than conventional 1.5 pwm lasers. Additionally, accord-
ing to the Doppler equation, the bandwidth requirements
for a detector operating at a 2 um wavelength decrease to
three-fourths of those for a detector operating at a 1.5
pm wavelength. To fully realize the potential of the 2 pm
CDWL, a2 pm balanced detector is essential for further
development, which enables efficient signal detection
and system optimization. The previous balanced detector
worked at visible and 1.5 pm wavelengths, which are
not compatible with the 2 wm CDWL """ Currently,
our research focus is on the device-level development
and performance optimization in the 2 pwm wavelength
band, while system-level studies still face some technical
challenges, particularly in laser technology. At present,
the development of high-performance 2 pm lasers in Chi-
na is not yet mature, which limits the progress of system
integration experiments. Nevertheless, our team has ac-
cumulated extensive system-level research experience in
other mature wavelength bands, such as 1550 nm and
1064 nm ™', Therefore, although hardware limitations
prevent us from conducting system-level experiments at 2
pm, we can still evaluate the performance of our 2 pm
detectors through simulations and empirical assessments.

In this paper, we have designed a 2 pm balanced
detector, which integrated a pair of commercial Positive-
Intrinsic-Negative (PIN) diodes with a read-out tran-
simpedance circuit and a data acquisition module. It is
expected to be utilized to develop a 2 pm CDWL system.
To meet the wind measurement requirements, the detec-
tor needs to achieve a novel performance with high detec-
tion efficiency, high bandwidth and low noise. The pa-
per is organized as follows. In the first section, the CD-
WL theory and the requirements are presented and ana-
lyzed. In the second section, the circuit simulation and
the design of the detector are presented. In the third sec-
tion, the test setup has been introduced and an evalua-
tion of the detector has been conducted, followed by the
results discussion. In the last section, the conclusion
and outlooks are given.

1 Principle and requirements

A typical CDWL system diagram is shown in Fig.
1, which consists of a laser optical module, a balanced
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detector, a data acquisition module and a host PC. Dur-
ing working, continuous lasers generated by the seed la-
ser split into beam 1 and beam 2 at the beam splitter.
The first beam, referred to as beam 1, is modulated by
AOM, generating a pulsed beam output. Sequentially,
the pulsed beam is amplified by EDFA and emits into the
atmosphere. Then the pulsed beam is scattered with the
aerosols, generating Mie backscatter. The second beam,
referred to as beam 2, serves as the local oscillator
beam. The backscattered light and the local oscillator
beam are directed to the balanced detector after mixing in
a 2X2 beam combiner. In the detector, the interference
is detected and transformed into an electrical signal.
Next, the electrical signal is digitized by a data acquisi-
tion module (DAQ) and transferred to a host PC for post-
processing, including FFT (Fast Fourier Transform) ,
power spectral analysis and wind retrieve. Due to the
Doppler Effect, a frequency shift Af can be extracted as

2v
Af: .|finterferem:e - nm(lu]uliunl = T ’ (1)

in this equation, v is the aerosol velocity, A is the
laser wavelength, f; is the interference spectrum

interference
peak frequency, and f, is the AOM modulation fre-
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Fig. 1 Typical CDWL system diagram
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To achieve precise interference frequency extrac-
tion, a balanced detector is required to convert the inter-
ference into a voltage-output signal, which is the only
form that can be digitized by common data acquisition de-
vices. To avoid information loss, the balanced detector
must have a detection capability with compatible band-
width, ensuring low noise performance. As described by
Eq. (1), a 1 m/s variation in wind velocity corresponds to
a 1 MHz variation of the |, ... at the 2 pm wavelength,
where [}, 1.ae denotes the frequency of the backscattered
signal. In general, the horizontal wind speed in the atmo-
sphere ranges from -30 m/s to 30 m/s. However, ty-
phoons and tornados sometimes reach speeds of up to 10°
m/s. In most cases, the Doppler frequency range is +30
MHz. Since the modulation frequency is typically set to
80 MHz to achieve high-efficiency modulation, a detec-
tor bandwidth of 110 MHz is required. For weak signals

in long-range observation, incoherent spectrum accumu-
lation within a range gate is critical to distinguish the sig-
nal from noise. In addition, the conversion gain is a criti-
cal parameter for the balanced detector. However, there
is a tradeoff between the conversion gain and the circuit
bandwidth, as detailed in the next section.

2 Detector design

2.1 Read-out circuit

Conventionally, there are two methods to implement
I-V conversion for current-generating sensors like PIN di-
odes"”. The first approach is to directly connect a resis-
tor at the sensor output, which is simple and cost-effec-
tive. In this configuration, the -3 dB bandwidth can be
calculated as:

1

F=——
2mRC, ’

(2)
where C is the capacitance of the detector, R is the resis-
tor value. However, it has some drawbacks. The diode
bias voltage varies with the output voltage, which may in-
troduce unwanted nonlinearities in the output and affect
the operating condition of the diode. In addition, the in-
put impedance of digitization devices can significantly in-
fluence the circuit gain coefficient, potentially reducing
the overall performance.

Ccm = A(S) e — O] VD
Cay
4
v &
W
A N |b Lo [

\/\; C/

o

Vs

Fig. 2 The transimpedance circuit model
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To address these limitations, a transimpedance cir-
cuit is a more favorable solution. Compared with the first
type of I-V circuit, this approach provides a larger band-
width and reliable diode bias voltage control. As shown
in Fig. 2, the two diodes are modeled as a current source
I, in parallel with a capacitance C,. An operational am-
plifier configured as a transimpedance amplifier is used
to convert the current into a voltage output. The opera-
tional amplifier’s input parasitic capacitances, including
common-mode capacitance and differential-mode capaci-
tance, are considered and denoted by C,, and C;, re-
spectively. For simplicity, the open-loop gain curve A(s)
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of the operation amplifier is expressed as:
Ay
A — OL* A
(5)= e e

in which Ay @, = 2pi*GBP and w, represents the
open-loop gain cutoff frequency. The gain-bandwidth
product (GBP) , a key metric for operational amplifiers,
equals the product of the open-loop gain and the band-
width and determines the amplifier's maximum usable
frequency. Then the circuit transfer function is derived
as Eq. (4). The quality factor (), w,, and C, are defined
by Eq. (5), Eq. (6) and Eq. (7), respectively.

2
e T L@
I, A0L+lsz+sﬂ+w2
0
(A()L + l)wA
R(C, + C,
Q= 1.+ €) . (5)
w,|l+A G + !
A e+ C) R(C.+C)
o= [t e - ©
R(C. +C)
C.=Cye + G, + C, . (D

The transfer function characterizes the frequency re-
sponse of the circuit and describes the relationship be-
tween the input and output signals. It’s worth noting that
Eq. (4) represents a second-order Butterworth function.
The quality factor ) can be adjusted by tuning the value
of C; as described in Eq. (5), thereby modifying the fre-
quency response. Using Matlab, frequency response
curves for different () values were generated through sim-
ulation. As shown in Fig. 3, the x-axis represents the
normalized frequency, while the y-axis shows the corre-
sponding frequency response value. When ( is set to
0. 707, corresponding to the maximally flat magnitude re-
sponse of a Butterworth filter, the frequency response be-
comes significantly flatter compared to the case when (
is 1. 5, ensuring a precise wind speed extraction.
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Fig. 3 Frequency response curves with different Q values
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The bandwidth, given by w,/2, is determined by
the values of GBP, R, C_, as implied by Eq. (6). The
larger the GBP, the larger the bandwidth. Therefore, an
operational amplifier with a high GBP is required to meet

the wind observation requirements. Next, R, could be ad-
justed under the condition of maintaining circuit stabili-
ty. Moreover, the detector capacitance C,, which is the
primary contribution of C_, could be adjusted through the
bias voltage, which may also introduce a fluctuation of
dark noise.

As the bias voltage changes from 0 to -1 V, causing
the dark current to vary from 4 nA to 20 nA, the increase
in noise in the output due to bias voltage variation is no
more than 16 pV when R, is set to 1 k{). This increase is
negligible compared to other sources of noise. Therefore,
tuning the bias voltage is a viable option for bandwidth
adjustment.

2.2 Circuit stability analysis

The high GBP of the operational amplifier, com-
bined with nonlinear transfer characteristics, necessi-
tates extended stability analysis in transimpedance cir-
cuits, where phase margin serves as the key metric. As
shown in Fig. 4, a co-plot of the open-loop gain curve
and noise gain curve is used to analyze circuit stability.
Here, Z, and P, represent the zero and pole frequencies
of the noise gain curve, respectively. F, is the uncom-
pensated crossover frequency (noise gain curve intersect-
ing open-loop gain). F, represents the compensated
crossover frequency (0 dB point) after stabilization. The
expressions for Z,, P,, F,, F_ are given by
Eqs. (8)-(11).

1
Zy=— . (8)
' 2mR(C.+ C))
1
Y= 2R, > O
F,=./Z GBP . (10)
F = GBP an
C.
1+

¢
The noise gain curve is determined by Eq. (12). If
C, is too small or R, is sufficiently small, the noise gain
curve will intersect with the open-loop gain curve at the
red point. At this crossover frequency, the combined
slope of the open-loop and noise gain results in a -40 dB/
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Fig. 4 Co-plot of the open-loop gain curve and noise gain curve
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decade roll-off in the closed-loop response. In this case,
the phase margin is typically less than 45, indicating
that the circuit operates in an unstable state and is prone
to oscillate. Adding C; introduces a pole after the zero
point in the noise gain response, as shown in Eq. (12).

¢ (o) =j“’R‘.'(C* +C)+ 1 12)
JoR.C; + 1

This compensation modifies the noise gain profile
such that at the new crossover frequency (green point) ,
the closed-loop gain exhibits a +20 dB/decade slope.
The resulting phase margin improvement stabilizes the
circuit operation. However, excessive C, will shift the
compensation pole to lower frequencies, causing the
noise gain curve to intersect the open-loop gain at the
blue point. In this case, the phase margin is also likely
to be less than 45 degrees, potentially causing condition-
al stability with peaking in the frequency response. As a
rule of thumb, C; should be smaller than C /G, , where
C. is the detector capacitance and G, is the minimum
stable gain for a specific operational amplifier. In the
context of OPA847, an operational amplifier with a GBP
of 3.9 GHz, the value of G, is specified as 12.

Based on the preceding analysis, incorporating a
properly sized feedback capacitance C; is an effective
compensation technique to ensure circuit stability.

2.3 Noise calculation

In lidar application, noise performance is crucial for
information extraction. As shown in Fig. 5, a noise mod-
el of the read-out circuit is established. In the model,
the primary sources of noise include the operational am-
plifier’s input current noise, input voltage noise, thermal
voltage noise, and low-frequency noise > >, Since low-
frequency noise is usually below 1 kHz and contributes a
small portion to the overall noise, it can be omitted to
simplify the noise calculation.

0 @o

im Viih——
G T iiﬂ Ry /4kTRf

Fig. 5 Noise model of the read-out circuit
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As shown in Eq. (13), the power of noise can be
summed up to calculate the equivalent input current i,,,
. is the input current noise and e, is the input voltage
noise of the operation amplifier. To determine the aver-
age power of the noise, the fourth term in Eq. (13) is in-
tegrated from zero to the bandwidth F as indicated in Eq.

(). Then the RMS value of the equivalent input current

L

i., can be obtained using Eq. (9. This equation provides
an easy noise evaluation method and can be used to opti-
mize the noise performance by adjusting parameters such

as R, C_, and F.
o o AT el
l’eq =1, + + 2
R, R

K 2

1 2me, C F

Ff(zm,,fcs)zdf=( = L e

0

Lok e\ (2meFC)
RMS(LN)_/L,,+ 7 +(Rf) F L (19)

2.4 Detailed design of the balanced detector

Transimpedance circuits have been utilized in vari-
ous applications "', In many cases, they are config-
ured in a high-gain mode to sample the temporal wave-
form of the current signal, resulting in a relatively low
bandwidth. For CDWL applications, the focus is on the
signal spectrum, so bandwidth is a more important indi-
cator than waveform ™,

Pin diodes which operate at the 2 pm wavelength
with low capacitance have been proven challenging. Af-
ter extensive research, we selected G12182 Pin diodes
for our balanced detector. These diodes have a relatively
large capacitance of 30 pF per diode at the 0 mV bias
voltage, posing a challenge for meeting bandwidth re-
quirements.

Considering the bandwidth requirements and noise
performance, an operational amplifier with high GBP of
3.9 GHz, i. e., OPA847 from Texas Instruments, is
chosen as the amplifier for this circuit. Moreover, the op-
erational amplifier exhibits a low input current noise of

2.7 pA/+ Hz, which is significant for transimpedance

circuits, as the primary contribution of the operational
amplifier to the noise is the input current noise rather
than the input voltage noise. The detailed design of the
balanced detector circuit is shown in Fig. 6. Two identi-
cal PIN diodes are connected in series to form a balanced
detection circuit, which helps eliminate common-mode
noise. Components R, C,,R,, and C, are used to form
RC low-pass filters, providing clean bias voltages. Addi-
tionally, a resistor R, is placed at the negative input of
the operational amplifier for offset cancellation. A capac-
itance C, is placed in parallel with R, to filter out the ther-
mal noise generated by R,.

The circuit parameters were carefully chosen to
achieve a maximally flat response. In common cases, the
bias voltage is set to 0 mV to minimize the dark current,
allowing the capacitance of a single PIN detector to re-
main at 30 pF. The differential capacitance of the opera-
tional amplifier, denoted by C ., is 2 pF, while the com-
mon-mode capacitance of the operational amplifier, de-
noted by C_,, is 1.7 pF. Then the total capacitance C,
can be calculated as 63.7 pF using Eq. (16). By intro-
ducing a feedback capacitance C; =2 pF, a bandwidth of

+e(2mfcs)” . (13)

113 MHz with a maximally flat response according to
Eqs. (4)-(5) is achieved.
C,=2XCyy+ Cye + €, . (16)

For low-noise operation, attention should not only



6 AN/ RS9 S g o

XX &

0.1uF %
+Vi
e R Tk
Ri 1k Ri 50

C1 100nF OPAs47 —"VW—o Vo

B [

lla Rrlk

}%IEOnF _{ }_

= Cr 2pF
Ralk

A

S
Y

-V

Fig. 6 Balanced detector circuit design
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be given to the amplifier design but also to the power sup-
ply. We have employed low-noise LDOs, including
MIC5205 and LT1964, to supply a low-noise power
source of +5 V and -5 V, respectively. Moreover, 10
wE, 0.1 pF, and 0. 01 pwF power supply filtering capaci-
tors are placed near the amplifier’'s power pads to further
improve the power quality, ensuring novel noise perfor-
mance of the detector. Printed circuit board (PCB) de-
sign is also important for circuit performance. As shown
in Fig. 8, double-layer boards are used in the circuit de-
sign to minimize the parasitic capacitance. Minimizing
the length of signal tracks in critical connections is criti-
cal to reduce track parasitic inductance and capacitance.
However, the implementation of fiber adapters should al-
so be considered. In addition, copper under the pads of
R; and the feedback node of the amplifier were cut to de-
crease the parasitic capacitance.

PIN2 00

Fig. 7 The detector circuit layout
P17 RIS A SR s

3 Experiments and results

3.1 Experiments preparation

To verify the detector performance, a test module is
set up, which incorporates the detector with a custom-
built DAQ and is connected to a host PC for data trans-
mission and processing.

As shown in Fig. 8, the DAQ serves as a dependent

le4{ DAC |4—| DAC Data
* Driver Receive
Detector Ext_Trig| |, Ethernet
Data Data
Cache |—

o :
Processing Transmit

e

FPGA DAQ

Fig. 8 Test module diagram
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part of the test module. Its main function is to digitize the
analog output signal, process the data, and transfer data
to the PC. To meet the requirements for bandwidth and
accuracy, a high sampling rate Analog-to-Digital Con-
verter (ADC) is required. To perfectly reconstruct a
band-limited signal, the sampling rate must exceed twice
the signal’s highest frequency component, as mandated
by the Nyquist-Shannon sampling theorem. Therefore,
the sampling rate of the data acquisition module must ex-
ceed 220 mega-samples per second (Msps). For redun-
dancy, a 500 Msps ADC is implemented. Meanwhile, a
Field Programmable Gate Array (FPGA) is employed to
interface with the ADC and enable real-time data trans-
mission. A 1000 Mbps Ethernet is established for com-
munication with the PC.

In addition, a two-channel DAC is utilized to pro-
vide bias voltages to the PIN diodes. The DAC output is
controlled through a serial peripheral interface (SPI).
Furthermore, an external trigger module is integrated to
support external synchronous sampling via external trig-
gering.

During measurement, the backscatter signal is
transformed into current in the detector, which is then
converted into an analog signal through the read-out cir-
cuit and digitized in the DAQ with the external trigger sig-
nal. The waveform data are then transferred to a PC for
postprocessing, such as Fast Fourier Transform (FFT)
and power spectrum density analysis.

As shown in Fig. 9, the detector and the DAQ are
co-packaged in an aluminum box with dimensions of 55
mmX 110 mmX 150 mm. Two angled physical contact

Fig. 9 The photo of the test module
K9 e TS A
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(APC) couplers are placed in the front panel for laser
coupling. In the back panel, an RJ-45 interface, an ex-
ternal trigger interface, and a power input interface are
provided.
3.2 ADC frequency response test

Before evaluating the detector’s bandwidth and fre-
quency response, the ADC's frequency response must be
determined. An arbitrary function generator (AFG) is
employed to provide sine signals sweeping from 10 MHz
to 250 MHz in 10 MHz steps. The frequency response is
measured at each frequency point, with 1, 000 acquisi-
tions averaged to ensure statistical significance. As de-
picted in Fig. 10, the -3 dB bandwidth of the ADC is
close to 178 MHz, enabling the following detector fre-
quency response calibration and test.

Gain

178 MHz

Gain (dBm)

- 104

-124

T
0 a0 100 150 200 260
[requency (MHz)

Fig. 10 ADC frequency response test
FEI10  ADC S 0 i i 3

3.3 Background noise test

An experimental platform was constructed as shown
in Fig. 11, a commercial AFG is utilized to offer sine
wave with fixed offset to drive the laser source. The laser
output is coupled to one of the detector’s inputs through
an optical fiber, detected and digitized in the device un-
der test (DUT). Then the signal scope is transmitted to a
PC via the data transmission interface.

Laser >

A 4

AFG DUT p—| PC

T USB

Fig. 11 Test platform diagram
B or 5 AR

To test and verify the noise performance of the detec-
tor, the detector is placed inside a dark box to ensure
that no background light is coupled into the detector.

Given the unavailability of commercial detectors op-

erating at the same wavelength of 2 wm, we employ the
Thorlabs PDB465¢ detector for detector noise compari-
son.

[ Noise histogram
Gaussian fit

rms = 0.639 mV
offset = -0.62 mV

(a)

2500

2000 ms =228 mV
offset = -3.81 mV

[ Noise histogram
Gaussian fit

Fig. 12 The noise histogram: (a) the noise histogram of our de-
tector; (b) the noise histogram of the commercial detector

B2 Wers B 5 A (a) A BRI A5 M 5 007 1 5 (o) R AR DN 45
W 7

As shown in Fig. 12, the noise histograms are gen-
erated and fitted with Gaussian functions, respectively.
The standard deviation of Gaussian function, namely the
RMS noise value, is determined to be 539 wV for our de-
tector, and the offset voltage is found to be -620 wV.
Meanwhile, the background noise of the commercial de-
tector has an RMS noise value of 2. 28 mV, with an offset
voltage of -3. 81 mV. In comparison, our detector exhib-
its lower background noise and better offset cancellation
performance.

3.4 Detector frequency response test

To determine the frequency response of each diode
in the detector, a sine wave from 1 MHz to 150 MHz in 1
MHz steps is generated by AFG to drive the laser. Then
peak-to-peak voltage of the sampling waveform is record-
ed at each point. The ADC frequency response and the
laser frequency response from the product datasheet are
used for calibration. The normalized results are present-
ed in Fig. 13. From the plot, it can be observed that the
-3 dB bandwidth is measured to be 110.8 MHz and
110.3 MHz, respectively, which satisfies the require-
ments of bandwidth. In addition, the response is flat
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enough, which facilitates the peak finding. The results
show that the detector detects the laser signal within the
required bandwidth, while the frequency responses of the
two diodes are consistent with each other.
3.5 Bias voltage impacts investigation

Bandwidth is a critical metric in lidar applications.
Increasing the bias voltage reduces PIN diodes’ capaci-
tance C_, thereby extending the bandwidth. However,
this bandwidth enhancement is achieved at the expense
of increased dark current, which degrades the noise per-
formance through enhanced shot noise. For diodes with
relatively large capacitance, bias voltage needs to be em-
ployed for higher bandwidth. In order to evaluate the im-
pact of bias voltage on noise and bandwidth, the bias
voltage is swept from 0 mV to 1 000 mV within the di-
odes’ specified operating range. In specific, the bias
voltage is adjusted at intervals of 100 mV. At each bias
voltage,, the bandwidth and noise values of the circuit are
measured.
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As shown in Fig. 14, the bandwidth increases from
110 MHz to 159 MHz, which represents a 1.45X in-
crease in bandwidth through bias voltage tuning. And it
is noted that the bandwidth increase rate becomes slower
with rising bias voltage. The relationship between noise
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and bandwidth is shown in Fig. 15. The RMS value of
the output noise increases linearly from 0. 54 mV to 0. 6
mV, representing a 1. 1X increase in noise, due to both
the dark current and the increased bandwidth, which is
consistent with Eq. (15). Thanks to the data extraction
method employed in the CDWL system, the noise degra-
dation can be compensated by a 1. 1X increase in signal
averaging time, enabling a large wind speed detection
range. From the results, it can be concluded that adjust-
ing the bias voltage can increase the bandwidth while not
significantly degrading the noise performance. There-
fore, employing the bias voltage is an efficient approach
to enhance the circuit’s bandwidth if a higher wind speed
detection range is required.

4 Conclusion

The 2 pm wavelength laser enables extended detec-
tion ranges due to superior atmospheric transmission in
the infrared window and higher laser power, necessitat-
ing comprehensive investigation of 2 wm detectors. In
our work, a balanced detector that operates at 2 wm has
been developed to enable preliminary research for 2 pm
CDWL systems. To meet the bandwidth requirements, a
transimpedance circuit with high-speed operational am-
plifier has been implemented. Moreover, a DAQ is incor-
porated with the detector for data transmission and con-
trol, based on which the detector performance is evaluat-
ed. In addition, the impact of bias voltage tuning on
bandwidth and noise has been investigated. Results show
that the detector meets the bandwidth requirements and
can support higher bandwidth requirements via bias volt-
age tuning. These findings can serve as a valuable refer-
ence for researchers and professionals in the field.
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