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ABSTRACT

There is an increasing demand for high speed 25 Gb/s low noise APDs. Semiconductors with disparate ionisation coefficients 

are known to provide low noise and high gain‐bandwidth product. In this work, we performed a comprehensive simulation of 

400 combinations Al0.85Ga0.15As0.56Sb0.44 (AlGaAsSb) avalanche width (wm) and InGaAs absorption width (wa) to identify a 

design to achieve high sensitivity at 25 Gb/s. Our model, which was benchmarked using experimental data in the literature, 

predicts that design options ranging from wm = 100 nm with wa = 700 nm to wm = 700 nm with wa = 100 nm will produce a 

bandwidth of at least 18.7 GHz and a gain of 10. Reducing the avalanche width to 100 nm will provide a gain‐bandwidth product 

> 200 GHz, without suffering from excessive band to band tunnelling current. Results from a large number of APD designs 

show that a sensitivity of −26.6 dBm at a wavelength of 1310 nm and a bit error rate of 1 × 10−12 at 25 Gb/s can be achieved 

using a 100 nm AlGaAsSb avalanche region with a 1000 nm hybrid InGaAs absorption region (consisting of a 600 nm p‐doped 

and a 400 nm depleted region). This is ~5.5 and 3.8 dB better than a commercial III–V APD and Ge/Si APD, respectively, 

suggesting the great potential of using AlGaAsSb avalanche photodiodes in very high bit rate optical communication.

1 | Introduction

The exponential increase of digital data traffic has led to a high 

demand for the delivery of high bitrates in the optical fibre net-

works. To address this growing demand, the IEEE 802.3bs stan-

dard [1] was introduced to facilitate 400 Gb/s Ethernet (400 GE), 

which can be implemented using a 16 × 25 or 8 × 50 Gb/s 

nonreturn‐to‐zero (NRZ) or a 4 × 100 Gb/s four‐level‐pulse‐ 

amplitude (PAM4). Thus, each lane will need to deliver a bit 

rate of 25 or 50 Gb/s over a transmission distance ranging from 10 

to 40 km. In such high‐speed long‐haul optical communications, 

optical receivers often utilise avalanche photodiodes (APDs) 

instead of photodiodes to enhance the optical receiver sensitivity, 

So, to achieve the desired bit error rate (BER).

The sensitivity of an optical receiver using an APD integrated 

with a transimpedance amplifier (TIA) is dependent on the 

APD's performance parameters, including responsivity (R), dark 

current (Id), tunnelling current (Itun), avalanche gain (M) and 

excess noise factor (F), as well as noise from the TIA (ITIA). Both 

the APD and the TIA must also have sufficient bandwidth, for 

example, 18.7 GHz for 25 Gb/s based on guidance from ref. [1]. 

It is well‐established that using avalanche materials with highly 

dissimilar electron and hole impact ionisation coefficients, α 

and β, respectively, reduces F [2] and enhances the APD's 

bandwidth at a given M [3]. Hence, the avalanche materials 

with disparate ionisation coefficients should be used to optimise 

the optical receiver's sensitivity.

In a conventional APD for 10 Gb/s communication systems, an 

In0.53Ga0.47As (hereafer InGaAs) absorption region is combined 

with an InP avalanche region in separate–absorption–mul 

tiplication (SAM) APD design. To achieve a higher 25 Gb/s oper-

ation recent APDs often utilise In0.52Al0.48As (hereafter, InAlAs) 
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avalanche regions instead, to benefit from InAlAs' lower β/α ratio 

that reduces F [2]. With upstream links of passive optical networks 

operating at 1310 nm wavelength, there are strong demands for 

high speed low noise APDs at 1310 nm. At a BER of 10−12, 

research‐grade InGaAs/InAlAs APDs achieved So = −20 to 

−21.9 dBm [4, 5]. More recently InGaAs/InAlAs APDs were used 

to demonstrate 100 Gb/s PAM4 modulation format, achieving 

So = −11.7 to −15.5 dBm at a BER of 2.4 × 10−4 [6, 7]. Overall, 

commercial 25 Gb/s APDs can achieve So = −23 dBm at BER of 

5 × 10−5 and So = −18 dBm at BER of 10−12 [8]. However, the 

25 Gb/s InGaAs/InAlAs APDs are operated at low gain, typically 

M < 5, due to its limited gain‐bandwidth product (GBP).

Si exhibits very small β/α ratios [9], leading to low F and high GBP. 

Therefore, it has been combined with a Ge absorber to form high‐ 

speed Ge/Si APDs. Ge/Si APD reported by SiFotonics achieved 

So = −22.5 dBm at 25.78 Gb/s [10] at the wavelength of 1310 nm. 

However, dark currents of Ge/Si APDs are generally higher than 

APDs incorporating InGaAs absorption layers, due to lattice 

mismatch between Ge and Si. Combining the high absorption 

efficiency of InGaAs with a low noise Si‐like avalanche region is 

clearly desirable for achieving high speed and low noise APDs.

Recently, Al0.85Ga0.15As0.56Sb0.44 (hereafter, AlGaAsSb) has 

emerged as an exciting avalanche material to replace InAlAs and 

InP. It achieves superior performance, including lower F, higher 

GBP, smaller temperature coefficient of breakdown voltage and 

extremely low noise‐equivalent power (NEP). For high speed, 

APDs thin avalanche regions are used to maximise the band-

width. At M = 10, F value as low as 2.2 for a 200 nm AlGaAsSb 

avalanche width was reported [11], which is significantly lower 

than InAlAs (F = 3.3 with a 100 nm avalanche region [12]) and 

InP (F = 3.9 with a 300 nm avalanche region [13]). An APD 

incorporating a thin AlGaAsSb avalanche region and an InGaAs 

absorption region achieved a high GBP of 424 GHz [14]. The 

adoption of a thin AlGaAsSb avalanche region also produces a 

low‐temperature coefficient of avalanche breakdown voltage of 

4.31 mV/K [15]. More recently, an InGaAs/AlGaAsSb APD 

achieved very low NEP of 32.5 fW/Hz1/2 [16], surpassing per-

formance of other commercial APDs incorporating InGaAs ab-

sorption regions.

Despite these experimental reports of AlGaAsSb APDs exhibit-

ing excellent performance, a detailed design analysis of a high‐ 

speed 25 Gb/s APD using AlGaAsSb avalanche region is limited 

to ref. [17], which studied the effect of absorber design on the 

overall APD bandwidth. However, the use of a local electric‐ 

field impact ionisation model in ref. [17] is likely to lead to 

inaccurate excess noise factor and bandwidth [18], which are 

key parameters affecting optical receiver sensitivity.

In this work, we evaluate the optical receiver sensitivity based 

on AlGaAsSb APDs rigorously by utilising an established 

impact ionisation model, the random path length (RPL) model, 

for gain, excess noise and avalanche‐limited bandwidth. Our 

model further incorporates the APD's dark current, including 

band‐to‐band tunnelling current. A wide range of SAM APD 

designs with AlGaAsSb avalanche regions and InGaAs 

absorbers were explored, enabling design recommendations for 

high‐performance APDs at 25 Gb/s. The data reported in this 

article are available from the ORDA digital repository [19].

2 | Simulation Model

An established Monte Carlo simulation model, the random path 

length (RPL model), was used to simulate the APD's perfor-

mance, including M, F and −3 dB bandwidth, at room tem-

perature. Details of the RPL model can be found in refs. [18, 20]. 

In this work, the RPL model is extended to include an InGaAs 

absorber, which is assumed to be fully depleted and does not 

contribute to impact ionisation. These are valid assumptions for 

a well‐designed SAM APD. The positions of impact ionisation 

events and the number of carriers are recorded to deduce the 

impulse current, using Ramo's theorem [21], I = Nqv/(wm + wa), 

where N is the number of carriers, q is the electron charge, v is 

the carrier drift velocity (commonly assumed to be the satura-

tion velocity), wm is the avalanche region width and wa is the 

absorption region width. Fast Fourier transformation is used to 

obtain frequency response from the APD's impulse current 

simulated by the RPL model. APD bandwidth, ‘B’ is defined 

using the frequency corresponding to −3 dB drop in the 

response. To ensure statistical convergence in the M, F and the 

impulse response, 100,000 trials were used for each APD 

simulation condition.

The simulated M, F and bandwidths are used in the calculation 

of So, the minimum average optical power required to achieve a 

specific BER for the optical receiver. With optical signal power 

of So, BER = 
1
2 erfc( Q̅

2̅
√ ) [22], where Q = (I1 − I0)/(σ1 + σ0), I1 is 

the mean APD current under illumination, I0 is the mean APD 

current in the dark, σ1 is the variance (noise) of APD current 

under illumination, σ0 is the variance of APD current in the 

dark and erfc stands for the complementary error function, 

defined as erfc(x) = 
2̅
π̅

√ ∫∞
x

exp(−y2) dy.

We assume that I0 = M (Id + Itun) and I1 = (2MRSo + I0), where 

Id is the unmultiplied APD dark current and Itun is the band‐to‐ 

band tunnelling current from the avalanche region. Itun is given 

by [23].

Itun =
̅̅̅̅̅̅̅̅̅
2m∗

√
q3EVA

h2
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅(Eg + Ep)√ exp[−2πσtun

̅̅̅̅̅̅
m∗

√ (Eg + Ep)1.5

qhE
], (1)

where m* is the electron's effective mass, E is the electric field 

strength, V is the applied voltage, A is the diode area, h is the 

Planck's constant, Eg is the avalanche material's bandgap and Ep 

is phonon energy. The tunnelling parameter (σtun) of 1.39 was 

obtained by fitting Equation (1) to the experimental dark cur-

rent results of thin AlGaAsSb APDs reported in ref. [24].

The variances are given by

σ0
2 = 2qFM2(Id + Itun)B + σTIA

2
, (2)
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and

σ1
2 = 4qFM2RSoB + σ0

2
, (3)

where σTIA is the TIA noise component expressed by 

σTIA
2 

= ITIA
2B. So is expressed as follows [25]:

So =
Q

R
(qFBQ + σ0

M
). (4)

So is typically presented in the unit of dBm. This equation is 

valid when the ratio of low to high optical power, P0/P1 = 0. In 

cases where the extinction ratio (ER) of the optical signal needs 

to be included, we updated I0 = M (Id + Itun + RP0) and 

σ0
2 = 2qFM2(Id + Itun + RP0)B + σTIA

2 and recalculated Q = 

(I1 − I0)/(σ1 + σ0) to obtain So = (P0 + P1)/2.

The RPL model uses AlGaAsSb ionisation coefficients and 

threshold energies from ref. [26], an AlGaAsSb Simple Monte 

Carlo model validated with extensive room temperature data of 

M and F. Other parameters used in this model are summarised 

in Table 1. Due to a lack of experimental carrier velocities for 

Al0.85Ga0.15As0.56Sb0.44, we assumed an electron velocity of 

7.4 × 104 m·s−1 (taken from Al0.75Ga0.25As [27]) and a hole 

velocity of 6.4 × 104 m·s−1 (taken from Al0.45Ga0.55As [28]), 

which are same references as used in ref. [26]. These two alloys 

were selected as references due to their high Al content and 

wide bandgap. The m* used was 0.12 m0, obtained from linear 

interpolation between values of the four binary materials [29].

3 | Results

3.1 | Model Validation

To validate our RPL model, we compared our simulated band-

width versus gain characteristics to those measured experi-

mentally in an InGaAs/InAlAs APD with an InAlAs avalanche 

layer wm = 100 nm and an InGaAs hybrid absorber of 

wa = 600 nm (consisting of a 400 nm undepleted p‐doped layer 

and a 600 nm depleted layer) from ref. [36]. Ref. [36] referenced 

a photodiode with an InGaAs hybrid absorber [37] made up of a 

400 nm undepleted layer exhibited a bandwidth of 50 GHz. 

Therefore, we assumed that a similar undepleted p‐InGaAs 

layer was used in ref. [36] and that it does not influence the 

bandwidth of their InGaAs/InAlAs APD significantly.

In the model validation, InAlAs ionisation coefficients and 

threshold energies from ref. [12] were used. Figure 1 shows that 

our simulation results are in agreement with the experimental 

results of ref. [36], validating our RPL model for SAM APD 

simulations. Agreement is also achieved for a second experi-

mental APD with a 90 nm InAlAs avalanche layer and a 300 nm 

depleted InGaAs layer [38] as shown in Figure 1. In both sets of 

simulations, a 50 nm InAlAs field control layer was assumed.

3.2 | Gain and Bandwidth Dependence on 
Avalanche and Absorption Widths

Using the validated RPL model with AlGaAsSb ionisation co-

efficients and threshold energies [26], APD bandwidth versus 

gain simulations were carried out for a total of 400 combinations 

of InGaAs absorber width (wa = 100–2000 nm) and AlGaAsSb 

avalanche width (wm = 100–2000 nm). For the simulated APDs 

at the operating condition of M = 10 as the avalanche region 

narrows from 1000 to 100 nm, electric fields in the AlGaAsSb 

avalanche region increases from ~500 to ~1050 kVcm−1 as 

shown in Figure 2. The corresponding values of β/α are 0.013 

and 0.242 as also shown in Figure 2.

The simulated bandwidths for the complete wa and wm ranges 

are shown in Figure 3a,b for M = 10 and 15, respectively. 

Observing Figure 3a the combinations that yield a total width of 

less than 800 nm, such as wa = 100 nm and wm = 700 nm or 

wa = 700 nm and wm = 100 nm, can achieve a 

bandwidth ≥ 18.7 GHz at M = 10, meeting the requirement for a 

25 Gb/s operation. Increasing M to 15, although still meeting the 

bandwidth requirement, reduces the number of viable combi-

nations of wm and wa. For instance, with wm = 100 nm, the 

appropriate wa range is 100–500 nm. It is worth noting that the 

M values being evaluated here are significantly higher than 

TABLE 1 | Parameters for InGaAs/AlGaAsSb APD.

Parameter Value

Wavelength, λ (nm) 1310

Minimum APD bandwidth (GHz) 18.7

InGaAs ve (m·s−1) 1.26 × 105 [30]

InGaAs vh (m·s−1) 5.8 × 104 [31]

AlGaAsSb ve (m·s−1) 7.4 × 104 [27]

AlGaAsSb vh (m·s−1) 6.4 × 104 [28]

InGaAs absorption coefficient, γ (cm−1) 10,500 [32]

APD unmultiplied dark current, Id (nA) 0.3 [33]

Electron rest mass, m0 (kg) 9.11 × 10−31

AlGaAsSb electron effective mass, m* 0.12m0 [29]

AlGaAsSb bandgap energy, Eg (eV) 1.56 [34]

AlGaAsSb phonon energy, Ep (meV) 44 [26]

AlGaAsSb tunnelling parameter, σtun 1.39 [24]

TIA noise current, ITIA (pA·Hz−1/2) 15 [35]

FIGURE 1 | Simulated bandwidth of InAlAs SAM APDs (lines) 

compared with InAlAs experimental results (wm = 100 nm and 

wa = 600 nm for ref. [36] and wm = 90 nm and wa = 300 nm for ref. [38]).
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those in 25 Gb/s InAlAs APDs (typically M < 5 [6, 39]), 

demonstrating the advantages of using an AlGaAsSb avalanche 

region.

We have also compared the simulated bandwidths to experi-

mental bandwidths of InGaAs/AlGaAsSb [14] in Figure 3. The 

simulations indicate higher bandwidths than experimental 

values (23 vs. 9 GHz at M = 10 and 18 vs. 10 GHz at M = 15), 

with smaller differences at higher M (data not shown). The 

discrepancies could be caused by unoptimised APDs in ref. [14], 

for example, loss of photogenerated electrons when transition-

ing from InGaAs absorber to AlGaAsSb avalanche region due to 

large energy barrier at low reverse bias. The experimental 

bandwidth values in ref. [14] increases with reverse bias, which 

possibly points to an improved electron transfer as the detri-

mental effect of energy barrier reduces with reverse bias.

3.3 | Tunnelling Current and Excess Noise Factor 
Consideration

In the general trend of reducing avalanche width in pursuit of 

higher bandwidth, the onset of band‐to‐band tunnelling current 

places a fundamental lower limit on the avalanche width. For 

AlGaAsSb avalanche region with wm = 100–1000 nm, the 

simulated band‐to‐band tunnelling current density at the bias 

corresponding to 0.9Vbd (where Vbd is the breakdown voltage) 

are shown in Figure 4a. For wm = 100 nm, the tunnelling 

current density is < 1 μA·cm−2, which is lower than the 

unmultiplied Id (42.4 μA·cm−2) of a commercially available 

InGaAs/AlGaAsSb APD [33]. This suggests that the tunnelling 

current in AlGaAsSb is not the dominant dark current mecha-

nism even in AlGaAsSb APDs with wm = 100 nm. In Figure 4a

inset, the simulated and experimental band‐to‐band tunnelling 

currents for InAlAs [40] and AlGaAsSb [24] were compared. 

Simulated and measured tunnelling currents are in agreement. 

For wm = 110 nm, the tunnelling current density in InAlAs is 

1000 times higher than that in AlGaAsSb. The simulated F 

values at M = 10 versus wm for AlGaAsSb APDs are shown in 

Figure 4b. Again, simulated and experimental results [11, 41, 

42] are in agreement. The F values decreases gradually with wm, 

approaching F ~ 1.6 for wm > 400 nm. Even so, using 

wm = 100 nm yields F = 2.4 (at M = 10), still significantly lower 

than those for InAlAs APDs [12]. Since AlGaAsSb has lower 

tunnelling current and excess noise factor than InAlAs at a fixed 

M, a greater design freedom is offered by using narrow 

AlGaAsSb avalanche regions. For instance if we assume 

wa = 500 nm, AlGaAsSb APDs with wm = 100–290 nm can 

achieve the required bandwidth ≥ 18.7 GHz at M = 10 for 

25 Gb/s operation as shown in Figure 4c.

3.4 | Sensitivity Optimisation

However, using wa = 500 nm from the example in Figure 4c will 

result in relatively low responsivity. Therefore, it is desirable to 

increase the responsivity, which determines the sensitivity at 

unity gain. It is well known that increasing wa increases 

responsivity but reduces bandwidth (due to increased carrier 

transit time). To assess the overall effects of wa on sensitivity, 

sensitivity simulations as a function of gain were carried out 

using wm = 100 nm and wa = 400–1000 nm, as well as a 50 nm 

charge sheet, for a BER of 2.4 × 10−4 (IEEE standard threshold 

for error‐free transmission with KP4 forward error correc-

tion [1]).

The results are shown in Figure 5a, with the maximum acces-

sible gain values, to maintain the 18.7 GHz bandwidth 

requirement for 25 Gb/s are shown by the symbols. Observing 

the maximum accessible gain data, the best sensitivity is 

wa = 600 nm and wm = 100 nm. Figure 5b shows the best 

sensitivity predicted for each absorption width and the corre-

sponding GBP. The inset shows that responsivity increases from 

0.37 to 0.69 A/W at the wavelength of 1310 nm when wa in-

creases from 400 to 1000 nm. It is worth noting that APDs with 

wm = 100 nm and wa = 400–700 nm will all produce sensitivity 

values < −28 dBm and a GBP > 200 GHz.

Next, we investigated the effect(s) of increasing the avalanche 

width. Figure 6 shows the simulated sensitivity versus gain of 

InGaAs/AlGaAsSb APDs with a fixed wa = 600 nm and 

wm = 100–500 nm as well as a 50 nm charge sheet. With 

wa = 600 nm, R = 0.50 A/W at 1310 nm wavelength. At M < 10, 

the sensitivity is unaffected by the wm value, indicating that the 

overall noise in the photoreceiver is dominated by the TIA 

noise. As M and wm increase, the best sensitivity worsens. Also, 

the maximum achievable M (to maintain a bandwidth of 

18.7 GHz) decreases with wm. To achieve 25 Gb/s with a 

FIGURE 2 | Electric fields (left axis) and ratio of ionisation 

coefficients (right axis) in the AlGaAsSb avalanche regions of the 

simulated APDs at the operating condition of M = 10.

FIGURE 3 | Bandwidths of InGaAs/AlGaAsSb SAM APDs with 

absorption and avalanche widths at M = 10 (a) and M = 15 (b). Data 

from ref. [14] is included for comparison (symbol).
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2.4 × 10−4 BER, the best sensitivity values are −28.8, −27.6, 

−26.7, −25.7 and −23.7 dBm for wm = 100, 200, 300, 400 and 

500 nm, respectively. The results show that the best sensitivity 

value is achieved using the thinnest avalanche region.

The combination of wm = 100 nm and wa = 600 nm provided the 

best sensitivity of −28.8 dBm at 25 Gb/s with a BER of 

2.4 × 10−4. Replacing a fully depleted InGaAs absorber with a 

hybrid InGaAs absorber (consisting of a depleted and a p‐doped 

material layer) could offer further performance improvement. A 

hybrid absorber shortens the transit time across the absorption 

region without compromising responsivity, resulting in a higher 

GBP to allow for a higher M from the APD [7]. Another set of 

simulations were completed, incorporating hybrid InGaAs 

absorber and standard AlGaAsSb avalanche region. It was 

assumed that the diffusion‐limited bandwidth, attributed to the 

p‐doped layer, is significantly higher than the avalanche‐limited 

bandwidth. The assumption is valid because the former is esti-

mated to exceed 40 GHz (using a diffusion coefficient of 

300 cm2/s [43] for p‐doped region of < 600 nm thickness).

The hybrid absorber used in the simulations consists of a 

600 nm p‐doped absorption region and a 400 nm depleted ab-

sorption region, yielding R = 0.69 A/W at 1310 nm. The simu-

lated sensitivity versus gain characteristics using avalanche 

regions of wm = 100 and 400 nm are shown in Figure 7a,b, 

respectively, as functions of BER value for 25 Gb/s operation. As 

the gain increases, the sensitivity values of the APDs improve. 

The maximum available gains for bandwidth ≥ 18.7 GHz are 

12.5 for wm = 100 nm and 6.6 for wm = 400 nm, which are lower 

than the absolute minimum points. Comparing Figure 7a,b, the 

design with wm = 100 nm offers a better sensitivity.

The best sensitivity values from APD with hybrid absorbers and 

wm = 100, 200, 300 and 400 nm are compared in a BER versus 

FIGURE 4 | (a) Room temperature tunnelling current density of 

AlGaAsSb avalanche region with wm = 100–1000 nm. The inset 

compares the simulated and experimental tunnelling current density 

versus electric field for AlGaAsSb (dashed line; triangle [24]) and 

InAlAs (solid line; circle [40]); (b) simulated AlGaAsSb excess noise 

values at M = 10 (solid triangle) versus wm, compared to experimental 

AlGaAsSb [11, 41, 42], and InAlAs reports [12] and (c) simulated 

AlGaAsSb bandwidth at M = 10 versus wm, with wa = 500 nm.

FIGURE 5 | (a) Simulated sensitivity versus gain with 

wa = 400–1000 nm for a fixed 100 nm avalanche region (lines) and 

the maximum accessible gain (symbols) and (b) sensitivity (left axis) 

and GBP (right axis) versus wa. The inset shows calculated 

responsivity versus wa.

FIGURE 6 | Sensitivity versus APD gain as a function of avalanche 

width for 600 nm absorber at BER of 2.4 × 10−4.
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sensitivity plot for 25 Gb/s as shown in Figure 8a. Within our 

simulation results, the best sensitivity obtained are −32.3, −28.8 

and −26.6 dBm at the BER of 10−2, 10−6 and 10−12, respectively. 

These are achieved using the thinnest avalanche region of 

wm = 100 nm. Our calculations assumed a single pass absorp-

tion. However, with the adoption of the hybrid absorber, it is 

useful to consider a double pass absorption since light can be 

reflected by an optimised substrate‐metal interface at the bot-

tom. The reflection coefficient is r =
⃒⃒⃒
⃒n1 − n2

n1 +n2

⃒⃒⃒
⃒2, so that the 

responsivity from a double pass absorption can be enhanced by 

a factor K = (1 + re − γwa ), where γ is the absorption coefficient. 

Assuming a reflection at 1310 nm, from the bottom Au/InP 

substrate, we obtained K = 1.33 using the refractive index values 

of n1 = 0.39 + 8.87i for Au and n2 = 3.20 for InP [44]. The 

responsivity, assuming a double pass absorption, can be 

increased to 0.92 A/W for a 400 nm (depleted)/600 nm (unde-

pleted p‐layer) hybrid absorber, leading to an additional 1 dB 

sensitivity improvement, as represented by the black cross in 

Figure 8a. The best sensitivity values are −33.6, −30.0 and 

−27.9 dBm at the BER of 10−2, 10−6 and 10−12.

In Figure 8b, we repeated our simulations with the double pass 

to include the extinction ratios of 5 dB used in a Wooriro APD 

[8] and 9 dB in a Ge/Si APD [10]. Our optimised AlGaAsSb APD 

may offer sensitivity improvements of ~4.3 and 5.5 dB at the 

BER of 5 × 10−5 and 1 × 10−12 (stated in the datasheet) over the 

Wooriro APD. When compared to the Ge/Si APD [10], an 

improvement of ~3.8 dB can be achieved at the BER of 5 × 10−5 

and 10−12. It is worth noting that sensitivity values of reported 

PIN photodiodes are considerably lower, for example, −15.2 and 

−12 dBm (BER = 10−12) from research‐ and commercial‐grade 

PIN receiver modules [45, 46]. This significantly improved 

sensitivity achieved using AlGaAsSb APD can provide addi-

tional advantages to the optical system by increasing the 

transmission range or detecting lower optical power arising 

from interconnect/packaging losses.

4 | Conclusion

Following the verification of an APD simulation model with 

experimental results of APD gain and bandwidth. Bit error rate 

calculations were carried out for 400 designs of InGaAs/ 

AlGaAsSb SAM APDs to optimise receiver sensitivity at the 

wavelength of 1310 nm and a bit rate of 25 Gb/s. Assuming fully 

depleted InGaAs absorber, if the combined width of avalanche 

and absorption regions is ≤ 800 nm, a bandwidth of 18.7 GHz at 

an avalanche gain M = 10 can be achieved. The thinner the 

avalanche region the higher the achievable bandwidth, 

improving the sensitivity at 25 Gb/s. Hence, an avalanche width 

of 100 nm (offering GBP > 200) is recommended.

Replacing the fully depleted absorbers with hybrid absorbers 

further improves the sensitivity values. Hence, the best sensi-

tivity was achieved using a 100 nm AlGaAsSb avalanche region 

and a 1000 nm hybrid InGaAs absorption region (consisting of a 

600 nm p‐doped region and a 400 nm depleted). The predicted 

sensitivity at the BER of 5 × 10−5 is ~3.3 and 3.8 dB better than 

commercial III–V APD and Ge/Si APD, respectively. Similar 

improvement of ~5.5 and 3.8 dB was obtained at the BER of 

FIGURE 7 | Sensitivity versus gain as a function of BER for APD 

with 100 nm (a) and 400 nm (b) avalanche region and 400 nm 

depleted/600 nm p‐doped hybrid absorber. Vertical dashed lines 

indicate the maximum gain to maintain bandwidth > 18.7 GHz (for 

25 Gb/s bit rate).

FIGURE 8 | (a) BER versus sensitivity for APDs with wm from 100 to 

400 nm and single pass hybrid absorber. Crosses represent the APD with 

a 100 nm avalanche region and a double pass hybrid absorber and 

(b) comparison of simulated BER versus sensitivity characteristics of 

AlGaAsSb APDs with Ge/Si APDs [10] and Wooriro APD [8].
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10−12. Therefore, AlGaAsSb has great potential in significantly 

improving sensitivity of high speed optical communication.
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