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Top-Illuminated Avalanche Photodiodes With
Cascaded Multiplication Layers for High-Speed and
Wide Dynamic Range Performance

Naseem
Jack Jia-Sheng Huang

Abstract—In this work, a novel top-illuminated avalanche pho-
todiode (APD) with a Ing 52Alp.4sAs multiplication (M-) layer is
demonstrated. The cascaded M-layer design combined with the
unique p-side up mesa structure allows relaxation of the fundamen-
tal trade-off between the gain-bandwidth product and the dark cur-
rent. This leads to the simultaneous high-responsivity, high-speed,
high-saturation-power, and low-dark current characteristics of our
APDs. At around 0.9 Vy,,. operation, the demonstrated device with
its simple top-illuminated structure and large active window (mesa)
diameter of 14 (24) pom exhibits a high responsivity (2.23 A/W), wide
optical-to-electrical bandwidth (30 GHz), large gain-bandwidth
product (270 GHz), low dark current (~200 nA), and a satura-
tion current as high as 11 mA. The excellent performance of this
APD structure opens up new possibilities to further enhance the
sensitivity performance of receivers for coherent communications
or 106 Gbit/sec PAM-4 applications.

Index Terms—Avalanche photodiode, p-i-n photodiode.

1. INTRODUCTION

HE surge in popularity of over-the-top (OTT) media ser-
T vices and 5G mobile front-haul networks has driven up
the demand for optical communication channel bandwidth.
The 400 Gb/s Ethernet system which uses a pulse-amplitude
modulation (PAM-4) format with a 53 Gbaud per channel has
been developed to meet the requirements for faster data rates.
However, when the linking distance exceeds 40 km, the limited
output optical power of the electro-absorption-modulated laser
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(EML) transmitter [1] and the sensitivity of the p-i-n PD based
receiver [2], [3] place limitations upon the optical power budget
needed to maintain such a high data rate. Avalanche photodiodes
(APDs) with wide optical-to-electrical (O-E) bandwidths and
higher sensitivity than that of conventional PDs, have proven
an effective way to alleviate the aforementioned problems on
the receiver side [4], [5]. Recently, the Si/Ge based APDs have
demonstrated excellent dynamic and static performance [5], [6]
for > 106 Gbit/sec transmissions per lane [6]. Compared with
their I1I-V counterparts [4], [7], [8], the Si/Ge APDs show im-
proved dynamic performance, mainly due to the superior carrier
multiplication process inside the Silicon M- layer over the III-V
M-layer, which occurs in Ing52Alg.48As [9], [10]. However,
this kind of APD, in which the active Ge photo-absorption
layer is usually grown on lattice-mismatched silicon substrates,
interface defects become a challenge affecting the reliability
under harsh operation conditions, e.g., in uncooled environments
or for high optical power illuminations (~mW). In addition to the
PAM-4 modulation formats, coherent communication schemes
have become an alternative solution for >106 Gbit/sec trans-
missions [11], [12]. However, the PDs or APDs in a coherent re-
ceiver need to sustain high-speed and high-linearity performance
under strong (~ mW) optical local oscillator (LO) pumping
powers to ensure high sensitivity performance [13]. It has been
demonstrated that with the Ing 50 Al 48 As based APDs one can
attain a larger signal-to-noise (S/N) ratio with a lower optical LO
power compared with the traditional p-i-n PDs used for coherent
applications, such as FMCW lidar [14]. Such requirements have
driven the development of high-speed III-V APDs with high
linearity and reliable high-power performance [15], [16], [17].
In order to ensure an increase in the bandwidth and saturation
power of APDs, a gradual decrease in the thickness of both
their absorber and M-layers is necessary, but this comes at the
cost of lower responsivity. A relaxation in the trade-off between
the bandwidth and responsivity and further improvement in the
GBP has been reported for waveguide type APDs (WGAPD)
using thinner absorbers [18], [19], [20], [21]. High-responsivity
performance in such devices can be maintained by properly
increasing the absorption length. However, the edge-coupled
waveguide APD structure typically has a substantially narrower
alignment tolerance than its vertically illuminated counterparts
(5 vs. 25 pm) [22], [23], which is due to the smaller aperture
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Fig. 1. (a) Conceptual cross-sectional view of Device A; (b) simulated E-field
distribution in the horizontal (AA’) direction; and (c) top view of the fabricated
device.

size of the optical waveguides. The backside-illuminated ADP
structure [4], [24] is another possibility for further enhancing the
responsivity of a top-illuminated structure because of the double
pass of the incident optical signal through the topmost contact
metal, which serves as a reflector. However, the flip-chip bond-
ing package for backside illumination usually induces parasitic
capacitance, which degrades the net O-E bandwidth of the PD
[25]. In this work, we demonstrate a novel Ing 50 Al 48 As-based
top-illuminated APD design. The incorporation of a cascaded
M-layer [14], [26] in this device enables it to attain a high multi-
plication gain, compensating for its low unity-gain responsivity
(0.3 A/W). At around 0.9 Vi, operation, this device, with its
large active window (mesa) with a diameter of 14 (24) pum
for easy optical alignment, exhibits a wide O-E bandwidth (30
GHz), high responsivity (2.23 A/W, gain Mg = 7.43), large
gain-bandwidth product (270 GHz), low dark current (~200
nA), and a saturation current as high as 11 mA. The excellent
performance of our demonstrated APD structure opens up new
possibilities to further enhance the sensitivity performance of
receivers for coherent or PAM-4 optical communications.

II. DEVICE STRUCTURE DESIGN AND FABRICATION

Fig. 1(a) shows a conceptual cross-sectional view of the
structure of the demonstrated device. Note that these figures
are not drawn to scale. The epi-layer structure, from top to
bottom, is composed of a p+—Ing 53Gag 47As contact layer,
p+—InP window layer, p-type partially depleted Ing 53Gag 47 As
absorber, composite p-type Ing s52Alg 45As/InP charge layers,
dual intrinsic Ing 52Alp.4gAs multiplication (M-) layer, n-type
Ing.52Alp.48 As charge layer, thick InP collector (transport) layer,
and bottommost InP n+ contact layer, grown on a semi-
insulating (S.I.) InP substrate. To meet the APD bandwidth
requirements, we further reduced the absorber and total M-layer
thicknesses, as described in our previous work [16]. In the
traditional APD structure, this bandwidth enhancement usually
comes at the cost of a degradation in the responsivity and
increase in the dark current [4], [8]. Here, a dual M-layer
structure is adopted to release the trade-off between the speed,
dark current, and responsivity [14], [26]. The M-layer is di-
vided into two parts, specified as the 1st and 2nd M-layer in
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Fig. 1(a), with an additional control layer between. Such a
design introduces a stepped electric field profile with most of the
avalanche process confined to the extremely thin 2nd M-layer,
which has the highest E-field across the whole epi-structure, so
that a short avalanche delay time, high GBP, and low excess
noise can be expected. Furthermore, as compared to directly
downscaling of a single M-layer as in the traditional APD to
the same thickness as our 2nd M-layer, the addition of the 1st
M-layer in our design can effectively suppress the tunneling
leakage process and provide a lower overall dark current. For
more details, please refer to our previous work [14], [26]. A
composite charge layer (Ing 52Alg 45 As/InP) design is adopted
to ensure that the electric field at the side wall of the bottom (2nd)
M-layer becomes exactly zero and the phenomenon of edge
breakdown is suppressed [16]. Selective chemical wet etching is
used between these two layers to precisely etch away the charge
layer above the M-layers to obtain a zero E-field at the edge.
The simulated E-field distribution in such a structure will be
discussed later and is illustrated in Fig. 1(b).

In addition,' the insertion of an InP collector (transport)
layer below the M-layer releases the burden imposed on the
RC-limited bandwidth, allowing for a further enlargement of
the APD’s active diameter for a larger alignment tolerance in the
APD package. The InP layer provides a larger overshoot elec-
tron drift-velocity than can be achieved using a Ing 52Alg 48AS
based collector layer [27], which can further relax the trade-off
between the device active area and its RC-limited bandwidth.
Moreover, in comparison to the inverted p-side down APD
structure [4], further improvement in the output saturation power
of our p-side up structure can be expected. This is made possible
by the fact that the bottom-most InP substrate is close to the 2nd
M-layer having the highest E-field which allows for efficient
device heat sinking. Fig. 1(a) shows the quintuple mesa structure
used in our devices. As can be seen in the figure, three kinds
of devices (A to C) with three different first p-mesa diameters
(24, 26, and 30 pum), were fabricated in order to precisely
extract the internal carrier transit time in our demonstrated
APD epi-layer structure [16], which will be discussed in more
detail later. During device fabrication, a 24 pum diameter 1st
mesa was etched through the p-type absorber layer followed
by selective wet etching to form a 34 pm diameter 2nd mesa
which stopped at the InP field control (charge) layer. A thin 3™
mesa with a diameter of 44 ym was formed by the InP charge
layer above the first M-layer. Finally, we etched through the
M-regions down to the NT contact layer to obtain a 4" mesa
with a diameter of 54 um. For a detailed view of the mesa struc-
ture, please refer to Fig. 1(a). A simulation of the electric-(E-)
field distribution within the device was carried out using the
Silvaco Technology Computer Aided Design (TCAD) tools!. An
undesired avalanche breakdown process can be avoided by an
appropriate selection of the doping density in the charge layers
so that the E-field in the absorption and collector layers is much
less than their corresponding critical fields, thatis 150 kV/cm for
Ing 53Gag. 47As and 500 kV/cm for InP, respectively [28]. The
measured values of Vi, and V¢ will be discussed in detail later.

ISilvaco, 2811 Mission College Boulevard, 6th floor, Santa Clara, CA 95054.
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Fig. 2. Measured dark current, photocurrent, and operation gain versus bias voltage under different optical pumping powers at the 1.31 pm wavelength for all

three APDs with different active window sizes: (a) Device A, (b) Device B and (¢) Device C.

The measured I-V curves are shown in Fig. 2. The calculated
E-field in the bottom M-layer in the horizontal direction (AA’)
at the breakdown voltage (Vy,,: -26 V) is depicted in Fig. 1(b).
We can clearly see that the horizontal E-field (840 kV/cm) in
the bottom M-layer is well confined within the range of the
top p-mesa in the 24 um diameter device, and it can be greatly
reduced to zero at the edge of bottommost M-layer, as discussed
above. Fig. 1(c) shows a top view of the fabricated device with
a 24 (14) pm diameter active mesa (window).

III. DEVICE MEASUREMENT RESULTS

The bias-dependent dark current, photocurrent, and operation
gain of devices A to C, measured under various optical pumping
powers at the optical wavelength of 1.31 pm, are shown in
Fig. 2(a) through (c), respectively. The measured punch through
voltage (V) and breakdown voltage (V) at around -6.8 and
-26 V can be seen. The measured V,; here is consistent with
the C-V measurement result, which indicates full depletion of
our epi-layer structure when the reverse bias is over -6.5 V.
The demonstrated devices exhibited a much lower dark current
around 200 nA at 0.9 Vi, than those reported for APDs with
close 3 dB O-E bandwidth values for 106 Gbit/sec applications
(> 1 pA at 0.9 Vbr) [6], [8], [20]. This can be attributed to
the unique cascaded M-layer design and the elimination of edge
breakdown achieved by the addition to the design of the special
composite charge layer, as illustrated in Fig. 1. Under a 1.31
pm wavelength and low optical illumination power values (~10
(1) pW) at 0.9 Vy,,, the measured responsivity is around 2.3
(5),2.36 (5.1) and 2.5 (5.3) A/W for the three devices A to C,
respectively. The corresponding gain under an optical power of
10 uW is 7.67, 7.86, 8.33 for devices A to C, respectively. Here,
the chosen unity-gain responsivity of our fabricated device is
around 0.3 A/W, which is close to the responsivity (0.27 A/W)
measured at around V¢, assuming nearly zero optical coupling
loss with a single pass of injected light into the absorption layer
[29]. The slight improvement of device responsivity with the
increase of window size can be attributed to the minimization
of the coupling loss between the launched optical signal, which
has a spot size around 2 pum in diameter through the lensed
fiber tip, and the active optical windows of the devices. For
reference, the figures also show the gain versus bias voltage for

different optical powers 1 to 1000 W. When the reverse bias
voltage is greater than the Vy,,, all of the measured operation
gains are significantly reduced due to a massive increase in
the dark current, which occupies the majority of the measured
total current (i.e., summation of the photocurrent and the dark
current). Furthermore, we can clearly see a gradual decrease in
the maximum operation gain as the pumping power increases.
This phenomenon is explained by the space charge screening
(SCS) effect, which is caused by the photo-generation of holes
in the Ing 53Gag 47As absorption layer which lowers the net
E-field and multiplication gain in the M-layer [29]. Nevertheless,
for the same values of optical pumping power (-20 dBm), our
demonstrated APD exhibited a maximum gain more than three
times larger (45 vs. 14 A/W [6]) than the gain and responsivity
reported for its III-V [7] and Si-Ge [6] counterparts. This can
be attributed to the lower dark current and more pronounced
avalanche process facilitated by our dual M-layer design.

Figs. 3 and 4 show the bias dependent O-E frequency re-
sponses of the three devices, A to C, measured at the wavelength
of 1.55 pm under low (0.01 mW) and high (I mW) optical
powers, respectively. The corresponding responsivity of each
trace is specified on these two figures. Although the optical
wavelength chosen for dynamic measurement here was slightly
different from that used for static measurements (1.55 vs. 1.31
pm), as shown in Fig. 2, the changes of operation gain and
responsivity of the demonstrated APD structure across such
optical wavelengths (1.31 to 1.55 um) is very small according
to our measurement results. Moreover, our device may exhibit
faster speed performance under 1.31 wavelength operation than
that under 1.55 pm due to the stronger photo-absorption process
in the topmost p-type absorber, which would lead to a less
pronounced hole transport effect across the active absorption
region [30]. Overall, the bandwidth numbers quoted here for our
devices should not be overestimated for practical applications.
The fitted bandwidth curves green in colour at around 0.9 Vy,,
(-23 V) are shown in Fig. 3. It can be clearly seen that device A
exhibits a 30 GHz 3-dB bandwidth with a2.23 A/W responsivity
under a gain of Mg = 7.43 at a bias voltage of approximately
0.9 Vi, (-23 V) and low optical power excitation. The speed
and responsivity demonstrated by this APD with its simple
top-illuminated structure is superior even to that of its back-side
illuminated III-V counterpart with the same 14m window size,
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TABLE I
PERFORMANCE COMPARISON OF DIFFERENT TYPES OF APDS

Parameter NTT SiFotonics Technology Albis (APD20E1) This work
Reference 8 31
Type Backside-illuminated Topside-illuminated Topside-illuminated Topside-illuminated
(Reflector on Backside)
Mesa Size 14 ym 20 pm window size 24 um (window size 14 um )
14 pm
Dark Current (0.9 V) 2 nA 0.9 pA -“ 200 nA
Responsivity 1.95 A/W 3.53(6.5) A/W 4 A/W 2.23(3.3) A/W

Bandwidth 28 GHz 28 (22) GHz 20 GHz 30 (22) GHz

Optical Saturation Power - 0 dBm 5dBm 8.8 dBm

(Damage Threshold)

which has a 28 GHz bandwidth and 1.95 A/W responsivity,
[71, [8]. Table I shows the benchmark values reported for the
high-performance APDs used for 28 or 56 Gbaud applications
[8], [6]. As can be seen, the measured responsivity of our device
is less (3.3 vs. 6.5 A/W) than that of its top-illuminated Si-Ge
counterpart with backside reflectors under the same operation
speed (~22 GHz at 0.95 Vy,,). These results suggest that, in order
to compete with Si-Ge APDs, whose Silicon based M-layers
are intrinsically superior to those of most III-V materials, it is
preferable to combine our Ing 50Alg.48As based dual M-layer
design with a back-side illuminated structure [7], [8], back-
side reflectors [6], [9], or waveguide structures [20], [21]. As
previously discussed, in addition to the bandwidth and the
responsivity, the high-power performance of an APD is also

an important parameter for >106 Gbit/sec coherent communi-
cations between data centers. As shown in Fig. 4, under | mW
optical power illumination, devices A, B and C can maintain a
3-dB bandwidth at 0.9 Vy,; of approximately 30, 29 and 27 GHz
respectively. Furthermore, in contrast to the measured traces
in Fig. 3, the speed performance here is not as sensitive to
the applied bias voltage. Such consistent high-speed perfor-
mance indicates the good linearity and excellent high-power
performance of our demonstrated device. This phenomenon, as
illustrated in Fig. 2, can be attributed to the significant decrease
in the value of the operation gain and the far lower sensitivity to
the reverse bias voltage during high-power operation. The delay
time induced by the avalanche gain, which is an APD’s primary
bandwidth limiting factor at high-bias operation, is minimized,
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leading to the observed invariance in the 3-dB O-E bandwidth
[32]. Fig. 5 depicts the gain bandwidth products (GBP) of
devices A to C measured at a low (10 W) optical pumping
power. As can be seen, very high GBPs of 745755 and 763
GHz can be achieved for Devices A, B and C, respectively, with
a 0.30 A/W unity-gain responsivity in the high-gain regime.
The obtained GBP values (~750 GHz) are much larger than
those reported for high-speed Ing 50 Al 48 As based APDs (~320
GHz) [4], [33] under the same extremely high-gain operating
conditions.

The inset to Fig. 5 depicts the corresponding measured O-E
frequency response, which has a 3-dB bandwidth at around 5
GHz, under low input power (10 W), high gain (150) operation
for Device A. The results suggest that our dual M-layer design
can further improve the maximum intrinsic speed performance
of the APD without seriously increasing the tunneling leakage
current, as shown in Fig. 2. However, in practical applications,
the APD is never operated in such a high gain region due to
the high excess noise. For the Ing 50Alg 48As based APD, the
operation point for optimized sensitivity usually happens at a
gain of around 10, which corresponds to 270 GHz GBP in our
device. The corresponding bias voltage and bandwidth are -23.6
V and 27 GHz, respectively. Such an improvement in the static
and dynamic APD performance can be attributed to the fact that
the effective multiplication layer is thinner than in typical APDs
with their uniformly thick M-layer. As a result, localization of
the 2nd M-layer which has a higher E-field than 1st M-layer for
impact ionization decreases the possibility of avalanching in the
entire M-layer and improves the GBP [33]. Note that, rather than
directly reducing the thickness of the M-layer, our design uses
an additional 1st M-layer to provide a lower tunneling leakage
current, illustrated in Fig. 1. In addition, because both M-layers
contribute to the multiplication gain, the overall gain in our lay-
ered structure becomes larger. The excellent GBP performance
indicates that our composite charge layer design effectively
suppresses the edge breakdown, allowing the avalanche process
to be concentrated within the small volume of the M-layer below
the active mesa, as illustrated in Fig. 1.
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TABLE II
VALUES OF THE CIRCUIT ELEMENTS
Physical Meaning Devices

A B C

G Junction Capacitance (fF) 84 96 130

R Junction Resistance (kQ) 12 12 12

R Contact Resistance () 21 21 21

Cp Parasitic Capacitance (fF) 77 90 120

L, Parasitic Inductance (pH) 21.1 21.1 40

The overall O-E 3-dB bandwidth (f 3q4p) of the APDs is deter-
mined by the carrier transport time 1/ f; and the RC time constant
—1. The bandwidth limiting factor of our demonstrated device
is calculated using the following equation adapted from [29]:

1 1 1 5 1

o + 72 (2rRC)” + 72 (1)
where R is the sum of the parasitic and the load resistance (50 2)
and C is the total capacitance. Here, the equivalent circuit mod-
eling technique is applied to extract the RC-limited bandwidths
fitted to the measured scattering parameters of the microwave
reflection coefficients (S22) [29]. Fig. 6 shows the equivalent
circuit model that was used to fit the device’s Soo parameters.
Table II shows the fitted values for each circuit element. The
fitted and measured frequency responses for devices A to C
that correspond to the Sgo parameters are shown in the Smith
charts in Fig. 7(a) to (c). There is obviously a in the Smith
charts in Fig. 7(a) to (c). There is obviously a close match
between the simulation and the measurement results. During
the modeling process, the two artificial circuit elements, Rt
and Cr, are removed in order to extract the extrinsic frc of
the APD. This is because they are used to mimic the low-pass
frequency response of the internal carrier transit time [24],
[25]. By carefully selecting the values of Rt and Cr to fit the
measured O-E frequency response, it is possible to determine the
internal transit time limited frequency responses of our device.

Fig. 8(a) to (c) show the measured O-E, fitted O-E, extracted
RC-limited, and transit time limited frequency responses under
23 V, for devices A to C, respectively. As can be seen, the
RC-limited bandwidths of devices A and B are not far from
the 43 GHz transit time-limited bandwidth. This suggests that
the total thickness of the depletion layers in the 24 and 26 pm
active mesa diameter devices is nearly optimal for balancing
the internal carrier transit time and external RC-limited band-
width. Equation (1) can also be used to calculate the internal
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Fig. 7. Measured (blue line) and fitted (red line) S22 parameters from near dc to 40 GHz under a fixed dc bias (-23 V) for demonstrated devices A to C.
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Fig. 8. Measured O-E, extracted RC-limited, transit time, and fitted O-E frequency responses for devices A to C.
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Fig. 9. Extracted (1/frc)? versus measured (103/f2, ) for devices A to
C.

carrier transit time. Fig. 9 depicts the values of (1/fr¢)*versus
(103/ f2, ) for the fabricated APDs (A to C). The internal carrier
transit times in our devices are calculated using (1) and the fitted
RC-limited and measured net O-E bandwidths for each device
(see Figs. 7 and 8), from the intercepts along the y-axis in Fig. 9
[29]. The obtained f; is approximately 44 GHz, which closely
matches with the transit time limited bandwidth obtained using
the equivalent circuit modeling technique 43 GHz, as seen in
Fig. 6.

Fig. 10 depicts the photo-generated RF output saturation
power measured with the heterodyne beating setup at a fre-
quency of 30 GHz for these three devices at different bias volt-
age. The heterodyne-beating system consists of two free-running
lasers that operate around the optical wavelength of 1.55 pm and

have a 30 GHz (0.24 nm) spacing in their central wavelengths.
For reference, the ideal relationship between the microwave
power and the average photocurrent (pink line) with a 100%
optical modulation depth under a 50 €2 load is plotted. We can
clearly see that the value of the saturation photocurrent exhibited
by all three devices is the same 11 mA for maximum output RF
power under 0.95 Vy,,.. For example, the measured responsivity
of device A under a saturation output RF power of (-1.8 dBm),
which corresponds to a high launched optical power of +8.8
dBm, is around 1.5 A/W. The traces measured at various Vi,
voltages also merge together as the output photocurrent rises,
which can be explained by the shorter avalanche delay time and
wider O-E bandwidth under high-power operation, as shown in
Figs. 4 and 5. Compared with the high-power performance of
APDs reported in our previous work [16], our new APD device
A design, which has the same active mesa diameter of 24 p/m ex-
hibits the same saturation current around 11 mA at 0.95 Vy,, but
at a higher heterodyne-beating frequency (30 vs. 20 GHz). Such
a significant improvement in the saturation current-bandwidth
product is mainly due to the improvement in the speed of the
new APD, obtained by incorporating the dual M-layer design,
without the need to downscale the active size of the device. As a
result, this APD has the potential to further improve the S/N ratio
when used in a high-speed coherent receiver, while requiring
less optical LO power than a p-i-n PD. Table I shows the bench-
mark high-performance of these APDs with top- and back-side
illuminated structures for 28 or 56 Gbaud transmission. We
can clearly see that our device with its simple top-illuminated
structure exhibits an excellent bandwidth-responsivity product
and a record-high saturation current-bandwidth product among
all reported high-speed APDs.
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Fig. 10. Measured photo generated RF power versus photocurrent for devices A to C, at a frequency of 30 GHz for heterodyne beating under different V.

IV. CONCLUSION

In conclusion, our novel top-illuminated APD structure
demonstrates excellent high-speed and high-power perfor-
mance. We can fundamentally relax the trade-off between mul-
tiplication gain, speed, and dark current by downscaling the
absorber and dual M-layer designs with a cascade avalanche
process. Moreover, the p-side up and the special mesa struc-
ture with the composite charge layers can strongly confine
the E-field at the center of the Ing 50Alg 45As based M-layer,
greatly suppressing the edge breakdown phenomenon and re-
sulting in a much lower dark current. Furthermore, this APD
structure has the advantage of improved power performance
due to better heat dissipation because the 2nd M-layer having
the highest E-field region is buried at the bottom, close to
the InP substrate. By optimizing the depletion width of the
partially p-doped Ing 53Gag 47As absorber and additional InP
collector layers, the RC-delay time and internal transit time
can be balanced. This allows our APDs to have a larger active
diameter of 24 pm for greater optical alignment tolerance and
better device heat sinking. At around 0.9 Vy,, bias voltage, this
24 pm active mesa diameter device can attain a high responsivity
(2.23 A/W), low dark current (~200 nA), and a wide O-E
bandwidth (30 GHz). During testing in a heterodyne beating
system, a saturation output photocurrent (11 mA) at 30 GHz
was observed. Our APD’s excellent dynamic/static performance
opens up new opportunities to further enhance the sensitivity
of photoreceivers for coherent communications or 106 Gbit/sec
PAM-4 applications.
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