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A VCSEL is a key component in hyper-scale datacenter and supercomputer networks because of its 

fascinating properties [1, 2], which provides high-speed operations, low power consumption, small footprint, 
wafer-scale testing, low-cost packaging, ease of fabrication into arrays. Co-packaged optics (CPO) has been 
attracting much attention in datacenter and edge computing networks since CPO brings optics much closer 
to switch ASICs in a single package, so that power consumption could be saved by reducing the reach [3].  
In particular, a VCSEL solution gives us high-speed and low-power consumption, which will meet 
requirements in CPO.  We started the NICT project toward high-speed and low-power consumption CPO 
transceivers based on VCSEL array and multi-core fiber (MCF), which could deliver advantages on power 
consumptions and capacity density per module.   In this paper, we present our recent activity on high-speed 
transverse-coupled-cavity (TCC) VCSEL array [4, 5] for co-packaged optics as shown in Fig. 1. A single-
mode 1060nm metal-aperture VCSELs array shown in Fig. 2 is developed, which offers high-density I/O 
platform with a multi-core fiber.  Figure 3 shows the scaling in CPO transceiver capacity per module. By 
further increase in the modulation speed of VCSEL and in a number of MCF, we expect a possibility of 
ultrahigh capacity CPO of beyond 1 Tbps.   

      

Fig. 1 CPO transceiver based on   Fig. 2 Metal aperture transverse    Fig. 3 Scaling toward Tbps capacity  
VCSEL array and MCF.         coupled cavity VCSEL.          transceivers. 
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Abstract  We present a novel design of intracavity metal-aperture VCSELs toward high-speed and 
single-mode operations. The intracavity metal contact causes the transverse resonance which provides 
the modulation bandwidth enhancement. The small-signal modulation bandwidth can be double with a 
large mode-field diameter of 10µm and single-mode operations. 

Introduction 
Vertical cavity surface emitting lasers (VCSELs) 
have exhibited the advantages of low cost, ease 
of fabrication into arrays, small footprint, wafer-
scale testing, and low power consumption [1, 2]. 
Therefore, VCSELs are attracting much attention 
for use in data center networks. The network 
traffic in data centers is increasing rapidly and 
hence the development of high speed VCSELs is 
a key issue. The modulation bandwidth of 
VCSELs is typically less than ~ 20 GHz due to 
the limited intrinsic carrier-photon resonance 
(CPR) [3]. Therefore, many efforts have been 
done to push the modulation bandwidth of 
VCSELs further into the mm-wave band [4-14] 
However, there still remain difficulties in 
increasing the modulation bandwidth of single-
mode VCSELs in comparison with multi-mode 
VCSELs, although single-mode VCSELs offer a 
longer link length of MM fibers thanks to narrower 
spectral widths.  Also, the poor reliability has 
been a limiting factor for single-mode, small oxide 
aperture VCSELs. 
In this paper, we propose and demonstrate 
intracavity  metal aperture VCSELs (MA-VCSEL) 
with a rectangular shaped oxide aperture.  The 
fabrication process is exactly the same as 
intracavity contact VCSELs.  We found that the 
intracavity metal contact causes the transverse 
resonance which provides the modulation 
bandwidth enhancement. We demonstrate the 
enhancement of the modulation bandwidth and 
single-mode operation thanks to the optical-
transverse coupled cavity effect. The mode-field 
diameter could be increased to 10 µm with stable-
single-mode operations.  

Device Structure 
Figure 1 (a) illustrates the schematic structure of 
the fabricated single-mode MA-VCSEL. The 
device is fabricated on a half-VCSEL wafer grown 

by MOCVD with 4 pairs of top p-type DBR. The 
active region includes three 850 nm quantum 
wells (3QWs). In order to form cavity structures, 
rectangular shaped mesas were formed by dry-
etching process and followed by wet-oxidation 
process. The size of an active region oxidation 
aperture is 9 x 10 m, as shown in Fig.1(b) which 
is large enough for high reliabilities.  Polyamide 
was used for planarization and passivation. 
AuGe/Ni/Au was deposited to form n-type 
electrodes. The p-type electrode (Au/Zn/Au) 
were deposited with a rectangular aperture. 
Finally, 8 pairs of dielectric Ta2O5/SiO2 were 
deposited above the surface of the mesas as a 
top hybrid DBR.  We found that two lateral 
boundaries cause the transverse resonance as 
shown in Fig. 1(c).  A key parameter is the 
distance d-W between two boundaries, which 
should be 1.5-2 µm to observe the transverse 
coupled cavity effect, we found. 

   
(a) 

     
(b)                                   (c) 

Fig.1. (a) Schematic (b) top-view of infrared image of oxide 
aperture of 9 x10 µm2 and (c) the physical picture of the 
transverse resonance. 

20 24 28 32 36 40 44 48 52 56
0

200

400

600

800

1000

In
te

ns
ity

 (a
.u

)

 Ib=9.0 mA

 

X Direction 

FFP at 9mA NFP at 9mA

NFP at 9mA at X and y Direction

-28 -24 -20 -16 -12 -8 -4 0 4
0

200

400

600

800

1000

In
te

ns
ity

 (a
.u

)

 Ib=9.0 mA

 

Y Direction 10 µm

9 µ
m

25

�����0��	5��������
�������8

5µm

3.2

1.6

0.8

0.4Tr
an

sc
ei

ve
r 

C
ap

ac
ity
�

T
b/

s�

Data Rate per Channel�Gb/s�
25G-NRZ 50G-NRZ 100G

6.4

(50G-PAM4)


