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Recent developments in membrane photonics promise enhanced performances for integrated devices and circuits 

[1]. One remaining technological challenge for membrane photonic devices lies in the n-type ohmic contacts on top 

of active devices. From the electrical point of view, the contact resistance needs to be minimized for devices with 

ever-smaller sizes to achieve high speed and low power consumption. Moreover, low optical loss from those metal 

contacts is required for devices integrated in a membrane with only submicron thickness. 

Conventional Au/Ge/Ni n-type ohmic contacts provide low contact resistance for InP based devices after annealing. 

However, the high optical absorption of Ni limits its use in membrane devices. Furthermore, the high temperature 

annealing process causes strong spiking of Au into semiconductor layers [2]. Our recently developed Ag/Ge contacts 

show both ohmic behavior and low optical loss [3]. The use of Ge instead of metal as the first deposited layer results 

in low optical absorption in the telecommunication wavelength range. The spiking effect is also reduced in the Ag 

based contacts compared with the Au based ones, as a result of a much higher eutectic temperature of the Ag/Ge alloy. 

However, the annealing process still introduces degradation in the contact interface and thereby increases the optical 

loss. Also, the contact resistance needs to be further reduced to approach the level of Au/Ge/Ni contacts.  

In this work we present an improved solution of the Ag/Ge contact to obtain a lower resistance and a lower optical 

loss. By making use of the higher solubility of the n-type dopants (Si) in InGaAs as compared to InP, we obtain a 

contact layer of n-ln0.53Ga0.47As heavily doped up to 2×1019 cm-3.  Table 1 shows the average specific contact 

resistances of different contacts measured with the circular transfer length method (CTLM). The higher doping 

concentration in the InGaAs contact layer leads to lower contact resistances compared with those from contacts on 

InP (doped at 2×1018 cm-3).  Moreover, an ohmic contact with low resistance is formed in InGaAs contacts even 

without annealing. This is normal for heavily doped surfaces where the tunneling effect is sufficiently strong. This 

annealing-free process prevents many high-temperature related problems for membrane devices, including 

degradations of the contact interface. Hence, a lower optical loss compared to those from annealed contacts is expected.  

In order to measure the optical loss from contacts at 1550 nm, a standard approach as described in [3] is used. The 

membrane waveguide (WG) structures used in this measurement are shown in Fig. 1. The measured WG insertion 

loss from Ag/Ge/InGaAs contacts is plotted in Fig. 2 together with previous results from Ag/Ge/InP and Au/Ge/Ni/InP 

contacts. It is clear that the propagation loss is further reduced in this new contact. It should be noticed that the starting 

point of the series of Ag/Ge/InGaAs is higher than those from the others. This is because the InGaAs layer introduces 

extra loss. This extra loss is characterized in another array of InGaAs/InP WGs without metal contacts. From the 

results in Fig. 3 a propagation loss of 0.018 dB/µm can be extracted, which is an order of magnitude lower than those 

from the metal contact, implying that the InGaAs loss is negligible compared to contact loss. A material absorption 

coefficient of 300/cm is calculated based on the propagation loss value and the confinement factor of the guided mode 

in the InGaAs layer. Compared with the absorption coefficient of 7000/cm in intrinsic InGaAs, a significant reduction 

of the inter-band absorption due to the band-filling effect in heavily doped n-type materials is observed [4]. 

In summary (Table 2), a Ag/Ge/InGaAs contact is developed to provide an annealing-free n-type ohmic contact 

with low contact resistance and low optical loss. It is promising for high-performance InP membrane photonic devices. 
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Table 1. Specific contact resistances of different contacts, measured both before and after a 15 s annealing at 400 °C. 

Contact type Specific contact resistance (Ωcm2) 

Before annealing After annealing 

Au/Ge/Ni/InP Non-Ohmic 4.0×10-7 

Ag/Ge/InP: 2 nm Ge Non-Ohmic 2.6×10-5 

Ag/Ge/InP: 15 nm Ge Non-Ohmic 1.8×10-6 

Ag/Ge/InGaAs: 2 nm Ge 7.2×10-7 1.4×10-7 

Ag/Ge/InGaAs: 15 nm Ge Non-Ohmic 1.9×10-7 
 

 

 

Table 2. Summarized comparison between different n-type contact technologies 

Contact type Annealing 

required 

Specific contact 

resistance (Ωcm2) 

Loss coefficient 

(dB/µm) 

Au/Ge/Ni/InP Yes 4.0×10-7 2.91 

Ag/Ge/InP Yes 1.8×10-6 0.56 

Ag/Ge/InGaAs No 7.2×10-7 0.27 
 

Fig. 1. (a) Image of an array of fabricated membrane WGs with metal contacts on top. (b) Cross-section of the 

InP WG. (c) Cross-section of the InGaAs/InP WG. The InGaAs layer is n-type doped to 2×1019 cm-3. 
 

 

Fig. 2. Insertion loss of membrane WGs as a function of 

contact length measured at 1550 nm. Results with 

different contacts are shown. Dotted lines represent 

linear fits. 

 

Fig. 3. Insertion loss of InGaAs/InP WGs as a 

function of WG length measured at 1550 nm. No 

metal contacts are present. Dotted lines represent 

linear fits 
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