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Supplementary Note S1: Reflection spectra calculated by the transfer-matrix method
Transfer-matrix method
The transfer-matrix method can be used to obtain parameters such as the reflectance and transmittance of incident light in a multilayer planar dielectric structure. A metal-DBR cavity composed of silicon and air layers is shown in Fig. S1. 
[image: ]
FIG. S1. Electromagnetic model of the metal-DBR cavity.
For simplicity, only the case of normal incidence of the electromagnetic wave is considered. A monochromatic plane incident wave can be described by: 
𝐸𝑖 = 𝐸0 exp(-𝑖𝑘0𝑧)
where 𝐸0 is the amplitude of the incident electric field and 𝑘0 is the wave number of the incident light in vacuum. The reflected light can be described by: 
[bookmark: _Hlk75359100]𝐸𝑟 = 𝑟𝐸0 exp(𝑖𝑘0𝑧)
where 𝑟 is the amplitude reflection coefficient of the beam at the interface.
The electric field in any dielectric layer can be viewed as the superposition of the incident and reflected electric fields. 
[bookmark: _Hlk75359171]𝐸𝑚+ = 𝐶𝑚𝐸0 exp(−𝑖𝑘𝑧)
𝐸𝑚− = 𝐷𝑚𝐸0 exp(𝑖𝑘𝑧)
According to the Maxwell equations and boundary conditions, we can obtain the form of the transfer matrix at each interface. At the interface between air and the first layer of silicon (z = 0): 




where 𝜇0 is the permeability of a vacuum and 𝜇𝐴 is the relative permeability of silicon. 𝜇𝐴 is generally equal to 1. A matrix relationship can be established at the z = 0 interface: 




According to the relationship between wave number, magnetic permeability, and refractive index, the above formula can be simplified: 


where 𝑛𝐴 is the refractive index of silicon. The boundary conditions at the z = 𝑑𝐴 interface:




where 𝑑𝐴 is the thickness of the silicon layer. Similarly, the matrix relation when the electromagnetic wave propagates from the air layer to the silicon layer can be obtained: 


where 𝑑𝑂 is the thickness of the air layer.
[bookmark: _Hlk98575223]At the interface between the defect layer and gold:


where 𝑑𝑐avity is the thickness of the defect layer and 𝑛𝑚 is the refractive index of gold. The entire transfer matrix can be written as:


Furthermore, it can be expressed as: 


The amplitudes of the reflection coefficient (r) and transmission coefficient (t) are expressed as: 


，
Once the reflectivity of a monochromatic electromagnetic wave is found, the reflection spectrum in a certain band can be obtained with the same method. 
Calculation of the reflection spectrum of the metal-DBR cavity by TMM
The metal-DBR cavity presented in this paper was prepared by alternately stacking silicon layers and air layers on a detector chip with a gold reflective mirror. The substrate of the detector chip (dielectric layer next to the gold) was silicon, which has a high refractive index. This was the defect layer. There is an optical Tamm state at the interface between the metal and the defect layer in this cavity. That is, there is a dip in its reflection spectrum. The calculation results of the reflective spectrum of the hybrid cavity mentioned above with different defect layer thickness by TMM are as follows:
When the thickness of the defect layer is the same as that of the silicon layer in the DBR, namely, dcavity = 33.45 μm, the dip of the reflected spectrum is around 0.65 THz, which is equal to the center frequency set by the DBR cavity only (Fig. S2).


FIG. S2. Reflection spectrum of the cavity at dcavity = 33.45 μm. The thickness of the defect layer is the same as that of the silicon layer in the DBR.
When dcavity is decreased, the dip of the reflection spectrum will be blueshifted (Fig. S3).


FIG. S3. Reflection spectrum of the cavity at dcavity = 20 μm.
In contrast, when dcavity is increased, the dip of the reflection spectrum is redshifted (Fig. S4).


FIG. S4. Reflection spectrum of the cavity at dcavity = 40 μm.
When dcavity is increased further, multiple dips appear simultaneously in the reflection spectrum. Therefore, the number of the optical TAMMs and the position of the dips depend on the thickness of the defect layer (dcavity) (Fig. S5).


FIG. S5. Reflection spectrum of the cavity at dcavity = 510 μm. Three dip positions of great concern are marked.
Through the above calculations, it can be seen that the number of optical Tamm states and the position of the resonant points strongly depend on the thickness of the defect layer in the cavity (dcavity).
Supplementary Note S2: Proof of the conditions for the existence of Tamm states in the proposed hybrid cavity
As shown in Fig. S6, in the hybrid cavity, the defect layer was modeled as a generalized microcavity (dcavity). The metal on the left is equivalent to a gold mirror, and the DBR with the substrate on the right is regarded as a dielectric mirror. For simplicity, only normal incidence was considered. The characteristics of the metal-DBR hybrid cavity that excite optical Tamm states were derived from the perspective of the phase changes.
[image: Logo, company name
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FIG. S6. Schematic of reflections at the metal interface and the DBR interface.





The total phase change of the terahertz wave in the cavity has three parts: (1) at the interface between the metal and the defect layer, (2) between the defect layer and the DBR interface, and (3) the phase change when the terahertz wave propagates in the defect layer. represents the phase of , represents the phase of, and the total phase is represented by :


The electromagnetic wave propagates vertically in the dielectric layer, and the phase change of the round trip is:



The reflection coefficient at the metal interface can be obtained from the Fresnel formula:





[bookmark: _Hlk107151700]where is the refractive index of the defect layer medium, which is HRFZ-Si so that. is the refractive index of the metal. The dielectric constant of the metal Au is described by the Drude model:






where ,THz, THz, and .
The conditions for the existence of an optical Tamm state in the metal-DBR hybrid cavity must meet the following formula [63]:


where N is a natural number. 
The following are the calculated total phase for the presented hybrid cavity at 0.40, 0.48, and 0.65 THz:
1. 


[bookmark: _Hlk107260749]When dcavity = 510 μm, it can be seen from the reflection spectrum that the frequency corresponding to the optical Tamm state is 0.40 THz. From the Drude model, 𝑛𝑀 = 538 − 549𝑖. Furthermore, the reflection coefficient 𝑟𝑀 = −0.9938 + 0.0063𝑖, |𝑟𝑀| = 0.9938, and the phase Φ𝑀 = 3.1352. The reflection coefficient of the DBR, = 0.4773 + 0.7957𝑖, can be obtained from the TMM. Also, , and the phase ΦDBR = 1.03. The phase change of the defect microcavity Φd = 28.49. Finally, the total phase change .



When dcavity = 510 μm, the frequency corresponding to the optical Tamm state is 0.48 THz. Also, 𝑛𝑀 = 489 − 501𝑖, the reflection coefficient 𝑟𝑀 = −0.9932 + 0.0069𝑖, |𝑟𝑀| = 0.9932, the phase Φ𝑀 = 3.1346, the reflection coefficient = 0.9023 + 0.4248i, , the phase ΦDBR = 0.44, and the phase change of the defect microcavity Φd = 34.34. The total phase change .




When 𝑑𝑐𝑎𝑣𝑖𝑡𝑦 = 510 μm, the frequency corresponding to the optical Tamm state is 0.65 THz. Similarly, 𝑛𝑀 = 414 − 4.28𝑖, the reflection coefficient 𝑟𝑀 = −0.9920 + 0.0082𝑖, |𝑟𝑀| = 0.9920, the phase Φ𝑀 = 3.1333, the reflection coefficient = 0.9996, , ΦDBR = 0, and the phase change of the defect microcavity. The total phase change .
Overall, these calculations indicate that there is also an optical band-like optical Tamm state cavity in the terahertz band.
Supplementary Note S3: Fabricating the Tamm-cavity detector
[bookmark: _Hlk127111090][bookmark: _Hlk127112626]The silicon/air layers, microbolometer detector with a reflective mirror in the Tamm cavity were made separately. The air and silicon dielectric layers are made by deep silicon etching in the same high-resistivity float-zone (HRFZ) Si wafer with 4 inches, The wafer with openings array was shown in the inset at the top-right of FIG. S7. The air openings under the silicon wafer made by etching were 4 mm by 4 mm, and then the wafer was cut into blocks with size of 8 mm × 8 mm × 510 μm (L×W×T). To make the DBR cavity, the blocks with silicon/air layers were stacked and bonded together with a photoresist to form a DBR with multiple Si/air layers. The bolometer detector chip containing a FP substrate cavity (in the right bottom-right of FIG. S7) was made step by step, and the fabrication process in details was reported by our group before in Ref. [81, 82]. At last, the DBR block was bonded to the detector chip to form a Tamm cavity.
[image: ]
[bookmark: _Hlk127112486]FIG. S7. Fabricating the Tamm-cavity detector.

Supplementary Note S4: Analyzing the effects of the refractive index of the HRFZ-Si on the reflection spectrum of the Tamm cavity
[bookmark: _Hlk107700050]Influence of the real part of the refractive index of the HRFZ-Si layer on the reflection spectrum
[bookmark: _Hlk107697213]The real part of the refractive index of the HRFZ-Si was initially determined to be 3.4147. The effect of different values of the real part of the refractive index on the reflection spectrum was investigated. The reflection spectra calculated by TMM at dcavity = 510 μm are plotted in Fig. S8. It can be seen that the magnitude and resonant position change slightly. There is a greater influence on the amplitude of the reflection coefficient than on the resonant frequency.



  
[bookmark: _Hlk107649704]FIG. S8. Calculated reflection spectra for different real parts of the refractive index of HRFZ-Si layer at dcavity = 510 μm: (a) nH = 3.4147, (b) nH = 3.42, and (c) nH = 3.45.
[bookmark: _Hlk107700205]Influence of the imaginary part of the refractive index of the HRFZ-Si layer on the reflection spectrum
In actuality, there is dielectric absorption loss in the HRFZ-Si layer in the Tamm cavity, so that the permittivity of HRFZ-Si has an imaginary part. To study the influence of the absorption loss of HRFZ-Si, we analyze its influence on the reflection spectrum of the cavity by changing the imaginary part of the refractive index of the HRFZ-Si, and here we focus on the reflection spectra at 0.40, 0.48, and 0.65 THz. The reflection spectra of the Tamm cavity calculated with TMM at dcavity = 510 μm are plotted in Fig. S9. The three resonance points are marked. The resonance frequencies of the Tamm cavity hardly changed for different values of the imaginary part, but the amplitude changed significantly. Notably, compared with the real part of the refractive index of the HRFZ-Si layer, the imaginary part of has a greater influence on the amplitude of the reflection coefficient.




   
FIG. S9. Calculated reflection spectra for different imaginary parts of the refractive index of the silicon layer at dcavity = 510 μm: (a) nH = 3.4147 + 0.003i, (b) nH = 3.4147 + 0.001i, (c) nH = 3.4147 + 0.00023i, and (d) nH = 3.4147 + 0.00005i.
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