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8-nm narrowband photodetection in diamonds
Lemin Jia, Lu Cheng and Wei Zheng *

Spectrally-selective photodetection plays a crucial role in various applications, including target imaging and environment-
al monitoring. Traditional deep-ultraviolet (DUV) narrowband photodetection systems consist of broadband photodetect-
ors and filters, which complicates the architecture and constrains imaging quality. Here, we introduce an electronic-grade
diamond single-crystal photodetector exhibiting an exceptionally narrow spectral response in the DUV range with a full
width at half maximum of 8 nm. By examining diamond photodetectors with varying dislocation densities, we propose that
mitigating the defect-induced trapping effect to achieve charge collection narrowing, assisted by free exciton radiative re-
combination, is  an  effective  strategy  for  narrowband  photodetection.  The  superior  performance  of  this  device  is  evid-
enced through the imaging of DUV light sources, showcasing its capability to differentiate between distinct light sources
and monitor human-safe sterilization systems. Our findings underscore the promising potential applications of electronic-
grade diamond in narrowband photodetection and offer a valuable technique for identifying electronic-grade diamond.

Keywords: narrowband photodetection; electronic-grade diamond; charge collection narrowing
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 Introduction
Photodetectors are the mainstay of sensing and imaging
systems1−5,  which  can  be  classified  into  the  types  of
broadband6−10 and  narrowband11,12 according  to  spectral
response width, between which the latter one is increas-
ingly  demanded  in  industrial  and  scientific  research
fields due to the spectral resolution capability. In general,
conventional  inorganic  semiconductor  photodetectors
have a significant response in a large spectral range with
energy greater than the band gap of active layer, such as
silicon  diodes,  whose  response  spectra  cover  the  range
from  near-infrared  to  ultraviolet  (UV)13−16.  Therefore,  a
common approach  to  achieve  narrowband  photodetec-
tion  of  specific  wavelengths  is  combining  broadband
photodetectors  with  band-pass  filters17,18.  However,  this
approach  faces  three  challenges,  including  decreased
sensitivity  of  the  photodetector,  increased  structural
complexity  and  cost,  and  a  lack  of  filters  available  for
shorter wavelength ranges. Under this circumstance, the

concept  of  charge  collection  narrowing  (CCN)  can
provide a  new  strategy  to  realize  narrowband  photode-
tection11.  The  working  principle  of  CCN  devices  is  to
narrow charge collection efficiency into the desired spec-
tral  region,  that  is,  designing  device  structure  (such  as
the thickness of absorber layer) to ensure that only bulk
charge generated by the incident wavelength near optic-
al bandgap will be collected while the surface charge gen-
erated by shorter wavelength will not, which is a generic
and  architecture-driven  process  in  essence11. Mechan-
isms behind  the  methods  of  optoelectronic  manipula-
tion need  to  be  carefully  investigated  especially  for  ma-
terials with  different  light  absorption  and  charge  trans-
port properties.  To date,  only the narrowband photode-
tectors  based  on  organic  semiconductor  or  perovskite
materials  have  been  successfully  demonstrated  through
efficient optoelectronic  manipulation  methods  in  in-
frared,  visible  and  near  UV spectral  ranges12,19−21. Filter-
less narrowband photodetection based on wide-bandgap 

State Key Laboratory of Optoelectronic Materials and Technologies, School of Materials, Sun Yat-sen University, Shenzhen 518107, China.
*Correspondence: W Zheng, E-mail: zhengw37@mail.sysu.edu.cn
Received: 5 May 2023; Accepted: 27 August 2023; Published online: 27 September 2023

Opto-Electronic 
Science 

Article
July 2023, Vol. 2, No. 7

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023. Published by Institute of Optics and Electronics, Chinese Academy of Sciences.

230010-1

 

http://orcid.org/0000-0003-4329-0469
https://doi.org/10.29026/oes.2023.230010
http://orcid.org/0000-0003-4329-0469


inorganic  semiconductors  in  deep-UV  (DUV)  spectral
range is  highly  anticipated  in  the  fields  of  optical  com-
munication, environmental monitoring, lithography, and
space exploration22−25.

Among  the  wide-bandgap  semiconductor  materials,
diamond  is  an  ideal  candidate  for  DUV  photodetectors
that  can  withstand harsh  environments  due  to  excellent
properties  such  as  high  carrier  mobility  and  saturation
velocity, large breakdown electric field, high chemical in-
ertness,  and  thermal  stability26−28. Achieving  the  opto-
electronic manipulation of diamond for narrowband re-
sponse can  further  improve  detection  precision  and  ac-
curacy, which is of great significance to meet the applica-
tion needs from specific wavelength bands. As is known,
the spectral response of a photodetector depends on car-
rier mobility and the lifetime of photogenerated carriers
under  excitation  at  different  wavelengths29.  Therefore,
for  semiconductors  with  low  mobility  such  as  organic
ones, increasing sample thickness is an effective strategy
to achieve CCN11. However, for diamonds with high mo-
bility, simply  increasing  the  thickness  will  not  signific-
antly  reduce  the  collection  of  photogenerated  carriers
under shortwave  excitation,  which  makes  carrier  life-
time an  important  parameter  and  factor  to  be  con-
sidered.  The  trapping  effect  of  trap  levels  on  carriers
caused by  dislocations  in  diamond  can  significantly  in-
crease the lifetime of carriers and enhance the photocon-
ductive  output  of  devices24,  which  may  explain  the
broadband response exhibited by reported photodetectors
based on thick diamond single-crystal27 to some extent.

D∗

Following  this  idea,  an  electronic-grade  diamond-
based DUV  narrowband  photodetector  with  a  peak  ex-
ternal quantum efficiency (EQE) of  228 nm and a spec-
tral  response  with  the  full  width  at  half  maximum
(FWHM) of less than 8 nm is prepared. Research on dia-
mond photodetectors  with  different  dislocation  densit-
ies demonstrates  that  two  physical  processes  of  free  ex-
citon (FE) radiation recombination30 and defect-induced
traps determine  the  steady-state  distribution  of  photo-
generated  carriers  under  excitation  at  different
wavelengths31, which thus plays a key role in spectral re-
sponse width. The as-prepared narrowband photodetect-
or exhibits extremely low dark current due to low defect
density, resulting in a high specific detectivity (  ~1013

Jones) and a compliant linear dynamic range (LDR~118
dB).  With  germicidal  UV  light  sources  as  an  example,
the spectrally-resolved  imaging  capability  of  this  photo-
detector is presented.

 Results and discussion

 Diamond single-crystal narrowband photodetectors

χ

χ ϕ

Three  diamond  single  crystals  respectively  named  A,  B,
and  C  with  different  defect  states  are  studied  here  (see
Methods for details). The thicknesses of diamonds A, B,
and  C  are  680  μm,  680  μm,  and  780  μm,  respectively.
Among them,  diamond  A  is  an  electronic-grade  dia-
mond with extremely high purity. X-ray diffraction is an
efficient  method  to  detect  poloidal  and  azimuthal
spreads (tilts and twists) of the layer induced by disloca-
tions. Screw and edge dislocation densities can be extrac-
ted from  symmetric  and  asymmetric  ω-scans,  respect-
ively32,33. Figure 1(a) shows  the  X-ray  rocking  curves  of
(111)  and (004)  planes  of  diamond A,  whose  FWHM is
25.7  and  28.9  arcsec,  respectively,  with  the  screw  and
edge dislocation densities calculated as 5.7 ×105 cm−2 and
3.6 × 105 cm−2. Insets shown in this figure are φ-scans of
the (111) plane at different  (50°–60°), where the reflec-
tion peaks repeat at every 90° with the signals appearing
within a small range of  angles.  is the lattice plane in-
clination,  whose  narrow  FWHM  also  reflects  the  good
figure of merit of twist. The FWHM of Raman spectrum
of only 1.76 cm−1 indicates a fairly-high degree of lattice
perfection  and  a  low  amount  of  residual  stress34 (Fig.
1(b)).

Structure  schematic  diagram  of  the  device  based  on
diamond A is shown in Fig. 1(c) (see Methods). As light
entered from  the  top  of  crystal,  photogenerated  elec-
trons and holes would drift through the crystal under an
applied electric  field  and  then  got  collected  by  the  elec-
trodes at both ends to output a photocurrent. Since light
below 200 nm will be strongly absorbed by air, all  opto-
electronic tests  were  carried  out  under  vacuum  condi-
tions and reverse bias to obtain complete response spec-
tra  of  the  device.  The  EQE  spectra  of  two  devices
numbered  1,  2  and  based  on  diamond  A  (two  identical
diamonds  grown  under  the  same  condition)  are  shown
in Fig. 1(d) where the insets are photographs of these two
devices. An interesting phenomenon is observed that the
EQE  spectra  of  both  devices  exhibit  a  narrow  peak
centered around 228 nm with FWHMs of less than 8 nm
near  the  absorption  edge.  Although  photoresponse  also
exists in the shorter wavelength range up to 167 nm, the
responsivity shown in inset exhibits a drop of more than
one order  of  magnitude compared to  the  peak response
in short wavelength range. Limited by the transmittance
of  top  electrode  (Fig.  S1),  the  maximum  EQE  values  of
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Device 1 and 2 at 1 V bias voltage are 15.8% and 14.7%,
respectively. The device performance was essentially un-
changed  after  one  month  (Fig.  S2).  Besides,  compared
with  currently-reported  narrowband  photodetectors
across the entire spectral range (some typical reports are
listed in Fig. 1(e) and Table 1)12,19−21,35−39, the diamond A-
based  photodetector  prepared  here  has  shown  the
shortest detection wavelength and narrowest EQE peak.

 Mechanism of narrowband photodetection
As shown in Fig. 2(a), for  diamond A with  low disloca-
tion density,  the main physical processes of photodetec-
tion40,41 include the  absorption  of  photons  (with  an  en-
ergy greater than band gap) to excite electrons from the
valence  band  to  the  conduction  band  or  higher-energy

excited states (which are finally relaxed to the bottom of
conduction band  via  phonon  emission  and  other  pro-
cesses), after which freely-movable electrons will be gen-
erated in the conduction band and freely-movable holes
will  be  left  in  the  valence  band.  Then,  photoconductive
signals can be induced under an electric field (1), or radi-
ative recombination  will  be  generated  via  localized  en-
ergy states in the forbidden band (2). It should be noted
that practical physical processes occurring in crystals un-
der optical excitation are much more complex, and only
a few dominant ones will be discussed here in detail with
other  non-radiative  recombination  processes  ignored
temporarily. Specifically, the analysis of radiative recom-
bination  was  conducted  through  photoluminescence
(PL) spectroscopy, while the analysis of non-equilibrium
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Fig. 1 | Device structure and narrowband photodetection of electronic-grade diamond A-based photodetectors. (a) X-ray rocking curves

of (111) and (004) planes of diamond A. Insets are ϕ-scans of the (111) plane at different χ (50°–60°). (b) Raman spectrum of diamond A. (c)

Schematic diagram of the device structure. (d) EQE spectra of Device 1 and Device 2 based on diamond A, where extremely narrow EQE peaks

have been shown. Insets are corresponding optical photographs and responsivity spectra with photon energy as abscissa. (e) The performance

of typical narrowband photodetectors over the entire spectral range with the diamond device showing the shortest detection wavelength and nar-

rowest EQE peak.
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carrier lifetime was performed using voltage signal meas-
urements under pulsed light excitation.

Figure 2(b) shows the  absorption  spectrum  of  dia- α1/2

mond  A,  which  reflects  corresponding  energy  states  in
the crystal and the transition process between them (the
ordinate of  is to make the image of absorption edge

 
Table 1 | Performance of representative narrowband photodetectors in the range from infrared to ultraviolet.

 

Materials λpeak (nm) FWHM (nm) Vbias (V) EQE (%) References

SQ-H:PC61BM 1050 ~85 0 12.3 ref.19

MAPbI3 830 ~33 5 104 ref.35

MAPbI3/PCBM 800 29 0 9.9 ref.36

Pb5I16 690 60 5 200 ref.37

CH3NH3PbI2Br_Rhodamine B 650 <100 –0.5 10 ref.12

MAPbBr3 570 <20 –4 3 ref.20

PbI1.4Br0.6_PEIE 450 <100 -0.5 10 ref.12

MAPbI2Br/Spiro-OMeTAD 350 80 0 40 ref.21

Cs3Cu2I5/GaN 320 70 0 — ref.38

AlGaN 275 ~20 –5 89 ref.39

Diamond 228 ~8 –1 15.8 This work
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This simplified model can well explain the decline of EQE at shortwave.
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α

Eex

clearer). A sharp boundary of the absorption onset indic-
ates  a  low-energy state  between the top of  valence band
and  the  bottom  of  conduction  band,  which  further
proves the  low  density  of  defect  states  owned  by  dia-
mond  A42.  As  an  indirect-bandgap  semiconductor,  the
absorption coefficient of diamond is a joint contribution
of exciton structure state and four phonons (TA, LA, TO,
LO),  as  shown  in  the  inset.  Inset  in Fig. 2(b) shows  the
differential  spectrum  of , where  the  band  gap  of  dia-
mond A is calculated to be 5.486 eV (exciton binding en-
ergy ~80  meV)  approximately  by  the  assignment  of
exciton  absorption  of  emitting  LA  phonons  (127
meV)43−45. The  essence  of  exciton  radiative  recombina-
tion  luminescence  of  diamond  is  actually  the  inverse
process  of  exciton  absorption. Figure 2(c) exhibits  the
photoluminescence  (PL)  of  diamond  A  under  193  nm
pulse  excitation,  where  an  ultra-intense  free  exciton
emission is  observed with the peak in a  certain width is
found46. This is attributed to the involvement of numer-
ous phonons  at  room  temperature,  preventing  the  de-
tailed identification of  specific  phonon-assisted  exciton-
ic emission  processes.  This  result  demonstrates  that  ex-
citon  emission  is  the  dominant  recombination  process
under photoexcitation.

G

G ∝ αe−αx

d

The steady-state distribution of carriers within a crys-
tal under  photoexcitation  will  directly  affect  the  photo-
conductive output  of  devices,  which  is  jointly  determ-
ined  by  photoexcitation,  diffusion,  and  recombination
processes31.  As  shown  in Fig. 2(d), the  spatial  distribu-
tion  of  photoexcited  excess  carrier  generation  rate 
within  the  sample  decays  exponentially  in  accordance
with  the  Beer-Lambert  law47,  that  is,  (thick-
ness  of diamond A is 680 μm). Three selected charac-
teristic wavelengths are 228 nm, 225 nm and 210 nm re-
spectively with corresponding EQEs shown in Fig. 2(f). It
can be observed that light at 228 nm decays slowly with
depth, which can penetrate the crystal and generate pho-
togenerated carriers inside. As the wavelength decreases,
photoexcited  carriers  generated  are  more  concentrated
on  the  surface,  of  which  the  low  penetration  depth  of
light at 210 nm can be an example. Obviously, photogen-
erated carriers  generated  present  a  non-uniform  distri-
bution inside the crystal, which thus will diffuse into the
interior  for  equilibrium.  What’s  more,  all  radiative  and
nonradiative recombination processes can lead to an an-
nihilation of  carriers  and thus reduce carrier concentra-
tion. Considering the effect of surface recombination and
taking electrons as an example, the steady-state distribu-

tion of photogenerated carriers can be expressed as48: 

Δn = J αd
2/De

1− α2d2

{
e−αx −

(
αd+ sd/De

1+ sd/De

)
e−x/d

}
, (1)

J
De

s

sd/De ≫ 1
αd ≫ 1

where  is a constant related to incident light flux and re-
flectivity;  is  the  electron  diffusion  coefficient  related
to mobility;  is the surface recombination velocity  pro-
portional  to  the  excess  carrier  concentration  at  surface.
According to that, the spatial distribution of charge car-
riers excited at different wavelengths in the crystal can be
obtained  (Fig. 2(e)).  As  the  wavelength  decreases,  the
carrier  concentration in  crystal  gradually  decreases,  and
the maximum  value  of  entire  concentration  moves  to-
ward  the  surface.  In  addition,  a  strong  absorption  near
the surface  can  lead  to  a  stronger  radiative  recombina-
tion,  which  thus  brings  a  significant  increase  in  surface
recombination velocity. On this basis, an ideal simplified
case is considered here, that is, assuming diamond A as a
perfect  crystal  with  the  influence  of  all  defect  energy
levels neglected. Besides, the surface recombination velo-
city is considered to be so high49 that .  Under
the  condition  of ,  the  photoconductivity  of  a
device can be expressed as48: 

ΔG = AJ e
d2 (μnτn + μpτp)

(
1

αLD
+

De

sd

)
, (2)

A μn μp

τn τp
LD

μnτn μpτp
ΔG

(
1

αLD
+

De

sd

)
LD De d

α s

where  is  the  illuminated  area,  and  the  electron
and  hole  mobility,  respectively,  and  the  electron
and hole lifetime, respectively,  and  is the bipolar dif-
fusion length depending on  and . It  can be ob-
served from this formula that the change of  with ex-
citation  wavelength  mainly  depends  on  the  factor

, where ,  and  all can be regarded as

constants.  Clearly,  both  and  will increase  with  de-
creasing wavelength to cause a significant drop in photo-
conductivity.  As  shown  in Fig. 2(f), the  red  line  repres-
ents  the  EQE  calculated  according  to  this  formula  as  a
function of wavelength (the simplified calculation here is
to illustrate the changing trend with absolute values actu-
ally being meaningless).

To sum up,  the  narrowband response of  diamond A-
based photodetectors can be well explained as follows: In
the region of low absorption coefficient, photogenerated
carriers can be  excited  throughout  the  crystal  to  be  col-
lected  by  electrodes  under  an  electric  field.  As
wavelength decreases,  the  gradually-increasing  absorp-
tion  coefficient  results  in  a  significant  increase  in
photoresponse.  This  mechanism  is  well-known  in  the
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context of photodetectors. After reaching the peak of re-
sponse, as  wavelength  continues  to  decrease,  photogen-
erated  carriers  generated  will  be  more  concentrated  on
crystal surface, which are mainly annihilated through the
radiative recombination process rather than being trans-
mitted to  the  back  of  crystal  and  collected  by  the  elec-
trodes, thus  leading  to  a  significant  drop  of  photore-
sponse in the shortwave region (see Fig. S3 for schemat-
ic diagram).

Analysis above concludes that the strong radiative re-
combination and short carrier lifetime caused by low dis-
location density are the key factors for realizing narrow-
band photodetection. To further demonstrate this point,
photodetectors with the same structure but based on dia-
monds B and C are also studied here. For two diamonds,
the  FWHMs of  rocking  curves  on  (004)  planes  are  34.9
and 39.3 arcsec, and the calculated edge dislocation dens-
ities are 5.2 × 105 cm−2 and 6.6 × 105 cm−2, respectively32,33

(Fig. S4). The FWHMs of Raman peaks are 1.89 cm−1 and
2.16  cm−1,  which  are  consistent  with  what’s  shown  by
rocking curves (Fig. S4). Infrared absorption spectra fur-
ther  assigned  impurity  absorption  of  diamond  B  and  C
(Fig. S5). The band gaps extracted by absorption spectra
are  5.493  eV  and  5.490  eV,  respectively43, and  an  obvi-
ous  tailing  of  absorption edge  of  diamond C proves  the
existence of defect states50 (Fig. S6). From Fig. 3(a) an in-
teresting phenomenon  unlike  that  of  diamond  A  is  ob-
served that the photoresponse of diamonds B and C ex-
hibits  distinct  shapes  without  showing  narrow  peaks
with corresponding  FWHMs  at  31  nm  and  52  nm,  re-
spectively.  For  crystals  with  higher  dislocation  density,
the defect  states  will  increase significantly.  Therefore,  as
shown in Fig. 3(b), the  main  physical  processes  in  crys-
tals under photoexcitation, in addition to the previously-
described  processes  (1)  and (2),  also  involve  the  donor-
acceptor pair  radiative recombination transition process
(3)  and  carrier  trapping  process  (1')50.  Like  process  (2),
process  (3)  is  radiative  recombination  that  can  lead  to
carriers’ annihilation,  whereas  process  (1')  increases  the
lifetime  of  carriers  and  thus  enhances  photoconductive
signal.  The radiative recombination process is measured
by PL spectroscopy (Fig. 3(c)). Compared with diamond
A,  the  exciton  emission  intensity  of  diamonds  B  and  C
decreases  sequentially.  In  addition,  diamond  B  also  has
defect  luminescence  in  the  visible  light  range,  proving
the existence of process (3). The carrier lifetime is meas-
ured  by  the  transient  excitation  voltage  response  of  the
device  under  an  electric  field  (Fig. 3(d)).  As  expected,

diamond A has  the  shortest  carrier  lifetime,  confirming
the rapid annihilation process of carriers through radiat-
ive  recombination;  diamond  C  has  the  longest  lifetime
more than tens of times that of diamond A, demonstrat-
ing a significant carrier trapping effect within the crystal,
which is  attributed to the larger density of trap states in
this diamond. It should be noted that the comprehensive
identification of specific defect states within diamond is a
highly intricate  process.  Currently,  numerous  research-
ers are still engaged in related research efforts. Therefore,
in  this  paper,  we  solely  provide  a  qualitative  analysis  to
elucidate the mechanism.

G

Δn = J αd
2/De

1− α2d2 (e
−αx − αde−x/d)

ΔG = AJ e
d2 (μnτn + μpτp)(1− e−αd)

Further, diamond C is taken as an example to elucidate
the broadband response mechanism of diamonds with a
higher  density  of  trap  states. Fig. 3(e) shows  the  spatial
distribution  of  in  diamond  C  (thickness  of  780  μm)
with  typical  photoexcitation  wavelength  as  220  nm  and
205 nm, and the corresponding EQEs are shown in Fig.
3(g). Apparently, the distribution of excess carrier gener-
ation  rates  under  excitation  at  these  two  wavelengths  is
similar, which is caused by the similar absorption coeffi-
cients.  Based  on  PL  spectrum  and  transient  excitation
voltage  response  of  diamond  C,  since  photogenerated
carriers contribute more to process (1') rather than pro-
cess (2), a simplified case that ignores the surface recom-
bination of diamond is considered here with the Eq. (1)

being  simplified  into 48,

based on which the resulting steady-state distribution of
photogenerated  carriers  is  shown  in Fig. 3(f).  It  can  be
found  that  the  carrier  distribution  under  excitation  at
205  nm  is  similar  to  that  at  220  nm,  but  the  overall
carrier concentration of the former is slightly larger. On
the  premise  of  ignoring  surface  recombination  effects,
the  photoconductivity  can  be  simplified  as

48 . The  EQE  calcu-

lated  based  on  this  formula  is  shown  as  the  red  line  in
Fig. 3(g), showing  a  trend  consistent  with  the  experi-
mentally-measured EQE.

Above  all,  the  broadband  response  of  diamond  C-
based photodetector can be well explained as follows: the
high dislocation density of diamond C leads to more trap
states  in  crystal,  which  gets  carriers  trapped  and  thus
with long lifetime. Even under an excitation from short-
er-wavelength light, although carriers are generated close
to the surface, they can still diffuse into the crystal interi-
or  due  to  less  radiative  recombination.  Also,  because  of
the  long  carrier  lifetime,  these  carriers  can  be  collected
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by  the  back  electrodes  in  electric  field,  which  will  not
lead  to  a  decrease  of  photoresponse  (see Fig.  S7 for
schematic diagram).

 Performance of narrowband photodetectors

Id

To  evaluate  the  photodetection  capability  of  diamond-
based narrowband  photodetectors,  systematic  perform-
ance tests are carried out. Figure 4(a) shows the dark cur-
rent and responsivity of a device under illumination with
different  wavelengths.  Due  to  the  extremely  low  defect
density  of  diamond  A,  this  device  shows  an  extremely
low  dark  current  ( ).  For  example,  the  dark  current  is
less than 10−13 A at a bias voltage of 10 V. The responsiv-
ity of the device under an irradiation at 228 nm is more
than an order of magnitude higher than that at 185 nm at
different  bias  voltages.  Assuming  that  the  noise  in  the
device primarily  originates  from  dark  current,  the  de-
tectivity under 1 V bias can be calculated by the formula

D∗ =
λe
√
AEQE

hc
√
2eIdB

λ

h

D∗

Ip Id
Ip

 (  is  the  wavelength, B is the  band-

width,  e  is  the  elementary charge,  is  the  Planck's con-
stant, and c is the speed of light)51, as shown in Fig. 4(b).
A high  (>1012 Jones) exhibited in the response band at
room  temperature  benefits  from  low  shot  noise. Figure
4(c) shows the linear dynamic range (LDR) of 118 dB of
the device at 1 V bias according to LDR =20×log ( / ),
where  is the photocurrent.  Furthermore,  under an ir-
radiation with different optical powers, the device can re-
peatedly  generate  stable  photocurrent  and dark  current,
as  shown  in Fig. 4(d).  As  bias  voltage  increases,  a  more
significant  increase  is  exhibited  by  the  responsivity  in
shortwave  region,  which  is  because  the  enhancement  of
electric field increases the drift length of photogenerated
carriers and thus allows more charges to be collected by
the electrodes (Fig. 4(e)). The performance of this device
has  been  further  studied  at  high  temperature  (Fig. 4(f)).
Under an irradiation at 228 nm, the photocurrent of this
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device  shows  a  slight  downward  trend  with  increasing
temperature, which may be caused by a slight decrease in
mobility  due to higher temperature.  However,  under an
irradiation at  185  nm,  the  photocurrent  increases  signi-
ficantly  with  higher  temperature,  which  indicates  the
dominant role  increasing  temperature  plays  in  the  in-
crease of carrier lifetime52. These results further demon-
strate  the  narrowband  response  mechanism  mentioned
above.  Furthermore,  the  fact  that  the  device  exhibits  a
rise  time  of  only  3  μs  demonstrates  its  rapid  response
speed (Fig. S8).

The  device’s  imaging  was  demonstrated  for  different
DUV  light  sources,  including  a  222  nm  excimer  lamp
and a low-pressure mercury lamp (see Fig. S9 and Meth-
ods). Figure 5(a) shows an optical photograph of the ex-
cimer lamp. The photosensitive area of the device is 500
μm  ×  500  μm  (ie.  pixel  size).  According  to  the  image
plotting the output current of this device at different pos-
itions  in Fig. 5(b) (65  ×  22  pixels),  this  detector  can  be
aligned with  excimer  lamp  for  clear  imaging.  The  radi-
ation spectrum of this excimer lamp is shown in Fig. 5(c)

with the peak wavelength of 222 nm having been proven
harmless  to  human  body  and  thus  able  for  sterilization
and radiation therapy on body surface53. A partial  over-
lap found between the lamp spectra and the EQE indic-
ates  the  ability  owned  by  this  device  to  well  detect  and
image this light source. Relevant studies of the low-pres-
sure  mercury  lamp  are  exhibited  in Fig. 5(d–e), includ-
ing  an  optical  photograph  and  corresponding  scanned
images. Spectral lines of this low-pressure mercury lamp
mainly include 185 nm, 194 nm, and 254 nm (Fig. 5(f)),
among which the first two can produce ozone in the air
and thus harm human health, and the last one can cause
irreversible damage to human skin and eyes, which is of-
ten used  for  sterilization  and  disinfection  in  indoor  en-
vironments53.  Since there is only a little overlap between
these spectral lines and the EQE, mercury lamps cannot
be  imaged.  These  results  show  that  the  prepared  device
can distinguish two UV light sources well.

 Conclusion
In  summary,  we  have  demonstrated  narrowband
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photodetection of electronic-grade diamond single-crys-
tal photodetectors. Through a comparison of several dia-
mond-based devices  with  different  dislocation densities,
it can be concluded that the suppression of shortwave ex-
citation charge collection by surface radiative recombin-
ation leads  to  narrowband  photodetection.  For  dia-
monds  with  high  mobility,  shortening  carrier  lifetime
can be an effective method to achieve narrowband pho-
todetection. The as-prepared narrowband detector shows
an  ultra-narrow EQE peak,  extremely  low dark  current,
and  high  light-dark  rejection  ratio,  whose  application
potential has  been  demonstrated  by  preliminary  ima-
ging presentation. The practical  performance of this de-
tector can be further improved by fabricating area array
devices  and  optimizing  device  structure.  On  the  other
hand, the  narrowband  response  of  diamond  A  distin-
guishes it from other diamonds, indicating that the spec-
tral  response  test  of  diamond  is  a  feasible  method  to
identify whether it is an electronic-grade diamond.

 Methods

 Materials and characterization
Diamond A  is  a  CVD  single  crystal  commercially  pur-

chased from Element  Six  Co.  Ltd.  Diamond B  was  syn-
thesized by high-temperature and high-pressure (HTHP)
temperature  gradient  method  (5.5  GPa, 1450 °C). Dia-
mond C was synthesized by microwave plasma chemical
vapor  deposition  (MPCVD)  method  with  raw  materials
of H2,  CH4,  and O2.  High-resolution XRD was obtained
via  an  Empyrean  smart  X-ray  diffractometer,  including
ω-scans  and φ-scans.  Raman spectra  were  measured via
Horiba LabRam  HR  Evolution  confocal  Raman  Micro-
scope  System  with  a  532  nm  laser.  In  the  absorption
spectra measurement, samples were excited by a L11798
deuterium  lamp  (Hamamatsu),  and  background  data
and transmitted light signal were collected through a po-
sition-invariant  optical  fiber  and  then  detected  by  a
QE65 Pro spectrometer from Oceano Optics Co. Ltd. In
the PL spectra measurement, the samples were excited by
a 193 nm light source produced by Gam Laser EX5/250-
478 ArF excimer laser. The luminescent signals were first
collected from the back by an optical  fiber and then de-
tected by the QE65 Pro spectrometer.

 Device fabrication
A thin layer of Pt (~15–20 nm) was taken as a translucent
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anode and sputtered on the top of the single crystal. The
transmittance  of  Pt  electrode  is  between  60%  and  70%
(see  Supplementary Fig. S1). A  glass  substrate  evapor-
ated with Au metal  was in contact  with the bottom of a
crystal cathode which was also sputtered with Pt through
silver paste.

 Optoelectronics measurements
The devices  were  placed  in  a  Lake  Shore  vacuum  vari-
able temperature probe station and measured on 4200A-
SCS source  meter  (Keithley)  by  Clarius  software  during
the tests  on I-V characteristics,  temporal  response,  vari-
able  power,  and  variable  temperature.  The  radiation  of
228 nm and 185 nm was  obtained by a  L11798 deuteri-
um  lamp  (Hamamatsu)  and  band-pass  filters.  Variable
optical power  was  achieved  through  attenuators.  Vari-
able power  and temperature  were  achieved  by  attenuat-
ors and  heating  function  of  the  probe  station,  respect-
ively. A  VXUV20A  photodetector  was  applied  to  calib-
rate  the  optical  power.  Spectral  response  measurements
used  a  self-assembled  vacuum  system.  During  the  test,
these devices were placed on a miniature probe station in
a  vacuum  chamber.  Monochromatic  light  was  obtained
by  a  deuterium  lamp  and  a  McPherson  302  vacuum
monochromator.  The  electrical  signal  of  the  device  was
read out  by  a  Keithley  6517B  source  meter.  The  transi-
ent voltage  signal  test  used  a  self-assembled  pulse  re-
sponse test system, including a miniature probe station, a
2636B  source  meter  (Keithley)  for  applying  bias,  a  193
nm  ArF  excimer  laser  as  a  light  source,  and  a  Keysight
DSOS604A  6G  oscilloscope  for  reading  voltage  signals.
Imaging  tests  used  a  low-pressure  mercury  lamp  and  a
222 nm excimer lamp as light sources, during which the
device  was  placed  on  a  micro-probe  stage  of  a  two-di-
mensional  displacement  stage  controlled  by  an  SC300
displacement control box. The photosensitive area of 500
μm × 500 μm was achieved through a physical mask.
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