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Bake Stability of Long-Wavelength Infrared 
HgCdTe Photodiodes 

A. MESTECHKIN, D.L. LEE, B.T. CUNNINGHAM, and B.D. MAC LEOD 

Raytheon Company, Research Division, Lexington, MA 02173 

The bake stability was examined for HgCdTe wafers and photodiodes with CdTe 
surface passivation deposited by thermal evaporation. Electrical and electro- 
optical measurements were performed on various long-wavelength infrared 
HgCdTe photodiodes prior to and after a ten-day vacuum bakeout at 80~ 
similar to conditions used for preparation of tactical dewar assemblies. It was 
found that the bakeout process generated additional defects at the CdTe/ 
HgCdTe interface and degraded photodiode parameters such as zero bias 
impedance, dark current, and photocurrent. Annealing at 220~ under a Hg 
vapor pressure following the CdTe deposition suppressed the interface defect 
generation process during bakeout and stabilized HgCdTe photodiode perfor- 
mance. 
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INTRODUCTION 

Surface passivation of HgCdTe p/n heterojunction 
photodiodes by thermal evaporation of CdTe has the 
advantages of simple operation, excellent run-to-run 
reproducibility, and low capital equipment require- 
ment. The developed and implemented passivation 
process provides bulk defect limited photodiode per- 
formance with an excellent RoA product at 77K close 
to the diffusion limit. 1-3 However, devices passivated 
by this technique have a tendency to degrade after an 
80~ 240 h vacuum bakeout. Analysis shows that 
defects, possibly electrically active Hg vacancies, 
generated by the bakeout process at the CdTe/HgCdTe 
interface are responsible for this degradation. This 
effect has been eliminated by the use of a post- 
passivation anneal at 220~ under Hg vapor pressure 
which, it is believed, inhibits the generation of Hg 
vacancies. 

DEVICE FABRICATION AND TESTING 

LPE Grown Photovo l ta ic  HgCdTe Devices  

Heterojunction photodiode test structures were fab- 
ricated on a liquid phase epitaxy (LPE) grown wafer 
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following the standard process, included CdTe passi- 
vation deposition with substrate at room tempera- 
ture. A second portion of this wafer was processed 
with an additional Hg anneal after passivation step 
with substrate at 155~ This wafer consisted of an 
LPE grown In-doped n-type HgCdTe layer (1 x 1015 
cm -3 donor concentration) capped by a 1 ~m thick p- 
type layer of wider bandgap (x = 0.300) and with an 
acceptor concentration of 5 x 1017 cm -3. The cutoff 
wavelength of the diodes was ~'c = 10.1 pm. One type 
of test die consisted of variable area square photo- 
diodes with mesa side lengths varying from 22 to 250 
pm. Another die contained a mini-array of identical 
diodes (22 ~m mesa-side). A metal insulator semicon- 
ductor (MIS) capacitor, formed by a 500 • 200 ~m field 
plate over the n-layer with the CdTe passivation as 
the insulator, was also used in the characterization. 

For the photodiodes, DC dark current measure- 
ments were performed with an HP 4141B DC source/ 
monitor. AC photo-response measurements were per- 
formed using an Electro-Optical Industries, Inc., black- 
body radiation source (Model WS143) operated at a 
temperature of 500K and chopped at a frequency of 
41.5 Hz. The signal was amplified by an EG&G 114 
Signal Conditioning Amplifier and stored with a 
Tektronix 7854 digitizing oscilloscope. Spectral re- 
sponse was performed with an Optronics Laborato- 
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Fig. 1. Standard process sequence. Impedance variation after bakeout 
240 h at 80~ 
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Fig. 2. (a) Standard process sequence. Dark current I-V curves before 
and after 240 h bakeout for 22 p~m (mesa-size) diode, and (b) dark 
current I-V curves before and after 240 h bakeout for 125 tam (mesa- 
size) diode. 

ries Inc., in f rared  spect roradiometer  (Model 746-D). 
Capaci tance-voltage (C-V) m e a s u r e m e n t s  of the  MIS 
devices were made  wi th  an  HP  4275 mul t i - f requency 
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Fig. 3. Standard process squence, Quantum efficiency and collection 
distance before and after 240 h bakeout. 
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HgCdTe layers passivated with thermally evaporated CdTe before 
and after bakeout at 80~ for 240 h. 
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L P E  G r o w n  H g C d T e  N - L a y e r  

An LPE-grown n- type HgCdTe layer  on CdTe sub- 
s t ra te  was cleaved into four pieces. The n- layer  was 20 
~m thick, had  a carr ier  concentra t ion of 1 • 10ZScm-3, 
a calculated Auger  l ifet ime (XAug+r) of 2.2 ~S, and  x = 
0.215 (Hgl_xCdxTe). The piece, par t  "S" (s tandard) ,  
was pass iva ted  wi th  5000A of CdTe deposited a t  room 
tempera ture ,  2 and  then  prepared for bakeout  and  
measurement .  Pa r t  "B" u n d e r w e n t  the  same passiva- 
t ion as "S" and  was t h e n  annea led  at  220~ unde r  Hg 
vapor af ter  the CdTe deposition. 2 Pa r t  "C" was an- 
nealed af ter  the CdTe deposit ion at  a subs t ra te  tern- 
pe ra tu re  of 155~ ("Hot" CdTe). Pa r t  "D" was  an- 
healed before passivation+ 

The minor i ty  carr ier  l i fet ime was measu red  by the  
photoconductive decay technique a t  a wavelength  of 
850 n m  us ing Model 6020 Light  Pulse  Genera to r  
(Berkeley Nucleonics Corporation) as a rad ia t ion  
source. The l ifet ime values  repor ted represent  the  
average of several  m e a s u r e m e n t s  at  different  loca- 
t ions on each sample.  
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Bakeout was performed in a vacuum oven at  80~ 
and 0.01 Torr for a total time of 240 h. A full set of 
characterization measurements  was performed be- 
fore and after completion of the bakeout. All measure- 
ments  were performed at  device temperatures  from 
77 to 80K. 

EXPERIMENTAL RESULTS AND 
DISCUSSION 

D e v i c e s  F a b r i c a t e d  W i t h o u t  A n n e a l  

The zero-bias impedance under  dark (0 ~ field of 
view [FOV]) conditions--one of the most important  
photodiode parameters--decreased after bakeout for 
small area diodes but increased slightly for large 
diodes (Fig. 1). Under strong reverse bias (-400 mV), 
the impedance increased after bakeout for all sizes of 
diodes, the largest increase being for large diodes. The 
impedance variation is defined as the percentage 
change in impedance from its initial value before 
bakeout to its final value after bakeout. 

Figure 2 shows typical results for 0 ~ FOV current- 
voltage (I-V) measurements  of 22 and 125 pm diodes 
before and after bakeout. The dark current is ob- 
served to increase for small diodes (Fig. 2a) mostly 
because the saturat ion current increased. Both I-V 
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Fig. 5. Standard process sequence. RoAop ~ performance as a function 
of detector junction area before and after bakeout for 240 h at 80~ 
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Fig. 6. CdTe deposited at 155~ followed by a Hg anneal. Impedance 
v a r i a t i o n  a f t e r  bakeout for 240 h at 80~ 

curves have almost the same slope before and after 
bakeout for biases greater than  3 to 5 kT/q (35-40 
mV). This indicates tha t  recombination current, due 
to bulk defects did not increase after bakeout. Mean- 
while, the 125 ~tm diode shows defect-limited behav- 
ior, and the dark current  after bakeout did not change 
significantly (Fig, 2b). There is no sign of increased 
saturat ion current  in this case. 

Analysis of the chopped blackbody photodiode re- 
sponse measurements  for variable area diodes yields 
values for quantum efficiency and the lateral  collec- 
tion distance2 These results are shown in Fig. 3 
where QE A is the apparent  quantum efficiency, as- . J , 
summg the optical and junction area are equal, and is 
determined by equation: 

where A, is the junction area, L is the lateral col- 
lection distance, which is the distance beyond the 
junction edge from which photo-generated carriers 
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Fig. 7. (a) CdTe deposited at 155~ followed by a Hg anneal. Dark 
current I-V curves before and after 240 h bakeout for 28 p~m (mesa- 
size) diode, and (b) CdTe deposited at 155~ fol lowed by a Hg anneal. 
Dark current I-V curves before and after 240 h bakeout for 125 ~m 
(mesa-size) diode. 
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Fig. 8. CdTe depositd at 155~ followed by a Hg anneal. Quantum 
efficiency and collection distance before and after 240 h bakeout. 
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are collected. This equation has the form of a straight 
line with the y-intercept equal to the actual quantum 
efficiency and the slope proportional to the lateral 
collection distance. Both the quantum efficiency and 
the lateral collection distance decreased after bakeout, 
as seen in Fig. 3, but the lateral collection distance 
(which is proportional to the minority carrier lifetime) 
decreased by a greater amount (more than a factor of 
two). 

To confirm that a lifetime variation is responsible 
for parameter degradation after bakeout, direct life- 
time measurements were performed on the four quar- 
ters of the single n-layer wafer, before and after 
vacuum bakeout for 240 h at 80~ The measurement 
results shown in Fig. 4 show a significant lifetime 
degradation (more than a factor of three) after bakeout 
for the sample "S" (standard process sequence), a 
result which is consistent with the above mentioned 
parameter degradation. 

Because dark current and impedance degradation 
were sufficient only for small area devices where the 
perimeter-to-area ratio is very high, meaning the 
diodes are highly sensitive to surface quality, surface 

defect generation was presumed to be the cause of this 
degradation. 

Analysis of the RoAo, t product as a function of pho- 
todiode junction area has been performed to deter- 
mine if surface or bulk effects are responsible f o r  
bakeout degradation, t,5 As seen in Fig. 5, for devices 
fabricated using the standard process, diodes which 
showed bulk defect limited performance before the 
bakeout became surface limited after bakeout. 

D e v i c e s  F a b r i c a t e d  w i t h  P o s t - P a s s i v a t i o n  
Annea l  

It is thought that some kind of defect, possibly Hg 
vacancies, is being generated at the CdTe/HgCdTe 
interface during the long-term elevated temperature 
bakeout. To prevent the incorporation of electrically 
active Hg vacancies, a post-passivation anneal under 
high Hg pressure was performed for both the single n- 
layer and photodiode test structures. Fabricated de- 
vices were then subjected to the 240 h vacuum bake at 
80~ and measured�9 

The measurement results on Hg annealed samples 
are summarized as follows: 

�9 For the photodiode test structures, zero and re- 
verse bias impedance (Fig. 6) and dark current 
(Fig. 7) did not degrade for all size diodes. In this 
case, both small and large diodes showed the 
same kind of performance. 

�9 Quantum efficiency and lateral collection dis- 
tance (Fig. 8) were the same before and after 
bakeout. 

�9 For the n-layer samples annealed after CdTe 
passivation ("B" and "C'), the minority carrier 
lifetime did not change after bakeout (Fig. 4). 
However, the part of the wafer annealed before 
passivation ("D') showed the same lifetime deg- 
radation as the standard process part. 

�9 For the photodiode test structures, analysis of 
the R o A o p  t product vs photodiode junction area 
(Fig. 9) confirmed bulk defect limited photodiode 
performance both before and after bakeout. 

Thus, it was confirmed that annealing at 220~ 
under Hg vapor, after CdTe passivation deposition, 
suppressed surface defect generation and significantly 
improved the bake stability performance. 

CONCLUSION 

It was found that defects are created at the CdTe/ 
HgCdTe (LPE-grown with n-layer doping of i x 1015) 
interface during a 240 h bakeout at 80~ under 
vacuum for wafers with LWIR photodiodes passi- 
vated by a technique based upon thermal evaporation 
of CdTe. These defects (which are believed to be 
electrically active Hg vacancies) degrade the minority 
carrier lifetime, as well as photodiode zero bias im- 
pedance, dark current and photo response. A Hg 
anneal treatment after CdTe passivation has been 
shown to prevent the incorporation of electrically 
active Hg vacancies and significantly improve photo- 
diode stability for bakeout similar to conditions used 
for preparation of tactical dewar assemblies. 
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