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The objectives o f  t h i s  work are t o  develop a materials technology 
o f  the A1 GaInAs and A1 InAsSb mixed crysta l  systems. These techno1 ogies 

are directed towards the development o f  a two-gap, monolithic, l a t t i c e -  

matched concentrator c e l l  w i  t h  28% o r  h i  gher AM2 conversion e f  f i ciency 

a t  500 t o  1000 suns. 

The work t o  be performed i s  subdivided i n t o  the f i v e  major tasks 

out1 ined below. 

Task 1: Develop and demonstrate the technology f o r  a grading layer o f  

GaInAs/GaAs and low-bandgap c e l l s  i n  AIGaInAs/GaInAs/GaAs. E 

Al 
Task 2: Develop and demonstrate i n t e r c e l l  tunnel junct ion contacts i n  

the higher bandgap A1 GaInAs a1 loys. I 

Task 3: Develop and demonstrate technology f o r  a higher bandgap con 

centrator c e l l  i n  AlGaInAs al loys. 

Task 4: Demonstrate a complete two-gap mono1 i t h i c  concentrator c e l l  

w i th  AM2 e f f i c iency  o f  28% o r  more. 

Task 5: Investigate the potent ia l  o f  AlInAsSb g l loys grown on InAs 

substrates. 
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Short Summary 

The progress made on the above tasks is summarized below. 

Task 1: Background doping of layers grown from trimethylarsenic is 

improved. A series of studies is described to evaluate the performance 

of the 1.15-eV GaInAs junction as a function of grading routine. The 

photoresponse of the junction is substantially improved. Problems with 

trimethylindium control were identified and solved. 

Task 2: Several aspects necessary for OM-VPE-grown interconnects were 
studied, including increased growth rate of GaAs and the evaluation of 

new dopants. A new interconnect is discussed which uses a layer of eva- 

porated metal to electrically interconnect the top and bottom cell. 

Task 3: Extensive correlation between the crystal composition and 

input fluxes has been made 'for A1 GaInAs. Good photolumi nescence and 

photoresponse is demonstrated for AlS2Ga 8As. 

Task 4: Progress on Tasks 1 ,  2, and 3 is sufficient so that work on an 
a1 1 -0M-VPE-grown cascade cell is underway. The cell wi 1 1  initial ly be 

demonstrated with a GaAs bottom junction and an AlS2Ga *As top junction. 

Task 5: Because of the heavy attention devoted to Tasks 1 ,  2, 3, and 
4, work on this task has been deferred. 



DETAILED DISCUSSION 

Task 1:  

A .  Doping 

Previously, i t  was reported that  i t  i s  necessary to  use an 

al ternate  arsenic source, trimethylarsenic (TMAs), t o  grow uniform good- 

quality GaInAs epitaxial  layers. '  However, the e lec t r ica l  quality of 

GaAs epitaxial  layers grown from the al ternate  As source was infer ior  to  

layers grown with arsine.  Typical backgrounds for  GaAs layers grown 
17 with TMAs were found to  be on the order of -10 cm-3 n-type with asso- 

2 ciated room-temperature mobilities on the order of 270U.cm /V-sec. 2 

Layers grown with arsine exhibit  background dopings nearly two orders of 

magnitude lower with mobilities u p  to  ten times that  for  the TMAs-grown 

crys ta l s .  The natural conclusion was tha t  the backgrounds exhibited by 
1 7  GaInAs layers (-10 ~ m - ~ ,  n-type) were also due to  the use of TMAs. 

Trimethylarsenic supplies have been purchased from two dif-  

ferent suppliers: Alfa and Strem Chemicals. The e lec t r ica l  quality of 

layers grown with material from e i ther  supplier i s  comparable. During 

th i s  period, a batch of TMAs purchased from Strem Chemicals was loaded 

into the reactor. This source produced the best quality layers yet 

obtained Tor TMAs-grown materials,  Rackground dopings of GaAs layers 

were measured to  be 4 x 1 0 ~ ~ c r n - ~  n-type with associated room-temperature 
2 mobilities on the order of 4000 cm /V-sec. This represents a s igni f i -  

cant improvement in b o t h  doping and mobility, as compared to  previous 

resu l t s .  

I t  Is no.L clear i f  the improved e lec t r ica l  quality of the 

layers can be at t r ibuted to  these new procedures or to  improved materi'al 

from the suppliers. A careful check on TMAs quality will be maintained 

in an attempt to  identify impurities and the sources of the impurities. 

The quality of the TMAs i s  suf f ic ien t  for high-quality solar  c e l l s ,  So 

additional d i s t i l l a t i o n  experiments will not be pursued a t  t h i s  time. 



B.  Grading and Junction Performance 

Work during th i s  period also continued on the study of grading 

procedures to  reduce dislocations in the Ga.81n 2As layers. Previous 

work re1 ied on etch p i t  density (EPD) measurements t o  gauge the qua1 i t y  

of the epitaxial  layers.' Although EPDs provide a valid measure of 

dislocation density, the most important parameter from the standpoint of 

the multigap ce l l  i s  the junction performance. Accordingly, a ser ies  of 

runs was undertaken t o  evaluate the e f fec t  of various grading routines 

on the 1.15-eV junction performance. A structure similar to  Variants 

GaAs/AlGaAs single-junction ce l l3  was grown' t o  evaluate the grading- 

junction relationship (Fig. 1 ) .  

The grading routines are i l lus t ra ted  graphically in Fig. 2 .  

Two different  steps (10 and 40 minutes) were examined for  the 4% step- 

grading routine ( b ) .  Three different  slopes were examined in the case 

of the conti nuous-gradi ng  procedure ( c )  , which i  s  composed of numerous 

discrete  steps.  The superlat t ice  structure consists of a ramp, followed 

by 20 cycles of varying composition GaInAs layers, each about 100 1 
thick. A 2-pm thick constant composition layer (GaS8In 2As:Se) i s  grown 

immediately a f t e r  the grading layers.  This layer i s  followed by the 

remainder of the cel l  (Fig. 1 ) .  

The cu~~~ple ted  wafer was cleaved into pieces and rudimentary 

contacts alloyed t o  the substrate and cap layer. The photoresponse of 

the cel l  was measured, the cap etched, and the performance measured 

again. In a l l  cases, removal of the absorbing cap layer improved 

junction efficiency. 

Figure 3 i l l u s t r a t e s  the photoresponse for  the s t ructure with 

no grading layer.  Junction response i s  improved by about 100 fold com- 

pared to  the resul ts  reported in Quarterly Report No. 5. This i s  espe- 

c i a l l y  encouraging, since the s t ructure i s  not optimized. I t  was 
.4 
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GRADING PROCEDURES 

1. No Grading 

2. S t e p  Grading 

3 .  Cont inuous  Grading 

20 

% I n  i n  16 
S o l  i d  

12 

8 

4 

% i n  I n  
S o l  i d  

- 
- I 
, I 
- 1 t = 10 min, 40 min 

1 

20 . 

t = 131 min, 262 min, 

393 min 

0 

0 
- t -  

t ime  

t b 

t ime 

4 .  S u p e r l a t t i c e  

FIGURE 2 

3U * 

8 

% I n  i n  2 0 

So l  id  

10 0 

/!/IL 20 c y c l e s  

t . 7 8  m i n e  



1.1 'i.3 1.5 1.7 1.9 2.1 2.3 2.5 2.7 2.9 
PHOTON ENERGY (EV)  

FIGURE 3 



expected tha t  gains in the photoresponse could be realized by using 

various grading schemes to  minimize dislocations in the GaS8In 2As 

layers. However, structures grown with grading 1 ayers (Fig. 2) showed 
no increase in efficiency. In most cases, the photoresponse was n o t  as 
good as thg s tructure with no grading layers. 

The resul ts  were surprising, so careful thought was given t o  
possible reasons for  the anomaly. Two problem areas were ident i f ied:  
(1)  doping and ( 2 )  variations in the GaInAs composition. Through th i s  

period there was d i f f icu l ty  with the s t a b i l i t y  of the H2se doping source 

The low ppm mixtures are  d i f f i c u l t  t o  make and are  not s table  for  long 

periods. Possibly low Se doping of the buffer and junction layer con- 
tributed to  the poor photoresponse. However, a def ini te  problem with 

GaInAs composition control was ident i f ied.  

Photo1 uminescence measurements were performed on the sol a r  
cel l  structures t o  determine the composition of the top GaInAs layer.  

Since the same parameters were used for  a l l  growths, the same bandgap 

i s  expected for  the layer. I t  was noted that  the bandgap of the cap 

layer varied between 1.26 and 1.30 eV, corresponding to  a d r i f t  in 

l a t t i c e  constant between 5.70 A and 5.72 A. This i s  a s ignif icant  

variance, and since i t  i s  necessary to  carefully control composition in 

order to  gain the fu l l  benefit of grading r o ~ t i n e s , ~  i t  i s  l ikely that  

d r i f t  in the GaInAs composition contributed t o  the anomalous resul ts  of 

the performance. The growth ra te  of the.GaInAs layers i s  very dependent 

on the composition of the alloy and decreases as the % I n  in the crystal 

increases. Therefore, the variation in composition of the layers will 

also resu l t  in growth ra te  variations.  This may also represent a signi- 

f icant  problem with respect to  grading, since i t  i s  often necessary t o  

carefully control the thickness of each grading layer as well as the 

composition. 

Equipment changes were made to  reduce the variation in GaInAs 

composition. Minor rrdc'tcrr' design modifications were made t n  improve 



gas f l ow .  Th is  i s  expected t o  be a  minor f a c t o r ,  however, compared t o  

problems w i t h  t h e  design o f  the  TMIn subl imer. It was repor ted  i n  

prev ious repo r t s  t h a t ,  above c e r t a i n  gas f low,  t he  bubbler  was n o t  f u l l y  

s a t u r a t i n g  the  hydrogen stream w i t h  TMIn. It i s  now apparent t h a t  even 

a t  lower f lows t h a t  the  subl imer r e p r o d u c i b i l i t y  i s  poor a t  bes t .  This  

i s  most l i k e l y  due t o  the  changes i n  TMIn c r y s t a l  morphology and sur face 

area t h a t  occur du r ing  the  temperature c y c l i n g  t h a t  occurs i n  t h e  - 
bubbler .  As the  s i z e  and number o f  t he  c r y s t a l s  changes, i t  i s  no t  

unreasonable t h a t  t he  degree i n  TMIn s a t u r a t i o n  might  vary.  Consequently, 

a  new subl imer was designed. E s s e n t i a l l y ,  the  new system cons i s t s  o f  a  

bu lb  con ta in ing  the  TMIn which i s  he ld  a t  a  f i x e d  temperature. A f t e r  

the  hydrogen i s  passed through the  bulb, the  gas stream i s  then passed 

through a  condenser which i s  h e l d  a t  a  lower temperature than the  bulb.  

This  causes a  depos i t i on  o f  TMIn from the  hydrogen stream and assures 

t h a t  t he  hydrogen stream i s  sa tura ted  f o r  t he  TMIn vapor pressure a t  the  

temperature o f  the condenser c o i l .  

A few runs were made w i t h  t h i s  new arrangement, b u t  d e t a i l e d  data 

on r e p r o d u c i b i l i t y  w i l l  n o t  be a v a i l a b l e  u n t i l  the  nex t  per iod.  It i s  

expected, however, t h a t  s u b s t a n t i a l l y  improved TMIn c o n t r o l  w i l l  be 

achieved. This  should a l l o w  r i go rous  composit ional c o n t r o l  requ i red  f o r  

t he  grading rou t i nes .  

Plans f o r  t he  nex t  p e r i o d  i nc lude  cont inued improvement o f  the  TMIn 

c o n t r o l  and then the  quest ion  o f  grading r o u t i n e  versus j u n c t i o n  q u a l i t y  

w i l l  be a t tacked anew. 

P a r a l l e l  t o  t he  e f f o r t  t o  improve TMIn f l u x  c o n t r o l  was an e f f o r t  

t o  increase the  growth r a t e  o f  t h e  GaInAs l aye rs .  The standard i n p u t  

parall~eters r-esul t i n  a growth r a t e  on the  order  o f  0.03 l.rm/rnin. Pre- 

sen t l y ,  some o f  the  grading r o u t i n e s  take  several hours t o  complete. . 

Therefore, i t  i s  necessary t o  increase the  growth r a t e  w h i l e  main ta in ing  

c r y s t a l  q u a l i t y ,  i n  o rder  t o  be ab le  t o  grow the proposed m u l t i j u n c t i o n  

c e l l s  i n  a  reasonable l eng th  n f  t ime. 



Several runs were undertaken t o  i n v e s t i g a t e  the  r e l a t i o n s h i p  be t -  

ween growth r a t e  and i n p u t  f l u x .  I n  t he  case o f  OM-VPE-grown G ~ A S , ~  a  

l i n e a r  r e l a t i o n s h i p  i s  observed. The GaInAs s tud ies  i n d i c a t e d  t h a t  a  

s i m i l a r  r e l a t i o n s h i p  i s  a l s o  observed between the  i n p u t  Group I 1 1  f l u x  

and growth r a t e .  A 25% increase i n  t he  TMGa and TMIn f l u x  ( a t  constant  

composit ion) r e s u l t s  i n  approximately a  25% increase i n  the  growth r a t e .  

Surface morphology e x h i b i t s  no change w i t h i n  t h i s  range. 

Fur ther  exper imentat ion on increased growth r a t e s  was suspended 

pending the  cons t ruc t i on  and t e s t i n g  o f  new subl imers t h a t  a re  capable 

o f  rep roduc ib l y  s a t u r a t i n g  the  hydrogen stream w i t h  TMIn. 

Task 2: In te rconnect  Technology 

The proposed m u l t i j u n c t i o n  s t r u c t u r e  c a l l s  f o r  a  shor ted j u n c t i o n  

between the  h igh  and low bandgap c e l l s .  A tunnel  j u n c t i o n  i s  t he  most 

o f t e n  proposed in te rconnect ,  b u t  o the r  shor ted j unc t i ons  should be 

considered. A mul t ipronged approach t o  the  in te rconnect  problem was 

adopted. I n v e s t i g a t i o n  o f  OM-VPE-grown junc t i ons  cont inued w i t h  d i f -  

f e r e n t  s t r u c t u r e  and doping eva lua t ions .  I n  add i t i on ,  work was c a r r i e d  

ou t  on a  me ta l l i c - con tac t - sho r ted  j unc t i on ,  w i t h  very promising r e s u l t s .  

A. - OM-VPE-Grown . . . . . . ,. . . .. .. . In terconnects .- - 

Several OM-VPE growths were performed aimed a t  producing a  

v i a b l e  in te rconnect .  The p lan  i s  t o  demonstrate a  j u n c t i o n  i n  GaAs and 

study the  c h a r a c t e r i s t i c s  of t h i s  j u n c t i o n  be fore  at tempt ing t o  grow the  

j unc t i o r l  i n  t he  AlCaInAs l a y e r  proposed i n  the  o v e r a l l  cascade c e l l  
2 

s t r u c t u r e .  We repor ted  p rev ious l y  t h a t  a  v a r i e t y  o f  p-on-n tunnel  

j u n c t i o n  s t r u c t u r e s  grown using Zn and Se as the  dopants f a i l e d  t o  

e x h i b i t  tunne l ing .  I t  was thought t h a t  the  j unc t i ons  were a l l  too broad 

f o r  tunne l ing ,  presumably due t o  the  r e l a t i v e l y  h igh  d i f f u s i o n  r a t e  o f  

Zn . 



One way t o  reduce t h e  Zn d i f f u s i o n  i s  t o  i n s u r e  t h a t  t h e  wafe r  i s  

a t  t h e  growth temperature f o r  as s h o r t  a  p e r i o d  as poss ib l e .  The 

l i m i t a t i o n  o f  t h i s  approach i s  t h a t  t h e  t h i ckness  o f  t h e  f i n a l  e p i t a x i a l  

l a y e r  (GaAs:Zn) be t o o  t h i n  so t h a t  t h e  con tac t s  pene t ra te  t o  t h e  j u n c t i o n .  

Standard growth parameters r e q u i r e  t h a t  t h e  GaAs:Zn f i n a l  l a y e r  takes 

severa l  minutes t o  grow. I f  t h e  growth r a t e  were acce le ra ted ,  then  t h e  

t ime  t h a t  t h e  wafe r  i s  a t  h i g h  temperatures would be reduced, presumably 

w i t h  l e s s  Zn d i f f u s i o n .  

Numerous exper iments were conducted aimed a t  e x p l o r i n g  t h e  acce- 

l e r a t e d  growth r a t e  o f  GaAs i n  t h e  OM-VPE r e a c t o r .  Standard growth 

r a t e s  were on t h e  o r d e r  o f  0.08 pm/min, w i t h  an i n p u t  o f  50 micromoles/ 

minute o f  TMGa. F igu re  4 shows a  l i n e a r  r e l a t i o n s h i p  between t h e  TMGa 

i n p u t  f l u x  and t h e  growth r a t e  o f  GaAs. Th i s  l i n e a r  r e l a t i o n s h i p  i s  

i n d i c a t i v e  o f  a  mass t r a n s p o r t - l i m i t e d  process w h i c h - i s  c o n s i s t e n t  w i t h  

p rev ious  s t u d i e s  .6 More i m p o r t a n t l y  f o r  t h e  i n t e r c o n n e c t  work i s  t h a t  

growth r a t e s  i n  excess o f  0.5 pm/min can be obta ined.  

The doping o f  these  acce le ra ted  growth r a t e  e p i t a x i a l  l a y e r s  was 

a l s o  examined. Z inc doping o f  l a y e r s  grown a t  t h e  r a t e  o f  0.5 pm/min 

was examined, bo th  f o r  h i g h  and low z i n c  f l u x e s .  A t  r e l a t i v e l y  low z i n c  

f l u x e s ,  t h i s  r e s u l t e d  i n  doping l e v e l s  o f  1018 cm-3 p - type  w i t h  assoc ia ted  
2 room-temperature m o b i l i t i e s  o f  100 cm /V-sec. A t  h i g h e r  z i n c  f l u x e s ,  

3  doping l e v e l s  i n  t h e  range o f  10'' c a r r i e r s l c m  p- type  were ob ta ined .  

However, one o f  these samples e x h i b i t e d  a  p - t o -n  t ype  t r a n s i t i o n  on 

c o o l i n g  f rom 300°K t o  7 7 O K ,  w h i l e  t h e  o t h e r  e x h i b i t e d  an n - t o -p  t r a n s i -  

t i o n .  Th i s  unusual behav io r  m igh t  r e s u l t  f rom d e f e c t  mechanisms caused 

by t h e  acce le ra ted  growth r a t e .  The doping o f  t h e  acce le ra ted  growth 

r a t e  GaAs l a y e r s  by HpSe was a l s o  i n v e s t i g a t e d .  However, due t o  t h e  

s t a b i l i t y  problein o f  t h e  H2Se source, niuch o f  t h e  data i s  suspect.  

Plans a r e  t o  f i n i s h  e v a l u a t i n g  t h e  Se doping and then  t o  grow some 

tunne l  j u n c t i o n  s t r u c t u r e s  a t  t h e  acce le ra ted  r a t e  i n  an a t tempt  t o  

sharpen t h e  doping p r o f i l e  so t h a t  tunne l  i n g  can be observed. 



Growth Rota of 5aAc u s  T ~ S Q  Input F'lux 
.. ..... .. . . g . "' - ' "'.- ". . "" T-. - - - -- - . . 

i 

I 4 /s 
1.' 

0 . 5  

i ,-+' i' i I I 

I /.' 
0 . 4  /* 

i // 
- 

1 // 

I ,/.' 

67 -3 - 
/+' 

/'- 
i . f 4 

i ,*' 
/*' 

8.2 1 

I f 
I i 

i 
I 

......... ..... ........ -L .................................... L. ............................ -. - .......... 1 

I EW 28Ea 3 8 R  

-7 I , : F G  W? Inctit f l u x  C u ~ ~ : z r c + m c ~ ! ~ ~ . ~ r n l r ~ l .  



Magnesium i s  an ideal,  slow-diffusing element fo r  p-type doping in 

111-V materials, b u t  the lack of vola t i le  magnesium organometallics has 
precluded use of the metal in OM-VPE reactors. An experiment was per- 

formed in the OM-VPE system to  use metallic Mg as the dopant source. A 

small Pyrex vessel was charged with a few grams of pure Mg and then 

wrapped with a heating tape and attached to  the input l ink on the reactor. 

Magnesium has a f a i r l y  high vapor pressure a t  several hundred degrees C ,  

so i t  was thought tha t  passing a high ra te  of hydrogen through the 

heated pyrex vessel might introduce suff ic ient  Mg to  the reactor to  

produce P-type material. Unfortunately, even when several l i t e r s  per 

minute of gas was passed over the heated Mg, no appreciable doping of a 
GaAs epitaxial  layer was observed. Instead, a l l  of the Mg condensed 

from the gas stream immediately upon entering the reactor. 

Alternate n-type dopants were also studied during t h i s  period. 
Several GaAs growths were performed using tetramethyl t i n  (TMSn) as the 

n-type dopant. Tin incorporates into the crystal  t o  extremely h i g h  

levels with no deterioration in crystal  quality,  as i s  observed for  very 

high Se doping. Several tunnel junction structures consisting of 

GaAs:Sn substrate/GaAs:Sn/GaAs:Zn were grown and evaluated. I t  was 

found that  even though the Zn-doped top layer was doped to  above 1019cm-3 
i t  was s t i l l  n-type, apparently owing to  an extremely small leak across 

a valve seat  of the TMSn tank. Further experiments with t i n  were tem- 

pur-drily suspended owing to  the d i f f i c ~ r l t y  i n  controlling the TMSn flux. 
The vapor pressure of the compound i s  so high that  even when the tank i s  

held a t  -45"C, impractically small hydrogen flows through the TMSn tank 

are required to  achieve reasonable doping levels.  Tin i s  an a t t r ac t ive  

dopant from many respects, including i t s  low toxici ty .  An examination 

of the chemical l i t e r a tu re  indicated that  te t rae thyl t in  might be an 

ideal t i n  source. Thc ethyl compound i s  l iquid over a very large range 

and i t  should be easy to  control the vapor pressure so tha t  there are 

reasonable hydrogen flows through the t i n  bubbler. Samples of the 

material are  on order and will be tested in the near future.  



Growths were done i n  an e f f o r t  t o  produce an all-OM-VPE-grown 

m e t a l l i z e d  shor ted j u n c t i o n .  The bas ic  idea was t o  depos i t  Sb on top  o f  

the  GaAs:n-type e p i t a x i a l  l a y e r  and then grow the  Zn-doped l a y e r  on top  

o f  t h i s  Sb l a y e r .  Some s t ruc tu res  were processed w i t h  the  Sb i n t e r l a y e r ,  

b u t  normal diode behavior was observed. 

B. Mechanical In terconnects 

I n  a d d i t i o n  t o  the  OM-VPE approaches t o  the  in te rconnect  

problem described above, an a l t e r n a t e  technology was i nves t i ga ted ;  the  

m e t a l l i z e d  stacked c e l l .  The s t r u c t u r e  o f  the  m e t a l l i c  in terconnected 

cascade c e l l  i s  best  expla ined w i t h  reference t o  F ig.  5 ,  which shows a 

c ross-sec t ion  o f  t he  device. The s a l i e n t  f e a t u r e  i s  t h a t  a l a y e r  o f  

evaporated metal i s  used t o  s h o r t  t he  top  and bottom c e l l .  The groove 

e tch ing  technique r e l i e s  i n  p a r t  on processing technology developed 

under Var ian 's  High Voltage Ce l l  Contract .  7 

There are  several  important  fea tures  o f  t he  m e t a l l i z e d  stacked 

c e l l .  The i d e a l  in te rconnect  i s  t he  OM-VPE-grown tunnel  j unc t i on ,  b u t  

the m e t a l l i z e d  in te rconnect  w i l l  a l l o w  development and o p t i m i z a t i o n  o f  

the cascade c e l l  t o  progress i n  p a r a l l e l  w i t h  tunnel  j u n c t i o n  develop- 

ment. Since both  the  top  and bottom c e l l s  can be probed independently,  

the m e t a l l i z e d  stacked c e l l  prov ides an i d e a l  t o o l  f o r  assessing the  

c o n t r i b u t i o n  o f  the  two i n d i v i d u a l  c e l l s  t o  the  o v e r a l l  ou tpu t *  Optimi- 

z a t i o n  o f  each c e l l  can proceed independently o f  t he  o ther .  Furthermore, 

the  concept can be used f o r  any appropr ia te  s e t  o f  111-V h igh  and low 

bandgap junc t i ons .  Device r e s u l t s  us ing  t h i s  m e t a l l i z e d  in te rconnect  

scheme a r e  discussed under Task 4. 



FIGURE 5 

SCHEMATIC OF METALLIC INTERCONNECTED CASCADE CELL 
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NOTE: Dimensions n o t  t o  sca le .  Top c e l l  i s  about 1 micron t h i c k ;  obscurat ion  
a t  1 0 0  suns i s  about 10%. 

p(n1 type contact  
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Task 3 :  AlGaInAs Development 

During the l a s t  s ix  months' period, there were several s ignif icant  
resu l t s  related to  AlGaInAs development. The range of compositions over 
which the AlGaInAs could be grown was extended. Work was done to  improve 

the photo1 umi nescence ( P L )  efficiency and junction efficiency of A1 2Ga 8As 

epitaxial  layers.  The techniques developed in th i s  work will be direct ly  
applicable t o  the growth of high-bandgap ce l l s .  

A .  AlGaInAs Growths 

In the previous quarterly report  the growth of AlGaInAs 
layers over a modest range of compositions was reported. Now the quater- 

nary has been grown over a l l  compositions required for  the multijunction 1 

c e l l ,  including layers with high aluminum content that  are sui table  for  

the window layer on the high-bandgap c e l l .  Figures 6-9 summarize the 
l a t e s t  resu l t s  of th i s  work. The substi tution of A1 for  Ga i s  readily 

achieved without affecting the l a t t i c e  constant, an important feature 

fo r  the growth of the cascade c e l l .  

Diff icul t ies  with fogged epitaxial  layers were noted for  some 

AlGaInAs growths in the past. Recently, growths have been done a t  a 

higher temperature (625OC) with generally bet ter  resu l t s .  A layer of 

A1 qGa 41n *As was grown as a portion of the t e s t  s t r u c t u r ~  for  the low- 
bandgap junction (Fig. 1 ) ,  thereby demonstrating the v iabi l i ty  of th i s  

quaternary in an actual device structure.  Detailed e lec t r ica l  and PL 

studies are  planned for  next quarter.  

B. A1 GaAs Development 

During the l a s t  s ix  months, some e f f o r t  was devoted to  the 

study of OM-VPE-grown A 1  2Ga layers. Of particular in te res t  i s  the 

PL efficiency of the materials and the photoresponse of the junctions in , 
the AlGaAs laycrs. Experience gained from t h i s  work i s  expected to  be 

direct ly  transferable t o  work on the AlGaInAs high-bandgap c e l l .  
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8 Recent ly,  S t r i n g f e l  l ow descr ibed  t h e  use o f  g r a p h i t e  ba f f les  

t o  g e t t e r  i m p u r i t i e s  and thereby  improve t h e  PL e f f i c i e n c y  o f  OM-VPE- 

grown AlGaAs l a y e r s .  We have developed a s i m i l a r  technique t h a t  has 

r e s u l t e d  i n  good PL e f f i c i e n c y  f rom A1 ?Ga 8As e p i t a x i a l  l a y e r s .  F igure  

10 shows a comparison o f  t h e  PL response f rom a b u l k  GaAs sample and an 

OM-VPE-grown AlS2Ga 8As:Zn sample. A l though PL e f f i c i e n c i e s  a r e  -1/4 

t h a t  o f  t h e  b u l k  sample (uncor rec ted  f o r  doping l e v e l s ) ,  i t  i s  a v a s t  

improvement over  p rev ious  r e s u l t s .  

The photoresponse o f  t h e  A1 2Ga 8As j u n c t i o n s  has a l s o  improved. 

I n  t h e  p a s t  t h e r e  was e s s e n t i a l l y  no photoresponse f rom OM-VPE-grown 

A1 GaAs j u n c t i o n s . .  However, t h e  i n - 1  i n e  g e t t e r i n g  o f  i m p u r i t i e s  has 

a l lowed t h e  growth o f  good -qua l i t y  j u n c t i o n s ,  as i l l u s t r a t e d  i n  F i g .  11. 

Th i s  r e s u l t  i s  h i g h l y  s i g n i f i c a n t ,  s i nce  i t  i s  t h e  f i r s t  OM-VPE-grown 

high-bandgap (1.65 eV) c e l l  w i t h  good photoresponse. Furthermore, t h i s  

j u n c t i o n  was grown e a r l y  i n  t h e  s tudy  and re f inements  i n  t h e  process a re  

expected t o  r e s u l t  i n  s i g n i f i c a n t l y  improved e f f i c i e n c i e s .  Th is  advan- 

tage paves t h e  way f o r  t h e  demonstrat ion o f  an all-OM-VPE-grown cascade 

c e l l  u s i n g  t h e  m e t a l l i z e d ,  s tacked c e l l  i n t e r c o n n e c t  (see Task 4 ) .  

Task 4:  Cascade C e l l  F a b r i c a t i o n  

Complet ion o f  t h i s  t ask  w i l l  r ep resen t  success fu l  i n t e g r a t i o n  o f  

Tasks 1, 2 and 3. S u f f i c i e n t  p rogress  has been made t h a t  an all-OM-VPE- 

grown cascade c e l l  can be f ab r i ca ted .  The key advances as d iscussed 

e a r l i e r  a r e  t h e  development o f  t h e  m e t a l l i z e d  s tacked c e l l  i n t e r c o n n e c t  

and t he  s u b s t a n t i a l l y  improved photoresponse o f  t h e  A1 2Ga 8As j u n c t i o n s .  

The idea i s  t n  demonstrate t h e  al l-OM-WE-srown cascade eel 1 w i t h  

m a t e r i a l s  t h a t  a r e  we1 1 understood, then  t r a n s f e r  t h e  technology t o  the  

pr ime m a t e r i a l s  system o f  i n t e r e s t .  The bot tom c e l l  i s  based on V a r i a n ' s  

h i g h l y  success fu l  GaAs s o l a r  c e l l  ,3 where as t h e  t o p  j u n c t i o n  i s  a 1.65- 

eV A1 2Ga  AS c e l l .  A l though these two bandgaps a r e  f a r  f rom op t im ized ,  

f a b r i c a t i o n  and t e s t i n g  o f  t h i s  cascade c e l l  i s  expected t o  p rov ide  

v a l  uabl  e exper ience.  
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Several two-junction structures were grown and processed. In i t i a l  

diff icul  t i e s  were processing-re1 ated and changes were made in the epi- 

taxial  layers to  circumvent these problems. Results have been very 

encouraging and the l a t e s t  s t ructure,  currently i n  process, i s  expected 

to  show the desired voltage addition. 

Work during the next quarter will center on optimizing the AlGaAs/ 

GaAs cascade cel l  process, including studies of each of the junctions in 

the s t ructure.  Once a viable high-gap ce l l  i s  demonstrated in AlGaInAs, 

a metallized stacked cel l  can be demonstrated in t h i s  materials system. 
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