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X = wtetd CdTe/CdS efofA x|2] s (back contacts) EAZA Cu 3% ZnTewdet (ZnTe : Cu)e H3Hy
(electroplating) o 2 A|Z5tE A-+-F Fastlct. Sulfated] o] ey =4-fo 4 CdTe 7|3} FHAFTo2 ZHI F2)(In0s
1 Sn, ITO) 7|3 9ol ZnTe ¥tetS FEs)l= v o 244 potentiostat®} 7] (cathode), Pt counter electrode, Ag/AgCl &
FHFTo B FAE AAE A}E3dled pH=2.5-4, T=70-807C, 0.02M Zn**, 1x10" ‘M TeO,, 0.2M K,SO, ZAj}4 -0.800 V
~-0.975 V ¥gle] HF(V)o ZAx Agstgdrt. [TO vt 7)o 2 A}4-8}e] cyclic voltammogram-£ 2FAI%F A5} oF ~0.50
Vol 4] Te 54 peako] vtebtom, oF —0.70 Vol ZnTe B4 peako] Rgich. pH=25, V,=-0.975 V4] ZnTeo] XRD
peak o} 7} 7}8hA| vbebytcl. Auger electron spectroscopy (AES)ZE ZAEA% Az} EHol4] Zn signale] 7}8bA| vt
A|Be) FAol Gt Zn9 signalo] ZHadts whd Cd signal® F7hsbe 7lo] &= o}, SEMAMAlo 2 Ref ZnTed] EHo] &
2 g2 (0.2mm o]3hH) 2 FAFH dom 22 Vel gdztz) zebAwA] Za]o] Usx)o] A= glc}. Optical transmis-
siondol] 28te] ITO 7% 9ol U&sl vate ylee 25 eV o8 2 Ech, 8832 Cu? 9} triethanolamine(TEA)
& Aol 4 FEHA o] o] Fo]x]A] 49t e 1,10~ phenanthrolines} pH=2 4= E-o] A A=},

Abstract Electrochemical deposition of Cu-doped ZnTe films was investigated (as a back contact material for CdTe
solar cells). The films were coated on either CdTe or ITO substrates in aqueous sulfate solutions. The deposition
system consisted of a potentiostat, a substrate (cathode), a Pt counter electrode, and an Ag/AgCl reference electrode.
Experimental conditions were pH=2.5-4, T=70~-807T, 0.02M Zn*, 1x107*M TeO,, 0.2M K,SO,, and applied potential
(V.)=-0.800 V~-0.975 V. A cyclic voltammogram obtained from an ITO substrate showed a Te reduction peak at
about ~-0.50 V and a ZnTe reduction peak at about -0.70 V. From a film obtained at pH = 2.5 and V.=-0.975 V, the
strongest ZnTe x-ray diffraction peak was observed. A compositional analysis by Auger electron spectroscopy showed
a strong Zn signal at the surface which decreased with depth whereas the Cd signal increased. Scanning electron mi-
croscopy showed that the ZnTe surface was composed of small grains (< 0.2 ¢#m). Smaller grains and denser micro-
structures were observed in the films deposited at lower | V.| . A bandgap of 2.5 eV was measured on a ZnTe film
deposited on ITO substrate by the optical transmission measurement. Trimethanolamine(TEA) did not form a com-
plex with Cu*" in acidic solution as needed for Cu doping, but 1,10- phenanthroline did at pH=2.
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Fig. 1. Schematic diagram of the structure of CdTe solar
cells.
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1. 7| %=

Aol A3 718 FE b3 £ sHAleld (1)
ITOZ Z893% wal (A4 23)3 (2) CdTe/CdS/SnO,/
glass2 A (2)9] 7%= AA Az +2E AR
o}, 712 (2)d] 4 CdTex= FZ 34 (electroplating) 2
2 18R 71 0.2 2] as-deposited A2 AFHEF It} (Col-
orado School of Mines®] Trefny 254 7). X%
84 (close-spaced sublimation, CSS)ell s 253
CdTe®tt %  as-deposited e 2 AHEE]FTH(KAIST 9
ohe) T2 Fold FF). CdTe 7[#e] 739 CdTe F
A= eF 24m, CdSE eF 0.1zm, SnOx= 2F 0.4 pm (HA
& 102/00) olch.
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o0, CdTe7|#& 0.1%Br-MeOH&0) 102 A AFE A}
gt 7189 27 1 cm x 1 ecm 24 JEAEE
Zo]|7] 93] Ga-In & el Tl vl22 ojEYo B
AT F AFA R AAFEAE "ol APFol acid&-
o HE5HA] T & 3ot

2. AME
B Aol A A48 AR E The Bk

-ZnSO,  Aldrich 99.999%

-TeO,  Aldrich 99.999%

-K.S0, Aldrich 99.99% (supporting electrolyte)
~CuS0, Aldrich 99.99% (doping)

-TEA (iriethanolamine) A 99%

3. H¥ =A

EG&G Bi-potentiostat 3663 Al-8-3}¢] 3-electrode
A €] (Pt anode, Ag/AgCl £F A=, 7]#), &= 70-
80°C, pH 2.5-4 AXoA] 0.02 M Zn*", 1x107* M TeO,,
0.2 M K,SO, Ao} 4] -0.800 V~-0.975 V7}#]9] At
wEH(V,) ol A Agstsdct.

TeO,= 4 =& 9714 g4 Fed), #ie 24
&5 wuk A2 Fojol wxuk g F ub-go AT JAakE
29 w2 = 4 qlch. Mondal® §-o] AAFHZ 0.
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s eAE o) Bl et pHE it 34
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A A gHe] Byl 15 ml o|glem, HEA] AFLE
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mA (A& gHe] CuSO,E 107* M H7tS o= o
0.4 mA)eolgich. ITO 718& A3t s e ARE=rt
ZnTed Aol wa} FA3) Fisted 0 742 Heojzled ©]
w ZnTewtuto] Zgell 4] Eejs= de] LAgct. CdTe
Jlgo 2 AYshe A%E o 20-30 ¥o] A )@
o] o] B e HEy ol ZnTed) 4723} AT
c}.
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Age F2 pHel " (V)& H3HAA 74 ZnTe
2yo] PAJoiR 9l Te 59 A 2 A42] WA
3] -du 3} optical transmission W o & #aAsbgic).

1. Cydlic Voltammogram

338 2] Wz} (electroplating) & FAYLY FFEHF
A7t @A Aolts H$olx free energy of forma-
tion W&ol Ao sVesA Pt §l24 EA(Zn*/
Zn)=-0.763 V, E°(HTeO? /Te)=0.568 V vs. NHE
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1,

Zn+ Te—ZnTe AG°=-141.6 kJ mol™!

o2 9qlsf ¢F -0.15~-0.75 V (vs. NHE) oA
ZnTe Aol Zn** ¢} HTeO* o ZX-g] (standard activity
A A) A E F ke AlaRTr} J2oh.

Fig. 2= ITO/ZnTe Aol &+ cyclic voltammogram
(against Ag/AgCl)e|c}. Agz=7Ae 2% 207, pH 2.
40, 0.02 M ZnS0O,, 0.05 M K,S0, o}ic}. 2F -0.5 Vo
A A HA F9 peake] Yehts 73 gho] cathode EH
o) veh}7] Ajzsled ol Te o) thg uh-gol o) %
A=E 7o 2 RIFHT Q).

HTeO," +4e~ +3H*—Te+2H,0

o -0.7 V ol|4] = o} 3 peako] vjebtsd oA
2 o}g3 e JdEukgd 93l ZnTer} A== Aol

HTeO,* +4e~ +3H*—Te+2H,0
Zn;" +Te+2e —ZnTe

e Ante Az ALY Aol 1E o Neuman-
Spallart® 2] B v} 2 X3t Ao 2, mepy o -0.7
V3iE] ZnTe 4to] A7) A2 AZAE + ot 49
Z 7R wet Zn/Te Z2Avi7F 22 4= gloh. 53] &
F¢] 734, CdTe7|Ho] A2 o CdTes} CdSHEelA 4
7)== potential drop7}A] m{sekst o2 AA| ZnTe2] A
2x71e Yol dFE potentialz} 2 AolE Holot.
(electrodeposited CdTe2} ®]A8}x]l 10°-107 Lcm, A
F4= 300 mAE A3 AAkshd <F 0.05-05 V A
%2} potential drope] CdTe &4 A7|n, CdTe/CdS
AR A e nesld o|R) o w2 gk M7
7Y o2 dA4F 5 Qo)

2. Optical Transmission Data

Fig. 32 ZnTe/ITO A|Zel thFk UV spectrum-g Hoj
2 g} o)A e B ZnTer} direct bandgap material
o2 (chy)2 vs (hy) plote] AARAHE Bofoksdly of
AL ibsle o] WEsie T8 5 ool ke,
Fig. 39 Aste AAFAE Bolx] 1 Qlrh. 2} o
23 ZA3l= Neuman-Spallart¥o] B vg 7zt dxjsta
2 2 A exlel 7]qlgh Zlo] ofuje} HAYo R ¥
g ZnTe2] ZAAA ] (crystallinity) 2} #A7} Y= Ao B
Ale o) AYPEEr) ALolBE AXYAREEI) i &
L ZnTer} AAFEUE AR Algsw, Wes] oYz
(2.2 eV)Er} @2 photonoll Aol A FFF7F doftn
dthe AHIE oj24 A E 4 k. Fig. 32) A dlo]
B & fitting3}o] 2JAts} ™ thEF 2.5 eVAE Y Wit g
< g AT, o] A M) 97t ZnTer} Fatdel 9
% ZnText} FE3 =7} 2o} Mondal® o] F2bs} o)
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Fig. 2. Cyclic volammogram of a ITQ/ZnTe electrode. Scan
rate = 100 mV/s, pH = 2.40, 0.02 M Zn*", 0.05 M K:SO.,
1x107* M TeO,, T = 207C.
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Fig. 3. Optical transmission data for ZnTe films deposited on
[TO. Deposition potential= —0.9 V vs. Ag/AgCl, pH=3.25, 0.
05 M Zn*, 0.05 M K:SO,, 1x10°* M TeO,, T = 20<C.

e Ao 47tE 4 gk ZnTe 39 F53E+ CdS/
CdTe/ZnTe A2} CdS/CulnSe, A2} tandem cell&-
4HE A4 oS $8T g0} Aok

7490 aleg}r]= metallic Tee] ZnTe ol second
phase24 &4 & U3, o|FA HH Teol &3t FFT
/HA7) Fig. 33 7ol 353 ~HEYE TF28A T
£ % st} ITOC) 837 whate] 200CAHE 2] A2
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ZoME BT FousiH e o] A ZnTeol Teo] 3. x-M B|H MY
ojek EAE 7] 88 AABEE AHelth ITOC J o] BE-ol4 AAlEls AYPATE BF CdTer|H 9ol
#7 whake] FA7E Y- gFobA] x-4l 3A Al o3 433 ZnTeol W3k 7]}
Te phase® #& 4= ggict. Fig. 4= 70 C& 594} 3027} depositEt F 400°C ol A
gz z)gt wtate)] tiglk 3 A patternolt}t. ZnTe (111)7}
400 Bo]z glow Te 59 second phasecl] 2|3k peako] 1}

elubA] okotrh. A ol we} Fig. 5e4 Bole ulet
7o) Teol Jgt peako] veptr|= dtgom o]zf3t Te
CdTe(220) peak® 400CE <dxeigt Folx wsigle] vehy

300 |- CdTe(111} 110 Neumann-Spallart®7} ZnTe/ITO el 4 annealing ¥
/ f of] excess Teo| Ztl= B9} UR|5}HA| e 7ol
* QA A Tk AL dH LT} A}
- A7) oA GHcHE Holok BT At T4
2 wor oleb 2uold 2 u ZnTemhe CdS/CdTe junction
2 B4 A7) Fol] 2= processE A} CdS/CdTeol| ] At 5 &4t
- [ (interdiffusion) o] doju}x] ¢bg HE 9 dxe] 2=
A7y vke ZHE 4 gloh = shd 383 AL ZnTedl
o ey || coseon 2AED Cuz £RE A, YA Tl Curb CdTed & 2t
CdTe(h102
Cds(111 ] o { CdS&el7tx) =wstd qhgche Zlojch. oA =,
x CdS window layer 487} p-typeo 2 #Wi3ls 3% gl
il 2, CdSel RFHEI} Hehuz) AEoltky. mheby of
0 M M i M A b
20 22 24 26 28 30 32 34 36 38 40 250-300°C A= 254 oF 20 £7} 3= o} HAst
20 t}h= A d#r} ek gle}o.
Fig. 4. XRD pattern obtained fromfa ZnT;/CdTei;CdS{)SénO;; 9je}zre ApAloll B]3oj2 w Neuman-Spallart®7} X
glass sample. Deposition condition for ZnTe is: V.,=-0.97 - R - . . -
vs Ag/AgCl, pH=4.45 T=70TC, deposition time=30 min. 23 dAE 22, F 4507, 1 hrg 483k ZnTe e
The sample was annealed at 400°C for 1 h. Teg AAste whge sjFAAE A TH2 A48
oo}, Wb ARzAE JEsA A oJgte] ZnTesdo]
4or ro %87 deposit HEF sjobgic}.
Fig. 62 ZnTe (111) peak 9] intensity 2 V,9} pHoell
CdTe(111)
300 100
v pH.25
[ ] m pH25
80 ® pH4.0
- | A pH3.0
0 200} 2 ®
& E 60 . ™
= ZnTe(111) S .
- ] H
/ Cds(111) %) 40 -
100 }- / e : . L
Te Z A A
CdTe(102) 20_1 v
Y
/ . v - A |
il byt 0- .
0 i L 1 L o1 o | " L " 1 PR ']
20 22 24 26 28 30 32 34 ——— T ————
20 -1.000 -0.975 -0.950 -0.925 -0.900 -0.875 -0.850 -0.825
Fig. 5. XRD pattern obtained from a ZnTe/CdTe/CdS/SnO./ V (V)
glass sample. Deposition condition for ZnTe is: V,=-095 V applied

vs Ag/AgCl, pH=3.5 T=607C, deposition time=25 min.

The sample was annealed at 3507 for 1 h. Fig. 6. Intensity of XRD peak at 2= 25" for ZnTe(11l) vs.

applied potential to cathode during the electroplating.
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Table 1. Comparison of optimum electroplating conditions reported by Various groups.

Neumann-Spallart® Selby'” Bernitsky'®
potential, V 0.8 = -0.0 ~0.975 EZ}Z: :?'225
pH 45 3.0 2.5
concentration (Zn**/Te) 0.02/1x107* 0.2/1x10°* 0.1/6x107*
ternperat'ure 98T 50 — 80°C 80T
substrate Ti, Ni, SnO,: F CdTe Au, Zn, Ni, Cd

uzl EAG Ao 2A -V.E F7HIATE ZnTe (111)
peak 9] intensity7} Z7}she 748& Bola vt o]k
& 7A%e Neumann-Spallart®e] A& 7ZAzlel|A ZnTe
(111) peak?] intensity7} oF -0.8 Vo4 maximum -&
Holxw I ¥rh Eru o Aol Fadhe A% B
ol AT Uxsx gtk zevk Neumann-Spallart 2]
Age ITO9 Ni 5 A7 AExEr}) & 78S 24
cathodeZ rotatingA|Z] Abefoll4] 81§k RHoe 2 A, & ¥
o) 4] AF4-R CdTe 7| Folla] dojrhe potential drop
¢ naste A 2 2ol F oldE  Ug Aejdh

A2 AR Ado] u)FeHA|gt, pH=4d =] APZAF7}
vlZA consistentdA] el e pH=2.5, V,=-0.975
Vo4 71 intensity7} ¥ AE Adedl, o] 24
Selby7} B33 ARz A9 YA E 1o iz 2
SollA By APAANE ekt

A2 | V.l > 0.900 V oA @] F2] ¢gko

E3] CdTeo] #Aggte] o} CdTeEH 9| etchings
Rol we} AgAFr} E AbolE BAeh o] Ayl A=
CdTex|He Ao 2 Azt iy 7)Aol 22} 448
& Aoz Aol wat FA7F A A ¢d ek CdTe
A9 A7) A el WElr} ololA B Age] AP
& ujHt}. = CdTe/CdS <] ITOS gk adhesione] £7|
srom AgFol CdTe o] | Wwie A¢T 2
93, = CSSo ofsf) BEojxl CdTer|#e] 735 Cd/Te
ZAu7t 1112 2 2] ¢& "& 0.1%Br-MeOH etch-
ing stepoll4] B7Fg etchingo] dolut 2He] UAR7} &
Asle AvE ek ek B Ao APdAE FA)
717] YA E FAT AL 7} CdTe 7| Alzbe] 2
23}, o}& 98 &) CSSE CdTe ¥t2tg 7|2& AT
7} dx) A= 3ot

4. ™ 2 ot Morphology

Fig. 7(a)®} Fig. 7(b)& &2+ V,=-0.950 V 9} V=~
0.975 Vo)A deposit® ZnTe =t EHg SEMo g A2
Apxloleh. W #Ao] x| Bolx| ¢ YAEe] B
8o} 3Are W %2 Nuemann-Spallart®7} B g 2%
AR5} A9] 72+-& morphologyeim Selby'’7} B33k 23
AR wlad €53) FAA] sleirdnh. fe) F Al
gz B o | V,| 7w AHY A o A =
o] xYs} Bo|=d|, o] Neumann-Spallart® 7} depo-
sition current density o] =2} 24 Y = 7] ¢ mor-

Fig. 7. SEM pictures of (a) as-deposited ZnTe surface depos-
ited at V.=-0.95 V vs Ag/AgCl reference electrode (sample
# 0915-1), and (b) as-deposited ZnTe surface deposited at
V,=-0975 V vs Ag/AgCl reference electrode. (sample
0915-2)

phology7} 2ebalck B 2% A@ZAne} dx|she vlelE
ql 7oz woigich B AgeMe V.ol webs deposi-
tion current & g7 #i3}9d7] wWEo) o]2jqt Ao} 7l
stoh. (Fig. 2 #2)

Fig. 8- Fig. 7(b)¢] A2 wheg #-& SEM Apale]
t}. F Abglol] Hol= %] ZnTe 3224 CdTe F7 9]
EFUAl g} ZnTeo] FAE Hbujaisted Hslstes e
BoyZ 7 9jrh, ol CdTe %9 A7|AFe] Fohe AMd=
BojZ dgt 1 & 4 9lch. ZnTe ] & A7 deposition
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Fig. 8. Cross-sectional SEM picture of as-deposited ZnTe
surface deposited at V,=-0.95 V vs Ag/AgCl reference elec-
trode. (sample# 0915-1)
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Fig. 9. Auger Electron Spectroscopy results from a ZnTe film
deposited on a CdTe substrate. Deposition for 10 minutes at V,
=-095V, T=707C, and pH=3.
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5. Auger Electron Spectroscopy 44

ZnTertg $eto 2 RAshs 7L YdHo 2 B7)s
sl 2 o]f= Te signale] ZnTeZol|Aut v}o = 7o)
oljz} CdTes| ol HE o 7] wEolct. ety sHetz A
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Fig. 10. UV spectrum of Cu(TEA)x solution (inset) and Cu**(1,
10-phenanthroline) solution. The peak at about 300 nm indi-
cates the complex formation of Cu(TEA)x. The complex forma-
tion between 1,10 phenanthroline is indicated by the peak at
about 500 nm. Curve (a) is when there was 1,10-phenanthro-
line only at pH=2. Curve (b) is obtained from the solution of 1,
10- phenanthroline and Cu?**.

] Zn7} EHel EA3HE A& stz 2 A4
o] AFz7el @} oA Wsle 2 Fdshe o)
2jujz} glet.

Fig. 9= V.=-0.95 Vo4 10 £7F "3 x|z] Ajgie %
Hell 41 4-8] Zolo) uwle} AL Mg AFpo|tt. Zng
signale] o)A 7}atA Za=EThr) Jowbadel] ulet b
AdtE b Z)Be2HE 2= Cd signale il 72|
W, ZnTewts} CdTer ol 23} &3k Ted signale
A Wast gigdct HE Zn: Te 8|S AHakydod =3
= AL E7hs3kARE ol ZnTewto] A =)o} e

—
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6. Cu aZ8N o
Mondal”#} Selby'Ve] W gZ TEASF Cu? =HE
(complex)& #HAAZo 24 Cu FLEEE A ojstd]
ZnTew}t?E in-situ TP3HE AP L skt 2y we
pHZZol| M= TEAZ} Cu™ 2} #ES At g 7o
2 Jepbgtn (Fig. 10 inset#x), ZEFo] A= w7}z
TEAE #718hd pH7} 6-774%] A5ste 2o g RBol
TEA= H™ o]} Az o® Agsis AL
th o]d AefollHE £Ao] <zt B-E R
=

w37 98 H.S0,5 #Hrlsbd £90] ox)
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o] #&= et webA ¥ pHEA A= TEA7F Cu™
o} FEE YA A Feves AAE §AT 5 Uk 2
Ao A& pHY 74A] 94 TEAS AEPJAUPE 3
gct. pH7}F FobA® 84 % 9] Zn7} Zn(OH), & 43}
¢ YA A AAse Fabgo] A

o] AgARZHE Y 4 e 7& Mondal I
Selby 2] ool 4] Cur} cathoded] Eald= &2} 2
=2 TEAZE] o) A=z W& Aok A
o]=, Mondal 3} Selby o} AgelA A e] FF3H
58] Mondale] LEF efofH=]2) £&(8.7%)°] 22 °]
F7F ol A9 e 4 Ak Selbyo] A4 Curl £
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