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li Armu_ Pr_jec_ S_am R_t_rt for _'9:,I_

I '"Oimics;aad) Mama:alS; R_sea,.mh_for' C0mrotl_dl Rad_t_ F_t_y., "Fire.iter im_Bufl_Imgs_"

I t, Summa_/- T_i¢.-Ill H!i_iightsl

A. nim)Ilmr of mmxl_¢mdl d_¢o_e_ies: d.Lc.,,_gI!9_'Iicaruso,di us: to>t_di_. ¢_ota, cffo_: amd__: dL"Fa_

I fax)m t_: _ _nmj_:_#am, _m_)os_d: for t_e. year:. _o_<ev.._r,,(a_ floe:o_i_ iatem, of _m: #an_ was
siigt_icaml/y,;: (¢)>w.e: acql_i_m.d!a,. muela_d_l_er tmde_ran .,drag:a ¢oma_¢_i0n, amdl cI_cmiCal!__s:

I o_rri_g: _i_, ff_, ¢omi_t_mat 1)a_ers;:aadi _d_))our cot,_v<i¢_ion_ cam_l_t_l_, ':morgaai_:mono_t_i¢ele_¢tLmmi¢: w_cd0_s: _II_ l_mv,e: to, _ m_u_ rod! cast c_¢¢_i:ve: in, areMmctaral a_¢ations: has:
ca_e.d! to, grow.

I, Activities: slmmo_d_ by DOE". a_ "F_s: Umi_e_i_tT.'to, d_v,elop, ta.dm,_: v.,a_i:a_iemflec_iv,i_:
ei_¢t_'o¢_m,i:c w.,'md0w,s: faa,re f0¢ussedl m,_.e: a_as, im_I_.99)_::_I<))ev,a_ua_; g:frm:_ersiM¢: _ot_mtion,

i, of_t_mn, in,t_: ¢ouamr_l_cta._xiem,ateri:al_.,sp_ttemd! mali:,_m,oxfd.e;:_2;)mslmmi:mg:to,)e,_icl_n.¢._:tlmt _ro_m,subsrimm: f0r mo_i_: fflffdm: ion; i_, '"smdard,," _.*-la_er ele¢_XmcI_mi¢: w,ind¢ _,st_¢mres Ol_e_ in,
room ai_: (3_)tmdemm:_mg: t_e: clec_rd¢: _di i0m¢: ¢omi_¢riota_me¢l_maisms, 'm, sl_rea: am_hous;
_,x_m, mohole,, _e, ion,,cand_¢tof adopte_) fo_ etec_cI_romic: window st_acm,r_s:f_ricat_di at Truants;,(_)>

I': to, the. flm_caflaod_c col'o_;ng:of t_e: v.,a_iable refle¢_g,: bmmze (,Li_WOa_iis:
dis¢o,_e_.' 'mrlgsten_

¢omta,amed_ _y' imemction w,,i_, _e umdefllyi;ng I_O> or Sm(D_,t_aslmmm comdu¢.tor in ¢onv_mtio_
etect_cl_mic wimdo,w:sisera-ms;: amd!{5,)iliiifetesting of el_¢tm¢l_m,i¢: wimdo_<,l_mtO_/l_eS,

_, _; C0unmt,,El_¢m..odeL_ye_ Reseamh,

ii The progressive i_corl_orar_on,of_,um into, slmt_di hadi:um o,_de du,rmg eye, g, studied, i_de_ by _p, C. Yu using cyclic vo_mmmetk_y:,,madermiaes: t_e ufili,_y of this materi_ as
comater_lectrode. _s: work mad D_. Yu:s r_s_; are described, in, Ms: doctoral t_sis entifleA

_ "_terization_ ofImdim_ Sequ,i0._de amd_Niobi,,umPemoM:de forthe A_ffcatiom, as:C0tmtevEle¢_s
I in an, Electroehromi¢ Window" (,T,_ Um_ersi,_:, May: 1199,1:),and; in m, art_¢te pubIished in the

Proceedings of _e Materi_ Research, So¢ie_:.

I _: mm_ts of, Dr, Yu,'s study were not the only negar/ve indicators: for the: use of indium oxide
as counmwkec_, A suspicion, _ proton _bs_im_ion, for _r.Mum occurs in electrochromic: window

I _trucmms emplo,yi.ng s_mtmmd i_im oMde _s:comater_lec,tmde was confirmed i_/ _cling newlyfabricated fi_e.layer dev,i¢._ in,vacuum ra_er than in room air. In tlae vammm envi:ronment such devices
exhibited weaker el_ctroctummi¢ l_havior and cot_slmndiag_ 7 smaller _ging cuttcms; Although

I dependence ofele ,ctmchromi¢ window opera_ion,upon amaospl_eric water migt_t be: a_cepm_le to some,the risks and. complications: in,_otvedin,depending upon, such' an, o_en, sy,stm_ were _ougiat t_o serious
to continue with.._ use. ofhadium oxide as:cotmtemlec ,trade.

I Alternative fi_e-tayer ¢c,Ils:fabricated' _i;rh:sputtered rdo_ium oxide: as;
counteretec_, and devils

: fabricated with _ut_md Ii,_um cobalt oxide as an anodicatly coloring eaectrochromi¢ electrode
fimctiormd well both in v,ac_ura and in ai_r,md w.er_"mser_i_i_eto _uminafiorL Cells _mplo_g niobium

I oxide emfs. than Volts: color at rates. TIds: we have attributed to
gmamr se'vt_Ia to,

electron depletion and space-c_e buildup in__e n-_3_e mobium oMde. T_ical s_'u_res require three
Volts or less,
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I i
tl Because: Qf the: _.l_e: ms.ts, amd in,ms.me: m.ea_er m_m by Guaag We_ su__g theoreti¢_

t_¢_iom: of smmg anog_¢ effe¢_¢.hmmism in, ff@ti:_m,¢ob_ o_de,, we: ¢omm)iil_d to, _: deve[ot_mnt

I of si_mt_dl t__,]ms,of_is m,at_)_ to_sul_l_am i_ditma,oxi_de:as ¢o_teml_¢_de, Dr. Wei_m1_d; in d_:_on) l_r stud_, of ¢2'ecta_cI_m,i¢: cha_¢mr of _thi;am_cab_[_ o,xi"de i_ her doetot_ fflesis m _99,I' and iri,a

preview: publiCatiom _.of _ectmcl_m,.Soc.Comf,:ota, El_¢tm¢_'_mi¢ Mar_,_, _2_, 80 (19_9)i1!.

li Al_.ougla< _ wa_'_,__¢y' limit of _i,,,mn, ¢ob_ o_des: pmducedi by' stmi:g_ffotward _tte_g: was,ot__y ma_ ia,.the v,i:s_I:e,s_gmmx we l_a_: since fo_di process: vmag0_: w_¢h imln_)_e it. _s:
wo_ continees:

I lota,-COtaduc_i;la,g,_El'ec_llym)>La_er Resea_I_,

Ar t_e peseta tem., al_ao_,gl_,t_aemis, mo,obviom "1_est ¢laoice" mamm_ for tlm: lC layer for the

j eIe_i_mic _o_ _,_e_e am se_e_ im_o_-_t masoms: _at _ lead! ome to, _opt am,inorganic:
electmI_ym. Among _ese ,a_: (,i)_'mo_amc: dect_I_yT_s:us_,._'_l(y",m_ol_ethe Wam_rt of o_y a,s'm_e iomc

sl_ecies; (ii,), ",mot_amc decm_lytes: lend themsel_es: to, comt_nuo_s, m-,',I_e _as: _m, pared to, batch,).
J man,,t_a_g processes,, (espec_aI_y' reactive sp_rmri_g and_mlamd!pla_si¢_ deI_S_tiom processes),_ (i:ii_
II i momoi_ta_ic:suucm_s: (as com_amd_to)samd,w,_¢i_;or l_ammamd;, stm_cm_s)_ are m_l_ _fabmc_ with

inot_am:c: e[ecm_It_s, _emby a_oidmg b_,bbl'efot_m,a_i,ota,a_d se_g problems: ¢_vm,g mamu,facmm;

I most impomamfl;y,,_i,v,)>the>du,ra_i,li_, of morgami¢ film,s: i_s:ex_cmd! to, be l_,, esped_y wi:th mgardl m>
exposu,m to, t_ wide m_.,ge of tmmt_eratar_s: andi _o>_fl_v,i:oMt radia_iom,._¢la, _dmg, w,indO_s w_
exImaemce, pami¢_,,_arI?_eause of the rcoma,_ to_, reac_ilv,iit_,of mot_am¢s, AI_so_,the ionic conductiv, i_

I and t_e: eIectmomic:msi_s_i,vi_tyof morgmc decr_ml_ymsusuaI_I!y,increase wi;th,6_cmasmg temperature, andhera:, om expects tha_ at ete_amd, tem)pemm.es thei_rpe_ormamce slaotdd,impm,ve: rathe, _an degrade as
often, occurs: wi;th,poi_er de_-_m_yms, II: _as; for _ese: masons: that our msea.h, has: and com6tmes: to

j, focus on inorgam¢ e]:ee_[_s; md a recent comm,m_camon from a co_ea.g_e at t_e Umvemity ofBou_lea_x indica_; g that theiv polymer elecra_l',ytes We r_ot been, robust at el'crated temperatures has
mi_ort:ed' ,t_s_decision.

I A study of the elecmc_ pmpemies: of sput_md amorplaous t,i,.r._m mobate in standard< device
smacmms and m me_-(_on ¢onductor)_me_ s,_cmres indicates elect_n conduction is stmn#y delm_em

upon the pre,mi'es: of the mte_,ce between, the ion, condactor and, cathode but is: also _uenced by

: I condicdons ob_g d_g deposi_on, of the _i_um mobam. B_ ion conducti_4ty exceedimg 0:05
micmSiemens/cm is obtamed in _,_um mobate sputmr deposited in,a pure argon ambient whereas t_ ion

conductivity of such _ depositzd in the presence of oxygen, is somewhat Iower. This work is nearing'

I com_,_edon and wi_i be reported by' K. K. Wong in tris docto_ thesis in ga,fly _992.

V¢indom' Dea,ices Reseamta

! Reduced Mvels of mansmission and reflection motivation in typical five-layer ele ,ctmchmmic

window, ce_ _ many cycles has been waced to si_cant _g of lithium between the tungsten

- I bronze (layer 2), and ,the undeflymg 1TO or SaO2 ,manspamnt conductor. We have been stud_g the use
of a thin sputter-deposited _um blocking layer between these layers to,pr_em _thium exchange with
the ITO without severely compromismg electron conduction. Re_ts for the optical _ission and

I reflection before and after coloring of such a ce_, no_ ha_Lng six layers, am pmsenmd in Figures 1 and2. This particular cen employs a 30-nanometers thick lithium blocked layer Hayer 2) and a
50-nanometers of lithium cobalt oxide as an anodic electrum:bromic countemlectrtxle (layer 5).

I Life te_g of five-layer electmchmmic wmdow ceils with a Lithium cobalt oxide as mxxiic
electrtxhmmic countemlectmde (layer 4)has been extended to 9000 cycles (equivalent to 24-years at one

I cycle per day) at a temperature of 60 degaxes Celsius (I,40degrees F). These tests wee performed in an

i -3-
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I
[mm.argon, ambiemto,pr_cI_,d_any._ssi_t'emac_e_w.i_,¢om_rien_, ef mc(m air.The elev_.d
_-m,peralu_,wasc_sert,_,s'm_a_cl_'.en_g_ng¢o_diit_o_:m_w,_¢la_el¢c_cl_m,icw/mdOw.w.sw.ouldibe.

I' used for _le a`bsenceof,ailr),.We &e to;accc_erar_flae:(exc_tm.g. exii) elgte, d_ _gt_er temperatures
of _si_red p_e' u'_'_iom: _ai_ c_mpenem lJ_,yers:_d_ t_e occa,rren_ of c_mic_ reactions whi¢ta_
nr_ bmd__ai)ma._ red;_cedraransm,_ssi;or_,medula_i_on,,app_a_ma@.erla_i,s,exercise,m_en (see.F'_m

I 3)_is l_laev_ due:m me _rrevers_Ie actaeon, of I_ _aiaa_ mc _,0 trnm_amm contactdesert,bed,above, TO,test lllai_s,h_y_esiis,, l_e test_,g is:p_ for a`s_-ta`,yerdevir.c:mplo_g a,h_m'
i bl_: rayet,.

E_o_,ts:to obmi_,dos_,rc, between op_ical_meas_remems (for example see R_res 1 and 2)and
optic_ modcl_g inct_d_g Drade e_eets a_ pm_ing to,be very,,,use_. Tlaecomplex op_ical,proposes

I' displayedby sampteelec_a_cb_z_miCwi_do,ws;in,v,a_iotasstar,cs;of cla,_g,can,now _: largelyunwoundmhd .,tracedbackW opti_c_cormtan_',Dr_dep_eters,, md _clmesses.of"mdi,vidia,__ayers. This
capab_, _ places us. on, fl_e_sho,td! of designing r_ec_i:ve mode el_c_cb_mmic _ws wi_,

I de_r_d op_icatpm_es in _e: wi_e., e:g wansmi;ssM._,and!_t, w_,le permi;ninf,ef&_.ve managememof rad;Jamwansfer over _e en_i_m_so_r specmma.

i, Figure _,,a. r_s_r of mode/_mg,_has; se_edi us:as;an,exam,pie of w.hatmi(gt_be ac_eved: _xi:, int992', wi_li_ used',as:_ basi_sgotjiudgin,g wo.fld_gdev4:ces,TI_i,smodet as,sumes:m_s_i:c v_s: for _ _Jae
op,_c_ pm_rties: o_ _e: v_r%us;la,yers,__e most extreme being._ Dmde parameters;,mmeI_y_ ptasma

i, energy, of 6_2eVand,a`,_oss:parameter of 0:2eV, for l_e etecla_ehmmic:tungsten,bronze iaa,its maxim_y_;ra_;arzdstate, g2_ot)_, _e _a_er pammemrs hay.e:_en, obta,ined_from meas_,remenm:oa b_l_ c_s_e
sodiqam.rmagsmn,bmraze,evidence is moma_g _at these cma,be act_eved w,_:_,_m-,n_. _g._-_a, bronze

i ,02_s:prod_acedby'spelrtermg. The t_ga,re demom_mms:forI_JS.mode_elecm_bammic windo,w slamctu_"mi,ts coIomd state:_a_ _e ve_, Iow._ansmi_ssi,v,ii_,o_er flaeenl_reso_ specw,..ma,is:p':n__y due to,L'ree
carrier reflection of incident rad,i,_ort, net absorp_i_m

,! II. The best devices of 1990 were 20 eta: ceRs comprised of r.laefol_wmg five hyers:

I I. 1TO - I60 rim,by ff st_atteriiagm oxyge_ at _&CL2. Crys_e WO3- _:00nm by _ sF,urmrmgin oxygen, at _C.
3. ,_morphous _,tma niobare - 3'50nm by rf spum_rmgin argon or argon-oxygen at 4(Y'Cor less,

" II 4. Indiumoxide - I20 nm by rf sputtering in argon-oxygen at _60"C,
I! 5. Indium oxide - 1_ _by reactive evaporation of ind,i,umm Iow.-pressgreoxygen at 3_C.

I Wifla,_ese we ob_ed consistent electric_ yields exceeding 8'5%. In cafly _e strong opticalmode,ration was obtained bu_ it progressiveiy deteriorated,over 313(10cycles at room temperature. This
decay is _lmted to the irreversible loss of _rt_,_ to eider or both of the ITO and,_um oxide layers.

!
IIL The best devices of I991 were 2 era: ceRs comprised of _ above layers excepting forlayer 4 which

- ti is LiCoO2 - typicalay50 - 1'00ramthick, depos_,r_dby,rf spu'_ring in argon-oxygen or oxygen ambients,

| The few devices made w_th20 cra: ac,rivearea were too leaky to be usef'd:. We are presently seeking a
recipe providing an attractive combination of static and mod_ated opticaI properties. Representative

I transmission curves for _e colored and bleached states ate shown in Figure 5 (reproduced from the_, accompanying paper presen_d at thr.,Lake Louise 8rh lnrzmation_ _ Sold S,r_ Ionics Conference)._

Theproblemsw_th_s stm_cmreareasfellows:

_ t t. Progressive loss of _i.flaiumto the underlyi,ng fro.
2. The maximum visible _ission obtai,ned in r,laebleached stat_ is approximately 70%.

...................... ' .............. ......... IIII III II I I L
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' IV. Pl_s: for _92

I l_992 a_c t_e fo_o_i_g:
t. Further re,me _e f_riCati0n im_¢esses for _tl_,ma, _b_t oy:de: to,comistent_y obtain

eteeaechromic ,vi_o_w,s: ceils, wkicla_e,xia:,bitstrong tenelon, mod_ation, and, w_ bleached,

I provide im,ptov_ tramim.mncy irt,fl_v_sibie,
2. Develop the __, blocking la,yer teckaology.
3. Pe_otm _e tes_ oa prototypes, i_¢otlDor'_g: _e: alive affiances; use: elevate_ tempe,am_ms am.ii

' I room _ a_,'bi_lL
4. Achieve a m,_um yield, of 50_per cent i_, fabfication of prototype, _ laa_titig areas, of 20 cm2'.

r 5'- Determine if _tI_m., brooking must be em#oyed tD prevent Eitl_iem,imertio_,, imo: the top,

I trm_amat conc_,ucmn mtmdm:e: _s: rayet bl file:ptutoty_: ceilS: i_ proven, to, be benefici_
6. Develop reacti,_e mag_etrun source"_ri_gdepositio_ me,ClUeS: for the fabric,:on of key layers:

I having, propemes eq_i,_ent to, or superior to, _osc pmducedl by ff sputtering,

I
V. _dust_, government iaboeato_, and tmi_ersity involvement and//or oontacts: -

': I _r¢o, Amenc_ Op_ca_. AT&T, S_Y-A_ban_, Donne_y, Dura¢el_l.Elf-Aquitaine, Eveready,Fiat. Ford. Gentex. GM-H_,hes, Geo Cemers, GTE, IBM, Indium Cotp of American, M¢Xkmne_ _,
OCLL ORNL, _gnon, PPG, Rad,i,atio_ Mommri_g, Devi'ces, _.,' St Gob_,, Ii. Bordeaux.
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