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AT 1

Wl 2 A (light capturing front side) & A7) W 2 Hwo] uwbeHo] TS zh= wii- A 7|3

A7 A=A Zle] A7) T e wjxE Al 2HEY F53) 9j®l(a first interdigitated metallization
pattern);

7] WA 7S AA S, 7] A Zigke] 7] Sl e @ E2?l(backplane);
471 AL sted 553 'l dd®, 7] BEUQ Aol wiAE Al wEE 553 e

vpolg| = 2R E EstE, A7) A2 $EU 353 Hd] e 2-4 Wz FA L84 (on—cell electronic
component); 2

A7) A AR FAHRAE 7] A2 e S48 dde] AAs= A7) 2= (electrical leads);

2 ¥3lel=, 9 HE Y dA(back contact solar cell).
AT 2
A 18l oA,

A7 AR FAHAL AT 2EY] golexgl A, FH AF W HE BY HAJ(back contact back junction

solar cell).
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A1l AiA,
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B

A7) AR FALAE pn B thole =2l A,

hun

A3 4

A1l o)A,

A7) AR FALAE FFAH HY ERAAEHE ESStE 3 Z(circuitry)e] A, I HE T M9 EfF
AA.

AT 5

A1l oA,
A7 AR FALAE FE5-AE-wEd AA-E Y EWRAAE(netal-oxide-semiconductor field-effect
1

transistor, MOSFET)E E&st:= 3|2 Ao, W HE T At ey dX .

AT 6
A1l A,

471 A2 ER 553 R, A7) Al sted =253 ddl dis] Aoz Add A,
A BF dA.
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- AR e 3

;o9 AAT FaEFe) o9& o] ¥3hE =, 2011 11¥€ 2099 =99 71=9 61/561,9289] o]

Bogge dutxog Bk (PV) A % EE(solar photovoltaic cells and modules)®] Eof @ Hr} E3)
o %

9t AdE A (power electronics)E EdstE -4 W2} (on-cel

|

ARA AgE FLH(PV) EE(Crystalline silicon photovoltaic modules)&, 2012 AR, AA|o A=A
1 old 8 A%(PV anneal demand market) ® % “d¥] &%F(cumulative installed capacity)®] ojef
85 % oS AAsta vk, AAF AT Vel didk Al FAHL, T2 (mono-crystalline) T Th79
A AYE dolTet g s, 2Ad A G AAY AMEE V2R gty H-AAE-AEE-7)
V 25 (Non-crystalline-silicon-based thin film PV modules)(<]& E9], CdTe, CIGS, ¥ w42 A

Z PV EEY Z2)2, AHE Ax TAE A% 7t E AT FE JAR, MAHE AAE HEE Y
PV BE3 sty A= AFA(field reliability)?] JS A &2 7|52 E 7|5 (unproven long-term
track record of field reliability), ¥ &/ 24 A< PV EE(nainstream crystalline silicon PV
modules) e HIaEl g4l vtk PV RECIEA] 244 AgE EES 93 14 & WA 20 % o]de] It
el HSlolAel &S ATHE) sl 2o e e a8 (3 2] FollA F 14 % X9 HAR)S iy e
2 AEeet. A7) gg-olA 2AA Az]E PV 5 (leading-edge crystalline silicon PV modules), T
sk PV 71 oA A4S WA duA] WE g, Grizk A= Ay, v-54, 2 g F7] A&
(life cycle sustainability)& A&t Altrr, HAaAde s 2 wde § 0.80/Wp olst= 244 A2
PV 59 HAAHA Ax H]E&S oln| AFstal dti(recent progress and advancements have already driven

o,

the overall manufacturing cost of crystalline silicon PV modules to below $0.80/Wp). ®<dA ©AAA
A2]2 7]%(Disruptive monocrystalline silicon technologies)-AAFE7l53 ZA A A& HZolE, gk
(& 59, <50 ) oNFAHAE A, HEH Frvlo]E(backplane lamination)E AH&3te] gF A&
A AW (thin silicon support), % T-¥A A& 2|ZE-9 2 7<% (porous silicon lift-off technology)<]
AFES 7122 Alxd 22- 28499 gk dAdd A B dA e Z2-uaftE Az R4 $ 0.50/Wp
AR ofgfoll ] PV RE Ax HE B F=2-G84(Hol% 20 %9 HY AA H/Es BE 2849 )9
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o 82E el AdEelt. Y AAE, dolesst BAste], w3 $2 A%} FYsA, L 49 A
G AU, W AR [sc(37] UF X Beko] F& A9l B2 AR)O® EF AL, (24 &

HA g2 AFE AAstE, AFdezA yehd % qUH(A solar cell may be represented as a

current source, producing the photo-generation current shown as I, or also known as short circuit

current Isc, in parallel with a diode, also in parallel with a shunt resistance, and in series with a

series resistance). FAFHol oz AAE AVl AFE, AV BE AA el HEF 24P dE A=
(sunlight irradiation power intensity)e] @lo] wg} tt=uh, dax &&= o AF L= 119 v g
(opposite direction)ollAl E2i1, A7] B Aol A2 SHol oa AAikent. o] drho] dla, of
wek 2= (any load)dll AR & Ao, 7] HEF AAE 7FEAZ2E AGES, Voo e €9 I=2HY
(open-circuit voltage) o 2Al &&A drt. HAAS B¢ HAA] 571 3|25, & b9 32 EA 504 e
W onkel e AE AE A Rs 2 AHE BZ AT Ry T XS o)A Bl AX A, ]

2
Ad AF Rz AZelal, 7] B2 AF Ry ek e, AAle] FAHR) BF AxelA, 7] 3

& oAE AL, B AATE oo wiEAl B FEstelA ke HHE AF A aa(parasitic series
resistance components)E 2zt AR wliEolth(F, ol b Z=AVE olyth) . wreA] F A L F53F A4
A

KN

e ARHor otk A7) BE AT, 47 UF AANA 1 ] w-o el A wuk ohe)
2 bgRele) A8 Ags g En Qstel shlel wuelM e wuome AR WskA i r
o 4

= 3} o)
371 Bg dAe B 2 2ds Yehs B4R )
(sunlight illumination)$&} 37 2 A7) AX] Aol gkl dFujdo]Ad glo], 244 A
< HF dA ] dEAJA AFR-ANIV) 5L Uehdll= ofol % ol

F AA ] miAR Pong AF L AP A 2 o AFold,

ha|

PV REoA Ag" B HAXE e osm FET]Q =(photodiodes)o]th-o] &L A7) wrx] FA|
(semiconductor absorber)ollA] Hl-wA= 3} 720} (photo-generated charge carriers)E %3 ©o]E9 H¥W
of Eddte HgFS AYor APHon Mgt HFo v MR A EEoA, ofwg 153 WA
(any shaded cells)i=, 7] PV 2E o]l ZE5XA] &2 A (non-shaded cells)®} & o] dHS ik
o 4 ok, ARkl PV BEolA 7] AA RE57F AEAd 2E" (series strings)ollA ARbHow AZAH
7] wjioll, AFolA ApolH-2 HI V] AA(2ER vs TEAA Ze AANE T U-HAEH AFolA <
ztol & of7|gth. vt A7l aEAA ¥ ARG B3 AY ddd as3(EE FEAHeRE as3l) HA
5 Bl A7) AE-dZ2E a25AA g2 dA Y Bo 52 ARE ATSEE Al=dud, A7) 253 1A
(e FEAeoE 57 AADY A ddxog Ao tH(SF, 257 AAe 8408 qugor A

Sk TH[If one attempts to drive the higher current of the series—connected non-shaded cells  through
a shaded (or partically shaded) cell which is also connected in series with the non-shaded cells, the
voltage of the shaded cell (or partially shaded cell) actually becomes negative (i.e., the shaded cell
effectively becomes reverse biased)]. ©o]2]gh Su&F nlo]o]~ 7 (this reverse bias condition) 3follA],
A7 asd AAE, AEE Adste A didle] dEE AnEiAY dEEs dAsHA At A7l asd

A9, A7 253 dA7F A8 T3
S al

R I B L R IESUEEIPN- B L S Re A
Heta, A4 % RE w3 TIA0E sbsaa, oY olfE Y] WudA FaF WY 1Y PAE I

Ak, A7) AAE 7F435HA 8k Aoth(The power consumed and dissipated by the shaded or pratically
shaded cell will cause the cell to heat up, creating a localized hot spot where the shaded cell is
located, and eventually possibly causing cell and module failure, hence creating major reliability

failure problems in the field).
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EE(S, gitgdoz 60 Mo HY AXE xFste PV BE) 244 AT PV BRES, 47 ZE U A 7
o] 20-4 AH-AA" ~EH(three 20-cell series—connected strings) WZ AWt oz AA=z, 9o n}
oy~ gole=[dutA o7 pn HE Yol =(pn junction diode) T L£EJ| O]i (Schottky diode)]ell
o3 Bo¥ 77t V] AE-d4d EEe 9F e V] g 9 A HFO PV EE 2HA AVHA ds
AAdS FAs] 8, A= JE2 drjHez Adw 9% HF ¥(external junction box)oll ¢ E T}
7] PV BEo] o] W Ao Fud ez A3t HY ZAHsolar irradiation)E W& Fotdl, 7] EE U
o] A7) A=, W] ARd dYE PV EEs s o= ~ 0.5 V A 0.6 Vel whet, V,, B A H
A AT FA, A T o AH(E AVAHA AF)E AN Aolrh.  o]d o|fE, FER JdHH
20 el AA el Zpzte] ~EHY S wef ] Hd-dg A = Vv, 2A33A AYFE AAE AL PV BE
| oisl wiEk 10 WA 12 Vol W& Holth(Hence, the maximum-power voltage or V,, across each strong of

20 cells connected in series will be approximately on the order of 10 to 12 V for a PV module using
crystalline silicon cells). 7] #¥3 ZE dFvjylo]lAd ZZ(module illumination condition) 3}ellA],
Zkzpel ool mpolg A tho] Q== o]o] Wuhs wh ¢F -10 WA -12 V gEF wlojoj A HYgE 7HE Aol
(737 RES o) Hul-dEA = WPPAllA ZFstAA]), 7] mfolsfz tho] Q== A7) OFF 2 dolal
‘4("]% olfr=, A7l A7 wrzeA AV Awrake] AFgE R mloldjx rvho|le o] o) AV EE WY
g glrh). 20 M-HA] 2EH A ﬂﬂﬂ FaAdow e stA 153 A9,
e ARRG 9 w2 dE(E B U A/ E AAket. 4
7b d&ste] dwrdo® AZAEY] wiid, AVl 1ux HY KJX]—‘E AeFo R HIFE L
cell becomes reverse biased), A& AHslr] AlZstar, weld dES A=
gl a3 ARG YA FekE g 23S BLe Aoy, Ak o
=31 A A7) Ay AE F AAHO0RE iy TMEe, A
Bk ol vt 1Y RE[9wE-d ] °
| ®3A)(encapsulant) /XE ® X E(backsheet)$ 2
materials)®] T ZE]=2 gk FA Xek WA 2 BE A2 (module reliabi

~
—
=
[¢)
2]
jm
oo
oL
@
[N
[92]
o
o8]
=

N
v

A4 AR 9] FEAQ = 3 15F(full shading)ol]l 93l oF7|¥+= A7]d AF% k-
23 @3 (hot-spot effects)E AASIAL, 37] AF}Ho = ofrjd FAH BEg AP 14S oA¥str] 3l
o5

9] mlolg A tloloEE FF Alg3t). A7) a2eX AR IHbeF Ak (reverse biasing)ol] 93] o7 H
=, olgg -2 AR, A7 dFE VA PV dAE ERAA Aelar, whef PV REol A 7] PV

)

&zt wlolslz tolexi, Al e
N BEoA 20 /e Bl AR MB-~EF
T dubHor shfe] ool wholsfx E‘ro]gz, 7] PV REe Au-~E" A Quixom Az gt

(Bypass diodes are usually placed on sub-strings of the PV module, typically one external bypass diode

=
W(AE B0}, st T 1 ool XY 9x
5
=4

per sub-string of 20 solar cells in a standard 60-cell crystalline silicon solar module with three 20-
cell sub-strings)(e]&st slE2, Al MY 24 N-AA AB-2EGH A 72 /|-AA 2AE A2 g &2
oA 24 Qo] BlF HA O MBE-2EY F fuhe] o nfo]af Ti‘rolo':"‘ T Sk W Ioure HHOﬂg
TEE AR A BEe tis) rbesith. AV A™E-dAE dAA 2EQS wEt 959 nlojix tholo =
ST A7 MRS AR dolols B SRS oE, A P LEE R ARR 1 EE e

Z7(soling conditions) 3} °]& obo] o AN AT A L= ST}
o, 7] 2E"AA Azhe] A=, 7] BECA 7] AE-2E"e] dAA A
Fel 7] AB-2EfA 7] o9 ulelsfx thole=of FHA|, 7] 2EHA
o7 AXH AF Y A AFLoZA Z83H(In the absence of cell shading,
each cell in the string acts as a current source with relatively matched current values with the other

cells in the strong, with the external bypass diode in the sub-string being reversed biased with the
total voltage of the sub-string in the module)(dE B9, HAZ 20 /N HA =, 2AA A& PV Al
oA 7] vrold 2 the]e =g wal tigf 10 V A 12 BE WSk vlolo]~E AAkgth). 2EFA A
219l 2537 A (With shading of a cell in a strong), A7 153 A+ 7] 2&3 AAE £33+=

_7_
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87 ABE-2ERE 943 7] vpoldjs tho] Q& el whakd gkele HEE L, o]g Qlte] A7)
-] mpolg 2 I RoA sE27] ], 7] AEAA Fe AME-ZEHAN £ HY AAZFHY AFE
7bs8kAl ekth(With shading of a cell in a strong, the shaded cell is reverse biased, turning on the
bypass diode for the sub-string containing the shaded cell, thereby allowing the current from the good
solar cells in the non-shaded sub-strings to flow in the external bypass circuit). 7] £%-2] ulo]]
2 toles(dnbdoz A e &R uloli tholE== 60 JN-HA AA-E AHEE PV EE AT whadA

EFrETH7F A7) A 2ERe] AfelA A7) PV EE B HAAE BIsHA, ol HAdAow, v A
A% PV Al&gle] e A 25 B oolyA] 5o dAT E4S B3 oprjd 4 vt

ki

3a % 3b, 7] EgEelA owe Ao a5d Haw HFe FEAQ] a5d sl 47 AAE Hes
’ -1 =

1, A 7le] s1%e] wpolsi thele=(4), % AY
2

[e)

N

RS
ol

[ 3at @d-dA4 254, 251 AX6)S dehfa, = 3
a5 48)& YeEtH. G224, X 3at a9 dejA 1 e aEsx AXE 2t

(Al o8 d&FS T2 shtel 20 N-HA MB-2ER)S vehlal, = 3b, sk

A AAE 2tz 60 7H-dA Ba(asdel ol dFe T 3 JHe] 20 -
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o
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=), Al 7He] mpolsa thole = wFRVF SgstE ., Y] AA RES g

Zhztol| A Aolw shtbe] el AA7F e A g, 7]
REZEE oud AHe FEHFE oW (If at least one cell per sub-string is shaded, all three
bypass diodes are activated and shunt the entire module, thus preventing extraction of any power from
the module when there is at least one shaded cell in each of the three 20-cell sub-strings).

=AM, dPAl oo PV EE H dhas, 60 =R AR A HF ZEelA Al e 259 nlel
da voless Aed e vk A7) 95 AHg v B e 99 wpojus tpeje = Y] A
Q1 PV 25 AAFEBill of Materials, BOM) H]-8-9] o] 7]ojstal, A7) PV 2a H& (5, g A H]
= ALl Z7] PV EE BOM W&o HAERAM)S °F 10 %ol 711 ¢= Aok, Azl 7] 9Fe] He
e, A7) AA" PV Alsged 2E AFAd a3 9gde ddd 4k dk(Noreover, the

external junction box may also be a source of field reliability failures and fire hazards in the
installed PV systems). T3¢l A% A4 Hel= py wio] 72, 47 A% wro] o8 9% wlo]
S tholQEsh @7l sIel WY wAE ALgHUA, A7) PV EE 2YA U= Agse 47 A Aol

olgj 2~ tho]LEE HIX|3tal o] Esl= AH-HZF HA(front-contact cells)E Zti= PV EE9 HHO| 4

7F AN, A7) BE g UlolE T Etel, A7) AW-gE g AX2RE EyEri(ayy, ods] 19
-AE A 20 M-HA MBE-2EY F sk upojsjis tho]l Q=S ARESte]).  o]fjh o= £]4-¢] njo]d)
2 ol guylolEE o] zkal, &=, ©d AX7E 257 A9, A7) bteldl s tele e 7] A
BB g2 47 153 A4F e A4 A4 Ansewe Afea, geb 4] ARE Py A
ol oux 5 T8 =L HdH FFHE 7AAZIH(This example still has the limitations of external
bypass diodes, i.e., even when a single cell is shaded the bypass diode shunts the entire substring of

cells with the shaded cell within the sub-string thus reducing the power harvesting and energy yield
capability of the installed PV system).

EYox BE o a5H9 A 1 aE FHaiskshr] 93 shvbe] g 9w,
S el vpolsfa tho]l Q=g AMESkE Zlolal, o]e] 3= X 4a 2 4boA] YERSLAL,
3|29 o = 59 7|AHo] Ut}(One known method to minimize the reliability failure effects of
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shading on a module in a series string of modules is to use bypass diodes across modules connected in
series, the effect of which is shown in Figs. 4A and 4B and an example circuit is depicted in Fig. 5).
ol Zhztel mE Y wa o] 979 nlo|g s tole=E b= REId 93 gl . Ik dav HY
AR mE A-EdA4d(solar cell module series)s g 15XA &S AFE(current path)d YWEWI, =
4b=, AIHQl HFZ(alternative current path)E #|F3H= vloldlx thoje= 9 &3 3o & Z
B} A7 wE JdAAS tepdt, elw

A voloEg 2 Ad-AAH B AA
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YAEIH A< (small negative voltage)

=
M e
"

L 62, (pn HE npoldfz tho]Q =9} 3] YrER o) npolaf tho]Q =9} T/ B njolgf 2~ Thol
ARA B A AF-AH(I-V) 545 depdl g Tolth. A7) mpolsi thole =, 53]
g weh Auide] QW vhololx WS Y] whold s olessl wA AR AR wolojx AgoE A
StoH(The bypass diode limits the maximum reverse bias voltage applied across a shaded solar cell to no

[t
[

o rr

o,

= fo

O
2

more than the turn-on forward bias voltage of the bypass diode).

T 72, 60 M-AA BE R 20 -AA ME-2EH G e aud AA[2Ed AX10) e, Al N
o AAZF AAHer aEA JUE zhe = 4 2 59 fARE AAF AEE PV REY 92 e
Zgola, Al e 20 A-AA ME-x~EFHe] Fr] o AXE ®BEdty] {8 7] wolma the]o=d 9
3 v 7] wZell, 7] Al el 20 A=A MBE-2EGAA G Al Y] 25X AXTE 7] a9 Al
TE B PV A AAE ottt 20 M-HA ME-~ERY F she] 99 nlojux the]o =9 wjd S

AFEShE AL, 7] A N9 20 A=A qE-2EfC A Al e aed AAE Ze 2R, 3] PV REY
9X] 3/60(60 712l A=A 59 3 JN)7F a5l 9 JEgS wSAHgE, 4] PV EEEZEYH FE2E V] A9
g2 zk= FAYE PV 2E wjde o]yt

o] A2 wolx= Aotk I ©], 9|F< uloldlx tho] o
EfYS, 7] doA Adr] AXE PV A &H 5

harvesting penalty)E ©F7]%Ht}.

=
A5 ®od8 2 S dE (power

)
_—?1:',
ol
2
rot
2,
i

o] By 2ERS 2t 444 A PV AIEE Avjdi, d8 55 9 9
=4 &¥(module shading effects) % o]9 &2 JIFe, = o 2~E ¥ (single series
string) & Zt= 7)ol Uehd dig 2o & $£% Q. AE d4dd By ~EFRY g HYs ~EHS
zti= PV A]=¥l(PV systems with multiple parallel strings of series connected module strings)olA], 7]
Hy 2E"LS A2 g 5dd ALS Aol d(S, WHEd 2ERY A2 A Hojof ). A
o7 UzF 598 AYgor FEsl= HYR dAY RE BE A2EYS 2= A9 Ar)He Age 253 &
Ego] o]9] ulolg A Tho| =g &gsts AE 7HesiA A fvvh. welA, B2 A5

A asdA e 4] B
4

9 shuelA PV EE Ao 52, AAAS 2EH o3 A" BV A9s AdAo d T Q.
EAQ o=, A7) el Z)AE vret e 25X e PY BE 2EY 2 shtel a5XA] @S pY R
5 2EYS aEstt. Ho-d 8 H-34 (Maximum-Power-Point-Tracking, MPPT) &¥-2, 7] Al PV &5 =
Egoz Ry Hue Ao AL L V] A2 PV By 2EFYSRHE 70 %o Huje Mg AAS T
AA T Aolr}. ol Ao AER F Ut Fdd Aot =gt HE 2EfOZRHY AR
7V AdE-ddd 2EY 7] BE ddd 2E gid U3 BE 2EY Al FrHHelt]. webA,
€ MPPT9F 37 H5® DC-to-AC JAIHMHE AF&3te 2 B olggh oo, A7) PV 25 widel 93] Aitd
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[0018]

[0019]
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HAEE, oJuyst BE 15 (any module shading) glo] Hd 7153 =9 85 % I Zojt}.

= 8 2 9+, PV Al&=El Aule] F 19 oE vElE =Folt. E 8 2, 600 V, 900 W PV &3 (output)<
Arksl7] flal] A4dE wio]dls ol =E ZhE 3 x 6 MEe] PV EE(AAE 50 W 95 7HD Y dF vE
@ Foltk, ® 9 =, 53 wi"ge 9 g7 nlolgs ol @ A tho] 2 = (blocking diode)E ZH= 3 PV E
B9 #¥ A4(series connection)g& YWERH Fojtt. F4A0 EEdA, Ad 3 ¥HE 49 BE ~EF
(module strings connected in series and in parallel)&, d¥t& oz nlolus W Xt tho]|Q =g ALEE
T vk, e, A7l Z1AE A9k FARH, ol gk tiiE Al PV

ste] A7) AdulE PV Al2E9] oY F5& FHAaAT|L

HS7] PV(EE (PY) 482 A% dd-4=, e H=A-V), da-3% B A (multi-junction

solar cell)E zt+= wlolg~ tholor ol =g HAS(monolithic integration)d] ¥ TS tE 2 ¢ o,

2]
L 108, vs-HE SFE WEA PV JAE 2t viojg s tholeme] Risg]d [A e 45 YEhlle &
HEoltt. O]Eiﬂ o=, PV A&& A% ts-83 Y AA, IFE H=AZA L Ankg (Ge) 7]
e BEgAoz A @ (monolithically integrated) H}o]s]z Tho]lQ =R A ALgH S3E WA KEY| T
0]9 =2 UERATE,  ol#gl oA, AV RE7| tholeE @ A sEE WwA, thE-AE B AAE A

o 2,
HeF X9 Ay A3 W[ WH(top side)] Aol & t} g, Aold & = ~®(different material
layer stacks)S 7FA]aL, o2 go M EE} EA45t W =o] 5 Y] HY AA Az FAgo] AxH
th(o]ld o]f =, olg AAYH = 24 7] CPV HA7} vj& 7] CPV A8-8 93] 874, 7] 543
3

F

B A R e Al 8% A4S 2E ) &7 delds celesel mued Qs
AneA, 7] AAR B B R wee, ) A4 BYSE AUAI=RA(as the active
o] 7] REF) volsl s dolerel st Qstel, AEH B A

sunnyside of the cell) HY3F &
2 2 gk B9 584 98 (solar panel efficiency penalty)S Z#stHA], Aadxoz —.*7}zq o7 =79
ot AU-FHE FE A ts-1E Y Ax Ao A B}O] 2 2EY] tole=
A=, 7] vlolgla 29)R|oflA E A7) EHg dA A EA %
A7 AAAQ BimA g AR Z 2 A7 (processing) S A A A

o WS shu, B A4 Az 9
Sl S 4 S o 4 A S e a1e 4
3l

°
& F7Ph, PV B AAA g S
=

2AE9 Hid 4 oH]8 T gledA, ol 244 AYE B AA A
o} & wl-ml$- =& F%(non-very high concentration)-CPV Bl AA]e A AAHoz Hartsdd = §lr}.
% 112, A S3E BEA CPV AAE Z2e vpolg s trolem o] BEgA FAste dE vEd =X
oltk.  olglgt ole, Te-HdY BY HA, SFE MEAZA V] 54 Aulg (Ge) 71 A9 EEEHo
2 HJAE vto]dfx tolesmA ARRE pn 3 Tl L=E vERd olglgh ool A, 7] pn F3 HpolH
2 tole= g A7) E3tE WA, oA B dA= Y] BE dAXY ] sdd WS W) A =
o i, Aolgk =4 28 JEA AL, olg skl AV WY AA Ax THo] Bk Bitstal njgo] Wol &
th(o]A o=, olelgh AANFH = o4 A7) PV AA7ZF v A7) PV A&& 98 a8 th). A7 5439
H|-g-o] & Aulig 71 Aol A7) Y AAE 2= 7] pn HY vieldl A thole =] RisEA JAste 4

|
4el B4 WY W wlgo] FAem FANUA, ] WXl A7) B4 AL ERA

A7) FAF W el 4] el vhelesel PAsE skl B Y wE4 NdE @ EAH b A
Z ¥} (while incurring an effective solar cell and solar panel efficiency penalty due to the
integration of the bypass diode on the same side as the active sunnyside of the cell). IEtHA], -
HAE e veA v Bk A Aol A7) wpolsi pn e oleldt Eueld [Ast=, A7) vlel
o 2R R AT B AX oA =d T Folg 2EE Few gtal, oy o]fE AV HAAL B
=92 B A AS AdHer Be sta, B A Ax A G 5 STHA7IAL, o9 Alx
H-&S S7HNT. 7] HE Ao AxRE A% oled AAZ Frhd sl HFEA B BlE& Sk, CPV
B A4 &9ld L AoWA, ol AAE AYE BF AANAAY 22 v-w§ 2 F%(non-very

sy
high concentration)-CPV B{F AX|ellA AAH oz A7l + §lrt.

Z
Tl

(<3

Ak o wig- L FE PV A8& f% vjgo] nja v B dA el vebd nel 2 7] np
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5 228, oAl HY HAAe 57t 2 2EAS Yehye 4 Il
Z7(dark and sunlight illumination conditions) &Fe] Ej%F A x|o] A7) AF-HMI) EAS YehlE o]
S

ek reeld;

o
o Y2
w
o
rlr
N
)
ol
ol
=
1o
N
iy
)
S
i)
i)
1o
e
Sh
2
(o
fru
N
iy
)
rN
>
fo
niﬁ
e,
=
a2
r o
D
(@]
=
20
D)
in)
ox
Y,
il

E 4ot U9 84 BE 49926 oF 2544 9 AFEE Jrhit Exeln, E 4pt dhAA vels)
2 AREE AFHE w2 oot R a5 shtel BES 2t 47 AW BF 44 mE 4947
& e Exold:;

[
£Q
2
iih)
o
()
=
2,
2
R
o,
>
2
N,
2
0
|
2
0
—
-}
i
o,

%6 &, vholsl the o=t ) % vhols)2 thele
2 vhehils eelth

ki

10 9 112, -3 sFE w=A PV AAE 2h=, vlojus fo]e=(LhEY] tho]leE Ei= pn H¥
ol )] e HAge] oF Y Z3xolt);

= 12%, gke-AgE, EH-HE/3H-H 3 (back-contact /back-junction) AAZA A& BF HAA Ax TA
o Fad TeAA WIS xR B4

=138, " HA & Ee] wvlolsja tolo=E zl= BIH AXe aE #d Al2®El(distributed
cellular shade management system)(¢]€9¢ &7} 3|2 =X & Yeid HY dX)S Yehd= AF=old;

T 145, vloluj AQQAEA (T vlo|sfx 29X IR AR ZA) AMEE S v, a5-A-RtEA] A
A-&3 EWBX2AE (netal-oxide-semiconductor field-effect transistor, MOSFET)®] A7 IV EAS vel+=
e ot}

T 165, 7] YERA FAe] wE ISIS Fxd HAe s Aol AEw (P, vho|s| e 29 A2
A MOSFETE *&sl= 32 T+ MOSFETE A}M8_-3

= 162, A7) YErd FAd wE ISIS B¥x¥ dxe] = g sfZA A (ISIS distributed cellular shade
management solution)? AlZE=(HEsA =4 HEd EWA2E-BITs e vloldlx 29X 2A BITsES ¥3F
st 32 E AMEshe AAIFH) 0T

£ 178, BB AAY & EPHE FU-HE/FU-HE 444 wEA B 449 gRselty
= 158, #EAU FA $A92 GEAL £ 4 TPomted) A= A -4 B4 FH0E 2
£ = 170 e 3] AASE SARE FR-HR/FA-HE 444 wEA 84X grselt

195, B A4 47 BEAA D hEAQ YAE W-HE (1B F53 AR HA(top view) S L}

T 202, A7) clvH(emitter) B o]~ W Auk(base busbars)ell 7] wiolgjis 29X HEO] H2 HAEA
RAL AFFOEM F %S Axssa, 7] A4 FH Aol 7] A4 wek L v Zuh(busbar)] A
Ao RAE vols)z 29T 2 1994 47 B AA) YY) WEeele] e ehlls ol
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=i
Fujjo]Ad = (different solar module illumination intensities)

o] 93 Ho| HHH(peak maximum power points), @ AH vs

2] IV

Fujdlo]d @ (given sunlight illumination level)olA]
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e

X
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il
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=
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S
bl 7] wE ol
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Jupe @)% dholul 2 thol o (uk
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Z 7)< (programmable interconnect technology).
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A7) 25 ZHA Yol el dlo]E FHar/7| YA (A distributed shade management solution having a bypass
switch mounted onto and integrated on the backside of each solar cell and laminated/embedded within
the module assembly)-whghA], oF-9o] ulolgi tho]Q =& Zh= 7] &F9 A3 wx& 93 a7t AAH

AL, AAAR EE 2o FUkedtr. Exd A" HAAHEr] H duR] 5 i A8, e e
AR 3H A WZ(AE B0 7] dAA 9EFHQL doll) e DC-to-DC Z1HE H#E HAH3r] e sk
DC-to-AC mlolaA=-IHEl A8 HH37E& 2§t 7] AA-d8 A8 HH37] AR [dE 50, 2
=g]4 @d-3 12 (monolithic single-chip solution)], A7) FH-HZE HE AR A7) T4 @Iy
Aol EFE L Y] FH WEHQl A 148 £ i, V] EE A R fedelE Ha/7 9
ok A7 UER g A9 HAsr] AA >N, A7) dAX2RY FEE A9, 253 21 2 5
H 2xdE s 3y f4deE Bk HAdiskd 5 T

47 YERH Al 2 S 2 z
HI-&(EAE < § 1/We] dA = A]iﬁ“% 7}30}741 s Fxstar, oAdyA #5929 WHolA FR& FIHIIE
(< $ 0.05 - $ 0.10/kWh Levelized Cost of Electricity E+ LCOES 7}s3atAl 3hH<
9 2utE PV RES ATt HE 2 S8 B A AxoA Fa3 9SS
of o], AAA Al FAHAPY) BELS dAAA AAAJA PV vl 85 % o4& AX|ste). A, Al
st AEE ol v&2, A7 AAA A PV EE Az v]&o e 40 95 A St

T 12, O34 A wE T Y AAETEEE "HEEelE E ouead Al SES ALEslY, AntE
AX 2@ AvlE BES 93, guyolEd wES 2t A-vE, Eo-d, Fu-HAY/Fu-HE ¢EA
A AAE wE7] g8, BAAA Ax FHE AAsAL, HAYE AMES AAHoR 7AhsteE, sRe-ARA-A
g2 B AA Az 349 o3 ZAN GAS A2 T4 sFEolt. A7) AnE AAE Holx &
U B A LA HEE ol AL ] MEYR g AHeR uAH vpelsja 293
/L= DC-to-DC HE= DC-to AC MPPT H8 HH3}7|9} 2)9 ¢S ¥g3i

& 3 A=(thin sacrificial layer)o] HA(dE , A7) 32ol EA A
TAE g3l A7EEAQL oA FAHe| o) lﬂi A7t Al |
doldz dmrygor AzH)e}t A A, Fe-FAo oyad ]—‘:—
E-Q 3 Z(subsequent separation/lift-off layer) & ©2A AF3= A7)
shatakRl, @ A -E3" A" A Z(in-situ-doped monocrystalllne
v ARl A o 70 M AEZMA S WS, 7PE vpgrAetAl oF 50 HAE ] 7
Ef SRR BE 1S 9 F49 22 A2 7taE xee F90A
TS AFEske t719-¢E o9 B Al (atmospheric-pressure

AR T2 dAle] gtk ] Fof, w2 vlE W
= &, A7 HYE WA AAE Rk olet 5 AX AAY H As)
(permanent cell support and reinforcement)E 913t 7] 9F2 epi ol ZAgHrt. ?j_hi‘l‘le o=, A7 WLy
A EHE, A 39 FAH} 2 A "E8E FFe, vlgol A gL Zzyga EF

HE

8
2 REA AREE)F 22 gF2(dlE B °F 50 WA
=

o 0111
oX,
il

L)
dl
o

rE L

oft o

AU
=R

g o2
,Eo?::

si
g_ 7}11) &o] B 45]51[01]%

ofN

B2y

=
e}
b
SUNE
10

epitaxy)], 01]-4"/“’3 ’d ol et

lo K
e R
o &t 18
r_|>.i e rir
o o
oX,

N

N

ol

by

i)

mlru

(inexpensive prepreg material)(&3], =

250 HAE), A, dAr|Ho=z Mdulst= A EZ AlE(electrically insulating polymeric material

sheet) & o]Folx] gt} OIF-E-TAE FU-HF, FU-F3 AEwQ-Asd S-99(AE 5o, Holk

125 mm x 125 mm % B 2 HF A 9 2te) HE dAAe 28 o Tl FEEa, 7AA o 2-ofstE
AAQ BE MR 3HS FaDS wet A7) "HEHoEERH

YA g el S(dE
AWA, 7] BEEeIES a, ol& sl 7] B A

Aoz Hzstdr., ada b gEo HFO A AL, HEoERRE WEE ¥
o= Ao ZaE Fi Qui o2 So], A7 g2~ (frontside texture) B FjAHo

& F-9Al =8 =2 T A (anti-reflection coating deposition process)S HATOEZMN]

A Al
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[0036]

[0037]
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W Z291-719 71 514 (backplane-embedded interconnect) % st WZ#Q17 A FHE-HF/FA-HFH A

A gAplel 232, ®H A% 7]%(surface mount technology, SMT)I} 72 otd¥® A7|FA 2¥

Abgate] 7] AA el A vg-ut2-n g dE AR e AEvbe JAHsE A% des Foldhe
o

T4 (enabling cell architecture)S A 33ttt ES-m8A gk 242 A9E g AAE % 7197 =

2-AE(EFus 9/EE F2) A4Edds AT, 74 FREA AAU/AEEA o FrhH o

2, olgdt WMEY el V&2, THE FU-HE ZE HA ¢ Frjdold Zisd ¥4 TS FAIsHHEA,
A

47 AR e Auatel=e} A F4igle] ] AR MEE QA
o, W-A-ulg Ay A FHexd FHNE b5

A o] Tl WMEQl Aol uAd 7] AA-7|2" AAEA
15

2] (efficiency penalty)® $IT}H].

o

HoZ HFE¥ AEF XA(excessive

A2 (low coefficient of thermal

471 MER BEe A, 47

thermally induced stresses)E FL3HA &+, FE35}

expansion, low CTE)¥} &4 F3kA] E49] gk AEY F% o}, Aoy, A7 wiEeel B4, 7] 2o
AA] Az 37 Tded A7 38 JAA3 284, 53], 4] dA dAwleld 2 ARC Tl A7) PECVD F3E &
Qboll 7] AA A 2 A kgAY 52 B (wet texturing) Fbol A AP FFHslelok g
L ! 2} =
oF A, st g E FRA[EEAE, EFLE2FHA, ZEZd L(prepregs) T #2] E H]-F3HA
EAGHY, A T3 Z22)2, A7 MEYQ] EAEA e EHIL, 7 AMRE R A, Y] HAH A
g9, 88 4 JAHIY o, M, 948 5 EEAN o2 AFE A e B2 agAlge uke)
gk, A T Ed o A|lEE THEY I Bro WY E=(building block) & EA AFgFECH, T x
g1 AEE X 9 CIE-fHAdhs A B8 A9 2F o= R AzxzHrt. ApgeA, 47 9549 52
> o , Aok 180 T 7HA, ¥ Hu

2, B2 3}8(texture chemistry)ollA Aoix oz sstxoz #Hggo] 9]
vh B Al Ao]®= oF 280 CT7HA|e] &=olA dA o2 MAEE, HMA ki, WF-CIE(YRFA o2 (CTE <10
S (dwrr o= 50 WA 250 w2, vl EAl 50 WA 100 v
ANEE=, F Frdle]E (vacuum laminator)E
E AolA qrh(dr] HA =
A7) gk Y1 A|EE 9 TA O Z (permanent ly), A7)

al
al

E _— = H 1= b | /\‘1) - [e]
TAE B AR AV Fwo BALAL T gujdlo]EdTt. Tgla W thgol, A gTE-Z 9%
AAQ(lift-off release boundary)<, HA #Hol#A A3 8 =T (pulsed laser scribing tool)E ¥tz oz

ARESEE, A7) Bl AAL] FHE(EY] HEECIE JPEAE TkE) Feldl oA, i i vhedl, A
7] WMEZgol-ghuvlol ER Bl HAAE, 7|AZH wE vl g2 E-03 FA(lift-off process)S AHE-dFo]
A7 AAEIS S RIZHolERRE EElEt. g 34 dAAe s 2FE = vk (i) V] BS
AR AYAPol = o] 7] gl 9@ iAol ] A (completion), (ii) (7] B Ao WEH A
Q) 7] WA S A Y] B AA =& ARG w558t 95, Y] 52-1EA S5 HYE A
A Az " EA HES A4S A8, ARk Gy B/EeE FEE XA, vEHE A &5 ®
et S) e, AVl HYE WA MEHQ Aol FAEZ, A7 v EH(emitter) R Mol =4 (base
polarities) & ©}& X &3t}

o & Eol, e 7IAE v} 22 AV HYE A bA] 2 Az FAL, V] AVHeR dAAdEE WE
g2l Fol o3 REEe F Uy F£3E z2ed. A 9299 2edeld B A, 4] Fu-HE
B AR Aol FEAQ mpA et AL, vl A 23 ZUEY EE EEt2vl AHEYE (PVD) &5
F(Ee &Fvg A82 35 B2 39 2 & AMESte], A7) AA A Ao AFAem Y] B A
A ol B e HEF 543t AES FAstr] A Aok, FEske] olgd A WA TS, 7] IBC
Axe] 7] wlels HoduE JAE Aok, HA-FA [yAHE FH-HYZH(IBC) HMEA FA(fine-pitch
interdigitated back-contact conductor fingers)et 2, 7] B AA HEF F53 S Ao, A
7l M1 52, =59 olglg A WAl T Fo AL AJ, 7] B 1A 710 AEE A2 #@de] ®vy =
2-HEA B A 25302 F)om olFdy] fal, A7 v WA AR 9L HdE FEFI] Hd AR
th. 7] gdiolEdl wiEyRle] A, V] HEHCIERRE AV WEH-AAE HYE WA 1 vhee]
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52 g A7 AW "ax g siaeo]d FA ] b Fell, Y] dolde 82, 7] WEHR] A B
S ARG N2 S5 A7) AT Aok, W F(Yubd o= 100's WA 1000's) 9] Hlof E(via hole),
271 MEY] U2 S ETtug s deld =¥d" (laser drilling) & AMHEE]. o] Hlo} &2,
ole1dk Hlo} ZoA FAH A=A Ze]Z(conductive plugs)E T3l A7) dE®E M2 E Ml 5 Abo]o] 2139
A7124 1 AZAS A% M1e] -8 AE F 9 (pre-specified regions) gl o]&tt(land). =L Holl, 7]
Hy B e-deA g438 5 M2 7F A [LFrE 2/5EE FEE X¥sE 128 2 EEEv 49

Bl (plasma sputtering) ¥ ZEa(plating)®] b} & 3 93], HA-IX|(AE E°], 100's2] FA
(M1 9] IBC AN E zte J4d FH-H= (IBC) HY AAE 8, 7] diddd M2 & Mol 220 3o
2 ulgAs A taeEe] da, ZF, A7 M2 EAE ML A g o s Aot Aust, ol#dk Azt

Lo

7)
HE wZol, 7] M2 T2 7] M1 SRY 2o @ IBC FAE 2t dE £, oF 10 WA 500] &
M2 AL AR (factor)el Y], oA o]f=, AV N2 =&, A7 Ml FEY 1o ¢ ¥ IBC FAES 2z
Bt} 7t40] Y& w"o|t}(the M2 layer is a much coarser pattern with much wider IBC fingers than the
M1 layer). ol2igh AAIFHA, 7] g A Mzvps, AA] Aol A7) Wanteh Afg 7] 713
57 +=%4(electrical shading losses)& A|A3SI7] f138), 7] M2 T ol AARAT(L 7] ML dedl= AA
HA k). A7) ol 9 ouy FEdd 2 want & vt A7) Bl AR FH 8E ] e AU M2
= ol o] &7t slA AxET7] wiigol, oledt & o] Y] AAFEHE, A7) WEHS] Y AV B A

o 7] weolz= B oouE 9u E vhel H A 7] WEEHQ A A dY AR LA EBE
x o

addoz 9488 + Y.

>

L
L
pu
L

- E-n]g THEF-IRE REe EAAOR fASHA, A7) WEHS AY AV Hd dAY dEA =

£zt A7) vEhd B dA WE5ERle, AV B ARG AUAtel=E wheEfdhe] flal, V] B AR
o] A=l Adgle]l A7l AR T MEHQl Aol AR FAHLAE AVIHeR xHeta, IJAgsted &
HFAow Agd FE U3, ofd ofFE 7] AAARL WA @ EES FI Ho AvutES A¥ #EE F
AAE A 5, BxE AX-712%8 MPPT A9 HAs), 74 LOE, 2 /€ PV A28 9@ AFEE 2t
= ¥ a5 #Ee AdS vrestAl vk A7) dEES, AV 'S 1A Y gke-dAe A 4
848 A”AQ 14, FF D AXE JhssiA & Rk ofyg, ole HI U] FAH8A 2 o9 FERY
oyt 2 ~Ed2 @ (any detrimental stress effects)E 7] WA Bl A (sensitive solar

cel DE2HE aHoz Fjgry. Edo A" 7] AAFEE, d7HeR FFE(S, gudlelEd)

B, Fd-HE/59-44 BC AAZS It FE-F & AA 9} e, AvlE HYF A =
2ulE g BRES 7MEsHl stk Y] 2RtE dAX=, 77t A Y= APAoR K
F u /= d49] DC-to-DC or DC-to AC MPPT A& ZH3l7] Ao F&d slte] wlo]d
3

Ash e A FHesE TP,

[
S

&o@ftﬁ
3

A& AX9 aE 9% AAl(Intelligent cellular Shade Impact Suppression, ISIS). PV A]Z=®le] A ¥
A (series wiring)®2 Ql&te], Alxglo] Hl-54= g Ao 2k 4o A ©@e AEFH &4 (output los
st

e =T e . Ax % BEe] a5 AHEM Y 8 eHo] &4 g EAd A7t 9l
A
o

o dE B9, e FAE dAFE, AV PV 2EE ZW 999 0.15%, 2.6%, L 11.1% A xbgto] zhzb
A olf2 s Ao Av] AAE PV Al=H

3.7%, 16.7%, = 36.5%2 A& Ay £48 Fuks)

ol 59 dAT HAhE o

o] zhekeEl Ao AF7F E

HAZAR d4dd 7= & A

YERA Al A9t ISIS &=
=1
P2
[e]

Atk A7l Z1AE npe} o], asFow g 3
Ao, 47 25 AAE, 2EH T AH-2EY(sub-string) oA A
d T HEe] dACdA FHAAATRE). &7
T a5 #" AAle, 47 PV EE 9 A AEdd 2EY o ALY 9F
Z W7 (automatic re-routing)< 7Fs3H

stes, A7) HEF AR A AT B HTARD AAF A A
B A el W&ol miA] e AVEA[AE S0, HY o] 9= Hi= MOSFET & T v A
3k - vhak-A oF /b~ Wb gk & /U2 -ON-A & (1 ow-forward-vol tage/ l ow-rever se-1eakage/ 1 ow-ON-
resistance) HFo|H2s 9] A9 AR mpolaj~ 29A] & HA g8 A 3
o2M 7] PV BRE9 Ay A4l duyA] +5 ArE#S Hdigiet., FriHos, Zdd vErd
e =, A7) EE el o8 ¥v dYd e S48 d2FEHY 2Egs

3} @ olma Aea

N
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backplanes used as support substrates for the electronlc components effectively isolate and decouple
the stress effects of component placements and soldering from the sensitive semiconductor cell layers
thus minimizing thermal and mechanical stresses and any detrimental effects of such stresses
associated with mounting the ISIS bypass switches on cell backplanes and backsides).

52 317](Distributed Maximum-Power-Point Tracking (MPPT) Power Optimizer).

, E'—“‘EFO] SEYNA AGAA[EE 47 HE AA7F sE9l A58l (wakes up)”
, F aldel "R (sleeps) "3 wWj7pA]]19] thaFgk B AFuvlold k] Ho) 7}
Q%ﬁiﬂlﬁ%ﬂéﬁlﬂaxwlﬁ Al(current-voltage continuum) “3<] XA@o|tt. HiF
a5 Fotol A7) WA AL 58 Ws 2 7 wre] AE 2A(F9 &x 53 2o wel o
A A (automated MPP tracker)i=, 7] MPP XA &3l =F (7] ) =
IV 34 e At 2 dR/e Aeds 2dsth Ao, 7] WP FARE
71 "B AR (L E'—?_r) BFol A7l ARF FAE dAET] A3, oY A=W AR/AY
3 Ztzhe] AR T YR AntE [z
F4 (MPPT) A¥ HAg 329 A
Aoz, sbe] DC-to-DC M E])
(eE gxF o=, st DC-to-DC A

2, g5 B9 47 A2 2EyozRE 97
%*0”—19_ FT4ske ¥ E MPPT vl vlaE AEA A, A

9] 98.5 %] JdE Y FI& F5T Fo|t}.
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L

WAEE AA L] ISIS H/HEE Ao MPPT A9 HA 7] AAEAE 3 47 A drloA 2utE d9 HA
T2 w8 AT oEA, 2ol ekl Al=gle] ke A=, §0.20/Wp Rt dujE dY dapd
X, Alzdl 2 Adujo] ¥ (AA BOS)S ¢ § 0.50/Wp v, 2 LCOE < $ 0.10/kWh[$ 0.05/kWholl =&3}i=
LCOE s ¥ 3 A& # o 2 (actually with LCOE capability of reaching < $ 0.05/kWh)]& F3+el= @A H]&
NAE AFget. 7] vyl Al=" 2 3 iz Aolal Aol vehd miey ol FAARl AY WA
= 2E HECE7] PV BEEd FEE 9F-9 DC-to-DC AWE ¥ HEE DC-to-AC vlo]AZAWH
7] Au)E PY A28l gE(Ro AEA ZF4stE AWE MPPT)OARE EAstth. A7) UERd
THA-HE5/FH-HF IBC Ax 2 #HEHQ Ves EFst=(d7] BE Ax9 17
Hznl & thollo] HEs AlTst, 47 Y dA Y A7) AuAtel=e] gkl A7) Az 748
A& = A7 WEYRIF ) FH-HIE AA s Thee At 2 e

g AA-wE MPPT HY ﬁ“ﬂxﬂ.i‘r 2 A H FF HAHE 5 o5l EAsE PV slE A (today's
ED} e A " oo s AF T 471 UeRd FAlE, EA45E
% Qleted (A7) wpolaljz~ ~$x Z MPPT g HH 7] Fd8xnet 2
2 AHAY] PV v AR %ﬁ]oﬂ sk o glo] 7] "A FH Aol A7 fEH JR Yoz

X

2

=2
=

i
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=
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X,
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=
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=
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agE FE o), B 5 Algemnt SrkshuA o AAARl SrFE AFstal, o= <lste] LEE
ddHow FaAriuA, dddor F7bE ouA FEEA B BE 2dAe] AAE EdEe)E
Asder. A7 ZE-wd DC-to-DC HME ¥rAa7} 25 97bA] S7HE olUA 58 ATehs APl lewA,
olg)g A § 0.20/Wp o] ArRbAHQl MI&S Zstar; v o, ol vk 7] Alatd AAE
Bl(Z, 7] fde Bxd Axe) ISIS 2 Ax|e] MPPT A3 HA357] a9, 47 Az oy &5
' R A7 AAH PV a3 AuE PV AAE S-S S7HA71EA $0.20/Wp ofstE Ad BlE& A
At

At Bee ehd 47 $E9 A4 Y A5 HaAe AS Ak
- AR AME AR - ) S E Auel B A% R AFE wse A, ) FFsE A
oo 2EH2E AASI(F, WP FAWE L), AR 5

e} =
fe] =] = gul = T ,
TUdstE AW AAE, Aot BxE Ao WPPT d9 HA3) A ARRA desly il vgo] i

- @53 WA (Anti-islanding) - €A 719 2ulE AE 3|2, HGANEHE fe AsstE -0
92w 4 sk du] 9 §AE JHsshAl sl flEl, A7) PV Add|e] QR oA AT REd 94 Ale], ¥
A7) BRE FA, A7) EE W9 E¥H 32 (distributed tracking) % %4l (communication)< 7}538kA g+

- O5HS FAS, st 2ER Zo] 2 HWS HAAE] 9t 82, H& AlxE Ol B4 2w
R AA Al Adu] Hjgo Ht} HLS on|gt Ao|th(Ability to ignore shading and design flexible string
lengths and planes will mean less of expensive system design analyses and cheaper overall installation
costs).

- AX/EE RYUEHS, A" AH], A 9= XS (performance forecasting), % oW FA %X

,
(preventive maintenance actions)Z F%=3Hc}.

A7l HF AXG FAE vlelda AAXE A AFHA AHAAY o F3F JAl(Untelligent cellular
Shade_Impact Suppression, (ISIS) Solution Using Bypass Switches Integrated With the Solar Cells) : 3}
719 AL, vhFst ISIS A8 AAFEE 7IAgd. 7] BEE 294X dA AdAQ Ay el A fleo],
yetdl Ex¥ dAe] s el (ISIS) A28l ARES 918 nlelgj 2 H7] 2912 Ada} st At

& 2 e, Vs EFSARE o2 AFHA St

- Ho] oA GuE-HkE tho] ol H|F Hu He 22 -AEoE A ASE e A9 vho] I
2~ 29X (A cellular bypass switch with a small on-state voltage drop, in some instances far smaller
than that of a forward-biased diode). <& €9, V,,;=575 mV 2 1,,=9.00 A(THEF V,.=660 mV = I1s=9.75 A
of A43h) olgld, 50 mVe 2-2F|olE AYe thole=wt}l 10 % Ml 0.45 WO 2-~HolE At A8
2 o718 Aojrh(o]H g AL 7] 2NA Reies®t THE oW gt S A9},

Y,
&
)
o

N

- A7 S-2HOE 29X AY &4 FAsetr] S g &2 2-2HolE HEAd AT FdA AA 9
dlolal 2~ 29 A ¢ vfEAEHA 1mQRET AU U3 2-2HOE 2A Ryl 5 £, Reries = dMQ,
2929 & A2 AH(ohmic power dissipation of switch) = 0.405 W].

- Ao v At sk B AL R Awshs oJHd FAHLAE Edshs 4 AT EWAALH

dE £, 379 7|5 E Ze vholdls A9AE W] FAHLARA AMRE S QT

- A7) vpolg 2 A9 X7 ON A A9-[A¥aF A (forward biased)]oll, ¥ AY L. dF Eof, A7)
A 2ES AV "Ha Ax Ay grke] AR o]ad = k. dFE B9, 5 Wp AAo] thal, nlojgs A
A=, A7 SdE dAX 2B AFIE A7) 257 AA ] wvpoldla A9AE F& FHsh A9,
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°F 1 W olstz 7]

)
B
i)
tilo
2
o
S
H
Ju

x
)
il
°

= 7&7] wlolalj2 29 X7t OFFQ] ZA$-[9W3F HakH (reverse biased)]oll, W& AWak w4 5

- 9k A4 24 971X (thin component package)[dlE& £9°] << 2 mm £+ AA]°] A < 1 mm(even as low as

<1 mm)].

- A7l AA 2ER ] 4dd ARE Adske oY,

SRS

T 132, A7 BE U gdle]lER L ZHzhe] HA W] F2E, Zpzbe] Bk A (0]9 Ut I R

Kl = ) Bhtel whe

-Vi[w2 Ak nlolo]j~ AF(low forward bias voltage)] npo]s2 tlo] Q=& ALE3le], XA A9

S 9% A v ISISEA 2o vehd, #x3 AAY 15 #F A2YEE Yeidle Askeltt. o
g FExF Hloluja 29X WiES, tE-HA MHE-2EY T so] nlola s tho]e o] ¢y 4

AR a ol 20 R-dA] G she] miolda tho] e E)oll A A7) 9]F-o] AA

d PV Auj(dirrow <& 1}
Hpol g2 tol e el thdk Ag %— AAskL, A7) Bael AAH AuA 5 dde AdET. dA 7F st
whe] mpelsf s AfA|[o] 2 AAlefel A 2ET] tholer=ot B FFE thol L =(rectifying diode) ot ]

[ 1A]
7h AREE 7] Wzl dAe] BREL, AEddR ddd V] EE o] A7) dA BFe dd 2EH(AE &
AEAdE 60 7§ Axe] el 2ER)o A dAdd FE Q. mEbA, A7)
ER Aol mE A7) ISIS A0 AR, 7] BEE e v ME-2EY] digk des AAZH.

[
rkﬂ:Lr—lu::\g
T

(
=

A8 FE-AE-ute A AAl-ay EWA2E (MOSFET) 7 (G5 o= &
A, AAE 2% Fg HAAISIS) O ek A7) Ax] WZggle] K
% nlolaf~ 29AE %’4 2 29AE HEES Yl E a2 Zolth. A& B9, 4

22X AE-EE MOSFETE AFE3Fe], Vi > 0 1 A-5-ofl MOSFET7}F on™aL, Vi = 091 74-9-o MOSFET7} off

(when Vgs > O turn MOSFET on and Vgs = O turn MOSFET off) :

%_

N
>4

- Vo7t A2 Ao, 47] MOSFET+= OFFolaL, 47| 2b&a At (Vi) Vet 5 sit).

- Vs > 0 oA Vot BL3 Ao, A7) MOSFET Hlelolx ¥AE(QE A7 2= #4elS wel ¥QE AR
ol sdtt. A7l =Hd AR L A7 Ad AFeA #aR Qlete] ol AW AR T I = W
o= HEQl Agolal, Vol vk &gttt weba, 7] EdRAAEHE EEI(0N) =9xeF o] Estal, A
Ag ON A2, o]9] Rys(on) FAZ Qlete] 22 bdstA st vk, g 2bepxict,

- Ves 7F SAY A ZQ Aol A7] MOSFET wpolo]=-FQI1E+= Ao|A BR o]Fdttt. 7] AE A2 47
MOSFET7} OFF¥]7] wiol wi-¢- = ok V7t o5 F NS A Abolel| gkuizitiitid, 7] MOSFET=
A-F &9 =9 X (single-pole single-thrown switch) 24 3E3c},

- 278 ©¥ MOSFETsE 0.01 QUITHEE 10 mQWTH ] Ryyiess WA O R 2T},

filo

- A9 NOSFET 291AE dwdor MA-AF BE(surge-current protection)d ZAW, ¥&-AF A4
e k=A A3 EdAAE I} AFRE % Q).

(

T 15%, 7] EE el ghdle]Exar Z4ze] HA e A, B A 7 shuhe] wie-uwte-vi A E
MOSFET-7]z%¢ Hlo]sfj2~ 29 X(MOSFETE X33t EEEld] 3|2 = MOSFETE Xdhsts 47 29A)E A
ste], 7lel vERd FAlCl whEl ISIS BxE AA e a5 #E Ad9 AlSEe|tt. HEuA], old ExH
Hpolsfj 2~ QA WiES, 7] -] HE ¥k who] 12 gt o s AAT Aola, th4-%7
MBE-2~EY 7 shto] vpola (A g vl A UnHA Al ABE2EY & shte] vpolaj s thol
Q2E)9 HH%# H] Ll H}% 22 A7l BREe duA 55 7H*j§ Zoltt.  olgfgh A|~Ho A, whof ojw g

Ak wpolol 2 AHEje] dololal, A7) B A ~E
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A, % A7) B A Y] A9 AR, X 52 EFSAN o= ABHA $)E AT 98,
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19=, B AX (%= 17 2 18] vk Ay e
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A9 Fol AUH 2HS A ol z 2929 FAHOE A5 s WEAQ ANFHE 1B EI
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F7FH o2, MOSFET 7€ AH&3te]l 73 wlilglo] A7/ 7]1(Super Barrier Rectifier, SBR)ZA] &&z we-4
WR-AGREND) 29K ER, $ED 25w AFAASIDS Fseb e AvE A4 @ RES 9
A7) e, A MEA do AEA £YL AR dolss AANZA AgE] e AT F= Aok
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SBR, /A% &EY] wiglo] vole =Rt W uE2 ANEF mlejo]s Ao Bl Wrp w2 odF & Ao
= Aedd. FrHHoR, SBRE, AR pn A% thele =t Hluvbedh dA kA B AEA 54
ForA R, ISISAA AES A3l Hold F7HAQ0 534S ZE=TH(SBR may provide thermal stability and
reliability characteristics comparable to conventional pn junction diodes but with additional

properties superior for application in ISIS). wiAIFH oz, 3 vigle] AF7](SBR)Z &8+ F2-Auksk

A (EE-VE) 29A =, AV Uehd FAe Exd a5 #e A HE JMEs s AnE A 9 2E
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ARG A 253 A2AEAM2) S ESIT. AV M2 BEdd fd2, 7] Bl w2 F A
o] W JdelM 5 JRe] wzuk(elnE B owlo]s wanhE Zhs A Y ddd = vk 7] WPPT dE A
A5ty AAGA| 5 Eof, @d-F 7]A(single-chip package)]&, Sk BB 7|4 (dF B, vpEA
&1 mm vgke] W7 A FAE 7H) B w2-d7|49d A=A wd(edE 50, H9HEd g)E #ev. Y
MPPT 4= A 3st7] dabgaie] zZ4zbe] 79 Wk, 7] dAA & &4 Hxdtehs Waez, 747 o
Zup(elu] g 2ol Wl Aol s s thero] ¥RIEC AR oFAIE dVHom wesiAY
& e vk AR, 371 WPPT A8 XA E7] AR e Az fE wde, A7) AR & Ede
FHashelr] 9k WA om, A7k fF WAk Aol shu Ee v ERIE] AR o FAJ ofs] 7]
o gHsiAy Fad = v

L 2104 YERd #F B2nk(62) B (64)= AdEA el wkeR {§F wlanprh ARG ETH, o] 52, ovE H
of2 wjznp 9 T kel A WEeQl M2 FEAd FARA BV AA A T st FAlAl AV W=
ol gl dAE = Ak weF fE wanprl ARRHA ek, A7) WPPT A9 HAsr] AR o] A
7] f1E wde, AA dadde uisl vl HEe PV BE 29 92 A Eetl ] AR §F ddozA
AdAoz2 28" % JQu(If output busbars are not used, the output terminals of the MPPT Power
Optimizer electronics may be directly used as the cell output terminals during the final PV module

assembly and cell to cell interconnections).

F A4 N 54 % A AL OPP)
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o A vs A EHL vkl
A LA S5ae Ade Aosia) 99, @
A AZAg W oS e LOEE AFSEA, PV
<oaql) del WPT 49 A4 049
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B AxE s F
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AR AAE 71 2 JAN, B ¥ A (& Eo] 5 WA 10 Watt max) ©A-F HAHL2 T3k, 7]
AR MEY 9l oz HHFAA 14 2 72s 93 AlEE = Q).
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- 2 vl Tl i utols s 29AE A Basl AA.
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A &

- AzR mEe] S g EAAel W g

- E-#" MPPT DC-to-DC (B3 DC-to-AC) A= HZH37|E 3 oo AA.
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