METHODS AND APPARATUS FOR ADAPTI VE OPERATI ON OF SOLAR POWNER SYSTEMS
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system - frequently a limt of 600 volts - and spikes in the voltage out put
of individual solar sources can cause the total voltage in the systemto
exceed t hwonegui2esiory limt. To deal with techni caCTiussmemd4mfi4t hi s
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Fig. 4is a plot of a relationship for power and voltage for a given solar

source in one enbodi nent. Figs. 5a and 5b are plots of conventional
power corwerzbmvi2eHEsponse incorporating static limts topcharsgimagsmper ati ng
conditions for a given power converter in one 30 enbodi nent. Fi gs.
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functionality control circuitry (13) to 20 which a solar energy source (1)
may be responsive. These MPP aspects may be nore fully discussed for
exanple in U S. Patent Application I\Io.3 12/ 363, 709, Filed January 30, 2009,
entitled "Systens for H ghly Efficient” Sol ar Power Conversion";

I nternational Patent Application No. PCT/U508/80794, filed COctober 22,
2008, entitled "Hi gh Reliability Power Systens and Sol ar Power Converters";
I nternational Patent Application 25 No. PCT/ U508/ 79605, filed Oct ober 10,
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Wth further attention primarily to Fig. 1, a converted DC photovoltaic
out put of a photovoltaic DC- DC power converter (2) may be established as
convert edwDCophiavzasol tai ¢ i nput into a DC-AC i nverter (2CT/082000a41004
necessary for all enbodi ments of the inventive technol ogy, the DC AC
inverter (4) if included may serve to acconplish 10 the step of inverting
this converted DC photovoltaic input into an inverted AC photovoltaic

out put, such.as ower output that can be used , for anpl e, ower
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of any suitabiﬁ kde%:%gn con isftﬁ t with the principles discussed herein may
be uti | i FRHOI" N R eri‘-“g primarily to Fig. 2, individual solar
energy sources (1) may be conbined to create a plurality of electrically

i nt erconnect ed sources. Such conbi nati ons in various enbodi nents may be

r esponsi YEMMARY PISCLQSUREQEIHE INXENTIEN connecti ons. 20 For exanple, a
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i nterconnecti on nmay be nmade in any suitable manner. For exanple, direct
connect i 8pcardingly, g objness rpd rihe meithodwtand pphiatus dior edaptive experation miysobe

responsi ve to each ot her hat | SO ef.fect. in.one may di.rectly or
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include an external state data interface (7). The interface may enabl e the
conver t efesepté@nndiavingt B¢l0w. dat a r egar di ng operati onal states of a solar
power system (3) external to the converter. Any suitable hardware,
software, or the like 5 consistent with the principles discussed herein my
be util i BRIEFOESORERTEONOF TTHL DPRISWINIGS erf ace (7). For exanple, in sone
enbodi nents an external state data interface g) may send_and receive

i nf orlrat i on t bi%anddistd stheEaHE AEPSFENESIoncE Antheén st SPbte P! @otNasrRasyer
oper at i ol Jf &SRR Hfndtat central source, such as described for exanple
in Interrational Patent Application No. PCT/US08/ 70506, filed July 18,
2008, entitl elig" Biigh &heinatiepyestHtaRemot ehuitiPe btanlsbalobe ifatanmeErdrigy

Systent, h.e{eb [ rﬁporat ed bﬁ re{aerence herein in its entirety.
Enbodi et AICRTHR) T RCIE AR 2 REPRRET Wt GrEngaF STPRRPhC e ( 7)
configured topgend ApRt bLE &Y RoshbAb MBIt ak (@l Yorf 4 GREA BslhviddHa!l in

elenents within a solar power system (7), such as directly to and from
ot he?S sobrrenehnsiimontsour ces (1), directly to and from ot her photovoltaic

DC- DC power cpnverter di.rectly to and fr ot.her .strings 15 (.27), or
the 1i ke Nt CEad iy f PRy oF hir SUGEER sy bPwal Tt b e P ARt s oty
of condi nedisbodn@éntexanpl e, an external state data interface (7) in various
enbodi ments nmay include a voltage data interface (responsive, for exanple,
to a vol t age E@hdiaandmh e pids el senagjtional poveiespnversgracinenes mgeporating
(responsj ] t CUr . |t [.n : ower
dat a intg%ﬁéééﬁkrgg%onéﬁ@%fgngﬁgfgﬁgﬁgﬁgggf§' gﬁ%rp%%%d?%ﬁéﬁg?ﬁltng 20
syst®m) , embodimsnd. at i on data interface (responsive, for exanple, to an
insolation condition in the systen), a tenperature data interface
(responsive, for exanple, to a tenperature condition of the system, a
system status data interface (responsive, for exanple, to an operating
status of the systenm), a denand data interface (responsive, for exanple, to
a demand pl aced on the system, a power converter output data interface
(responsive, for 25 exanple, to the oﬁ&put of one or nore other power
converters in the systen), a string output data interface (responsive, for
exanple, to the output of one or nore other strings (27) in the systen), a
hi storical data tracking data interface (responsive, for exanple, to data
tracked for an operational history of the system, a regulatory requirenent
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5 maxi mum value for the voltage in relation to other voltage events in the
system Figs. 6a and 6b provide anot her exanple, wherein a dynamcally

adj ust ablwowolwiagasout put limt (8) nay be set in rel atipom/useoo/osmwgul at ory
requi renent or regulatory limt (28), creating a dynam cally adjustable
range (11). O course, these exanples are nerely illustrative and not
intended to be limting. Any suitable paraneter of the system coul d be

utilized as tg“e 18 gs S of el a%ron upon which to rel. f“ong‘ %%Csrﬁt a
dynani cal | y atiftrsPasf feaBtoat Patvel iChYerteg)response utifiging 4yng

embodi MeftjSstatfle QBI%%V&& @'lﬁm%%pléﬁé’@tro GAnNRE B?éraﬁ c&ﬁﬂtldrﬂ%yggw%n
dynam cal I y adjustable voltage output Iimt control (12) to relationally

set a dyprarmr@ahmrtead}@nﬁtfatbb@m@htt age output limt (8) The control may be

relationally nsi,v n_externa fae 7 as for
exampl o by T eEBrvingo ol IR S rsn BEPR o e R YRE oo
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t o oper atos 2@l sying igone GoPPAent-ange, and Figs. 6a and 6b illustrate a
dynajj cal Iy adjustable range (11) for voltage output values. A dynamc

adj ust mrent made in this manner of course may be 25 responsive to an
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of conparison, Fig. 8 presents the hypothetical case wherein each power
converter has a dynam cally adjustable voltage output limt (8). In the
normal case of 25 Fig. 8a and the unusual case of Fig. 8b, the results are
the sane as for the conventional string (27) of Fig. 7. In the dire case of
Fig. 8c, however, the string (27) may be kept in operation at 400 volts.
This is because the voltage output limts (8) of the remaining seven
converters can be dynam cal ly adjusted above 50 volts. More specifically,
the voltage output limts (8) of one converter, all converters, or sone
fraction in between can 30be adjusted to ensure the string (27) is kept in
operatr on at t he desr red 400 volts Naturally, each converter on t he strr ng
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Figs. 7 and 8 exenplify one manner in which dynam cally adjusting a voltage
25 output limt (8) may conpensate for an external state paraneter. In

vari ous ewbadimeniis, an external state paraneter conpen®atriusaoomtonol (20),
such as of a photovoltaic DC-DC power converter (2), may be utilized to
effect such conpensation. For exanple, conpensating perhaps may invol ve
raising a voltage output limt (8) of a phot ovol tai ¢ DC-DC power converter
(2), such a tput | i |ncre se 30con
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(for exanple, to avoid exceeding a regulatory voltage limt), second
slaving a voltage output |limt (8) to an operational paraneter (for

exanpl e, such as conpensating for a V(Jtage drop due to panel dropouts on a
string (27)), and third slaving a voltage output limt (8) to an MPP 15
paraneter (for exanple, such as ensuring a solar energy source (1) is
operated for MPP). Accordingly, in various enbodi nents a dynam cally

adj ust abl e voltage output limt control (12) may be a slaved dynam cally
adjustable voltage out put Iinit control (12) or even a hierarchically
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converters on the string may be 550 volts, thereby | eaving a margin of 50
volts as a buffer zone between the converters' output and the regul atory
limt. Naworaloesziestablishing the set point margi n nmay Pog/usese/oby4s
relationally setting and dynami cally adjusting voltage output limts (8) of
phot ovol tai ¢ DC-DC power converters (2). Wth reference to Fig. 8, 5 for
exanpl e, assune hypothetically it may be desirable to achieve a set point

of 550 volts %> a&FﬂB i n of %0 volts bel ow a re%ulator vol t age
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be for a condition on sonme or all of a string (27) on which the power
converter is not located. In this nmanner, a photovoltaic DC DC power
converter (2) in various enbodi ments rhaps may be responsive to an
intra-string data interface (25) (res%nsive for exanple to conditions
within a string (27) on which the converter is |located) or an inter-string
data interface (26) (responsive for exanple to conditions for a string (27)
on 25whi ch the converter is not |ocated). Intra-string and

|nter strl ng pararreters may be utlllzed to achl eve a. de5|red condltlon for

o o,



15 volts (effected for exanple perhaps by a 450 volt m ninum string or
inter-string voltage control), greater than 500 volts for a string or an

i nt er - st rwogowoi2daage of greater than 500 volts (effectesdcCrars2enamphe
perhaps by a 500 volt mnimumstring or inter-string voltage control),
greater than 550 volts for a string or an inter-string voltage of greater
than 550 volts (effected for exanple perhaps by a 550 volt mninmmstring
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DC- DC potRfisnifait 8 theoyysiernly & °B1#8 SRBOEHERT SORRPSNE 18 SHBRmE “%& fray be
an_ ext er gghardit f1hd Pk aggemat a?-%)d)\%leé’oanGﬁer output da¥PI@QMBE (reSydMRRECR! Y
adjusting a voltage output limt (8) for the power converter nay Involve
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conpinsatequgerhatts)aor thatikeased vol t age output (for exanple, such as a
vol t age spi ke caused by reflectivity or other high insolation conditions)
of an intra-string elenent or external string (utilizing for exanple
perhaps an intra-string solar energy source or external string voltage

out put i ncrease conpensation control), conpensating for a decreased voltage
out put (for exanple, such as cloudingigr ot her low insolation conditions)
of an intra-string element or external® string (utilizing for 5 exanple
perhaps an intra-string solar energy source or external string voltage

out put decrease conpensation control), conpensating for dropout (for
exanpl e, such as sudden failure of one or nore sources on a string) of an
intra-string elenent or external string (utilizing for exanple perhaps an
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(12), and a converted DC photovoltaic output. Dynamcally adjusting a

vol tage output limt (8) for a photovoltaic DC DC power converter (2) of
cour se mawyoizoolaEsdynam cal |y adj usting vol t age out put PCTrse@9©8d044 or a
plurality of power converters in any conbination consistent with the
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5 maximum value for the voltage in relation to other voltage events in the system. Figs. 6a
and 6b provide another example, wherein a dynamically adjustable voltage output limit
(8) may be set in relation to a regulatory requirement or regulatory limit (28), creating a
dynamically adjustable range (11). Of course, these examples are merely illustrative and
not intended to be limiting. Any suitable parameter of the system could be utilized as the
10 basis of relation upon which to relationally set a dynamically adjustable voltage output
limit (8).
In various embodiments, a photovoltaic DC-DC power converter (2) may include
a dynamically adjustable voltage output limit control (12) to relationally set a
dynamically adjustable voltage output limit (8). The control may be relationally
15  responsive to an external state data interface (7), as for example by receiving information
from the data interface, operating in response to data interface information, or the like.
Any suitable hardware, software, or combination thereof may be used for the control
consistent with the principles discussed herein.
Moreover, various embodiments naturally may involve dynamically adjusting a
20  dynamically adjustable voltage output limit (8) responsive to an external state parameter.
Figs. 6a and 6b, for example, show an exemplary case in which maximum voltage output
limits (8) for a converter have been raised to permit the converter to operate over a wider
voltage range, and Figs. 6a and 6b illustrate a dynamically adjustable range (11) for
voltage output values. A dynamic adjustment made in this manner of course may be
25 responsive to an external state parameter, for example wherein the external state
parameter describes changed conditions in a solar power system (3) making it desirable
that a particular converter in question have an expanded or restricted voltage range within
which to operate.
Relationally setting and dynamically adjusting voltage output limits (8) may be
30  done for a variety of purposes. One example may involve compensating for an external

state parameter. The external state parameter may provide information about a change in

10



4375662 3/1/1983 Baker 4390940 6/28/1983 Corbefin et al. 4404472 9/13/1983

St ei gerwal d 4445030 4/24/1984 Carl son 4445049 4/ 24/ 1984 Steigerwal d 4513167
4/ 23/ 1985wBnardvast er 4528503 7/9/ 1985 Col e 4580090 4/ pCTABGIB@UI0ey et al .
4581716 4/8/1986

the state of a solar power system (3), and it may be desirable to compensate for the
changed condition by operating one or more photovoltaic DC-DC power converters (2)
under adjusted voltage output limits (8). An exemplary case of such a situation may
involve dropouts of solar energy sources (1) on a string. Figs. 7 and 8§ set forth two

5 hypothetical strings (27) experiencing the dropout of multiple solar energy sources (1).
For the hypothetical case, presume each source is to put out 40 volts under normal
operating conditions. Because each string (27) has 10 sources, each string (27) will
produce 400 volts under normal conditions. Further presume the system must operate
under a regulatory limit of 600 volts.

10 Figs. 7a, 7b, and 7c present a hypothetical conventional string (27), wherein each
converter has static limits set at 50 volts, thereby safeguarding against the possibility of a
spike in all 10 converters on the string (27) by ensuring the string (27) can produce only
500 volts at maximum, well below the 600 volt regulatory limit. Under normal operating
conditions in Fig. 7a, each source will put out 10 volts and the string (27) will produce

15 400 volts. Under the unusual circumstance of Fig. 7b, where two sources have dropped
out, the remaining eight sources may be able to put out 50 volts each, perhaps
compensating for the dropouts of the two panels and ensuring the string (27) still
produces 400 volts. Under the more dire situation of Fig. 7c, where three sources have
dropped out, the string (27) no longer can produce 400 volts, because each of the 7

20  remaining converters would have to put out more than 50 volts, which is above the limit
that has been statically set. Consequently, the entire string (27) must drop out in the
hypothetical case of Fig. 7c.

By way of comparison, Fig. 8 presents the hypothetical case wherein each power
converter has a dynamically adjustable voltage output limit (8). In the normal case of

25  Fig. 8a and the unusual case of Fig. 8b, the results are the same as for the conventional
string (27) of Fig. 7. In the dire case of Fig. 8c, however, the string (27) may be kept in
operation at 400 volts. This is because the voltage output limits (8) of the remaining
seven converters can be dynamically adjusted above 50 volts. More specifically, the
voltage output limits (8) of one converter, all converters, or some fraction in between can

30  be adjusted to ensure the string (27) is kept in operation at the desired 400 volts.

Naturally, each converter on the string may have an external state data interface (7) by

11
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which the converter is able to receive and act on information regarding the changing

voltage conditions in the string (27). For example, voltage output data for individual

converters may be provided to a central source in communication with the converters,

and the central source may return information enabling individual converters to

5 dynamically adjust their voltage output limits (8) accordingly. In this scenario, each of

the seven remaining power converters may receive information from the central source

through an external state data interface (7), such that voltage output limits (8) may be

raised in a coordinated fashion to compensate for the three dropped out sources.

Moreover, prior to raising voltage output limits (8) on the seven remaining converters, it

10 may be desirable to lower the voltage output limits (8) on the three sources which have

dropped out. This may serve to guard against voltage spikes in the event the three

dropped out sources suddenly come back online (for example where the condition

causing the dropout may suddenly abate, such as where insolation levels may suddenly

rebound from a shaded state, a blockage may be suddenly removed, an intermittent

15  malfunction may suddenly resolve itself, or the like). Having a lowered voltage output

limit (8) already in place for the three dropped out sources may safeguard against an

over-voltage risk, such as perhaps overloading an electrical component or exceeding a

regulatory voltage requirement, that otherwise might occur should the three dropped out

sources suddenly come back online and cause a string voltage which could exceed a

20  regulatory limit. Another change which may occur is the inverter may stop taking power

form a solar array. In this case all DC/DC converters may move to their maximum

voltage limit. If low producing modules have low voltage limits and high producing
modules have high limits it is still possible to always stay below regulatory limits.

Figs. 7 and 8 exemplify one manner in which dynamically adjusting a voltage

25 output limit (8) may compensate for an external state parameter. In various

embodiments, an external state parameter compensation control (20), such as of a

photovoltaic DC-DC power converter (2), may be utilized to effect such compensation.

For example, compensating perhaps may involve raising a voltage output limit (8) of a

photovoltaic DC-DC power converter (2), such as with a voltage output limit increase

30  control (21), in response to a voltage drop of the external state parameter, such as

detected perhaps by an external state parameter voltage drop detector (22). Conversely,

12
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compensating perhaps may involve lowering a voltage output limit of a photovoltaic DC-
DC power converter (2), such as with a voltage output limit decrease control (23), in
response to a voltage gain of an external state parameter, such as detected perhaps by an
external state parameter voltage gain detector (24). Of course, the foregoing examples

5 are intended to be merely illustrative and should not be construed to limit the scope of the
inventive technology.

Relationally setting and dynamically adjusting voltage output limits (8) also may
be effected in a variety of manners. As one example, a photovoltaic DC-DC power
converter (2) may include a step function control (18). Embodiments may involve

10 implementing a step function to dynamically adjust a dynamically adjustable voltage
output limit (8), determining a resultant effect on an external state parameter, and
repeating the steps until a desired result is achieved. For example, implementing a step
function may involve adjusting a voltage output limit (8) incrementally, discretely,
fractionally, or in a likewise manner with respect to an identified endpoint. The precise

15  contours of the steps may be provided by hardware, software, or any other suitable
modality. Following each stepwise adjustment, the result on an external state parameter
may be observed. In this manner, the adjustment may approach the desired endpoint in a
controlled fashion, perhaps avoiding risks such as overshooting the desired target of the
adjustment and ensuring the adjustment is approached entirely from one side of the

20  endpoint. As but one example, where it may be critical to avoid exceeding a regulatory
voltage limit, utilizing a step function as described may ensure that voltages are raised
without risk of exceeding the regulatory requirement.

Another example of how voltage output limits (8) may be relationally set and
dynamically adjusted may involve first adjusting an external voltage to a safe condition.

25 A safe condition may be a condition of a solar power system (3) that avoids an
undesirable or adverse consequence to the system’s operational state, such as perhaps
exceeding a regulatory limit for voltage, providing an over-voltage input to an electrical
component, or the like. One example of first adjusting an external voltage to a safe state
may involve decreasing voltage output limits (8) for one photovoltaic DC-DC power

30  converter (2) prior to raising voltage output limits (8) for another photovoltaic DC-DC

power converter (2). In this manner, the risk of exceeding a regulatory voltage limit,
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even temporarily, may be reduced or eliminated. Accordingly, a photovoltaic DC-DC
power converter (2) in various embodiments may include an external voltage safeguard
control (19).

A further example of relationally setting and dynamically adjusting voltage output
limits (8) may involve slaving a dynamically adjustable voltage output limit (8) in
relation to one or more external state parameters. Slaving may involve setting or
adjusting based on criteria, wherein some criteria may take precedence over other criteria.
For example, embodiments may involve hierarchically slaving dynamically adjustable
voltage output limits (8). Naturally, any hierarchy of criteria may be selected as
appropriate consistent with the principles discussed herein. One possible hierarchy may
involve first slaving a voltage output limit (8) to a regulatory parameter (for example, to
avoid exceeding a regulatory voltage limit), second slaving a voltage output limit (8) to
an operational parameter (for example, such as compensating for a voltage drop due to
panel dropouts on a string (27)), and third slaving a voltage output limit (8) to an MPP
parameter (for example, such as ensuring a solar energy source (1) is operated for MPP).
Accordingly, in various embodiments a dynamically adjustable voltage output limit
control (12) may be a slaved dynamically adjustable voltage output limit control (12) or
even a hierarchically slaved dynamically adjustable voltage output limit control (12).
Naturally, such hierarchically slaved controls may include primary slaved controls,
secondary slaved controls, tertiary slaved controls, and the like correlated to various
hierarchical priorities. For example, a primary control may be a regulatory primary
slaved control, a secondary control may be an operational secondary slaved control, a
tertiary control may be a MPP tertiary slaved control, and so forth.

Relationally setting and dynamically adjusting voltage output limits (8) also may
involve utilizing a set point margin. Such a margin may provide a buffer zone between
the maximum voltage output of one or more photovoltaic DC-DC power converters (2)
and some absolute value. For example, in some embodiments an absolute value may be a
regulatory voltage limit, and a set point margin may provide a buffer zone between the
regulatory limit and the maximum output of a plurality of converters operating on a
string. If the regulatory voltage limit for a string is 600 volts, for example, a set point

margin may be established such that the combined maximum voltage output of all

14
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converters on the string may be 550 volts, thereby leaving a margin of 50 volts as a buffer
zone between the converters’ output and the regulatory limit. Naturally, establishing the
set point margin may be done by relationally setting and dynamically adjusting voltage
output limits (8) of photovoltaic DC-DC power converters (2). With reference to Fig. 8,
5  for example, assume hypothetically it may be desirable to achieve a set point of 550 volts
and a set point margin of 50 volts below a regulatory voltage limit of 600 volts. With
reference to Fig. 8a, the voltage output limit (8) for each converter could be adjusted to
55 volts; with reference to Fig. 8b, the voltage output limit (8) for each converter could
be adjusted to 68.75 volts; and with reference to Fig. 8c, the voltage output limit (8) for

10 each converter could be adjusted to 78.5 volts. In each foregoing case, the total output
voltage for the string would not exceed 550 volts, leaving a margin of 50 volts below the
regulatory limit of 600 volts. Of course, a dynamically adjustable voltage output limit
control (12) in this situation may be a set point margin control.

Another example of how voltage output limits (8) may be relationally set and

15  dynamically adjusted may involve relationally setting or dynamically adjusting using a
switchmode modality, duty cycle modality, or the like, perhaps for example as discussed
in International Patent Application No. PCT/US08/57105, filed March 14, 2008, entitled
“Systems for Highly Efficient Solar Power”, hereby incorporated by reference herein in
its entirety.

20 Of course, the foregoing examples of how voltage output limits (8) may be
relationally set and dynamically adjusted are intended to be illustrative and should not be
construed as limiting the scope of how voltage output limits (8) may be relationally set
and dynamically adjusted consistent with the principles discussed herein.

Dynamically adjusting voltage output limits (8) in some situations may cause

25  photovoltaic DC-DC power converters (2) or solar energy sources (1) to operate in a
suboptimal manner. For example, Fig. 5 and Fig. 6 illustrate that power converters
typically exhibit varying degrees of power loss as the input voltage moves off of a peak
value. As shown in the figures, power losses may increase the further the input voltage
varies from the optimum. Since dynamically adjusting voltage output limits (8) may

30  permit a power converter to operate across a wider range of input voltages, as shown for

example in Fig. 6b, situations may arise where the converter becomes operated at a

15
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suboptimal efficiency, a suboptimal input voltage, a suboptimal power loss, a suboptimal
MPP voltage for a solar energy source (1), or the like. While it may seem
counterintuitive, especially in light of conventional wisdom regarding solar power
generation, the inventive technology described herein may permit and even encourage
5 such suboptimal power converter operation to degrees not before contemplated. In
particular, the suboptimal operation of individual power converters may permit greater
gains in a solar power system (3) as a whole, for example such as by allowing more solar
energy sources (1) to be operated at MPP, or perhaps to allow strings (27) to keep
operating even despite substantial numbers of reduced panel functionalities or panel
10 dropouts.  Accordingly, a photovoltaic DC-DC power converter (2) in various
embodiments may include controls to intentionally operate the converter in a suboptimal
modality, such as a suboptimal efficiency control (14), a suboptimal input voltage control
(15), a suboptimal power loss control (16), a suboptimal MPP voltage control (17), or the
like.

15 In various embodiments, providing an external state parameter to a photovoltaic
DC-DC power converter (2) may involve providing at least one intra-string parameter,
such as wherein the external state parameter may be for a condition of some or all of a
string (27) on which the converter is located. Similarly, embodiments may involve
providing at least one inter-string parameter, such as wherein the external state parameter
20  may be for a condition on some or all of a string (27) on which the power converter is not
located. In this manner, a photovoltaic DC-DC power converter (2) in various
embodiments perhaps may be responsive to an intra-string data interface (25) (responsive
for example to conditions within a string (27) on which the converter is located) or an
inter-string data interface (26) (responsive for example to conditions for a string (27) on

25  which the converter is not located).
Intra-string and inter-string parameters may be utilized to achieve a desired
condition for a string (27) or a desired inter-string condition when dynamically adjusting
a voltage output limit (8). In this manner, a dynamically adjustable voltage output limit
control (12) in fact may serve as an intra-string control or an inter-string control.
30  Examples of desired intra-string conditions or inter-string conditions may include a

desired voltage for the string or a desired inter-string voltage among strings (effected for
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example perhaps by a desired string or inter-string voltage control), a nontraditionally
high voltage for the string or a nontraditionally high inter-string voltage among strings
(effected for example perhaps by a nontraditionally high string or inter-string voltage
control), a near regulatory limit voltage for the string or near regulatory inter-string
5 voltage among strings (effected for example perhaps by a near regulatory limit string or
inter-string voltage control), or the like. Nontraditionally high voltages may be valued
with respect to conventional solar power systems, which for example may typically be
operated in the range of 200 volts to 400 volts. Similarly, near regulatory limit voltages
may be valued with respect to a conventional regulatory limit voltage or regulatory
10 voltage requirement, which for example frequently may be 600 volts.

Moreover, in certain embodiments, an intra-string or inter-string parameter may
be greater than 400 volts for a string or an inter-string voltage of greater than 400 volts
(effected for example perhaps by a 400 volt minimum string or inter-string voltage
control), greater than 450 volts for a string or an inter-string voltage of greater than 450

15  volts (effected for example perhaps by a 450 volt minimum string or inter-string voltage
control), greater than 500 volts for a string or an inter-string voltage of greater than 500
volts (effected for example perhaps by a 500 volt minimum string or inter-string voltage
control), greater than 550 volts for a string or an inter-string voltage of greater than 550
volts (effected for example perhaps by a 550 volt minimum string or inter-string voltage

20  control), greater than 65% of the regulatory voltage requirement for an intra-string
voltage or inter-string voltage (effected for example perhaps by a 65% regulatory
requirement minimum string or inter-string voltage control), greater than 70% of the
regulatory voltage requirement for an intra-string voltage or inter-string voltage (effected
for example perhaps by a 70% regulatory requirement minimum string or inter-string

25  voltage control), greater than 75% of the regulatory voltage requirement for an intra-
string voltage or inter-string voltage (effected for example perhaps by a 75% regulatory
requirement minimum string or inter-string voltage control), greater than 80% of the
regulatory voltage requirement for an intra-string voltage or inter-string voltage (effected
for example perhaps by a 80% regulatory requirement minimum string or inter-string

30  voltage control), greater than 85% of the regulatory voltage requirement for an intra-

string voltage or inter-string voltage (effected for example perhaps by a 85% regulatory
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requirement minimum string or inter-string voltage control), greater than 90% of the
regulatory voltage requirement for an intra-string voltage or inter-string voltage (effected
for example perhaps by a 90% regulatory requirement minimum string or inter-string
voltage control), and greater than 95% of the regulatory voltage requirement for an intra-

5 string voltage or inter-string voltage (effected for example perhaps by a 95% regulatory
requirement minimum string or inter-string voltage control).

With further respect to the foregoing voltages, providing an intra-string parameter
to a photovoltaic DC-DC power converter (2) in some embodiments may involve
providing a voltage for the intra-string element. An intra-string element may be merely

10 something else located on the same string (27) on which the converter may be located,
such as perhaps the combination of another intra-string solar energy source (1) connected
to another intra-string photovoltaic DC-DC power converter (2) serially located on the
same string (27). In these cases, an intra-string data interface to which a photovoltaic
DC-DC power converter (2) in various embodiments may be responsive may be an intra-

15  string element voltage data interface.

Similarly, providing an inter-string parameter to a photovoltaic DC-DC power
converter (2) in some embodiments may involve providing a voltage for an external
string (27), such as perhaps a string (27) other than the string (27) on which the power
converter is located. In these cases, an inter-string data interface to which a photovoltaic

20 DC-DC power converter (2) in various embodiments may be responsive may be an
external string voltage data interface.

Moreover, dynamically adjusting a voltage output limit (8) for the power
converter may involve utilizing the intra-string or inter-string parameter to achieve a
desired condition for a string (27), desired inter-string condition, or the like. For

25  example, such utilization may involve compensating for the voltage of an intra-string
element or external string (27) (for example, such as wherein an intra-string control may
be an intra-string element voltage compensation control and an inter-string control may
be an external string voltage compensation control), perhaps such as consistent with the
principles described elsewhere herein.

30 Various embodiments may involve compensating for an increased voltage output

(for example, such as a voltage spike caused by reflectivity or other high insolation
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conditions) of an intra-string element or external string (utilizing for example perhaps an
intra-string solar energy source or external string voltage output increase compensation
control), compensating for a decreased voltage output (for example, such as clouding or
other low insolation conditions) of an intra-string element or external string (utilizing for
5  example perhaps an intra-string solar energy source or external string voltage output
decrease compensation control), compensating for dropout (for example, such as sudden
failure of one or more sources on a string) of an intra-string element or external string
(utilizing for example perhaps an intra-string solar energy source or external string
voltage output dropout compensation control), compensating for shading (for example,

10 such as due to daily or seasonal moving patterns of shade) of an intra-string element or
external string (utilizing for example perhaps a shaded intra-string solar energy source or
external string compensation control), compensating for blockage (for example, such as
due to the buildup of dirt or other debris) of an intra-string element or external string
(utilizing for example perhaps a blocked intra-string solar energy source or external string

15  compensation control), compensating for damage (for example, such as due to weather,
manmade, or other events) to an intra-string element or external string (utilizing for
example perhaps a damaged intra-string or external string solar energy source
compensation control), compensating for malfunctioning (for example, due to mechanical
failures or other causes) of an intra-string element or external string (utilizing for

20  example perhaps an intra-string solar energy source or external string malfunction
compensation control), compensating for non-uniformity (for example, due to different
makes or models of equipment) in an intra-string element or external string (utilizing for
example perhaps a non-uniform intra-string solar energy source or external string
compensation control), or the like.

25 Of course, the inventive technology should be considered to encompass plural
embodiments of the methods and apparatus discussed herein. For example, embodiments
may include a plurality of solar energy sources (1), each having a DC photovoltaic
output, and a plurality of photovoltaic DC-DC power converters (2), each having a DC
photovoltaic input that accepts power from at least one DC photovoltaic output, an

30  external state data interface (7), a dynamically adjustable voltage output limit control

(12), and a converted DC photovoltaic output. Dynamically adjusting a voltage output

19



Fung et al. 7365661 B2 4/29/ 2008 Thomas 4274044 6/ 16/ 1981 Barre 5493155 A
2/ 20/ 1996 Okanpto et al. 6686727 B2 2/ 3/ 2004 Ledenev et al. 1. U S
PATENT ARPOI2@ATI2GNS PUBLI CATI ONS Publ i cati on Nunber Publ iPCRttSee09Datoes

| nvent or 20010007522 Al 7/12/ 2001 Nakagawa et al. 20030075211 Al 4/24/2003
Makita et al. 20030075211 Al 4/ 24/ 2003

limit (8) for a photovoltaic DC-DC power converter (2) of course may include
dynamically adjusting voltage output limits (8) for a plurality of power converters in any
combination consistent with the principles discussed herein, perhaps including power
converters located on the same string (27) or even different strings (27), and perhaps
5 utilizing any combination of intra-string and inter-string parameters, data interfaces, and
controls as may be appropriate to achieve any desired string conditions or even inter-
string conditions. Similarly, providing an external state parameter to a photovoltaic DC-
DC power converter (2) may include providing any number of external state parameters
to any plurality of power converters in any combination, and dynamically adjustable
10 voltage output limits (8) may be relationally set or dynamically adjusted in relation to the
provided external state parameters in any plurality of power converters in any
combination, all as consistent with the principles discussed herein. As but one example,
some situations may involve providing a voltage output of one photovoltaic DC-DC
power converter (2) to another photovoltaic DC-DC power converter (2), and relationally
15  setting a voltage output limit (8) in response thereto, though of course this example is
merely illustrative and should not be construed to limit the various possible combinations
as just described.

As can be easily understood from the foregoing, the basic concepts of the present
inventive technology may be embodied in a variety of ways. It involves both voltage
20  output limitation techniques as well as devices to accomplish the appropriate voltage
output limiting. In this application, the voltage output limitation techniques are disclosed
as part of the results shown to be achieved by the various devices described and as steps
which are inherent to utilization. They are simply the natural result of utilizing the
devices as intended and described. In addition, while some devices are disclosed, it
25  should be understood that these not only accomplish certain methods but also can be
varied in a number of ways. Importantly, as to all of the foregoing, all of these facets

should be understood to be encompassed by this disclosure.
The discussion included in this patent application is intended to serve as a basic
description. The reader should be aware that the specific discussion may not explicitly
30  describe all embodiments possible; many alternatives are implicit. It also may not fully

explain the generic nature of the inventive technology and may not explicitly show how
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each feature or element can actually be representative of a broader function or of a great
variety of alternative or equivalent elements. Again, these are implicitly included in this
disclosure. Where the inventive technology is described in device-oriented terminology,
each element of the device implicitly performs a function. Apparatus claims may not
5 only be included for the device described, but also method or process claims may be
included to address the functions the inventive technology and each element performs.
Neither the description nor the terminology is intended to limit the scope of the claims

that will be included in any subsequent patent application.
It should also be understood that a variety of changes may be made without
10 departing from the essence of the inventive technology. Such changes are also implicitly
included in the description. They still fall within the scope of this inventive technology.
A broad disclosure encompassing both the explicit embodiment(s) shown, the great
variety of implicit alternative embodiments, and the broad methods or processes and the
like are encompassed by this disclosure and may be relied upon when drafting the claims
15  for any subsequent patent application. It should be understood that such language
changes and broader or more detailed claiming may be accomplished at a later date (such
as by any required deadline) or in the event the applicant subsequently seeks a patent
filing based on this filing. With this understanding, the reader should be aware that this
disclosure is to be understood to support any subsequently filed patent application that
20  may seek examination of as broad a base of claims as deemed within the applicant's right
and may be designed to yield a patent covering numerous aspects of the inventive

technology both independently and as an overall system.

Further, each of the various elements of the inventive technology and claims may
also be achieved in a variety of manners. Additionally, when used or implied, an element
25  1is to be understood as encompassing individual as well as plural structures that may or
may not be physically connected. This disclosure should be understood to encompass
each such variation, be it a variation of an embodiment of any apparatus embodiment, a
method or process embodiment, or even merely a variation of any element of these.
Particularly, it should be understood that as the disclosure relates to elements of the
30 inventive technology, the words for each element may be expressed by equivalent

apparatus terms or method terms -- even if only the function or result is the same. Such
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equivalent, broader, or even more generic terms should be considered to be encompassed

in the description of each element or action. Such terms can be substituted where desired

to make explicit the implicitly broad coverage to which this inventive technology is

entitled. As but one example, it should be understood that all actions may be expressed

5 as a means for taking that action or as an element which causes that action. Similarly,

each physical element disclosed should be understood to encompass a disclosure of the

action which that physical element facilitates. Regarding this last aspect, as but one

example, the disclosure of a “converter” should be understood to encompass disclosure of

the act of “converting” -- whether explicitly discussed or not -- and, conversely, were

10 there effectively disclosure of the act of “converting”, such a disclosure should be

understood to encompass disclosure of a “converter” and even a “means for converting.”

Such changes and alternative terms are to be understood to be explicitly included in the
description.

Any patents, publications, or other references mentioned in this application for

15  patent are hereby incorporated by reference. Any priority case(s) claimed by this

application is hereby appended and hereby incorporated by reference. In addition, as to

each term used it should be understood that unless its utilization in this application is

inconsistent with a broadly supporting interpretation, common dictionary definitions

should be understood as incorporated for each term and all definitions, alternative terms,

20 and synonyms such as contained in the Random House Webster’s Unabridged

Dictionary, second edition are hereby incorporated by reference. Finally, all references

listed in the list of References To Be Incorporated By Reference or other information

statement filed with the application or in the table below are hereby appended and hereby

incorporated by reference in their entirety, however, as to each of the above, to the extent

25  that such information or statements incorporated by reference might be considered

inconsistent with the patenting of this/these inventive technology(s) such statements are

expressly not to be considered as made by the applicant(s).

L. U.S. PATENT
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Thus, the applicant(s) should be understood to have support to claim and make a
statement of invention to at least: 1) each of the solar power devices as herein disclosed
and described, ii) the related methods disclosed and described, iii) similar, equivalent,

5 and even implicit variations of each of these devices and methods, iv) those alternative
designs which accomplish each of the functions shown as are disclosed and described, v)
those alternative designs and methods which accomplish each of the functions shown as
are implicit to accomplish that which is disclosed and described, vi) each feature,
component, and step shown as separate and independent inventions, vii) the applications

10 enhanced by the various systems or components disclosed, viii) the resulting products
produced by such systems or components, ix) each system, method, and element shown
or described as now applied to any specific field or devices mentioned, x) methods and
apparatuses substantially as described hereinbefore and with reference to any of the

accompanying examples, xi) the various combinations and permutations of each of the
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elements disclosed, xii) each potentially dependent claim or concept as a dependency on

each and every one of the independent claims or concepts presented, and xiii) all
inventions described herein.

With regard to claims whether now or later presented for examination, it should

5 be understood that for practical reasons and so as to avoid great expansion of the

examination burden, the applicant may at any time present only initial claims or perhaps

only initial claims with only initial dependencies. The office and any third persons

interested in potential scope of this or subsequent applications should understand that

broader claims may be presented at a later date in this case, in a case claiming the benefit

10 of this case, or in any continuation in spite of any preliminary amendments, other

amendments, claim language, or arguments presented, thus throughout the pendency of

any case there is no intention to disclaim or surrender any potential subject matter. It

should be understood that if or when broader claims are presented, such may require that

any relevant prior art that may have been considered at any prior time may need to be re-

15  visited since it is possible that to the extent any amendments, claim language, or

arguments presented in this or any subsequent application are considered as made to

avoid such prior art, such reasons may be eliminated by later presented claims or the like.

Both the examiner and any person otherwise interested in existing or later potential

coverage, or considering if there has at any time been any possibility of an indication of

20  disclaimer or surrender of potential coverage, should be aware that no such surrender or

disclaimer is ever intended or ever exists in this or any subsequent application.

Limitations such as arose in Hakim v. Cannon Avent Group, PLC, 479 F.3d 1313 (Fed.

Cir 2007), or the like are expressly not intended in this or any subsequent related matter.

In addition, support should be understood to exist to the degree required under new

25  matter laws -- including but not limited to European Patent Convention Article 123(2)

and United States Patent Law 35 USC 132 or other such laws-- to permit the addition of

any of the various dependencies or other elements presented under one independent claim

or concept as dependencies or elements under any other independent claim or concept. In

drafting any claims at any time whether in this application or in any subsequent

30  application, it should also be understood that the applicant has intended to capture as full

and broad a scope of coverage as legally available. To the extent that insubstantial
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substitutes are made, to the extent that the applicant did not in fact draft any claim so as
to literally encompass any particular embodiment, and to the extent otherwise applicable,
the applicant should not be understood to have in any way intended to or actually
relinquished such coverage as the applicant simply may not have been able to anticipate

5 all eventualities; one skilled in the art, should not be reasonably expected to have drafted
a claim that would have literally encompassed such alternative embodiments.

Further, if or when used, the use of the transitional phrase “comprising” is used to
maintain the “open-end” claims herein, according to traditional claim interpretation.
Thus, unless the context requires otherwise, it should be understood that the term

10 “comprise” or variations such as “comprises” or “comprising”, are intended to imply the
inclusion of a stated element or step or group of elements or steps but not the exclusion of
any other element or step or group of elements or steps. Such terms should be interpreted
in their most expansive form so as to afford the applicant the broadest coverage legally
permissible. The use of the phrase, “or any other claim” is used to provide support for

15  any claim to be dependent on any other claim, such as another dependent claim, another
independent claim, a previously listed claim, a subsequently listed claim, and the like. As
one clarifying example, if a claim were dependent “on claim 20 or any other claim” or
the like, it could be re-drafted as dependent on claim 1, claim 15, or even claim 715 (if
such were to exist) if desired and still fall with the disclosure. It should be understood

20  that this phrase also provides support for any combination of elements in the claims and
even incorporates any desired proper antecedent basis for certain claim combinations
such as with combinations of method, apparatus, process, and the like claims.

Finally, any claims set forth at any time are hereby incorporated by reference as
part of this description of the inventive technology, and the applicant expressly reserves

25  the right to use all of or a portion of such incorporated content of such claims as
additional description to support any of or all of the claims or any element or component
thereof, and the applicant further expressly reserves the right to move any portion of or
all of the incorporated content of such claims or any element or component thereof from
the description into the claims or vice-versa as necessary to define the matter for which

30  protection is sought by this application or by any subsequent continuation, division, or

continuation-in-part application thereof, or to obtain any benefit of, reduction in fees
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pursuant to, or to comply with the patent laws, rules, or regulations of any country or
treaty, and such content incorporated by reference shall survive during the entire
pendency of this application including any subsequent continuation, division, or

continuation-in-part application thereof or any reissue or extension thereon.
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voltage parameter;

15 * compensating for an external power converter voltage via said step of
dynamically adjusting a voltage output limit of said photovoltaic DC-DC
power converter;

* slaving said step of dynamically adjusting a voltage output limit of said
photovoltaic DC-DC power converter to a regulatory voltage limit;

20 * converting said MPP voltage DC photovoltaic input with said photovoltaic
DC-DC power converter utilizing said dynamically adjusted voltage
output limit into a converted DC photovoltaic output;

* establishing said converted DC photovoltaic output as a converted DC
photovoltaic input to a DC-AC inverter;

25 * inverting said converted DC photovoltaic input into an inverted AC

photovoltaic output.

2. A method of solar energy power conversion as described in claim 1 wherein
said step of compensating comprises the step of raising a voltage output limit
30 of said photovoltaic DC-DC power converter in response to a voltage drop of

said external power converter voltage parameter.
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8. A solar energy power conversion apparatus as described in claim 7 wherein

30 said dynamically adjustable voltage output limit compensation control
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ho vari ous. syot ongo oy oat HARE s o ORLPRBLAGRE \ ORB NI RETIARE T Y
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l'ater present ed ¢b@f cQxampRAIP B adjhceth@bdiflcalyP@nHBdeS sdiaQdi hateabor
practical reasons and so as to avoid great expansion of the exam nation
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disclaimer is ever intended or ever exists in this or any subsequent

o, e . o - A a2 N - 1 7~



and broad a scope of coverage as legally available. To the extent that
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enbodi nent, and to the extent otherw se applicable, the applicant should
not be understood to have in any way intended to or actually relinquished
such coverage as the applicant sinply may not have been able to anticipate
5 all eventualities; one skilled in the art, should not be reasonably
expected to have drafted a claimthat would have literally enconpassed such
al ternatjge embodiRBBHSS solar ener§HSWAG conVdrsiBh aMIERM&EH cldifel 3UskerOh t he
transitional phrase "conprising™ is used to naintain the "open-end" clains
herei n, accor di ngidtseeptafpditidiopat leestanerektatral giatetpataneter tThaid photovelkkdct he

context require rw se, it should be understood.th the term 10
Coonpri se or IS HE b Zsnking Wip et DO SRR A s SNy ended
to imply the inglauspimerkr fledal £ ehEHBNP cOsistn@Rf AvoBiRYRArdhet@l gnents or
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any desired proprnp&s&ASAterRSbmpfiQs (RE{ERbNpOLRIND £ QI HRthARs such as
wi th conbi nati ons of nethod, apparatus, process, and the |ike clains.

Final ly, any cl @arsnetiat etempkstate palaetarme are hereby i ncorporated by
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i ncl udi ng any subse%uent continuatjon, division, q’o]r COﬂati nuat i.on-i n- part
appl i cation t heP8BMT ARYIFSHARIHKNSREHBTEH 28 FEIFHOTY EERIGE Rhat i s
claimed is: 51. AapRtdagd of sol ar energy power conversion conprising the
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sai d phot ovol t aisgidepldE rpleNGall§ 3BNIAL helyhamMMAadjasthbly valjdesdutiid lignivol t age
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phot ovol tai ¢ DC-DC power converter to a regulatory voltage limt;
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of conpensating conprj se step of lowerin .val t.age output .limt of
28 4 phot ovol t SFEORRREE BSEE B ePbur® i SaBitd! FBoEnGopPbErsa n o
sai d xternal peuWerpheRNYREL®C-VE %@g& cPAvaRRhed subbptiMalBpti0bi@ge, SOl ar

D ovi di g at | GABEIGNE Sk PbytASPI o er DEGIRVEY Fevedor yagubpaliHaBeT conpr i
providing at |e&®9er _ _ conpri ses
sai d step of dynan o PR Bl R AL ey BT ol AR e P
step of utilizingltsgd.d at | east one intra-string parameter to achieve a
desired condition for a string. 5. A nethod of solar energy power
conversion as described in claim4 wherein 15said desired condition for a
Strifig compri ses meARAGLLIEN n%gg 5 HRARibIGSs GEPHP LRI S INGhAfind
desired vol t age or'e sai%g str?n ﬁg nOI’(l:t rgég%lt?osna SI y %(flgh \}o tage %:1& sai d
string, a near mreguleptadynimivally vdjbitageafdotynsmichllstadjusgblegroétagesutpitan 400
volts for said str.i n(gil reater than 450 volts for said string, greater than
500 volts for saiyts P‘%ﬁ?a&rsé?i}tg@' than 550 volts for said string, greater
20t han 65% of a.r egyiahefih Mt ARG dyRRRREIT Qijusdhl §nbinGiy9r eat er
than 70% of a regulatory voltage requirenent for said string, greater than
75% of a regul at or ydjyssltlageltagepuipuetremtt f or said string, greater than 80%

of egul atory voltage requirenment.for said str] reater than 85% of a
regul Rt ory vol t agelsEqirPE R TAR sl & Prioal ket 0056 of o

25r egul atory volt agpediR@uhide@iiof ifpleiRhGn Sird digsrmanife gheial @sirtdaRu95% of a
regul atory voltage requirement for said string. 6. A nethod of solar energy
power conversion ab 3d&§¥ed-bed in claim 4 wherein said step of conpensating
conprises the step of conpensating selected from 30the group consisting of
conpensating for an increased voltage output of at |east one intra-string
sol ar pazel, conpaedadiofigolhoéncagydssraaseckryioh hiadecobddiutclaim 19 wherein

20 said step of dynamically adjusting said dynamically adjustable voltage output
limit comprises the step of first adjusting an external voltage to a safe

condition.

23. A method of solar energy power conversion as described in claim 19 wherein
25 said step of dynamically adjusting said dynamically adjustable voltage output

limit comprises the step of compensating for said external state parameter.

24. A method of solar energy power conversion as described in claim 23 wherein
said step of compensating for said external state parameter comprises the step
30 of raising a voltage limit of said photovoltaic DC-DC power converter in

response to a voltage drop of said external state parameter.
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of at least one intra-string solar panel, conpensating for dropout of at

| east one intra-string solar panel, conpensating for shading of at |east
one i ntrasonorgizexisar panel, conpensating for bl ockage eCTais26eastodsone
intra-string solar panel, conpensating for damage to at |east one
intra-string solar panel, 5conpensating for mal functioning of at |east one
intra-string solar panel, and conpensating for non-uniformty in at |east
one intra-string solar panel. 7.A solar energy power conversion apparatus
conprising: at |least one solar panel having a DC photovoltaic output; 10
maxi mum phot ovol4 flethoB¥MRE1aPQ]cRty FAMMRLARsibN RS I AR T £RAM3 Wherbih! CUi LTy
to which said at | east one sol ar panel is responsive; a photovoltaic DC DC
power convert er shidwtappfaoDpepdatngfalstidiextermg ytate prasmetcceqmprisgoterstdpr om sai d

DC phot ovol taic t put; o ..at | east. t ernal power converter
Vol bage out put - dararifinedvoliage pitafisnoFleS PRl PREPE tE RO BT i onver t or
a dyrmam cal |y aﬁ‘bgg@h@lbﬁv\bﬁhé@%n@ﬂﬁa@&'éxtbﬂnﬁl {tate PARETRSRL | on control of said
phot ovol tai ¢ DC- power converter relationally responsive to said at | east
one external power converter voltage output data interface;

regul ato sl av bl e
2080Itag%youtpu?gFBﬂ*@qﬁﬁdggﬂgggl ﬁ&%gﬁ% ng g%%¥gagL§?3% %ﬁt@%ﬁ@

power converter shid stepl dtrélatialally sét@t&@@ml?ha{tﬁ],callﬁhdjhﬁa]ﬂé von@ecrmltpmrhtqﬁd DC

phot ovol tai ¢ output of said photovoltaic DC DC power converter

a photovol taic B@TIRES‘TSﬁb‘*e?tFIéPf tiapng s¥e dpeHaicyldy tctju%hlﬁveléﬂmwt%hm

25phpt ovol tai ¢ QytaHbheoySRlidDRIBLYRl: b AV Lo GANYEAELLe 2
photgﬁoltalc AC powe% oSFpuf ngpgﬂgﬁie t%ﬁgalﬂq otoJB ta?c fk>ﬂe

inverter. 8.A sek@rnabs@tegparpoater conver si on apparatus as described in claim
7 wherein 30said dynam cally adjustable voltage output Iimt conpensation
control conprises an external power converter voltage output drop detector
and a vobfage ouf Ritholiotiblat afetggﬁcﬁv&%ﬁt&tm Qs dACER AR BRRMEYwRQUR!
conversi on apparatus as describ in claim7 wherein 5said dynamcally

adj ust abl e vol t agid septqiutavingratd dorpendanipntablsnoltete eopprligiesomprigxt er nal

powey. converter volta .0ut put n det e out limt

flecr Bace cont r ol g A desh i Manhity SR bB RS b
described in cl ainit df iepIRitévcARADA-IBC pbwasdonBera) ke oReMRI Ionver t er
vol tage out put data interface conprises at |east one intra-string data
interface and mh@?éﬁﬁﬂﬁhﬁﬂwdyﬁﬁwﬁﬁally adj ust abl e voltage output limt
conpensation control conprises an intra-string control. A solar energy
power conversion apparatus as described in claim1l0 wherein said
intra-st28.ng comt methodafipslasasrgy goniricohvedabeat &dcﬁb@ﬁntctammo\ulperannsi sting
of a_desired string voltage control, a nontradltlonally h| string voltage
cont4bl, a near SPEgtAPALSisrarchicakly dpyinggaid dypapisalbyadipgibl eao u? mi ni mum

string voltage Qﬁﬂﬁ56&@n§sﬂ§Qu¥@b¥ m ni mrum string vol tage control a 500
vol t
* first slaving to a regulatory parameter;

* second slaving to an operational parameter;

* third slaving to an MPP parameter.

25
29. A method of solar energy power conversion as described in claim 13 wherein
said step of providing at least one external state parameter comprises the step
of providing at least one intra-string parameter, and wherein said step of
relationally setting a dynamically adjustable voltage output limit comprises
30 the step of dynamically adjusting said dynamically adjustable voltage output
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20m ni mum string vol tage control, a 550 volt mninmum string voltage

control, a 65%reqgulatory requirenent mninmumstring voltage control, a 70%
regul at orworenuizoasent m ni num string vol tage control, &CTAXeeguioat ory
requi rement mninumstring voltage control, a 80% regul atory requirenent

m ni mum string voltage control, a 85% regulatory requirenment mninmum
25string voltage control, a 90% regul atory requirenment mnimumstring

vol tage control,. and. a .95% requl atory requirenment mni pum string vol t age
control. 12.A séﬁ%F“@Hé?%ﬁ“%%ﬂ%@?“B% st %ﬁS?)‘B?tSIE'L?&Cg}éV%IééEW ed in claim
10 wherein said @ymaph 6ld yri@di ustabl e vol tage output limt conpensation
control 30conprises a control selected fromthe group consisting of an
intra-string solar panel voltage output increase conpensation control, an
intra-string solar panel. voltage output decrease c ensatifn control, an
ntra-stiing solhPelRHEr SUFEHISTE RIS ERRT T ER T LanER BT In TR egerein
intrasstring solsaid desin®l conaiida st stflAg cOMprifs a candikiof kaectbdirbarthé ri ng sol ar
panel conpensation control, a damaged intra-string solar panel conpensation
control, an i nt rEEeURGoNFigiRGaY dgsyperolsigg feisid stong. adppeadigonadly ight rol , and
a non-uni formintfas SEEinggabal n&??gula%Q&ﬁﬁﬁ§@61kagg@ f§r%ﬁc{ ﬁlring,:g?e f,Tet hod of
sol ar energy power Tonversion<tonpri sing the steps of: eating a DC
phot ovol t ai ¢ outtidit 400rv@ies @r dakiBsiting Recas@ltidn £50erolty feaudiding, @resdrabl i shi ng
said DC photovol taic output as a DC photovoltaic input to a photovoltaic

DC- DC power conva0; volts fon saish singerqages shanohd) vokis érisald SHing €9¥# anet er to

sai djjphot ovol t ai Q@P&Qﬁ%[ 1619 WA kUi £0r& tsin‘?r%' | htes B dn! 709, &
dynan(lpcal |y adj usatna le vo tagae 2ut pd%e Iill#lre‘tm%lg srailagl 15 ’gt ovol taEa]i ¢ DC-DC
power convert er of aregilabdiyowlthge squnlcratntlfeasid grneg ex¢aerbin i%toéapar anet er ;

converting said DC photoyoltaic.input. with said photovo i - DC power
Comverter ) f RSt Pl es Sty ey s S BYeR el T o Ll et o

converted DC photanghtyajditaQdiidtireme fdfsaidstiRE Rcht@f th&Ps®% ogRer gy power
conversion as describéd in claim13 wherein said solar energy source

conpri ses a sol aegwaterngiplispriregeiremtedorettid sting.tdreatertbupdtBrsast i ng of at

I easéa one sol ar cell aditl ural i t%( oft el ec(i rti.cal I ﬁ conneﬂit glar cells, a
plurdl ity of adj BeHt el Wags UEITY U IRHAY B &GS @ T 4% Phidst 250ne
sol ar panel, a pkgiabityol@be Rlgattmenabl picanngct ed sol ar panel s, and at

| east one string of electrically connected solar panels. 15. A nmethod of
sol ar energy power conversion as described in claim 13 wherein said step of

creati ng; A bC pbﬁpﬁl%ﬁl%ldto?isglaloéﬁeP& pgweqmoﬁ\%.rgof’i‘gs h&@ﬁﬁeﬁﬂ%laﬁ&l R wherein

said step of providing at least one intra-string parameter comprises the step of
20 providing a voltage for at least one intra-string element, and wherein said step

of dynamically adjusting said dynamically adjustable voltage output limit

comprises the step of compensating for said voltage for said at least one intra-

string element.

25 32 A method of solar energy power conversion as described in claim 31 wherein
said at least one intra-string element comprises at least one intra-string solar
energy source connected to at least one intra-string photovoltaic DC-DC

power converter serially located on said string.

30 33. A method of solar energy power conversion as described in claim 31 wherein

said step of compensating for said voltage comprises the step of compensating
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30ener gy source conprises the step of creating MPP voltage for said at

| east one sol ar energy source. WO 2010/120315PCT/ US2009/041044 16. A

nmet hod ofwecabavi2e3ier gy power conversion as descri bed i npclraisooo2®4wher ei n
said step of providing at | east one external state paraneter to said

phot ovol tai ¢ DC-DC power converter conprises the step of providing at |east
one external 5state paraneter selected fromthe group consisti ng of a

vol t age paranete ar anet er, sol ation

urrent paraneter
paraneter, a ter?f)lé? S@gr L) C@PSIS@%‘EfasCP&ﬂegﬁ &§°rﬁé‘r13ﬂ:€’t‘s§ vo A&femand
status paramet efoyfyt QPM&asFQﬁB’ﬁ&E-@’Ern%%BW%nQ?& PEHEE rCOH@CI%Ia{th%I‘%Ut put
parameter, a historical data tracking parane and a regul atory
requi rement par ainett:@?ed V@Da&ﬂoutﬁ\ltﬁ’étah]@dst@ﬁe maaﬂtrlwmiwnp@bﬂpumonversi on as
described in claim ﬁ/n ﬁ aid ste t % at | east one external
state paraneter C%lpg%sa g HGoR fgf% ‘% %F?%gyé%%?l ses the
step of providi r&gn@bndaaag‘forcm&hﬂybit At1QRt GWeEnfrh GtrivetBlan @hersy abi8car anet er .
15 18. A nethod of sol ar energ)l/< power conversion as described in claim17
wherein said st epmpFnygrng fafibieskage oletdeasiormne lmwﬁrmséplaﬁemqrgacswwer nal state
par anmet er conpri C I for said
at | east one mJICt8 Sl ellés{agnégo‘ﬁag&e g)rir%g%sp&e%&gg?a 14 iggegquzg@ggé’fromthe
group consi sti ngoﬂipeﬁsaang(ﬁirtr@egﬁmpﬁdslﬁﬂgbﬁt le&t one inaBistrp@rsameedrgy a power
parameter, an insolation paraneter, a tenfperature paranmeter, a system
status par amet eSOuIge cPé‘F’rﬁﬁHlpé@S&Fﬁ% fgs ronrHBifarmity g heast @@ﬂww@mgéekaﬁut
par ajgeter, a strhg% Quieut parameter, a historical data tracking paraneter,
and a regulatory r aw renent paraneter 25 19. A nethod of solar energy
power conversion as described in claim213 wher ei n said step of relationally

settin dynam cal | st abl e volta e out t.co he step of
dynani catly adj Lﬁmeﬁédggl R SR OSutelol i feseThid S R R Reh ot P
responsive to sapfh ﬁ% ng%sstte mﬁé&%aﬂél'adﬁfs@ﬁgea Qﬁ{a%ﬁgélf%zradjlﬁgablé%lta e

2010/ 120315PCT/ US2 09/ 4104 20."A et hod of sol ar energy power conversion
as described i nowtpait mnltgfomhehmlnyQépbbtgm?alcolbcdyﬁ@nwcamryead]s wstizing sai d

d |1 dj | df
the Bt oup cons, SEkmg g BsafaEs e Bilbareltis ateRa &%l e fBudp Ever cor

at a suboptimal sgfdfel ci ency, operating sai d phot ovol tai c DC-DC power
converter at a suboptinmal input voltage, operating said photovoltaic DC DC
power converter at a suboptinmal power |oss, and operating said at |east one

sol ar enes gy SOY GRyi Eio?s EP%EWWJYP E?L%e‘%whﬁgsedefh dﬁl%?au%fnsx% Lin®Ner gy

power conversion as ESCI’I erelrn sal ep of nam cal | Yy
adj usting sai d dyidamspad]pryvididp uslcadiloae ¢oteiray eatepaputietdri dshiprisende steps t he

St ep230 of: of providing at least one inter-string parameter, and wherein said step of
relationally setting a dynamically adjustable voltage output limit comprises
the step of dynamically adjusting said dynamically adjustable voltage output
limit utilizing said at least one inter-string parameter to achieve a desired

inter-string condition.

25
36. A method of solar energy power conversion as described in claim 35 wherein
said desired inter-string condition comprises a condition selected from the
group consisting of a desired inter-string voltage, a nontraditionally high inter-
string voltage, an inter-string voltage close to a regulatory limit, an inter-string
30 voltage of greater than 400 volts, an inter-string voltage of greater than 450

volts, an inter-string voltage of greater than 500 volts, an inter-string voltage
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i npl enenting a step function to dynam cally adjust said dynam cally

adj ustabl e voltage output limt; determning a resultant effect on said
ext ernal woavrw/pesianeter; repeating said steps of i npl ecentseevy/oarvd4
determining until a desired result is achieved. A nethod of sol ar energy
power conversion as described in claim19 wherein said step of dynamcally
adj usting said dynam cally adjustable voltage output limt conprises the

step of first adj.usting an_external voltage Bo a safe c ndéééo . A net hod
of solar energy éW@F‘“’_rg‘@H\%é_ssYioﬁﬁ a&§f‘@’é§tgﬂlgl¥8_ ager Pt grepieh tha élogian sai d step
of dynami cally agjusbiy\@18ss fqt¥aammcal inveradidsSiARbeovakldoBaRybaWwe | i mt

conpri ses the step of "‘conpensating for said external state paranmeter. A
met hod of sol ar agpgylggprpodiage cypuemshtom mdereesity vdage pherhiar hag3S5%her ei n
said step of conpensating for said. external state ramet er conprises the
step of raising a&%ﬁ“ﬁa&&% ‘ioﬁ)tﬁ%et TGrEEr ,%18{66—\;%11[%\%% a%ffé%e%t%@?nconverter
in response to R0vObit AGeudiRP vltags dbghiRxcarf, Aalintst atfifg Poll RS @Feater WO .
2010/ 120315PCT/ US2009/ 041044 25. A net hod of sol ar energy Povver conversi on
as described i n teanadxte 2Ba visatasers velinge regepenamt.conpersEmnegltigrofsai d
external state r ' - rj age limt of
sai d photovol ta%g&]%%% 9pd(§]/0\0/verg$‘rl %%ﬁ\taéérp gro ﬁ%%@rgﬁ%g%%éﬁ@edn? %ngnté%%t%gge gai n of
sai d external stvaltegeparaemérahan RB% ofa n&dulacryofoltsgd @fuieareigy power
conversion as described in claim13 wherein said step of relationally
setting a dynami cally adjustable voltage output limt conprises the step of
sl aving sai d dynapeanhlof sadh LRt APy AbhAGERYE BilkribddThicl Fsh
phot o({jol t§gi c DC DCepovver Sconver@gﬂ?&?n ref%tlpon to rsla‘% gt%gjass‘? 5ng
external state padamptaprovdding At leestlvod iroér-soh@paremetegyomppriees tloomeesfsi on as
described in claim.26 wherein.said step of s]avin ai.d dynam cal l.y
i ust abl e vol { 20 B AIEITENEL SLeHpPreeaeral HRE Sod TSI el SFERT val |y
slaving said dynrgiaRbilY adjdiHta @y_nmhctaﬁg%dﬁwa%tvohth%@ &%ﬂt 184k d

a

phot ovol tai ¢ DC- power converter ‘in relation to sai east one
external state pamanetsghe sgof gompemnbgthedpr srod meltagndogpidadenst eenver si on as
descyd bed in clai {n 2? t\/\Inerei n 20said step of hierarchically slaving said
dynam cal |y adj GStEHY &"Vsl tage output limt conprises the steps of: first
slaving to a regulatory paraneter; second slaving to an operational
paraneter; third slaving to an MPP paranmeter. 25 29. A nethod of sol ar
energy pdner cordvBediogpf selagensesy PRVEricANErEPRRI Sesgrbadein slami 3 whaspinof

providing at | e%ﬁi{d P ik%st%{e%&{% al §&ﬁ§%o&§h@§£‘%ﬁ last ala%l%?eét&%alﬁ&&?%"f
providing at | east one intra-string“paraneter, an erein salrd step of
relationally setting a dynam cally adjustable voltage output limt
conpri ses 30t he st eP of dynam cally adjusti.ng said dynam cal I7y adj ust abl e
vol t%{be dut put A method of solar energy power conversion as describéd in claim 37 wherein
said step of compensating for said voltage comprises the step of compensating
selected from the group consisting of compensating for an increased voltage
output of at least one external string, compensating for a decreased voltage
output of at least one external string, compensating for dropout of at least one
25 external string, compensating for shading of at least one external string,
compensating for blockage of at least one external string, compensating for
damage to at least one external string, compensating for malfunctioning of at
least one external string, and compensating for non-uniformity in at least one

external string.

30
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limt utilizing said at |east one intra-string paraneter to achieve a
desired condition for a string. 30. A nethod of solar energy power
conver si omoastodesxisi bed in claim29 wherein 5said desiredTasaawvsmns for a
string conprises a condition selected fromthe group consisting of a
desired voltage for said string, a nontraditionally high voltage for said
string, a near regulatory limt voltage for said string, greater than 400

volts for.said string, greater than 450 volts for said string, eater than
500 vol 1407 or sat BeMEHiRGOI L MER RO ZATEBE 0T 81 5%%%1@#1 lgéfﬁadmgigrﬁuﬁb?r gr eat er
10t han 65% of acb%?ﬁkiﬁg‘arsYep‘é‘éieEtQG?rJn?ﬂfé'g"r&l}%btnsifsf?ﬁg %ﬁa&ﬁéaﬂl?%djlﬂﬁﬁg'ﬂ‘t er

u

than 70% of a regulatory voltage requirenent for said’string, greater than
75% of a regul ataclypamaiatlpgdjusteblaivobiagenutpusdingafad agpiwrihiy,of ghetaveltaic han 80%

of a regulatory e requirenment..for said strin reater_than 85% of a
Cegul atory vol { deneto PERE RS PR A hiTed Obf e SO Bt dol st o
15regul atory volatkigee 4 8Hiel @ivNStrih @ Eorihdish, 8l hdmidall pafudieatBhaiitany 95% of a
regul atory voltage requi renent for said string. 31. met hod of sol ar

energy power condas@plsoiseiaypytlpeidiorm pyaliy dehptpeplitin DXa§ Baed of
providing at le i .- | NG par ten rise:

20providing a v%ﬁ@%%%%f%?& galﬁ g]leggrgrigqglr%lgﬁllgra]sgﬁ aa?%?a(rgfér?g% 1%%:@%%%1??)%%? f\:/{/gﬁtg,r ein
said step of dynahitcal Hasiredjintsit-strige saiditiehy aadi gainhiyaladjdjsstiaple vol t age
output limt conprises_the ste f conpensating for said voltage for said

p o ] g . .

at |east one i ntadPicRhyadretlproliaas cyspualifit feba phiraliychpheineeliyc Bower
convgysion as d??@gb\taﬁdcoh%&ér?bﬂh?)%rmyro?'sﬂ?ingéwhﬁﬁ L @5 1e6nd [Hidr@- ST Ng
el ement conprises at [east one intra-string Solar e‘%ergy source connect ed
to at | east one sirntgrmramgdten tngciphet odalitcdineDTDCcopuligen. converter serial ly
| ocated on said string. 30 33. A nethod of sol ar energy power conversion as
described in claim31 wherein said step of conpensating for said voltage
conpri seg| the St@ReHodPIVENSREENEWSbREL G b MAEP& GIPHR 1BORh&t | ng of
conpensating for an increased voltage output of at |east one intra-string
sol ar energy sowpwmgrisingthsetiestdiing for a decreased vol t age out put of at

| east. one intra-string.solar ener squrce. conpepsati ng. for dropout of at
I east5 one intra-stFiod l‘é%?ti?asg%r"g%e%%&?ag%? ar%mg%ﬁ%e%%lgf O# or shadi ng of
at | east one intr apisdtévor@icSOCaC poREROSOMESe, conpensating for bl ockage of

at least one intra-string solar energy source, conpensating for damage to
at | east one intr amé'cttlronﬂg\/ sedfingra @yapysallyadiustablecyiigen SEPPHgN T o

mal f uncti oni ng of i trl : 1 y. , d
conpensating for n%hltﬁ)ﬁéla(?osram ?falﬂr?r gfgp%loéda@g "‘%2??%?? Eg‘glgftcro ?lgééﬁeggle%@{jloener gy
source. 34. A net hiadehfiosa aid proeidgy aplewsone exteéaabstate pasmntkeacri bed in claim
29 further conprising the step of dynamcally adjusting a dynamcally

adj ust abl e vol tage output Iimt for a plurality of photovoltaic DC DC power
convertegs utiligimthol s bt &ord Paiter 9B TbA & SLEHAG RUAMEH I nbanachi eve
a desi redfcondi tplgong]foor sall{zl setr%i g.er35. 5\ rns*ta%oclg o?&slol ar energy ;r)lower
conver si on as desidrstdped providingianedd onhexteiml staicpasinggperad aplwvlityioig at | east

one external state amet onprises the step 20of pravidi at | east one
“nter-string parieralae KrGDGHEPGE oS g br: P EPeOR 1Y 8 at g a
dynam cal l'y adj yatabh& orat fad@ne phololtdieDC-DOIWCE BSnveRer SteRa®f

dynam cal |y adjusting said dynam cally adjustable voltage output limt

util2¥ing sai d anothergotaméaiciErl(s powarpasiereish wharciachidewep & desi red
Inter-string Coqglh{i(l)n%ﬂy sgt%ng a dynamically adjustable voltage output limit comprises
the step of relationally setting a dynamically adjustable voltage output limit in

relation to said provided state parameter.

30 43. A method of solar energy power conversion as described in claim 13 further

comprising the steps of:
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36. A nethod of solar energy power conversion as described in claim35
wherein said desired inter-string condition conprises a condition selected
from t he woaow/iees1si sting of a desired inter-string vol PaGAIS2@9/041044
nontraditionally high inter-string voltage, an inter-string voltage close
to aregulatory limt, an inter-string 30vol tage of greater than 400 volts,
an inter-string voltage of greater than 450 volts, an inter-string voltage
of greater than 500 lts, an inter i,n voI reater th 550
volts, an inter-"stf¥ g‘s%gtséﬁiec?ﬁvebti?‘iﬁ(lérp%f)ﬁ’é(ﬂ tﬁg%“(tﬁm raeﬁﬁ"lwﬁtﬁﬁiaggoltage
requi rement, an '”%ﬁto@l(aicﬂﬁpMthaMA@ ingeRat er than 70% of a regul atory
voltage requirenment, an inter-string voltage of greater than 75% of a
regul atory vol t ageinvejogr swkreopvatedi PCemphstovpitgje viopttageo o gregeerA€han
580% of a regul at ory voltta etrqu rement, an inter-string voltage of
greater than 85% ofMACYRGHTMBEY vol t age requirement, an inter-string

vol t age of greater than 90% of a regul atory voltage requi rement, and an
inter-string volta e of greater than 95% of a regulatory voltage

requi rentht . Areql ouetsy POOYCA EOREET QY ARPGIEES BV B on as described in
claim 35 V\,herel sal i e ring paraneter
conprises the s'?epﬁ(% asglr)%e\[/’so%fr e%%y Sg I{aghg%?%g?iﬁ I?eas lﬁécn(tgaut@(tt ernal string,
and wherein said si ﬁ]p)oto‘ffolti)m]amlba|pbyveﬁd¢nw3tte1ﬂgwﬁ@ dDdyhatdvohhit ynpad]j ust abl e
vol tage output limt conprises the steﬁ) of (gl%nsatl ng for said voltage
for said at |east GAEACSKRtEPANET EQTRisplY. CBEOtAV LGOYPYF sol ar energy power
convgy sion as descriibgflohdeiahiTa! iR ekt faBholofaftlic ditepRxt 1 nal
string conprises at ast one para ext er nal ring. A nethod of solar
ener gy power convepsivamoasertescribed in claim37 wherein said step of

conpensating for said val tage,.co esthese sati ng, sel ect ed
o un Cona e P TATR ke 5y TSl cPhef IR el sl k8 ont ot
of at |east one expetpel o%kftmert&qmeﬁﬁtyl@ngn@fve@o deenersgdnyol tage

out put of at |east one externa string, conpensating for dropout of at
| east one ext ernal eg@malrﬁgated@iﬁp@tn@acten ng for shadi ng of at |east one

ComEhaati ng 1o daegeoro Ater ol BRETET Ehngh: LR o MB TRk GS for

mal functioni ng of pdwdredster@ne external string, and conpensating for
non-uniformty in at |east one external string. WO

2010/ 120315PCT/ US2009/ 041044 40. A nethod of sol ar energy power conver si on
a8 descrided 11 £LALTIR WLDEE, ROTRI LG Sk SRIREEChAT o1 b e of oup
consi sting of dynam ca ing a nam cal j us age out put
limt for a pl ursaidisblar efierpheddvotdnaprise DLCsddar m‘ﬂ@rsomm@vserebedsfrdm thei zi ng sai d
at least one inter-string paraneter to 5achieve a desired inter-string

condiion, dynaff e O LA A S O RERTERIA BUat Pttty coarsstedut put
limt for a plurg I;éélsgé ppeasgm& it QeeRGIROYEhe GONVELLRNIS a?féa?t single

string utilizing sal inter-stri'ng paraneter to achieve a

desi red i nt er - stone nglacpamel, taipburalityrod etb;cnmallyad)ﬂryecadjsu]gr paglsaanyadedscal | y

adj ustabl e vol tage outp for a ral |t of phot ovol tai c DC- 10DC
power converter$"d ﬁmé‘gpﬂlfﬁ]re&ﬁr}c?@/y ?H@F?QF\@@ %tzing said at |east one
inter- string paraneter to achieve a desired |nter-stri ng condition. 41. A
nmet hod of sol ar energy power conversion as described in claim13 further
conp?i si¥y the s"t@ﬁ@r@fﬁfgymwgvm\@i&i@ﬁ atparagessts dgparibedtieelan 44 fether par anet er

to a plurality of photovolt gCDC{ I conv 1onaIIy
setting a dynami’ 85‘5 Smﬁ(ﬁnaxéqué%lp vy tgﬁgog ﬁon?‘r?r%ér f%ncﬁhfl?l i'Dle of said
plurality of thb@&‘@lkﬁI@hﬁry@@v@ﬁémwzﬁt 1@@ﬂuﬁmr%ne@9@huﬂce1§1@b;ﬂinme to said
provi ded at | east one external state parameter. 20

47. A solar energy power conversion apparatus as described in claim 44 wherein

30 said at least one external state data interface comprises an data interface

selected from the group consisting of a voltage data interface, a current data
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42. A nethod of solar energy power conversion as described in claimi4l
wherein said step of providing at | east one external state paraneter to a
pl ural i t ywof2ophabzasol t ai c DC- DC power converters conpri €3/Uush@optmps of
providing a state paraneter of at |east one photovoltaic DC DC power
converter to at |east 25another photovoltaic DC DC power converter, and
wherein said step of relationally setting a dynam cally adjustabl e voltage
output limt conprises the step.of relationally setti a dynam cally

adj ust abl e vol t AYET8G PROVFY $At intgtacey agip at{%‘%aéﬁl&teﬁ‘igg?fi PERGYR
paranmeter. 30 43,4 ipRtHad a%st@rﬁ's@a&us&&% ﬁYerﬁ@%rde%ﬁ'ilM%%'i%rfﬁée,g%%f bed in
claim 13 further conprising the steps of: establ i shing said converted DC
phot ovol t ai ¢ outcpuverts outpuodnemtearthcD@ yhing owtpiit daitinterfage, atlostariCdaa@

inverter; inverting said cqonverted hot ovol tai ¢ .input .into an inverted
AC phot ovol t i ¢ "tk gaEananG e B AP gy P EORISTSR appar at us
conpry sing: at |east one solar energy source having a DC photovoltaic
output; a photovoltaic DC-DC power converter having a DC photovoltaic

i nput th3¥ accept SlPoETSYFROGRT SaR @I prpgtaswoIstdgb@ibsdipeteim 46 wAerdikast one
external state data.intert [ - |.t aj - DG rter;

a dynamcally agjg%istcif%%teorn\f/%%?zrigag S%ﬁet%ltj B&&%X?C%Ighrﬁsreglg n(%“%%%%ﬁ%? A(;t\%ol taic
DC- DC power convgteifade. rel ationally responsive to said at | east one external
state data interface; 15 at |east one converted DC photovol tai c output of
sai d photovol taic DC-DC power converter. 45.A solar energy power conversion

appajpt ugg as de%gélg%e%g} S@'ﬁ gbrgv‘e%rs\é‘@féﬁa%téﬂs SQRH i BGIIY8 SIS

conprises a solar energ rom the 20group consisting of at
| east one sol ar seidlrhyltigpapdmtad dity igbrfaleeotnprised dnydatometice dormpdrent cel |'s, a

lurality of adjacent .electrically .connected solar.cells, at |east one
Do pamel | aCPERE oy G SR Bty SO § A enAeegn 1EETE pRRenEn hng ot

| east one stringugin€lagCihleGad LomFARAE GBS @R InBRRe S mpsRdR; A sol ar
ener gy power conversion apparatus as described in claim44 further

conpri si ng maxi mselgtieotdetachterinee grommenento b tempeoatveerdagy infeuface ceompdrienty cont r ol

Ci rcH'try to which sai t .one sal ar r.ce A S responsive.

at .l ea ener Yo)
a7 %ol ar ener gy peere e PHrGRC Sap e By o G 2B e o T RRR
wherei n 30sai d atpoweasénvenrer sutp@rdaal infifatecddpaehbefifnacrmeapa ses an data
interface selected fromthe group consisting of a voltage data interface, a
current data interface component, a historical data tracking data interface component, and

a regulatory requirement data interface component.

20  50. A solar energy power conversion apparatus as described in claim 44 wherein
said dynamically adjustable voltage output limit control comprises a control
selected from the group consisting of a suboptimal efficiency control for said
photovoltaic DC-DC power converter, a suboptimal input voltage control for
said photovoltaic DC-DC power converter, a suboptimal power loss control

25 for said photovoltaic DC-DC power converter, and a suboptimal MPP voltage

control for said at least one solar energy source.
51. A solar energy power conversion apparatus as described in claim 44 wherein

said dynamically adjustable voltage output limit control comprises a step

30 function control.
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interface, a power data interface, an insolation data interface, a
tenperature data interface, a systemstatus data interface, a demand data
i nt er f acayoaoponesisconverter output data interface, a stPcrnug2aaopwis dat a
interface, a historical data tracking data interface, and a regul atory
requi renent data interface. A solar energy power conversion apparatus as
described in claim44 wherein said at | east one external state data
interface conprises a nulti-paranetric data interface. sol ar energy power
conver si g% apparht UL PErLRO B%‘bvef%orb?%alﬁﬁ“&%as\ﬂe?é‘f"&eﬁ “%Qia’dn ﬁ%l"‘flﬁe%‘ér ametric
data interface GERIyh&QR AP adial@bleRbREIARRp R ATNOAGRINo! 86hFieSdn EX@Mat he
group consisting of "a voltage data interface conponent, a current data
i nterface conporehtge safqeumdrcodtibla i nt er f ace conponent, an insol ati on data
interface conponent, a tenperature data interface conponent, a system
status data interface conponent, a denmand data interface conponent, a power
convey t es3 out putA gahenkeitly@idvae eomR@pRONSHaratd Stdebdtbe@Ut Pldim datweldnt er f ace
conponent, a historical data tracking data interface conponent, and a
regul atory r equisaléréexﬁ@muallaadm@téblﬁa@gagﬁmmaﬁélmH COMHHEYNPIETTE RH PXIBAET
conver si on appaggﬁéﬁéf e@pﬁ&ﬁ#gggkhqmﬁhgfn144 wherein said dynam cal ly
adj ust abl e voltage output Tinmt control conprises a control selected from
the group consisting of a suboptiml efficiency control for said
phot ovol t ai c DC- DC power converter, .a suboptiml input voltage control for
sai d photbvol t ait ST BE GYRNCT EOMFEHBRPPAAE ATSlstI HRSH TpEiER P 3d§Teddnt r ol
for gpid phot Othitdae'x s n;Pa?Xiﬁ te CAINY St ffon C%Hgolacoﬁﬂ}?fg d Bl YHRMO! T age
control for said at |[east one solar energy source. A'solar energy power
conver si on apparatanetas/ ottescdropddtettor ehdaa moltbge whgpuelimitsadcrdasdycoamolcal |y
adj ustabl e voltage output limt control conprises a step function control.
WO 2010/ 120315PCT/ US2009/ 041044 52. A sol ar energy power conversion
appar at uss as desgidiegieldy gl B MOEAHaMhiSedsdedy R § 8lalnY 53UiHdRtRbl e
vol tage output |imt control conprises an external voltage safeguard
control. 553. A sealdaxtesmdsge povwetccampensiton capiselr@mpsisesandedanilizéde i n
cl ai jp 44 wherein_sai d dynam cal | dj ust abl.e volta utput limt, contro
comph ses-an extarisrrsVIRE &5 iielel YRR PuRet P bR EaR Bt kM. Cor ar
ener gy power conversion apparatus as described in claimb53 wherein 10said
external state paraneter conpensation control conprises an external state
par anet e?6-vol t agesdpioPetatRoptes coReEsieN YRt dgeasslgs@ibed ip ghatm i ehepdie
control 55 A SolafySALLAY (BRUEI SINE Rl AR IRRPAT ALY S s degELLbed T
cl ai m 53 wherei n-sard- ext er n state raneter conpensation contro
conpri ses an exidgnmaicaly adjastitdpavhagetotpw tintiegatighi N detector and a vol t age
output limt decrease control. 56. A solar energy power conversion
appa%%tus as described in claim44 wherein said dynam cally adjustabl e
vol tage gt put |4 Wik &SRR Rwet SR SES b afl AR U WHIRAETE Bl sBURARD! €
voltage output limt control. 20 57. A'solar energy power conversion
appar at us as desaidisbedd dpnaphiailhy &Husmibée evlmgs abpuslisntecndylha@mpeakd ¥
adjustabl e voltage output limt control conprises a hierarchically slaved
Gynani cal 1y adi QSraB TRy aaREa PERR R oA e U BEI BT Atk  ener oy
power conversion apparatus as described in claim57 wherein said
hi erarchically slaved dynam cally adjustable voltage output limt contro
conpdd se88. a r dyelatanergysioases doprer it yppamtity asldescrigd opelaan S mdieteyn sl aved
Zggg?ggg% 1;?,2%.; %é%’%%?%ﬂ%ﬁ%glh%ﬁ cgyntarenrié[a l?fraﬁju%%{}ferv%lltage (\)ll\g?put limit control

comprises:

* aregulatory slaved primary control;

* an operationally slaved secondary control;

30 * a MPP slaved tertiary control.
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59. A sol ar energy power conversion apparatus as described in claim44
wherein said at | east one external state data interface conprises at | east
one i ntrawobrongiidata i nterface and wherei n sai d dynanmpcalusgooanjiess abl e
vol tage output limt control conprises an intra-string control. 5 60. A

sol ar energy power conversion apparatus as described in claim59 wherein
said intra-string control conprises a control selected fromthe group

consi sti of a de ired string voltage control 0 i hi gh
string ng? tage ¢oift ?roﬁlnergé{ R4 cPugtit garwsrﬁstdegq%ﬁ é%ﬁs&%erm, a
400 vol t m ni muryi0sidakithe EQlehR SrakQkd RkerfaBe ARHPN QL it I&uﬂ'oﬂy mtlsatsrthﬂg

vol tage control, a 500 volt m ni numstring vol tage control, a 550 volt

m ni mum string \dgtatlatgefa@omdr\@herela s@i8dbynamdaly @dmsm@quhmpuﬁlmlhum string
vol tage control, a 710%re u ato%ﬁr@ wrerrlﬁﬂt m ni nrum string vol tage
control, a 75% rc%tﬂ? a‘:to5nrp§71 BAPum string vol tage control, a 80%
regulsatory requirenent 15m ni numstring voltage control, a 85%regul at ory
requi renent mninumstring voltage control, a 90% regul at ory requirenent

m ni mum 68ri ng VobalaigaeryrRowst Conyeeion SETEatesAs deseiby i glain efwiierai ni mum
string vol tage t. [ e r £ S as
described in cl %?91 gtgi v%lg%&)frf]ﬁ Sog.ll 8‘3%#%%51«2?%2%&%%’1?5%5 ri ﬁgg‘%ésﬁl Eilg
interface conpriocgasested seqist vadage tortrad- siidntnaditehsliehich yeingagiagat a

interface, and wherein said intra-string condition control conprises an
intra-string el é‘ﬁ%‘ﬁ?l @B?atréwl%fewﬂéﬁgém%ﬂogégﬂwrro 620 OA(OE@P1§¥m‘€Her gy power
convgy sion appargg desiftol. ool iGh A buAHaBe SaRAILG dqiycie String
el enent vol t age co ens%tl on control conprises contfrol se€l ecte fromthe
group consi sti ngniofman strimgnaltgga ¢cangros @l B0 vehienigymeostroe mdthgagmtmhtaput

i ncrease corrpen%gtggl on control, an intra- strlngvozol ar _en %our ce vol tage

out put decr ease SCGn5EHRHEY BHUEERENGRINIIRM; SRV ARZT Rt |aa0 nergy source
dr opout cormens@&g@ao@%&lmmen@nﬁﬁawsmg &anasgerdoﬁgoﬁgb@% RPEnRLgy source
conpensation control, "a blocked intra-string solar energy source
conpensation comequalemeat manmgerdstnng veltage lcplrrtgols@B@% regraatgy rsouirareent
conpgnsati on cont.rol a-strin source, nmal.function
conpbheati on convigrim el olBatnePB aitoh el P T HERRE PERBMY sour ce
conpensat i on CORtirl voltade SR, 2SIVEE %u&@d@&ef%ﬁ@hﬁﬂnﬁﬁm@ﬁp@ﬁ@g USltaas
described in claim59 further conprisin ality of photovoltaic DC DC
power converter §on@@cap%9,j%qeg(ﬁatpmrp@_ulgqmqnﬁgu@l@rnm tipa vebraercontrelesponsi ve
to at least one intra-string data interface. A solar energy power

conversi on apparatus as described in claim44 wherein said at | east one
external 6kt at e datdai onesyff@oer emrsimea)lﬁtauhmsies@med limtlaim $9 mhegeidat a

interface and wherel n sai d dynam cally f| ustabl e voltage output limt
conttbl conpri sé8dahlqapqr 1ta-pHge EamtREITacexosyIrars ¥y psier E8nver si on
apparatus as de%fernﬁéﬁ?‘ijol'td}e%la?a' e%cé"ﬁa &Wh@re aﬁid 1n@1ra%lfr1 édnﬁﬂloﬁ% fr&l' on
control conprises a cont ecte rom-t e group consisting of a desired
i nter-string volcbapeasasamtinm- stnagmrrmnanadolltagomamn)yndahgmcmmtoér string voI t age
control, a near regulatory limt inter-string voltage control, a 400 volt
mninmuminter-string voltage control, a 450 volt mninuminter-string

vol tage gontrol A g120%eMB! fowt: @bﬁ%ﬁélbtﬂ&ﬁfaraﬁsr ds@ st et 3961a5RBY Mlerei® 550
volt mnimuminter-string voltage control, a 65%regul atory requiremnent

m niZum i nt er - stsmdngtrwtlrmaghenmhwltﬂge cammwmgmmmoéwmp@marcem@it m ni mum

inter-string volta ont a 715%

nter-string vortage B plierod gt Ea B CEAP ey Refdm
inter-string voloage G@fitlifdreasa c8Yerisagor edndroy, ahai-EEINe Rblafbbr SIM
inter-string vol tage control, a 90% regulatory requirenment mninmum
inter-string volspage veleeraytnut degease 99%?@@&%@%%@@@% 8HBABEORY ni num
inter-string vol r C L,0n apparat us
as described i neé?\%? %ﬁémﬁg%ﬁ n%ggaﬁl @aggh%%%\%{t%tsgﬁ é%rl ng data

i nt e3f ace conpr Ieﬁe@yabm’cea&hpmetl(m(dceﬂtmhh bladked igravotih@geadaeseyi nt er f ace,

and wherein said inter-string condition control conprises an external
string vol tage éeﬁrﬁ%ﬁ%rag?qﬁﬁtl%qﬂnltrgi a damaged intra-string solar energy source

54



67. A solar energy power conversion apparatus as described in claim66
wherein 5said at | east one external string conprises at |east one parallel
ext ernal wororg2088. A sol ar energy power conversion apparTatse@asiodescri bed
in claim66 wherein said external string voltage conpensati on contr ol
conprises a control selected fromthe group consisting of an external
string voltage output increase l1l0conpensation control, an external string
vol t age out put decrease conpensat.ion control, an externa]: string dropout

conpensat i on cofPPEFNSaHoR ROl AIPERENESPIaY RRFTEYL APEFs AU BNt rol , a

bl ocked ext er nalcogihbhdAdos OSMRNSAH bAoA intrAsERIRIGHRXEEIRRe STTiNng
conpensation control, an external string malfunction conperisati on control,
and a non- uni f orcomggtsetipmbot®dt ri ng conpensation control. 69. A solar

ener gy power conversion apparatus as described in claim®64 further
conprising a plurality of photovoltaic DC- DC power converters, each having
at | eastgpne i ntkolstdnety ke comictdibg@anittk AiekdHRE 1S ERIMGo ¢afdrt i on
control 20responsive thereto. 70. A solar energy power conversion apparatus
as described i ncemaripngs plypkityext phetepelta¢ Bg:-DC power converters, gaghlharigi ty of
sol ar energy so ) ' vl tal - QUL plurality
of photovol t ai c%@'&ftgggg?@\é%@goﬂ%gﬁsg %%E:‘% tﬁa#” ﬁ% Ogg@p%%@e%flt ai ¢ i nput
t hat accepts pouwserfideom one of said DC photovoltaic outputs; at |east one
external state data interface of each said photovoltaic DC DC power
converter; 30 a dynam cally adjustable voltage output limt control of each

sai dphogpvol t ai g He CORERGS R paflndl ds AR ANEd P SRR SH Yheldn €aCH

sai d ® e§<t'ernal s% at eéagr a%ﬁ%trer acé o%p]%lacllzflst ssggd photlovoﬁ]'?ai \éﬁlBCDC power
converter; at Iseidst lecasteneertcerd scteDEtpinctaeotompisesat lpadt oot irvactrisai d
phot ovol tai ¢ DC-DC .power converter.. A sol ar ener power conversi.on
apparatus as degépilgt@\é}gf%an@l W%?l?da\?@é'f“%m}fagi’ aﬁJ@g‘éPled’ﬁ ALAEPUATYF nal state
data interface copRslicRaHriRel AihRiNAInebalsl. data interface of one said

phot ovol tai ¢ DC- DC power converter responsive to a voltage output of at

| east anot her said photovoltaic DC-DC power converter. A solar energy power

conver si apparat us. as described in claim44 further.c ri,sing. . a
phot Bl P ¢ Pe RO PSRN SO er dubarme s sieaeited doty o
phot ovol t ai ¢ outspidtinef-stsiak GordiAbPOY& tiok c6mpPlisdoa JPAMEI selRRMEFdn fhie gréup

phot ovol tai c AC power output responsive to said photovoltaic DC AC
inverter. A systemisiimgstaricsiagd pteastrigroltazdeddiol. wewnitpdiHopdhydiighce to any

one or nore of the Fi. LAt LoGce [ o any of
R P B R
1-8, separ at el y,a 400 vaityniaonidn naki-aring Kolerdoh@bdl, @450 volt minimum inter-

20 string voltage control, a 500 volt minimum inter-string voltage control, a 550
volt minimum inter-string voltage control, a 65% regulatory requirement
minimum inter-string voltage control, a 70% regulatory requirement minimum
inter-string voltage control, a 75% regulatory requirement minimum inter-
string voltage control, a 80% regulatory requirement minimum inter-string

25 voltage control, a 85% regulatory requirement minimum inter-string voltage
control, a 90% regulatory requirement minimum inter-string voltage control,

and a 95% regulatory requirement minimum inter-string voltage control.

66. A solar energy power conversion apparatus as described in claim 64 wherein

30 said at least one inter-string data interface comprises at least one external
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67.

68.

69.

70.

string voltage data interface, and wherein said inter-string condition control

comprises an external string voltage compensation control.

A solar energy power conversion apparatus as described in claim 66 wherein

said at least one external string comprises at least one parallel external string.

A solar energy power conversion apparatus as described in claim 66 wherein
said external string voltage compensation control comprises a control selected
from the group consisting of an external string voltage output increase
compensation control, an external string voltage output decrease
compensation control, an external string dropout compensation control, a
shaded external string compensation control, a blocked external string
compensation control, a damaged external string compensation control, an
external string malfunction compensation control, and a non-uniform external

string compensation control.

A solar energy power conversion apparatus as described in claim 64 further
comprising a plurality of photovoltaic DC-DC power converters, each having
at least one inter-string data interface and an inter-string condition control

responsive thereto.

A solar energy power conversion apparatus as described in claim 44 further

comprising:

* aplurality of solar energy sources, each having a DC photovoltaic output;

* aplurality of photovoltaic DC-DC power converters, each having a DC
photovoltaic input that accepts power from one of said DC photovoltaic
outputs;

* at least one external state data interface of each said photovoltaic DC-DC
power converter;

* adynamically adjustable voltage output limit control of each said

photovoltaic DC-DC power converter relationally responsive to each said
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71.

72.

73.

74.

external state data interface of each said photovoltaic DC-DC power
converter;
* atleast one converted DC photovoltaic output of each said photovoltaic

DC-DC power converter.

A solar energy power conversion apparatus as described in claim 70 wherein
at least one said external state data interface comprises an external state data
interface of one said photovoltaic DC-DC power converter responsive to a

voltage output of at least another said photovoltaic DC-DC power converter.

A solar energy power conversion apparatus as described in claim 44 further

comprising:

* a photovoltaic DC-AC inverter input responsive to said converted DC
photovoltaic output of said photovoltaic DC-DC power converter;

* a photovoltaic AC power output responsive to said photovoltaic DC-AC

inverter.

A system substantially as herein described with reference to any one or more

of the Figures and Description.
The process according to any of claims 44 to 72 and further comprising any of

the steps as shown in Figures 1-8, separately, in any combination or

permutation.
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