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“[T]he … drive output for controlling MOSFET transistor 33” from power factor 

controller 19 “effectively control[s] output 26 of flyback power converter 17.”  6:58-

61, 7:15-17 (“Supply coil 27 … is controlled by an output 34 of controller 19 through 

the … MOSFET power transistor 33.”); Ex. 1002, ¶108. 

e. 1(d): “an output current detecting section that detects an 
output current of the semiconductor light source;” 

Ghanem discloses this limitation.  Current sensor 10 (annotated red) is an 

example of the claimed “output current detection section.” 

 

Ex. 1004, Fig. 1 (annotated).  In Figure 1, item 10 is labeled “LED CURRENT 

SENSOR,” and it detects an output current of the LEDs (labeled “OUTPUT 

CURRENT SENSE”).  As shown in Fig. 1, current sensor 10 comprises a series of 

resistors (impedances) that measure the output current of the LEDs. 
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The current flowing in all the subsets 4 of light-emitting diodes 3 flows 
through impedances 5 and 6 of the current sensor circuit 10 serially 
interconnected between the terminals 9 and 11 to convert the total 
current flowing through the set 2 of light-emitting diodes 3 to a 
corresponding current-representative voltage signal present on an 
output 18 of current sensor circuit 10. 

Ex. 1004, 2:13-22; Ex. 1002, ¶109. 2 

f. 1(e): “a current command section that specifies a reference 
value of a drive current which is applied to the 
semiconductor light source;” 

Ghanem discloses this limitation.  Ghanem discloses structure specifying 

“reference current Iref,” which is an example of the claimed “current command 

section that specifies a reference value of a drive current.”  Ghanem states that Iref 

specifies a “reference” value for the drive current of the LEDs.  Ex. 1004, 5:47-48 

(“Iref is a voltage providing a fixed LED current reference”). “The current-

representative voltage feedback signal on input 24 will be compared to Iref (47) in 

comparator 48.”  Id., 6:34-36.  Iref is identified as item 47 in Figure 1, annotated 

below. 

 
 
2 See infra n.3 
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Ex. 1004, Fig. 1 (annotated); Ex. 1002, ¶110.   

g. 1(f): “a current comparing section that compares the output 
current detected by the output current detecting section and 
the reference value specified by the current command 
section” 

Ghanem discloses this limitation.  For example, Ghanem discloses 

“comparator 48” (annotated red), which is an example of the claimed “current 

comparing section.”3   

 
 
3A POSITA would understand that although comparator 48 is comparing voltages, 
these voltages are representations of currents. This analysis is consistent with the 
description in the’830 Patent, which also relies on a measured voltage to detect 
current. Ex. 1001, 7:9-13; Ex. 1002, ¶111. 
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Ex. 1004, Fig. 1 (annotated).  The current comparator has two inputs:  Iref (item 47) 

and Imes (item 24, labeled “current feedback input” in Fig. 1).  Iref was discussed 

above for Claim Limitation 1(e).  Imes corresponds to the measured “output current 

detected by the current detecting section.”  The “LEDs current measure Imes (24),” is 

the “output 18 of the current sensor circuit 10” after passing through “output current 

filter 20.”  Ex. 1004, 5:48-52, 6:16-20, Fig. 1.   

The current-representative voltage feedback signal on input 24 will be 
compared to Iref (47) in comparator 48.  The output of comparator 48 
is a high/low difference-representative signal fed to multiplier 49.   

Ex. 1004, 6:34-39; Ex. 1002, ¶111. 
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h. 1(g): “an impedance detecting section that detects an 
impedance of the semiconductor light source,”  

Ghanem renders this limitation obvious.  Ghanem recognizes that, as shown 

in Figure 2, LEDs have an impedance that changes with temperature ((e.g., 

dynamic impedance).  Ex. 1004, 4:40-44. 

 

Id., Fig. 2.  Based on Ohm’s Law, a POSITA would understand from the disclosure 

in Ghanem that a measure of impedance at a given temperature (is the inverse of 

the slope, where the slope is ILED/VF and the measure of impedance is VF/ILED.  Ex. 

1002, ¶¶112-13.   

Recognizing the non-linear and temperature-dependent impedance of LEDs, 

Ghanem discloses a “current sensor circuit 10” that “transform[s] the non-linear 

relation (LED current/voltage relation with temperature) between the LED supply 

dc voltage at the output 26 of the power converter 17 and the dc current supplied to 

the set 2 of light-emitting diodes 3 … into a linear relation” in order “[t]o enable the 
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controller 19 to perform variable current feedback control on the set 2 of non-linear 

light-emitting diodes 3.”  Ex. 1004, 4:26-35.  As such, the LED current sensor 10 

both “detect[s] a current supplied to a non-linear load” (e.g., LEDs) and “produc[es] 

a current reading dependent on a condition of operation of the non-linear load” that 

corrects for the dynamic impedance of the LEDs in order to perform feedback 

voltage control to “keep the light intensity produced by the light source substantially 

constant.” Ex. 1004, 2:7-10, 2:33-54; Ex. 1002, ¶114. 

The “current sensor circuit 10” includes a “temperature dependent variable 

equivalent impedance Zeq”  that is based on “thermistor RTH (8).”4  Ex. 1004, 4:62-

66.     

This circuit enables regulation of the dc current supplied to the LEDs 
as a function of temperature θ. 

When the temperature θ is constant, the current sensor circuit 
impedance value Zeq is constant and the LEDs are driven by a constant 
current. 

[W]hen the temperature [of the LEDs] θ rises … the value of the 
thermistor RTH decreases …. 

 
 
4 A thermistor is a temperature-sensitive resistor, a device whose resistance 
(impedance) changes with temperature.  Ex. 1002, ¶68. 
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Id., 5:23-27.  Using the thermistor, Ghanem discloses the ability to “transform the 

non-linear relation [between voltage and current] into a linear relation.”  Ex. 1004, 

6:22-25.  Figure 1 of Ghanem is annotated below to highlight the thermistor. 

 

Ex. 1004, Fig. 1 (annotated); Ex. 1002, ¶¶115-18.   

A POSITA would understand from the disclosure in Ghanem that there was a 

need to correct for “the non-linear relation” of the “LED current/voltage relation” 

(i.e., the dynamic impedance) to “enable … variable current feedback control on … 

light-emitting diodes” in order to “keep the light intensity produced by the light 

source substantially constant.” Ex. 1004, 2:33-54, 4:26-35. However, a POSITA 

would have recognized that the thermistor solution of Ghanem would not be the best 
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available option to “keep the light intensity produced” by the LEDs “substantially 

constant.” Id.  The thermistor is a separate device from the LEDs and therefore is 

only an indirect analog for the dynamic impedance of the LEDs.  A POSITA would 

recognize that the changes in impedance to the LEDs would not be completely 

compensated for through changes in the impedance of the thermistor because the 

dynamic impedance of the thermistor is not dependent on the dynamic impedance 

of the LEDs.  Ex. 1002, ¶¶116-20.   

A POSITA would understand that, because the thermistor is not dependent on 

the LEDs, that it’s dynamic impedance could change differently than what was 

necessary to “transform the non-linear … LED current/voltage relation … into a 

linear relation.”  Id., 4:26-35.  For example:  (1) the temperature at the thermistor 

may change differently than at the LEDs; (2) the LEDs may age differently than the 

thermistor; (3) the thermistor may respond differently than the LEDs at different 

currents, voltages, and/or temperatures; and (4) the dynamic impedance of the 

thermistor may not perfectly match what is necessary to “transform the non-linear 

… relation into a linear relation” for a particular set of LEDs.  Ex. 1002, ¶120.   

Ghanem itself recognized that it disclosed a “a simple-low cost circuit”  and 

other components (e.g., power factor controller) could be used.  Id., 2:26-32, 8:37-

48.  A POSITA would recognize that there were other design choices available that 

would perform better than the thermistor of Ghanem to “keep the light intensity 
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produced” by the LEDs “substantially constant.” Id.  A solution that would have 

been obvious to a POSITA would be direct measurement of the impedance of the 

LEDs, for example, using Ohm’s Law:  (V=I*R; or R=V/I).  Ghanem already 

includes a current sensor and voltage sensors were well-known and could be 

implemented at “the LED supply dc voltage at the output 26 of the power converter 

17.” Id., 6:30-34.  Similarly, closed-loop feedback control was a well-known 

technique for controlling current to LEDs in dynamic circuits and, generally 

comprises measuring a changing variable and then compensating for that change.  In 

this case, Ghanem recognized the need to compensate for the dynamic impedance of 

the LEDs and standard feedback control instructs a POSITA to measure the 

impedance (they dynamic component) and then correct for it.  Ex. 1002, ¶121. 

A POSITA would have understood that a direct measurement of impedance 

could be accomplished with a reasonable expectation of success through application 

of the well-known Ohm’s law, by dividing the LED supply voltage (either known 

based on supply voltage or measured before the voltage drop across the LEDs using 

well-known voltage sensors) by the output current of the LEDs (“output current 

sense” / “current feedback input” signal of Ghanem).  Ex. 1004, Fig. 1.  A POSITA 

would have been motivated (and readily able) to apply this basic calculation, because 

a direct impedance measurement of the LEDs would be dependent on the impedance 

of the LEDs and accordingly more accurate than the thermistor, which is only an 
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indirect analog for the impedance of the LEDs.  Direct impedance measurement of 

the LEDs would also not have the same uncertainty (e.g., due to temperature, aging, 

or performance) as the thermistor in trying to compensate for the dynamic 

impedance of the LEDs.  As such, a POSITA would understand that a direct 

impedance measurement of the LEDs would better provide “substantially constant 

intensity light source” (as desired in Ghanem) than the thermistor solution disclosed 

by Ghanem.  Ex. 1004, Abstract; Ex. 1002, ¶122.   

i. 1(h): “wherein the output voltage controlling section controls 
the output voltage of the voltage source based on an output 
of the current comparing section and an output of the 
impedance detecting section.” 

Ghanem renders this limitation obvious.  As discussed above, power factor 

controller 19 is an example of the claimed “output voltage controlling section” (see 

Claim Limitation 1(c)), and comparator 48 is an example of the claimed “output 

current comparing section” (see Claim Limitation 1(f)).   
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Ex. 1004, Fig. 1; Ex. 1002, ¶¶123-24. 

Ghanem discloses  that “the output voltage controlling section controls the 

output voltage of the voltage source based on an output of the current comparing 

section.”  The output of comparator 48 is provided to multiplier 49 of power factor 

controller 19, and “[m]ultiplier 49 adjusts its gain according to its inputs and 

produces a corresponding current reference waveform signal 50.”  Ex. 1004, 6:36-

44.  The current reference waveform signal is used by controller 19 to set the “drive 

output signal 34” to control voltage (and thereby current) supplied to the LEDs.  Id., 

7:15-23, Fig. 1.  Accordingly, Ghanem discloses that the “output voltage controlling 
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section” (e.g., power factor controller 19) “controls the output voltage of the voltage 

source based on an output of the current comparing section” (e.g., comparator 48).  

Ex. 1002, ¶125.   

Ghanem further renders obvious an “output voltage controlling section” that 

“controls the output voltage of the voltage source based on … an output of the 

impedance detecting section,” as recited in Claim 1.  As discussed for Claim 

Limitation 1(g), it would have been obvious to make direct impedance 

measurements of the LEDs to compensate for the dynamic impedance of the LEDs 

using standard closed-loop control, rather than rely on the “simple low-cost circuit” 

using the thermistor of Ghanem.  For the reasons discussed in Limitation 1(g), it 

would have further been obvious to provide the direct impedance measurement to 

an “output voltage controlling section” to “control the output voltage of the voltage 

source.  Ex. 1002, ¶126.   

Ghanem already includes a “power factor controller 19” that performs closed-

loop voltage control and “adjusts its gain according to its inputs and produces a 

corresponding current reference waveform signal 50” to “effectively[ control[] 

output 26 of flyback power converter 17” to control the supply voltage to the LEDs.  

Ex. 1004, Fig. 1; 6:30-61.  A POSITA would understand to modify the “power factor 

controller 19” of Ghanem to further receive the detected impedance and to 
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compensate for the dynamic impedance of the LEDs in determining a voltage to 

apply to maintain a constant current to the LEDs.  Ex. 1002, ¶127.   

A POSITA would recognize that there are many ways to use the detected 

impedance in closed-loop voltage control.  For example, a POSITA would know to 

simply multiply the impedance value by the current using analog circuitry (V=ZxI) 

and compare the result to a reference to determine the amount of voltage change 

required to keep a constant current flowing in the LEDs.  As another example a 

POSITA would know that the impedance and current values could be stored in a 

register or memory and compared to themselves to identify changes over time (Z/t, 

I/t) and these changes could be used to modify the gain to increment the output 

voltage either up or down to maintain constant LED current.  These modifications 

would allow for more accurate and reliable control over the LED current than the 

thermistor of Ghanem.  Ex. 1002, ¶128. 

A POSITA would have further understood that voltage control would only 

need to be performed when the output of comparator 48 detects that the LED current 

was different from the reference current.  Ex. 1004, 6:36-38 (“The output of 

comparator 48 is a high/low difference-representative signal fed to multiplier 49.”)  

Accordingly, it would have been obvious to a POSITA to improve the circuit of 

Ghanem by replacing the thermistor with a direct impedance measurement (as 

discussed in Claim Limitation 1(g)), and to use the impedance measurement (“output 
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of the impedance detecting section”) with the existing output of comparator 48 

(“output of the current comparing section”) to “control[] the output voltage of the 

voltage source” as recited in claim 1.  Ex. 1002, ¶¶129-31.   

B. CLAIM 5 

As discussed above, the limitations of claim 5 are subsumed within claim 1.  

See supra §IV(C); Ex. 1002, ¶47 (table correlating claim 5 with claim 1).  Claim 5 

is rendered obvious by Ghanem for the same reasons as described above regarding 

Ground 1 Claim 1.  Ex. 1002, ¶¶132-39. 

VIII. GROUND 2:  GHANEM IN VIEW OF NISHIMURA 

Claims 1, 2, and 5 would have been obvious over Ghanem (Ex. 1004) in view 

of Nishimura (Ex. 1005).  Elements and claims not mentioned below are not affected 

by the combination with Nishimura, and are disclosed or rendered obvious for the 

same reasons stated above in Ground 1, which is incorporated by reference into 

Ground 2. 

As discussed for Claim Limitation 1(g) and Limitation 1(h) of Ground 1, 

Ghanem discloses that the output voltage controlling section controls the output 

voltage of the voltage source based on an output of the current comparing section.  

And as discussed, Ghanem discloses a “simple low-cost circuit” using a thermistor 

that detects impedance.  In view of Nishimura, it would have been obvious to 

perform a direct measurement of the impedance.  Nishimura discloses directly 
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measuring the impedance of the semiconductor light source, and using that 

impedance measurement to control output voltage.  The subsections below discuss 

the why a POSITA would have been motivated with a reasonable expectation of 

success to combine Nishimura with Ghanem, followed by the disclosure of the 

combination.  Ex. 1002, ¶¶140-41. 

A. REASONS TO COMBINE 

A POSITA would have been motivated to combine Ghanem (Ex. 1004) and 

Nishimura (Ex. 1005) for several reasons.  Ex. 1002, ¶¶ 142-43. 

a. Interrelated teachings between Ghanem and Nishimura 

Nishimura is in in the same field of technology as Ghanem and both disclose 

circuits for driving LEDs.  Ex. 1004, 2:1-3 (“regulate the output power, hence the 

light intensity, of a non-linear light-emitting load.”); Ex. 1005, 1:27-31 (“[A]n 

operating current of an LED is varied and, at one or more values of the operating 

current, a corresponding voltage of the LED is measured. The measured voltages are 

then used as feed-forward variables to set the light intensity of the LED.”)  Ex. 1002, 

¶144. 

Both Ghanem and Nishimura address a similar problem of the dynamic-

impedance characteristics of LEDs.  For example, Ghanem states: 

[T]he voltage/current characteristic of a light emitting diode is sensitive 
to temperature causing the current through a light-emitting diode to 
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change very rapidly and non-linearly with the voltage across the light-
emitting diode. 

… Also, a fixed LED output current presents the following drawbacks: 
at higher temperature the output LED power decreases, and at lower 
temperature the output LED power increases. 

Ex. 1004, 1:39-43, 1:59-63.  Similarly, Nishimura states: 

Temperature, aging and other factors can lead to a shift in the intensity 
of light emitted by a light emitting diode (LED). 

A shift in the intensity of light emitted by an LED may be precipitated 
by factors such as a change in temperature of the LED's junction, or 
aging effects. 

It is known that the voltage at which an LED starts to conduct 
appreciable current (i.e., its turn-on voltage), as well as the LED’s 
dynamic impedance, are functions of the LED’s junction temperature 
and aging effects. The LEDs turn-on voltage and/or dynamic 
impedance may therefore be used to closely predict the intensity of light 
emitted by an LED as a function of its operating current. 

Ex. 1005, 1:7-9, 2:7-9, 2:22-28; Ex. 1002, ¶¶145-46. 

b. Applying a known technique to a known device ready for 
improvement to yield predictable results 

A POSITA would have recognized that the impedance detection of Nishimura 

was a known technique that could be applied to the known device of Ghanem that 

was ready for improvement (e.g., improved transformation of the “non-linear … 

current/voltage relation with temperature” of the LEDs “to “enable … variable 

current feedback control” in order to “keep the light intensity produced by the light 
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source substantially constant”) to yield predictable results (e.g., impedance detection 

and correction.  Ex. 1004, 2:33-54, 4:26-35.; Ex. 1002, ¶147. 

Ghanem acknowledges that the thermistor solution is “a simple-low cost 

circuit” for “[c]urrent feedback control” of a “non-linear load.”  Ex. 1004, 2:25-32.  

A POSITA would have recognized that the thermistor of Ghanem is an indirect 

analog for the dynamic impedance of the LEDs, and would not perform as accurately 

as a direct impedance measurement of the LEDs (such as done in Nishimura). Ex. 

1002, ¶148. 

Nishimura discloses that “[t]he LED’s … dynamic impedance may … be used 

to closely predict the intensity of light emitted by an LED as a function of its 

operating current” and that “[t]his prediction can then be used to set the light 

intensity of an LED.”  Ex. 1005, 2:22-34.  For example, Nishimura discloses using 

“control circuitry, coupled to the LED and sensors, to set the operating current in 

response to … readings from [the] current and voltage sensors in order to set desired 

light intensities of the LEDs.”  Ex. 1005, Claims 18 and 24.  A POSITA would have 

understood that the direct impedance measurement of Nishimura would more 

accurately account for the dynamic impedance of the LEDs, as compared to the 

indirect impedance compensation of the “simple-low cost” thermistor of Ghanem. 

Ex. 1004, Abstract.  Further, Ghanem teaches to provide a “substantially constant 

intensity light source” and a POSITA would have understood that more accurate 
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compensation for the dynamic impedance of the LEDs would allow for a more 

constant current thereby providing a more “constant intensity light” from the LEDs.  

Ex. 1004, Abstract; Ex. 1002, ¶149.   

A POSITA would have understood that the direct measurement of impedance 

disclosed by Nishimura could be accomplished in the circuit of Ghanem by 

modifying the “power factor controller” of Ghanem to perform closed-loop feedback 

control using the impedance detection of Nishimura.  A POSITA would recognize 

that there are many ways to use the detected impedance of Nishimura in closed-loop 

voltage control.  For example, a POSITA would know to simply multiply the 

impedance value by the current using analog circuitry (V=ZxI) and compare the 

result to a reference to determine the amount of voltage change required to keep a 

constant current flowing in the LEDs.  As another example a POSITA would know 

that the impedance and current values could be stored in a register or memory and 

compared to themselves to identify changes over time (Z/t, I/t) and these changes 

could be used to modify the gain to increment the output voltage either up or down 

to maintain constant LED current.  These modifications would allow for more 

accurate and reliable control over the LED current than the thermistor of Ghanem.  

Ex. 1002, ¶177.  
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c. Reasonable expectation of success 

A POSITA would have had a reasonable expectation of success in combining 

Ghanem with Nishimura. A POSITA would have understood that the direct 

measurement of impedance based on measured LED voltage and LED current 

(disclosed by Nishimura) could be accomplished with a reasonable expectation of 

success in the circuit of Ghanem.  Ex. 1002, ¶150.     

As described above, a POSITA would be motivated to combine Nishimura 

with Ghanem to replace the thermistor of Ghanem (which Ghanem discloses corrects 

for the dynamic impedance of the LEDs) with the direct impedance measurement of 

Nishimura to allow for more accurate voltage control to compensate for the gain 

from the dynamic impedance of the LEDs.  Ex. 1004, 6:36-44.  A POSITA would 

be motivated to use the impedance detection of Nishimura in lieu of the thermistor 

of Ghanem as it would allow a direct impedance measurement that was more 

accurate and reliable than the thermistor of Ghanem used to correct for the dynamic 

impedance of the LEDs.  This would improve the functionality of Ghanem. Ex. 

1002, ¶151.  

A POSITA would have understood the combination of Ghanem and 

Nishimura to be applying a known technique (direct impedance measurement of 

Nishimura) to a known device ready for improvement (the simple low-cost LED 

driver circuit with thermistor of Ghanem) to yield predictable results (more accurate 
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measurement and correction of LED dynamic impedance in voltage control, with a 

more constant current supplied to the LEDs).  Ex. 1002, ¶¶152-57. 

B. CLAIM 1 

a. 1(g): “an impedance detecting section that detects an 
impedance of the semiconductor light source,”  

Nishimura discloses this limitation.  Nishimura discloses an LED drive circuit 

that includes “a plurality of LEDs” and “for at least some of the LEDs, a current 

sensor to measure an operating current supplied to the LED.”  Ex. 1005, Claim 18.  

As in Ghanem, LEDs are examples of a semiconductor light source.  The LED drive 

circuit also includes “a voltage sensor to measure a voltage of the LED” and “control 

circuitry, coupled to the LED and sensors, to set the operating current in response to 

… readings from [the] current and voltage sensors in order to set desired light 

intensities of the LEDs.”  Id.  Those “readings” are “used to estimate a dynamic 

impedance of the LED.”  Id., Claim 24. Nishimura discloses that the dynamic 

impedance of the LEDs can be estimated by dividing the measured voltage of the 

LEDs by the measured current of the LEDs.   

[V]oltage measurements may be taken at operating current values [and] 
may be used to estimate the dynamic impedance of the LED (e.g., 
ΔV/ΔI=R; where ΔV is the difference in two measured voltages of the 
LED, where ΔI is the difference in the currents corresponding to the 
measured voltages, and where R is the LED's dynamic impedance.) 

Ex. 1005, 2:64-3:5; Ex. 1002, ¶¶158-166.  
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b. 1(h): “wherein the output voltage controlling section controls 
the output voltage of the voltage source based on an output 
of the current comparing section and an output of the 
impedance detecting section.” 

The Ghanem-Nishimura combination renders this limitation obvious.  As 

discussed in Ground 1 for limitation 1[h], Ghanem discloses “wherein the output 

voltage controlling section controls the output of the voltage source based on an 

output of the current comparing section[.]”  Ex. 1002, ¶167. 

Nishimura further discloses and/or renders obvious “the output voltage 

controlling section controls the output voltage of the voltage source based on … an 

output of the impedance detecting section,” as recited by claim 1.  As discussed in 

Ground 2 for Claim Limitation 1(g), Nishimura discloses an “impedance detecting 

section.”  Nishimura further discloses “control circuitry, coupled to the LED and 

sensors, to set the operating current in response to … readings from [the] current and 

voltage sensors in order to set desired light intensities of the LEDs” where these 

“readings” are “used to estimate a dynamic impedance of the LED.”  Ex. 1005, 

Claims 18 and 24; Ex. 1002, ¶¶167-73.   

A POSITA would have understood that Nishimura discloses, or at least 

renders obvious, “the output voltage controlling section controls the output voltage 

of the voltage source based on … an output of the impedance detecting section,” as 

recited by claim 1.  Nishimura discloses that “[a]n LED's current sensor 502 
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measures the operating current supplied to the LED 402 (e.g., by sensing the voltage 

across a series resistor R) and an LED’s voltage sensor 504 measures a voltage of 

the LED 402.”  Ex. 1005, 4:48-58.  Nishimura further discloses that “[t]he LED’s 

control circuitry 506 is coupled to both the LED 402 and its sensors 502, 504, to 

thereby set an operating current (I) of the LED 402 in response to acquired readings 

from the LED’s current and voltage sensors 502, 504.”  Id.; Ex. 1002, ¶174.   

Nishimura discloses that these “readings” used “to set an operating current (I) 

of the LED” include an estimation of the dynamic impedance of the LEDs.  Ex. 

1005, 4:48-58, Claim 24.  

[V]oltage measurements may be taken at operating current values [and] 
may be used to estimate the dynamic impedance of the LED (e.g., 
ΔV/ΔI=R; where ΔV is the difference in two measured voltages of the 
LED, where ΔI is the difference in the currents corresponding to the 
measured voltages, and where R is the LED's dynamic impedance.) 

Ex. 1005, 2:64-3:5.  Nishimura teaches that “[t]he LED’s … dynamic impedance 

may therefore be used to closely predict the intensity of light emitted by an LED as 

a function of its operating current” and that “[t]his prediction can then be used to set 

the light intensity of an LED.”  Ex. 1005, 2:22-34.  For example, Nishimura discloses 

using “control circuitry, coupled to the LED and sensors, to set the operating current 

in response to … readings from [the] current and voltage sensors in order to set 

desired light intensities of the LEDs.”  Ex. 1005, Claims 18 and 24; Ex. 1002, ¶175. 
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Below is a simplified block diagram that highlights the salient features of 

Figure 1 of Ghanem related to the control of current provided to the LEDs based on 

the impedance of the thermistor. 

 

The figure below show an embodiment of how a POSITA would have modified 

Ghanem to implement the direct impedance calculation of Nishimura. 
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Ex. 1002, ¶176. 

A POSITA would have understood that the direct measurement of impedance 

disclosed by Nishimura could be accomplished with a reasonable expectation of 

success in the circuit of Ghanem by modifying the “power factor controller” of 

Ghanem to perform closed-loop feedback control using the impedance detection of 

Nishimura.  A POSITA would recognize that there are many ways to use the detected 

impedance of Nishimura in closed-loop voltage control.  For example, a POSITA 

would know to simply multiply the impedance value by the current using analog 

circuitry (V=ZxI) and compare the result to a reference to determine the amount of 
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voltage change required to keep a constant current flowing in the LEDs.  As another 

example a POSITA would know that the impedance and current values could be 

stored in a register or memory and compared to themselves to identify changes over 

time (Z/t, I/t) and these changes could be used to modify the gain to increment 

the output voltage either up or down to maintain constant LED current.  These 

modifications would allow for more accurate and reliable control over the LED 

current than the thermistor of Ghanem.  Ex. 1002, ¶177.  

 A POSITA would further understand that voltage control of the LED current 

would only need to be done in the circuit of Ghanem when the output of comparator 

48 indicated that the LED current had did not match the reference current and 

accordingly the voltage needed to be adjusted to correct the current supplied to the 

LEDs.  Ex. 1004, 6:36-38 (“The output of comparator 48 is a high/low difference-

representative signal fed to multiplier 49.”); Ex. 1002, ¶¶178-79. 

C. CLAIM 2 

a. “The semiconductor light source driving apparatus 
according to claim 1, wherein the impedance detecting 
section comprises a divider that divides the output voltage of 
the voltage source by the output current detected by the 
output current detecting section, and acquires a value 
corresponding to the impedance of the semiconductor light 
source from an output of the divider.” 

In addition to the reasons discussed in Ground 2 claim 1, the Ghanem-

Nishimura combination also renders obvious claim 2. 
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Nishimura discloses an LED drive circuit that includes “a plurality of LEDs” 

and “for at least some of the LEDs, a current sensor to measure an operating current 

supplied to the LED.”  Ex. 1005, Claim 18.  The circuit also includes “a voltage 

sensor to measure a voltage of the LED” and “control circuitry, coupled to the LED 

and sensors, to set the operating current in response to … readings from [the] current 

and voltage sensors in order to set desired light intensities of the LEDs” where these 

“readings” are “used to estimate a dynamic impedance of the LED.”  Ex. 1005, 

Claims 18 and 24.  Nishimura discloses that this circuit is applicable to LEDs 

“backlighting a liquid crystal display (LCD)).”  Ex. 1005, 4:42-48; Ex. 1002, ¶¶180-

83.   

Nishimura discloses that the dynamic impedance of the LEDs can be 

estimated by dividing the measured voltage of the LEDs by the measured current of 

the LEDs.   

[V]oltage measurements may be taken at operating current values [and] 
may be used to estimate the dynamic impedance of the LED (e.g., 
ΔV/ΔI=R; where ΔV is the difference in two measured voltages of the 
LED, where ΔI is the difference in the currents corresponding to the 
measured voltages, and where R is the LED's dynamic impedance.) 

Ex. 1005, 2:64-3:5.  A POSITA would understand Nishimura to divide “ΔV” 

(voltage change) by “ΔI” (current change) to acquire “R” (value of LED's dynamic 

impedance) using “a divider.”  To the extent not expressly disclosed, a POSITA 
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would have found it obvious for a division operation (ΔV/ΔI=R) to be implemented 

using a divider.  Ex. 1002, ¶¶184-87. 

D. CLAIM 5 

As discussed above, the limitations of claim 5 are subsumed within claim 1.  

See supra §IV(C); Ex. 1002, ¶47 (table correlating claim 5 with claim 1).  Claim 5 

is rendered obvious by the Ghanem-Nishimura combination for the same reasons as 

described above regarding Ground 2 Claim 1.  Ex. 1002, ¶¶188-89. 

IX. GROUND 3:  TRIPATHI  

Claims 1 and 5 are rendered obvious by Tripathi (Ex. 1006) in view of the 

knowledge of a POSITA.  Ex. 1002, ¶190. 

A. CLAIM 1 

a. 1(pre): “1. A semiconductor light source driving apparatus 
comprising:” 

To the extent the preamble is limiting, Tripathi discloses it.  For example, 

Tripathi discloses a power supply for driving LEDs, which is an example of the 

claimed “semiconductor light source driving apparatus.”  Ex. 1006, Abstract; see 

1:9-10 (“The technical field of this disclosure is … a power supply for LEDs.”); 

Figs. 1-2; see Ex. 1001, 1:24-25 (referring to “light-emitting diodes” as an example 

of semiconductor light source); Ex. 1002, ¶191.   
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b. 1(a): “a semiconductor light source that is driven by a 
current;” 

Tripathi discloses this limitation.  The semiconductor light source (annotated 

red) is identified as item 10 in Figure 1 and as item 110 in Figure 2.  Ex. 1006, 2:18-

20, 2:67-3:5. 

 

Ex. 1006, Fig. 1 (annotated). 
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Ex. 1006, Fig. 2 (annotated).  The semiconductor light source (LEDs) are driven by 

a current.   

The power supply (20) for LEDs provides power to a LED light source 
(10) having a variable number of LEDs wired in series and/or in 
parallel. The power supply (20) uses current and voltage feedback to 
adjust power to the LEDs and provides protection to the LED light 
source (10). 

Ex. 1006, Abstract; Ex. 1002, ¶192.   

c. 1(b): “a voltage source that drives the semiconductor light 
source;” 

Tripathi discloses this limitation.  Tripathi discloses a voltage source 

(annotated red) that drives the LEDs. 
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Ex. 1006, Fig. 1 (annotated).  Tripathi describes the voltage source in connection 

with the block diagram of Figure 1. 

FIG. 1 illustrates a block diagram of a power supply 20 for powering 
an LED light source 10 including a variable number of LEDs wired in 
series and/or in parallel. A single-phase ac input 21 of power supply 20 
provides a voltage VAC to an AC/DC converter 22 of power supply 20 
whereby AC/DC converter 22 converts voltage VAC into a voltage VDC. 
AC/DC converter 22 provides voltage VDC to a power converter 23 of 
power supply 20 whereby power converter 23 generates a regulated 
power PREG including a LED current and a LED voltage VLED. 

Ex. 1006, 2:18-27. Tripathi also describes the voltage source for driving the LEDs, 

in connection with the circuit-level diagram of Figure 2. 

Voltage is supplied to power supply 120 at VIN to EMI filter 121. The 
voltage can be an ac input and is typically 50/60 Hertz at 120/230 
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VRMS. EMI filter 121 blocks electromagnetic interference on the 
input. AC/DC 122 can be a bridge rectifier and converts the ac output 
of EMI filter 120 to dc. Transformer 123 includes a primary winding 
W1, W4 and W5, and a plurality of secondary windings W2 and W3. 
The windings W1/W2 constitute the flyback transformer to power the 
LED light source 110. 

Ex. 1006, 3:12-23; see 3:24-26 (“The flyback transformer transfers power to LED 

light source 110 where the LED current and the LED voltage are controlled by 

feedback control.”).  The voltage source is highlighted in Figure 2 below: 

 

Ex. 1006, Fig. 2 (annotated); Ex. 1002, ¶193. 
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d. 1(c): “an output voltage controlling section that controls a 
drive current value for driving the semiconductor light 
source by controlling an output voltage of the voltage 
source;” 

Tripathi discloses this limitation.  For example, Tripathi discloses a “feedback 

controller,” which is an example of the claimed “output voltage controlling section.”  

The feedback controller (annotated red) is item 27 in Figure 1 and item 125 in Figure 

2. 

 

Ex. 1006, Fig. 1 (annotated).  The feedback controller “provides a feedback signal 

FB to power converter 23,” and based on the feedback signal FB, the power 
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converter “provides regulated power PREG to LED light source 10.”  Ex. 1006, 2:28-

42; Ex. 1002, ¶194.   

Tripathi also describes the feedback controller in connection with Figure 2. 

“Feedback controller 125 maintains an accurate voltage feedback VFB to thereby 

avoid large errors in LED current flowing through LED light source 110” and 

provides “voltage feedback VFB.”  The voltage feedback “drives “an optocoupler 

126,” which “supplies a gate drive signal to MOSFET Q1” to “adjust[] the current 

flow through winding W1 of transformer 123 to match the LED light source.”  Ex. 

1006, 3:40-4:5. 

 

Ex. 1006, Fig. 2 (annotated); Ex. 1002, ¶¶195-96. 
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e. 1(d): “an output current detecting section that detects an 
output current of the semiconductor light source;” 

Tripathi discloses this limitation.  For example, Tripathi discloses that a 

current sensor (annotated red) detects the current flowing through the LEDs.  “A 

LED current sensor 25 of power supply 20 provides a sensed current ISE indicative 

of a magnitude of the LED current flowing through the LED light source 10.”  Ex. 

1006, 2:31-33. 

 

Ex. 1006, Fig. 1 (annotated); Ex. 1002, ¶197.   

Tripathi also describes the components of the LED current sensor 25 in 

connection with the circuit-level diagram of Figure 2.   
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A sensed LED current ISE flow through resistor R1, which is in series 
with the LED light source 110 via LED control switch 127. A voltage 
representative of sensed LED current ISE is applied to a non-inverting 
input of a comparator U1. 

Ex. 1006, 3:40-44.  ISE is an “output current of the semiconductor light source” LEDs 

110 because it is “in series with the LED light source 110” and is measured after the 

current passes through LEDs 110 “via LED control switch 127.”  Ex. 1006, 3:40-44; 

Fig. 2 (showing the current ISE coming off LED control switch 127 after passing 

through LEDs 110).   

 

Ex. 1006, Fig. 2 (annotated); Ex. 1002, ¶197. 

f. 1(e): “a current command section that specifies a reference 
value of a drive current which is applied to the 
semiconductor light source;” 

Tripathi discloses this limitation.  The “reference current signal” (“REF” of 

Figure 1 and “VREF” of Figure 2) specifies a “reference current” and is an example 
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of the claimed “current command section that specifies a reference value of a drive 

current which is applied to the semiconductor light source.” Tripathi discloses that 

“a reference current signal is generated between a series resistor R4 and a Zener Z2” 

that is shown in Figure 2 as “VREF” input into comparator U2.  Ex. 1006,  3:26-29, 

Fig. 2 (“VREF” as the “reference current signal” that is “generated between a series 

resistor R4 and a Zener Z2”).  The “VREF” (“reference current signal”) is measured 

after resister R4 and specifies a reference value of the drive current applied to LEDs 

110.  The “VREF” “reference current signal” of Figure 2 is shown in Figure 1 as 

“REF” from “signal reference 28.”  Ex. 1006, Figure 1.  The “current command” 

portion of Tripathi is annotated in Figures 1 and 2 below:   

 

Ex. 1006, Fig. 1 (annotated). 
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Ex. 1006, Fig. 2 (annotated); Ex. 1002, ¶198. 

g. 1(f): “a current comparing section that compares the output 
current detected by the output current detecting section and 
the reference value specified by the current command 
section; and” 

Tripathi discloses this limitation.  The feedback controller (annotated red) is 

an example of a current comparing section. 
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Ex. 1006, Fig. 1 (annotated).  As can be seen, two of the inputs include “REF” 

(reference value specified by current command section) and “ISE” (output current), 

and the feedback controller compares them: 

A feedback controller (27) compares sensed current [ISE] and sensed 
voltage to a reference signal [REF] and generates a feedback signal, 
which is processed by a power factor corrector (124) to adjust the 
current flow through the transformer supplying current to the LEDs. 

Ex. 1006, Abstract; Fig. 1 (below).  Tripathi provides a similar explanation regarding 

the comparison, regarding Figure 2: 

Sensed LED current ISE and sensed LED voltage VSE as well as a 
voltage reference VREF are fed to feedback controller 125, whereby a 
voltage feedback VFB from feedback controller 125 drives an 
optocoupler 126 via resistor R7. In generating voltage feedback VFB, 
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feedback controller 125 employs a pair of comparators U1 and U2, 
resistors R8-R12, and a capacitor C6 as illustrated in FIG. 2. 

Ex. 1006, 3:40-52.  The voltage feedback VFB from feedback controller 125 drives 

an optocoupler 126, which “supplies a gate drive signal to MOSFET Q1” that 

“adjusts the current flow through winding W1 of transformer 123 to match the LED 

light source 110 power demand.”  Ex. 1006,  3:60-64. 

 

Ex. 1006, Fig. 2 (annotated); Ex. 1002, ¶¶199-201. 

h. 1(g): “an impedance detecting section that detects an 
impedance of the semiconductor light source,”  

Tripathi discloses this limitation, or at least renders it obvious.  Tripathi 

discloses a short/open detection circuit 130, where short is a low impedance state 

and open circuit is a high impedance state of the LED light source: 
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FIG. 4 illustrates one embodiment of short/open detection circuit 130. 
A LED voltage drop VLD across the LED light source 110 applied 
between a node N1 and a node N2, and an input voltage VIN is applied 
between node N2 and a common reference. The LED voltage drop VLD 
approximates zero (0) volts when LED light source 110 (FIG. 2) is 
shorted, and approximates the LED voltage VLED of regulated power 
PREG (FIG. 1) when LED light source 110 is an open circuit. 

Ex. 1006, 5:41-59; Fig. 4.  "The detection signal has a first level representative of a 

load condition of the LED light source. The detection signal has a second level 

representative of a short condition or an open condition indicative of the LED light 

source." Ex. 1006, 1:53-57.  The open/short detection circuit is annotated red.   
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Ex. 1006, Figs. 1-2 (annotated); Ex. 1002, ¶¶202-203.   

A POSITA would have understood that detecting an LED voltage drop of zero 

volts (short condition) detects an impedance of approximately zero, and a voltage 

drop of the entire LED voltage (open circuit condition) approximates a detection of 

infinite (complete) impedance of the semiconductor light source to the current.  The 

output of the “short / open detection” circuit is referred to as “a detection signal VDS 

[that] at a high level … indicate[s] a ‘LED outage’ condition of LED light source 

110 and at a low level … indicate[s] a normal operation of LED light source 110. 

The ‘LED outage’ condition is either indicative of a short or open of LED light 

source 110.”  Ex. 1006, 5:44-49.  To the extent this limitation is not disclosed by 

Tripathi, it would have been obvious to a POSITA that the “short or open of LED 
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light source 110” represented an impedance of the LEDs and therefore rendered 

obvious the claimed “impedance detecting section.”  Id.; Ex. 1002, ¶204.   

i. 1(h): “wherein the output voltage controlling section controls 
the output voltage of the voltage source based on an output 
of the current comparing section and an output of the 
impedance detecting section.” 

Tripathi renders obvious this limitation.  As discussed in Claim Limitation 

1(c) and 1(f), Tripathi discloses controlling the output voltage of the voltage source.  

The voltage feedback VFB from feedback controller 125 drives an optocoupler 126, 

which “supplies a gate drive signal to MOSFET Q1” that “adjusts the current flow 

through winding W1 of transformer 123 to match the LED light source 110 power 

demand.”  Ex. 1006,  3:60-64.  As further described in limitation 1(g), Tripathi 

discloses, or at least renders obvious, impedance detection in the form of a 

short/open detection circuit 130.  Ex. 1002, ¶¶205-06. 

Tripathi teaches that voltage control is used to prevent damage to the circuit.  

Ex. 1006, 1:44-48 (“The LED control switch further operates to clamp a peak of the 

LED current during an initial loading stage of the LED light source” which “prevents 

damage to the LED light source … .”); 2:43-45 (“LED control switch 24 further 

operates to clamp a peak of LED current flowing through LED light source 10 to 

thereby protect the LED light source 10 from electrical damage.”).  Based on the 

disclosure of Tripathi, it would have been obvious to a POSITA to use the output of 
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this detection VDS as part of the feedback voltage control of the LEDs, for example, 

to prevent damage to the circuit or the LEDs, for example, by reducing or cutting 

power to the LEDs.  In such as coupling, a POSITA would understand that the 

feedback controller 27 provides a feedback signal FB to power converter 23 based 

on sensed current ISE, sensed voltage VSE, reference signal REF, and VDS (detection 

signal of a short or open impedance condition). See Error! Reference source not 

found.1 modified to include detection signal DS as part of the feedback control.  
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Ex. 1006, Fig. 1 (annotated).  A POSITA would understand to use the detection 

signal VDS in feedback controller 27 to adjust the power, for example, by reducing 

or cutting the voltage to the to the LED light source 10 in the event of an short or 

open condition due to the “LED outage” to, for example, prevent damage to the 

circuit and/or circuit components as recognized by Tripathi.  Ex. 1002, ¶¶207-208.  

B. CLAIM 5 

As discussed above, the limitations of claim 5 are subsumed within claim 1.  

See supra §IV(C); Ex. 1002, ¶47 (table correlating claim 5 with claim 1).  Claim 5 

is rendered obvious by Tripathi for the same reasons as described above regarding 

Ground 3 Claim 1.  Ex. 1002, ¶¶[209-216. 

X. GROUND 4:  TRIPATHI IN VIEW OF NISHIMURA 

Claims 1, 2, and 5 would have been obvious over Tripathi (Ex. 1006) in view 

of Nishimura (Ex. 1005).  Elements and claims not mentioned below are not affected 

by the combination with Nishimura, and are disclosed or rendered obvious for the 

same reasons stated above in Ground 3, which is incorporated by reference into 

Ground 4.  Ex. 1002, ¶¶217-18.   

As discussed for Claim Limitation 1(g) and Limitation 1(h) of Ground 3, 

Tripathi discloses that the output voltage controlling section controls the output 

voltage of the voltage source based on an output of the current comparing section.  

Ex. 1002, ¶219.   
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Tripathi recognizes that “[t]he electrical characteristics of LEDs are such that 

small changes in the voltage applied to the LED lamp will cause appreciable current 

changes” and that “ambient temperature changes will also result in LED current 

changes by changing the forward drop across the LEDs.”  Ex. 1006, 1:22-26. A 

POSITA would understand Tripathi to be describing the dynamic impedance 

characteristics of the LEDs.  Tripathi teaches that “the lumen output of LEDs 

depends on the LED current” and therefore there is a need to “precisely regulate the 

LED current to prevent luminous intensity variations due to input ac voltage 

variations and ambient temperature[.]”  Ex. 1006, 1:26-31; Ex. 1002, ¶220.   

Nishimura also recognizes the dynamic impedance characteristics of LEDs 

and teaches to measure the impedance of the LEDs and use the measured impedance 

in voltage control.  Ex. 1005, 2:64-3:5 and Claims 18 and 24.  In view of Nishimura, 

it would have been obvious to perform a direct measurement of the impedance of 

the LEDs (as disclosed in Nishimura) and use it in the voltage control circuit of 

Tripathi to “precisely regulate the LED current to prevent luminous intensity 

variations due to input ac voltage variations and ambient temperature[.]”  Ex. 1006, 

1:26-31.  Nishimura discloses directly measuring the impedance of the 

semiconductor light source, and using that impedance measurement to control output 

voltage.  The subsections below discuss the why a POSITA would have been 
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motivated with a reasonable expectation of success to combine Nishimura with 

Tripathi, followed by the disclosure of the combination.  Ex. 1002, ¶221. 

A. REASONS TO COMBINE 

A POSITA would have been motivated to combine Tripathi (Ex. 1006) and 

Nishimura (Ex. 1005) for several reasons.  Ex. 1002, ¶222. 

a. Interrelated teachings between Tripathi and Nishimura 

Nishimura is in in the same field of technology as Tripathi and both disclose 

circuits for driving LEDs.  Ex. 1006, 1:9-10 (“The technical field of this disclosure 

is power supplies, particularly, a power supply for LEDs.”); Ex. 1005, 1:27-31 

(“[A]n operating current of an LED is varied and, at one or more values of the 

operating current, a corresponding voltage of the LED is measured. The measured 

voltages are then used as feed-forward variables to set the light intensity of the 

LED.”); Ex. 1002, ¶¶223-225. 

Both Tripathi and Nishimura address a similar problem of the dynamic 

impedance characteristics of LEDs.  For example, Tripathi discloses that “[t]he 

electrical characteristics of LEDs are such that small changes in the voltage applied 

to the LED lamp will cause appreciable current changes” and, “[i]n addition, ambient 

temperature changes will also result in LED current changes by changing the 

forward drop across the LEDs.”  Ex. 1006, 1:22-26.  Similarly, Nishimura states: 
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Temperature, aging and other factors can lead to a shift in the intensity 
of light emitted by a light emitting diode (LED). 

A shift in the intensity of light emitted by an LED may be precipitated 
by factors such as a change in temperature of the LED's junction, or 
aging effects. 

It is known that the voltage at which an LED starts to conduct 
appreciable current (i.e., its turn-on voltage), as well as the LED’s 
dynamic impedance, are functions of the LED’s junction temperature 
and aging effects. The LEDs turn-on voltage and/or dynamic 
impedance may therefore be used to closely predict the intensity of light 
emitted by an LED as a function of its operating current. 

Ex. 1005, 1:7-9, 2:7-9, 2:22-28; Ex. 1002, ¶226. 

Both Tripathi and Nishimura detect output signals (e.g., current, voltage, 

and/or impedance) of the LEDs, and use these signals to control the current supplied 

to the LEDs.  This can be seen in annotated Figure 1 of Tripathi: 
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Ex. 1006, Fig. 1 (annotated).  The feedback controller 27 in the block diagram of 

Figure 1 of Tripathi relies on measured LED voltage (VSE), measured current (ISE), 

and a signal reference (REF) to perform voltage feedback control to set the drive 

current for the LEDs.  Id., 3:44-47.  Similarly, Nishimura describes detecting output 

signals and then controlling the current supplied to LEDs: 

In one embodiment, an operating current of an LED is varied and, at 
one or more values of the operating current, a corresponding voltage of 
the LED is measured. The measured voltages are then used as feed-
forward variables to set the light intensity of the LED. 

Second and third voltage measurements may be taken at operating 
current values representing first and second predetermined fractions of 
the LED's nominal operating current. These second and third voltage 
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measurements may be used to estimate the dynamic impedance of the 
LED (e.g., ΔV/ΔI=R; where ΔV is the difference in two measured 
voltages of the LED, where ΔI is the difference in the currents 
corresponding to the measured voltages, and where R is the LED's 
dynamic impedance.) 

Ex. 1005, 1:27-31, 2:67-3:9; Ex. 1002, ¶227-28. 

b. Applying a known technique to a known device ready for 
improvement to yield predictable results 

A POSITA would have understood the combination of Tripathi and 

Nishimura to be a use of a known technique (divider to directly detect impedance of 

the LEDs) to a known device (the LED drive circuit using feedback control of 

Tripathi) ready for improvement (Tripathi already measured LED current and 

voltage—the quantities input into the impedance calculation of Nishimura—and 

already used them in feedback control) to obtain predicable results (feedback control 

of current supplied to LEDs based on measured impedance). Ex. 1002, ¶¶ 229-32. 

c. Reasonable expectation of success 

A POSITA would have had a reasonable expectation of success in combining 

Tripathi with Nishimura.  Tripathi discloses a robust control system, in which 

adaptations can be made to the circuit to allow for different degrees of control 

depending on the specific application.  Ex. 1006, 4:23-26  (“In alternate 

embodiments, either Zener diode Z1 or Zener diode Z3, or both Zener diode Z1 and 

Zener diode Z3 can be omitted depending on the degree of control protection 
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required for a particular application.”).  A POSITA would understand that the direct 

impedance calculation of Nishimura could be implemented in Tripathi by adding a 

divider that receives as inputs the voltage supplied to the LEDs and the output 

current from the LEDs as taught by Nishimura (and Ohm’s Law).  A POSITA would 

further understand that the “feedback controller 27” of Tripathi would be modified 

to receive the impedance determination of Nishimura to perform “feedback control” 

and adjust the LED supply voltage supplied to compensate for the gain from the 

dynamic impedance of the LEDs.  Ex. 1002, ¶¶233-34.   

B. CLAIM 1 

a. 1(g): “an impedance detecting section that detects an 
impedance of the semiconductor light source,”  

Nishimura discloses this limitation for the reasons discussed above in Ground 

2, Claim Limitation 1(g).  Ex. 1002, ¶¶235-41. 

b. 1(h): “wherein the output voltage controlling section controls 
the output voltage of the voltage source based on an output 
of the current comparing section and an output of the 
impedance detecting section.” 

The Tripathi-Nishimura combination renders this limitation obvious.  As 

discussed above in Ground 3 for Claim Limitation 1(h), Tripathi discloses “wherein 

the output voltage controlling section controls the output voltage of the voltage 

source based on an output of the current comparing section.”  Nishimura further 

discloses and/or renders obvious “wherein the voltage controlling section controls 
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the output voltage of the voltage source based on … an output of the impedance 

detection section” for the reasons discussed above in Ground 2, Claim Limitation 

1(h).  Ex. 1002, ¶242. 

A POSITA would further understand that the measured dynamic impedance 

of Nishimura would be useful in the feedback controller 27 of Tripathi to compensate 

for the dynamic impedance of the LEDs.  A POSITA would recognize that there are 

many ways to use the detected impedance of Nishimura in closed-loop voltage 

control.  For example, a POSITA would know to simply multiply the impedance 

value by the current using analog circuitry (V=ZxI) and compare the result to a 

reference to determine the amount of voltage change required to keep a constant 

current flowing in the LEDs.  As another example a POSITA would know that the 

impedance and current values could be stored in a register or memory and compared 

to themselves to identify changes over time (Z/t, I/t) and these changes could be 

used to modify the gain to increment the output voltage either up or down to maintain 

constant LED current.  These modifications would allow for control over the LED 

current based on dynamic impedance of the LEDs.  A POSITA would further 

understand that voltage adjustment of the LEDs would only need to be done in the 

circuit of Tripathi if the measured LED current (“ISE”) was different from the 

reference current “REF” and accordingly the voltage needed to be adjusted to correct 

the LED current back to the reference current.  Ex. 1002, ¶243. 
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The figures below show an embodiment of how a POSITA would understand 

to modify Tripathi to obtain the direct impedance calculation of Nishimura.  Figure 

1 of Tripathi is shown below. 

 

In the annotated figure below, the divider of Nishimura has been added to Figure 1 

of Tripathi. 
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Ex. 1006, Fig. 1 (modified in red); Ex. 1002, ¶244.   

A POSITA would be motivated to implement the impedance detection of 

Nishimura in Tripathi.  A POSITA would recognize that the impedance of 

Nishimura could be determined from the existing sensed voltage VSE and current ISE 

of Tripathi and that the dynamic impedance of Nishimura would allow Tripathi to 

further account for the dynamic impedance of the LEDs, as taught by Nishimura, in 

voltage control and allow Tripathi to provide a more stable supply current to the 

LEDs.  This would improve the functionality of Tripathi.  Ex. 1002, ¶¶245-46. 
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C. CLAIM 2 

a. The semiconductor light source driving apparatus according 
to claim 1, wherein the impedance detecting section 
comprises a divider that divides the output voltage of the 
voltage source by the output current detected by the output 
current detecting section, and acquires a value 
corresponding to the impedance of the semiconductor light 
source from an output of the divider. 

The Tripathi-Nishimura combination disclose and/or render obvious this 

limitation.  Nishimura further discloses and/or renders obvious claim 2 for the same 

reasons discussed in Ground 2, Claim Limitation 2.  Ex. 1002, ¶¶247-54.    

D. CLAIM 5 

As discussed above, the limitations of claim 5 are subsumed within claim 1.  

See supra §IV(C); Ex. 1002, ¶47 (table correlating claim 5 with claim 1).  Claim 5 

is rendered obvious by the Tripathi-Nishimura combination for the same reasons as 

described above regarding Ground 4 Claim 1.  Ex. 1002, ¶¶255-56. 

XI. SECONDARY CONSIDERATIONS  

Petitioner is aware of no evidence of secondary considerations that would 

meaningfully rebut a finding of obviousness.  Ex. 1002, ¶257. 

XII. CONCLUSION 

Petitioner respectfully requests institution and that the Challenged Claims be 

cancelled. 
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Respectfully submitted, 
BAKER BOTTS L.L.P. 
 

Date:  January 31, 2022     /s/ Eliot D. Williams 
Eliot D. Williams (Reg. No. 50,822) 
Lead Attorney for Petitioner 
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CERTIFICATE OF COMPLIANCE 

Pursuant to 37 C.F.R. §42.24(d), the undersigned hereby certifies that the 

word count under §42.24(a)(1) for the foregoing Petition for Inter Partes Review 

totals 13,813 words, within the 14,000 word limit allowed under § 42.24(a).  

 
Respectfully submitted, 

BAKER BOTTS L.L.P. 
 

Date:  January 31, 2022     /s/ Eliot D. Williams 
Eliot D. Williams (Reg. No. 50,822) 
Lead Attorney for Petitioner 
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In accordance with 37 C.F.R. §§42.6(e) and 42.105, the undersigned certifies 

that on the 31st day of January, 2022, a complete and entire copy of the PETITION 

FOR INTER PARTES REVIEW (“petition”), Petitioner’s power of attorney, and 

related Exhibits were served on Patent Owner at the correspondence address of 

record for the subject patent, 

HAMRE, SCHUMANN, MUELLER & LARSON P.C. 
45 South Seventh Street 
Suite 2700 
MINNEAPOLIS MN 55402-1683 
 

via Express Mail or by means at least as fast and reliable as Express Mail, and a 

courtesy copy is also being forwarded to Patent Owner’s Litigation Counsel via 

electronic mail to: 

T. William Kennedy Jr.  
Jon Rastegar  
Ryan Griffin  
Nelson Bumgardner Conroy PC  
2727 North Harwood Street  
Suite 250  
Dallas, TX 75201  
Tel: (817) 377-9111  
pat@nelbum.com  
justin@nelbum.com  
bill@nelbum.com  
jon@nelbum.com  
ryan@nelbum.com  
 
John P. Murphy  
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3131 W 7th St  
Suite 300  
Fort Worth, TX 76107  
Tel: (817) 806-3808  
murphy@nelbum.com 
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Eliot D. Williams (Reg. No. 50,822) 
Lead Attorney for Petitioner 
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