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CLAIMS 

1. A window controller for powering an optically-switchable device, the 

optically-switchable device including a first conductive electrode layer, a second 

conductive electrode layer, and an electrochromic layer arranged between the first 

conductive electrode layer and the second conductive electrode layer, the window 5 

controller comprising: 

a command-voltage generator configured to generate a command voltage 

signal; 

a pulse-width-modulated-signal generator configured to generate: 

a first pulse-width-modulated (PWM) signal based on the command 10 

voltage signal, the first PWM signal for powering the first conductive 

electrode layer, the first PWM signal having a frequency and a first adjustable 

duty cycle, the first adjustable duty cycle including a first portion during 

which a voltage of the first PWM signal is at a first value, the first adjustable 

duty cycle further including a second portion during which the voltage of the 15 

first PWM signal is at a second value; and  

a second PWM signal based on the command voltage signal, the 

second PWM signal for powering the second conductive electrode layer, the 

second PWM signal having the frequency and a second adjustable duty cycle, 

the second adjustable duty cycle including a first portion during which a 20 

voltage of the second PWM signal is at the second value, the second 

adjustable duty cycle further including a second portion during which the 

voltage of the second PWM signal is at the first value; and 

first and second filters for filtering the first and the second PWM signals, 

respectively, to provide first and second substantially DC voltage signals to the first 25 

and the second conductive electrode layers, respectively; 

wherein: 

the first and the second PWM signals are complementary signals such 

that the first portion of the first PWM signal coincides with the first portion of 

the second PWM signal and the second portion of the first PWM signal 30 

coincides with the second portion of the second PWM signal; and 

the pulse-width-modulated-signal generator is configured to adjust the 

first and the second duty cycles to increase or decrease the durations of the 
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first portions of the first and the second PWM signals relative to the durations 

of the second portions of the first and the second PWM signals responsive to 

the command voltage signal during operation of the optically-switchable 

device to increase or decrease an effective DC voltage applied across the 

optically-switchable device. 5 

 

2. The window controller of claim 1, wherein the substantially transparent 

substrate is configured as part of an insulated glass unit (IGU), and wherein the 

window controller is located at least partially within a seal of the IGU. 

 10 

3. The window controller of claim 1, wherein the optically-switchable device is 

an electrochromic device formed on a surface of the substantially transparent 

substrate. 

 

4. The window controller of claim 1, wherein: 15 

the magnitude of the voltage applied to the first conductive electrode layer is 

substantially proportional to a product of the duration of the first portion of the first 

PWM signal and the first value;  

the magnitude of the voltage applied to the second conductive electrode layer 

is substantially proportional to a product of the duration of the second portion of the 20 

second PWM signal and the first value; and 

the effective DC voltage applied across the optically-switchable device is 

substantially equal to the difference between the magnitude of the voltage applied to 

the first conductive electrode layer and the magnitude of the voltage applied to the 

second conductive electrode layer. 25 

 

5. The window controller of claim 1, wherein the command-voltage generator 

includes a microcontroller configured to generate the command voltage signal. 

 

6. The window controller of claim 1, wherein the command-voltage generator is 30 

configured to generate the command voltage signal based at least in part on a voltage 

feedback signal that is itself based on an effective DC voltage applied across the 

optically-switchable device. 
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7. The window controller of claim 1, wherein the command-voltage generator is 

configured to generate the command voltage signal based at least in part on a voltage 

feedback signal that is itself based on a detected actual level of the DC voltage across 

the optically-switchable device. 

 5 

8. The window controller of claim 1, wherein the command-voltage generator is 

configured to generate the command voltage signal based at least in part on a current 

feedback signal that is itself based on a detected current transmitted through the 

optically-switchable device. 

 10 

9. The window controller of claim 1, further comprising a memory device 

configured to store one or more drive parameters. 

 

10. The window controller of claim 9, wherein the drive parameters include one or 

more of a current outside temperature, a current inside temperature, a current 15 

transmissivity value of the electrochromic device, a target transmissivity value of the 

electrochromic device, and a transition rate. 

 

11. The window controller of claim 1, wherein the window controller further 

comprises one or more communication interfaces. 20 

 

12. The window controller of claim 11, wherein: 

the window controller is configured to communicate with a network controller 

through one or more of the communication interfaces; 

the network controller is configured to communicate with and control the 25 

window controller; and 

the command-voltage generator is configured to generate the command 

voltage signal based at least in part on input from the network controller. 

 

13. The window controller of claim 11, wherein: 30 

the window controller is configured to communicate with a building 

management system through one or more of the communication interfaces; and 

the command-voltage generator is configured to generate the command 

voltage signal based at least in part on input from the building management system. 
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14. The window controller of claim 11, wherein: 

the window controller is configured to communicate with one or more lighting 

systems, heating systems, cooling systems, ventilation systems, power systems, and/or 

security systems through one or more of the communication interfaces; and 

the command-voltage generator is configured to generate the command 5 

voltage signal based at least in part on input from the one or more lighting systems, 

heating systems, cooling systems, ventilation systems, power systems, and/or security 

systems. 

 

15. The window controller of claim 11, wherein: 10 

the window controller is configured to communicate with one or more 

photodetectors through one or more of the communication interfaces; and 

the command-voltage generator is configured to generate the command 

voltage signal based at least in part on input from the one or more photodetectors. 

 15 

16. The window controller of claim 11, wherein: 

the window controller is configured to communicate with one or more 

temperature sensors through one or more of the communication interfaces; and 

the command-voltage generator is configured to generate the command 

voltage signal based at least in part on input from the one or more temperature 20 

sensors. 

 

17. The window controller of claim 11, wherein: 

the window controller is configured to communicate with one or more manual 

user-input devices through one or more of the communication interfaces; and 25 

the command-voltage generator is configured to generate the command 

voltage signal based at least in part on input from one or more of the manual user-

input devices. 

 

18. A system comprising: 30 

a plurality of windows, each window comprising an optically-switchable 

device on a substantially transparent substrate, the optically-switchable device 

including a first conductive electrode layer, a second conductive electrode layer, and 
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an electrochromic layer arranged between the first conductive electrode layer and the 

second conductive electrode layer; 

a network controller configured to control a plurality of window controllers; 

and 

a plurality of window controllers, each window controller comprising: 5 

a command-voltage generator configured to generate a command 

voltage signal, the command voltage signal being based at least in part on an 

input received from the network controller;  

a pulse-width-modulated-signal generator configured to drive a 

respective one or more of the optically-switchable devices, the pulse-width-10 

modulated-signal generator configured to generate: 

a first pulse-width-modulated (PWM) signal based on the 

command voltage signal, the first PWM signal for powering the first 

conductive electrode layers of the respective one or more optically-

switchable devices, the first PWM signal having a frequency and a first 15 

adjustable duty cycle, the first adjustable duty cycle including a first 

portion during which a voltage of the first PWM signal is at a first 

value, the first adjustable duty cycle further including a second portion 

during which the voltage of the first PWM signal is at a second value; 

and 20 

a second PWM signal based on the command voltage signal, 

the second PWM signal for powering the second conductive electrode 

layers of the respective one or more optically-switchable devices, the 

second PWM signal having the frequency and a second adjustable duty 

cycle, the second adjustable duty cycle including a first portion during 25 

which a voltage of the second PWM signal is at the second value, the 

second adjustable duty cycle further including a second portion during 

which the voltage of the second PWM signal is at the first value; 

first and second filters for filtering the first and the second PWM 

signals, respectively, to provide first and second substantially DC voltage 30 

signals to the first and the second conductive electrode layers, respectively; 

and 

one or more communication interfaces that enable the window 

controller to communicate with the network controller; 
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wherein: 

the first and the second PWM signals generated by the respective 

pulse-width-modulated-signal generator are complementary signals such that 

the first portion of the first PWM signal coincides with the first portion of the 

second PWM signal and the second portion of the first PWM signal coincides 5 

with the second portion of the second PWM signal; and 

the pulse-width-modulated-signal generator is configured to adjust the 

first and the second duty cycles to increase or decrease the durations of the 

first portions of the first and the second PWM signals relative to the durations 

of the second portions of the first and the second PWM signals responsive to 10 

the command voltage signal during operation to increase or decrease an 

effective DC voltage applied across the optically-switchable device. 

 

19. The system of claim 18, wherein each substantially transparent substrate is 

configured as part of an insulated glass unit (IGU), and wherein each window 15 

controller is located at least partially within a seal of a corresponding IGU. 

 

20. The system of claim 18, wherein the optically-switchable device is an 

electrochromic device formed on a surface of the substantially transparent substrate. 

 20 

21. The system of claim 18,, wherein: 

the magnitude of the voltage applied to the first conductive electrode layer is 

substantially proportional to a product of the duration of the first portion of the first 

PWM signal and the first value;  

the magnitude of the voltage applied to the second conductive electrode layer 25 

is substantially proportional to a product of the duration of the second portion of the 

second PWM signal and the first value; and 

the effective DC voltage applied across the optically-switchable device is 

substantially equal to the difference between the magnitude of the voltage applied to 

the first conductive electrode layer and the magnitude of the voltage applied to the 30 

second conductive electrode layer. 
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22. The system of claim 18, wherein the command-voltage generator of each 

window controller includes a microcontroller configured to generate the command 

voltage signal. 

 

23. The system of claim 18, wherein the command-voltage generator is configured 5 

to generate the respective command voltage signal based at least in part on a voltage 

feedback signal that is itself based on an effective DC voltage applied across the 

respective optically-switchable device. 

 

24. The system of claim 18, wherein the command-voltage generator is configured 10 

to generate the command voltage signal based at least in part on a voltage feedback 

signal that is itself based on a detected actual level of the DC voltage across the 

respective optically-switchable device. 

 

25. The system of claim 18, wherein the command-voltage generator is configured 15 

to generate the respective command voltage signal based at least in part on a current 

feedback signal that is itself based on a detected current transmitted through the 

respective optically-switchable device. 

 

26. The system of claim 18, wherein each window controller further comprises a 20 

memory device configured to store one or more drive parameters. 

 

27. The system of claim 26,  wherein the drive parameters include one or more of 

a current outside temperature, a current inside temperature, a current transmissivity 

value of the electrochromic device, a target transmissivity value of the electrochromic 25 

device, and a transition rate. 

 

28. The system of claim 18, wherein: 

the network controller is configured to communicate with a building 

management system; and 30 

the command-voltage generator of each window controller is configured to 

generate the command voltage signal based at least in part on input from the building 

management system. 
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29. The system of claim 18, wherein: 

the network controller is configured to communicate with one or more lighting 

systems, heating systems, cooling systems, ventilation systems, power systems, and/or 

security systems; and 

the command-voltage generator of each window controller is configured to 5 

generate the command voltage signal based at least in part on input from the one or 

more lighting systems, heating systems, cooling systems, ventilation systems, power 

systems, and/or security systems. 

 

30. The system of claim 18, wherein: 10 

the network controller or each window controller is configured to 

communicate with one or more photodetectors; and 

the respective command-voltage generator is configured to generate the 

command voltage signal based at least in part on input from the one or more 

photodetectors. 15 

 

31. The system of claim 18, wherein: 

the network controller or each window controller is configured to 

communicate with one or more temperature sensors; and 

the respective command-voltage generator is configured to generate the 20 

command voltage signal based at least in part on input from the one or more 

temperature sensors. 

 

32. The system of claim 18, wherein: 

the network controller or each window controller is configured to 25 

communicate with one or more manual user-input devices; and  

the command-voltage generator of each window controller is configured to 

generate the command voltage signal based at least in part on input from one or more 

of the manual user-input devices. 

 30 

33. A window controller for powering an optically-switchable device disposed on 

a substantially transparent substrate, the window controller comprising: 
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a memory device configured to store a plurality of power profiles, each power 

profile including two or more sequential power profile portions, each power profile 

portion having one or more voltage or current characteristics; 

a command-voltage generator configured to: 

receive two or more drive parameters including a current 5 

transmissivity value of the optically-switchable device and a target 

transmissivity value of the optically-switchable device; 

select a power profile from the plurality of power profiles for powering 

the optically-switchable device based on the drive parameters; and 

generate a command voltage signal based on the respective one or 10 

more voltage or current characteristics for the selected power profile; and 

 a power-signal generator configured to generate a power signal based on the 

command voltage signal for applying the voltage or current characteristics of the 

selected power profile to the optically-switchable device. 

 15 

34. The window controller of claim 33, wherein the substantially transparent 

substrate is configured as part of an insulated glass unit (IGU), and wherein the 

window controller is located at least partially within a seal of the IGU. 

 

35. The window controller of claim 33, wherein the optically-switchable device is 20 

an electrochromic device formed on a surface of the substantially transparent 

substrate. 

 

36. The window controller of claim 33, wherein the command-voltage generator 

includes a microcontroller configured to select the power profile and to generate the 25 

command voltage signal. 

 

37. The window controller of claim 33,50, wherein the command-voltage 

generator is configured to generate the command voltage signal based at least in 

further part on a voltage feedback signal that is itself based on an effective DC 30 

voltage applied across the optically-switchable device. 

 

38. The window controller of claim 33, wherein the command-voltage generator is 

configured to generate the command voltage signal based at least in further part on a 
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voltage feedback signal that is itself based on a detected actual level of the DC 

voltage across the optically-switchable device. 

 

39. The window controller of claim 33, wherein the command-voltage generator is 

configured to generate the command voltage signal based at least in further part on a 5 

current feedback signal that is itself based on a detected current transmitted through 

the optically-switchable device. 

 

40. The window controller of claim 33, wherein: 

the substantially transparent substrate is configured as part of an insulated 10 

glass unit (IGU); 

the window controller is located at least partially within a seal or volume of 

the IGU; and 

the drive parameters are loaded into the command-voltage generator prior to 

or during normal operation of the device.  15 

 

41. The window controller of claim 33, wherein the drive parameters further 

include one or more of a current outside temperature, a current inside temperature, 

and a transition rate. 

 20 

42. The window controller of claim 33, wherein the voltage or current 

characteristics of the power profiles are calculated theoretically or empirically based 

on one or more device parameters. 

 

43. The window controller of claim 42, wherein the device parameters include one 25 

or more of a thickness, length, width, surface area, shape, age, and number of 

previously completed transition cycles of the optically-switchable device. 

 

44. The window controller of claim 33, wherein the command-voltage generator is 

configured to: 30 

compare the drive parameters relative to an n-dimensional matrix of drive 

parameter values, wherein n represents the number of possible drive parameters and 

each matrix element corresponds to a power profile; and 
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select the power profile corresponding to the matrix element that corresponds 

to the drive parameters. 

 

45. The window controller of claim 33, wherein:  

the voltage or current characteristics for each power profile portion include 5 

one or more of a voltage ramp rate, a target voltage, a holding voltage, and a time 

duration for the power profile portion; and 

the command-voltage generator is configured to generate the command 

voltage signal for the power profile portion based on the voltage or current 

characteristics for the power profile portion. 10 

 

46. The window controller of claim 33, wherein the window controller further 

comprises one or more communication interfaces. 

 

47. The window controller of claim 46, wherein: 15 

the window controller is configured to communicate with a network controller 

through one or more of the communication interfaces; 

the network controller is configured to communicate with and control the 

window controller; and 

the command-voltage generator is configured to generate the command 20 

voltage signal based at least in further part on input from the network controller. 

 

48. The window controller of claim 46, wherein: 

the window controller is configured to communicate with a building 

management system through one or more of the communication interfaces; and 25 

the command-voltage generator is configured to generate the command 

voltage signal based at least in further part on input from the building management 

system. 

 

49. The window controller of claim 46, wherein: 30 

the window controller is configured to communicate with one or more lighting 

systems, heating systems, cooling systems, ventilation systems, power systems, and/or 

security systems through one or more of the communication interfaces; and 
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the command-voltage generator is configured to generate the command 

voltage signal based at least in further part on input from the one or more lighting 

systems, heating systems, cooling systems, ventilation systems, power systems, or 

security systems. 

 5 

50. The window controller of claim 46, wherein: 

the window controller is configured to communicate with one or more 

photodetectors through one or more of the communication interfaces; and 

the command-voltage generator is configured to generate the command 

voltage signal based at least in further part on input from the one or more 10 

photodetectors. 

 

51. The window controller of claim 46, wherein: 

the window controller is configured to communicate with one or more 

temperature sensors through one or more of the communication interfaces; and 15 

the command-voltage generator is configured to generate the command 

voltage signal based at least in further part on input from the one or more temperature 

sensors. 

 

52. The window controller of claim 46, wherein: 20 

the window controller is configured to communicate with one or more manual 

user-input devices through one or more of the communication interfaces; and 

the command-voltage generator is configured to generate modify the 

command voltage signal based at least in further part on input from one or more of the 

one or more manual user-input devices. 25 

 

53. A system comprising: 

a plurality of windows, each window comprising an optically-switchable 

device on a substantially transparent substrate; 

a network controller configured to control a plurality of window controllers; 30 

and 

a plurality of window controllers, each window controller for powering at least 

one of the plurality of windows, , each window controller comprising: 
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a memory device configured to store a plurality of power profiles, each 

power profile including two or more sequential power profile portions, each 

power profile portion having one or more voltage or current characteristics; 

a command-voltage generator configured to: 

receive two or more drive parameters including a current 5 

transmissivity value of the optically-switchable device and a target 

transmissivity value of the optically-switchable device; 

select a power profile from the plurality of power profiles for 

powering the optically-switchable device based on the drive 

parameters; and 10 

generate a command voltage signal based on the respective one 

or more voltage or current characteristics for the selected power 

profile;  

a power-signal generator configured to generate a power signal based 

on the command voltage signal for applying the voltage or current 15 

characteristics of the selected power profile to the optically-switchable device; 

and  

one or more communication interfaces that enable the window 

controller to communicate with the network controller. 

 20 

54. The system of claim 53, wherein each substantially transparent substrate is 

configured as part of an insulated glass unit (IGU), and wherein each window 

controller is located at least partially within a seal of a corresponding IGU. 

 

55. The system of claim 53, wherein the optically-switchable device is an 25 

electrochromic device formed on a surface of the substantially transparent substrate. 

 

56. The system of claim 53, wherein the command-voltage generator includes a 

microcontroller configured to select the power profile and to generate the command 

voltage signal. 30 

 

57. The system of claim 53, wherein the command- voltage generator is 

configured to generate the respective command voltage signal based at least in further 
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part on a voltage feedback signal that is itself based on an effective DC voltage 

applied across the respective optically-switchable device. 

 

58. The system of claim 53, wherein the command-voltage generator is configured 

to generate the command voltage signal based at least in further part on a voltage 5 

feedback signal that is itself based on a detected actual level of the DC voltage across 

the optically-switchable device. 

 

59. The system of claim 53, wherein the command-voltage generator is configured 

to generate the respective command voltage signal based at least in further part on a 10 

current feedback signal that is itself based on a detected current transmitted through 

the respective optically-switchable device. 

 

60. The system of claim 53, wherein: 

each substantially transparent substrate is configured as part of a respective 15 

insulated glass unit (IGU);  

each window controller is located at least partially within a seal or volume of a 

corresponding IGU; and 

the drive parameters are loaded into the respective command- voltage 

generator prior to or during normal operation of the respective device.  20 

 

61. The system of claim 53, wherein the drive parameters further include one or 

more of a current outside temperature, a current inside temperature,  and a transition 

rate. 

 25 

62. The system of claim 53, wherein the voltage or current characteristics of the 

power profiles are calculated theoretically or empirically based on one or more device 

parameters. 

 

63. The system of claim 62, wherein the device parameters include one or more of 30 

a thickness, length, width, surface area, shape, age, and number of previously 

completed transition cycles of respective optically-switchable device.  
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64. The system of claim 53, wherein each command-voltage generator is 

configured to: 

compare the drive parameters relative to an n-dimensional matrix of drive 

parameter values, wherein n represents the number of possible drive parameters and 

each matrix element corresponds to a power profile; and 5 

select the power profile corresponding to the matrix element that corresponds 

to the drive parameters. 

 

65. The system of claim 53, wherein: 

the voltage or current characteristics for each power profile portion include 10 

one or more of a voltage ramp rate, a target voltage, a holding voltage, and a time 

duration for the power profile portion; and 

the command-voltage generator is configured to generate the command 

voltage signal for the power profile portion based on the voltage or current 

characteristics for the power profile portion. 15 

 

66. The system of claim 53, wherein: 

the network controller is configured to communicate with a building 

management system; and 

the command-voltage generator of each window controller is configured to 20 

generate the command voltage signal based at least in further part on input from the 

building management system. 

 

67. The system of claim 53, wherein: 

the network controller is configured to communicate with one or more lighting 25 

systems, heating systems, cooling systems, ventilation systems, power systems, and/or 

security systems; and 

the command-voltage generator of each window controller is configured to 

generate the command voltage signal based at least in further part on input from the 

one or more lighting systems, heating systems, cooling systems, ventilation systems, 30 

power systems, or security systems. 
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68. The system of claim 53, wherein: 

the network controller or each window controller is configured to 

communicate with one or more photodetectors; and 

the command-voltage generator of each window controller is configured to 

generate the command voltage signal based at least in further part on input from the 5 

one or more photodetectors. 

 

69. The system of claim 53, wherein: 

the network controller or each window controller is configured to 

communicate with one or more temperature sensors; and 10 

the command-voltage generator of each window controller is configured to 

generate the command voltage signal based at least in further part on input from the 

one or more temperature sensors. 

 

70. The system of claim 53, wherein: 15 

the network controller or each window controller is configured to 

communicate with one or more manual user-input devices; and 

the command-voltage generator of each window controller is configured to 

generate the command voltage signal based at least in further part on input from one 

or more of the one or more manual user-input devices. 20 
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