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LED Basics
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= Light output increases with forward current = Forward current increases with forward voltage V;

= Not quite linear = Exponential relationship between V. and I,
= White Cree XLamp MLEAWT (parallel white)
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LED and Variations

500

= Current varies, depends on... 450 |

= LED junction temperature. Hot vs. cold 400 |

= Specifics of LED fabrication: dopant levels, < 350 |

impurities, defects, etc. :E’ 200 .

§ 250 |

= What is the LED current if V. = 3.50V?  § .

= Could range from 290 to 340 mA g 150

100 -

= How to create specific amount of light? 50 |
= Drive LED at a specific current (not voltage) 0= — — — — — "

Forward Voltage (V)



Constant-Current LED Driver

- Input: ILED Setpoint
= Desired current | gy setpoint
= Qutput:

= Adjustable voltage (dependent
voltage source) to drive LED

= Feedback:

= Measure actual current through LED

ILED Measured

"X

| D Measured USING CuUrrent-sense resistor

= Error:
= Current error |, is difference between

setpoint and measured currents . Controlling the output voItage
= Basic control operation: R/C/U = Too low? Raise the voltage

1. Read feedback and setpoint = Close enough? Don’t change it

2. Calculate error and new output = Too high? Lower the voltage
3. Update output
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Basic Control System Operation
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Improving Quality of Control

= Control (measure and update output) more often
= Raise control loop frequency f_,, .o

= Provide finer grain control of output
= Raise output resolution

= Improve control approach
= Calculate based on known system dynamics

= (Choose one or more)
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Raise Control Loop Frequenc
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Raise Controller Output Resolution
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Use Smarter Controller (& Better Output Resomu 10N
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Quality of Control vs. Control Loop Frequency

PID Controller PID Controller

(Emulated (Native
Floating-Point) Floating-Point)

Quality of Control

Low

Control Loop Frequency
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Compensator Changes Controller Effort basedmon rror

To Do:

- Redraw diagrams, leaving
much more space for PID

" Bang-Bang " Proportional
if (error > 0) .~~~ TTT——_ d += error*gain; T T ——
d = 100; d = CLIP(@, d, 1@@);
else
d = 0;
" Incremental = PID: adds integral and derivative

L terms to proportional

if (error > 0)

d += step;
else .
d -= step; = Others derived from system transfer

d = CLIP(0, d, 100); i I
( ) function analysis



Controller Basics

Reference Error System
Z Cﬂmpﬁnsatnr > Plant
C
+ Heys

Output

Feedback Gain

HFB

Reference: This is the desired set-point we want the Qutput to follow
Error: Calculation of (Reference — Feedback), this is the value the compensator acts upon

Compensator: Digital compensator (PID, 2P2Z, 3P3Z, or 4" order, etc.)
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System: This is the System/Plant/Power stage being controlled (SMPS, Motor, Actuator, etc)

Output: For our purposes this will be Voltage or Current

Feedback: The measurement of the output signal level
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ICROCHIP

Loop Gain T(s)

. V]N T
VERROR - VREF -K- VOUT J
VEA D VOUT
VREF _I:Q_) Hea(s) > Gpwmils) > Gyp(s) >
K
K(s) [
s . B
Loop Gain

N

T(s)=K(s)-H,,

(5) Gppas (5)- Gy (5)

)

= System performance
depends on system’s
loop gain

= Design compensator
H¢,(s) to make overall
system behave as
desired

= To design compensator
effectively and quickly,
need to understand
theory

= Can determine G,5(s)
with modeling or
measurement
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Compensator Details

= Many types of compensators
= Analog vs. digital implementations
= Bang-Bang, incremental, PID, 2P2Z, 3P3Z, etc.
= Custom compensator based on analysis of system transfer functions

= System performance concerns
= Tracking: How well does the output track the commanded value?

= Disturbance Rejection: How well does the output return to the commanded value if
there is a change in the input voltage, output load, or noise?

= Stability: Will the output never run away?
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Old Diagrams and Notes



Design Space: Control Frequency vs.
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Control Approaches: Compensators




Compensator Changes Controller Effort basedmon rror

" Bang-Bang = PID: add integral and derivative
terms

= Incremental

= Proportional

= Others derived from system transfer
function analysis



Design Space: Control Frequency vs. Duty Cycﬁe esoiuglon m
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