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Introduction

This application note describes how to make a
PWM LED dimming circuit incorporating feedback
control in GreenPAK. This circuit is implemented
in one of the smallest GreenPAK’s, the
SLG46120V, and thus is easily portable to other
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Figure 1. External Circuit
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GreenPAK Design, PWM Control Both of CNT2 and CNT3 counter data are set to
199, so the resolution of this PWM is 200 steps

and its period is 0.1ms Please note that these two
counter values must be equal to keep the PWM
consistent.

Figure 3 shows the main part of the PWM circuit
which is the same as the one described in AN-
1117. CNT2 makes a “reset” pulse every 0.1ms
and CNT3 makes a “set” pulse every 0.1ms. LUT6
latches the “set” and “reset” signals and makes
the PWM waveform (see Figure 4).
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Figure 3. PWM Circuit

Properties 5]

._.
=
[}
=
=
[}
=
=
=
]
=1
[}
=
=

]
]

Flr Rl R e~ oloo|lololo oo
e R e R e R R e e e R R 1
= = R R e i R R
Hlea ek alkr a|lrlolrlekrler|le

Ll

20
@
w
a
a

Standard gates All to 0

Defined by user - Allto 1

Regular shape

Invert

1 1 1 F .
| | | I'k._/f'l k=) Apply

Figure 4. PWM SR Latch
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Figure 5. LUT4, LUT5 Settings

At every CNT1 period (1ms), either CNT2 or
CNT3 gets one extra clock by 3-bit LUT4 or LUTS5,
respectively (see Figure 5). Thus PWM duty is 1
step increased or decreased depending on the
“"DOWN/nUP” signal every 1ms. By increasing
CNT1 value, we can slow down the LED brightness
ramp late, and thus get more “smoothing” effect.

PWM Overflow Prevention

In order to avoid overflow or underflow of PWM
cycle, there are two additional circuits.

For underflow control, ACMP1 is used with 50mV
internal reference (see Figure 6). When REF_V is
lower than 50mV “nForce 0%" signal is activated
(active low) and forces PWM duty to 0%.

Figure 6. Underflow Control

Figure 7 illustrates overflow control.

When "“set” and “reset” pulses are overlapped
completely and “DOWN/nUP” signal is “nUP”,
“Force 100%" signal is activated (active high) and
PWM duty is forced to 100%.
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Figure 7. Overflow Control

As a result, a relashionship between “REF_V"” and
“PWM Duty” is as follows;

PWM Duty [%]

»

100%

Figure 9. Clock control when PWM duty
is 0 or 100%

Functionality Waveforms

Figure 10 shows actual PWM waveform with
OV? 11V internal “set” and “reset” signals.

150 mv Channel 1 (yellow) - “RESET”

Channel 2 (light blue) - “SET”

Channel 3 (magenta) - LED OUT (PIN 12)
Channel 4 (blue) - REF_V (PIN 4 and 6)

0% » REF.V [V]

Figure 8. REF_V vs. PWM Duty

In order to make smooth transitions to/from A movie file, "LED_Dimmer.mov” is available; it

“Force 0%/100%” and normal operation, OSC Shows how “REF_V” signal controls “SET",
output is gated when this “Forced” situation  RESET”signals and PWM output.

happens so that both of CNT2 and CNT3 keep last

counter value (see Figure 9)
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Figure 10. PWM waveform
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Figure 11. Entire Circuit
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Conclusion With GreenPAK's flexible analog and digital
components, such circuits can be easily

This LED dimmer circuit example shows how to implemented.

create a PWM circuit with feedback control,
making use of both analog and digital elements.
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selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
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Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.
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