
To learn more about onsemi™, please visit our website at 
www.onsemi.com

ON Semiconductor

Is Now

onsemi and       and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates and/or 
subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of onsemi 
product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any products or information herein, without 
notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the information, product features, availability, functionality, 
or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all 
liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products and applications using onsemi products, including compliance with all laws, 
regulations and safety requirements or standards, regardless of any support or applications information provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/
or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer application 
by customer’s technical experts. onsemi does not convey any license under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized 
for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for 
implantation in the human body. Should Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, 
subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death 
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal Opportunity/Affirmative 
Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner. Other names and brands may be claimed as the property of others. 



  Semiconductor Components Industries, LLC, 2003

March, 2003 - Rev. 0
1 Publication Order Number:

AND8110/D

AND8110/D

Improving the Versatility
of the NLSF595
by Multiplexing

Prepared by: Fred Zlotnick
ON Semiconductor

The NLSF595 is basically a shift-register with serial
inputs and parallel outputs, along with an RCK (pos. edge)
and an OE (low) pin. The standard mode of operation
involves loading in an 8 bit word by shifting in data followed
by clock, either in software or through an SPI port. After the
8 bit word is loaded in, a positive rising edge is asserted on
the RCK pin, and data is latched and held until this sequence
is performed again. It is assumed that the OE pin is low. The
output is now free to drive up to 8 LED segments, each
segment must be �25 mA (sink only). The output is
Over-Voltage Tolerant (OVT) and can accept any voltage
level �7.0 volts. Since LEDs drop at least 1.5 V, the safe
open circuit voltage to drive the diodes is 8.0 V. A series
limiting resistor is then placed in each leg.

Multiplexing can achieve superior brightness with the
same average current. J. Lepkowski et al1 showed this in an
application note. Other reasons for using multiplexing is to
achieve more colors, or more levels of brightness of the
LEDs. In the first scenario, the brightness is fixed by the
supply voltage and the value of the limiting resistor used
(along with the LED itself). By multiplexing, the designer
can increase the brightness for a given level of current

consumption, or similarly reduce the current to achieve the
same brightness. This design note will outline two
approaches to multiplexing.

Method 1: All LEDs are affected the same.
In this method, the designer uses the OE pin to control the

brightness. He sets the brightness to the maximum level and
then uses an effective PWM technique to control the
brightness. In both methods, the author will assume a 70 Hz
refresh rate. This rate was chosen empirically to be high
enough not to see the flicker, and not interfere with either 50
or 60 Hz lighting. The method is simple. The software
designer creates a 14 ms routine and breaks it up into N
sub-periods.  The author will assume 4 sub-periods for
convenience. This paper will show 5 conditions: OFF, 1/4

Brightness, 1/2 Brightness, 3/4 Brightness, Full Brightness.
The OE pin is held HIGH for all four periods and that creates
an OFF condition. Similarly, if the OE is held HIGH for 2 of
the 4 periods, and LOW for 2 periods, the output is at 1/2

brightness. If the software engineer were trying to go from
full brightness to OFF in graceful steps, he could use 10
periods, and go from full ON to full OFF in 140 ms.
Similarly, he could chose 280, 560, or 1120 ms.

1. AND8067/D http://www.onsemi.com/pub/Collateral/AND8067-D.PDF
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Method 2: Leave the OE pin fixed and create 3.5 ms periods
that the software designer uses to update the data every time.

Case A: Output is to remain constant.
1. Either skip the shift routine or;
2. Shift the same data out and latch it in as above.

Case B: Output is to change either intensity or color.
Using the 3.5 ms period, pick one of 5 possible levels:
1. Full Brightness: Shift a ZERO to each line that is

desired ON.
Keep the data the same for each of the 4 periods.
2. 3/4 Brightness: Shift a ZERO for 3 periods and a

ONE for 1 period.
3. 1/2 Brightness: Shift a ZERO for two periods and

a ONE for 2 Periods.
4. 1/4 Brightness: Shift a ZERO for 1 period and a

ONE for 3 periods.
5. OFF: Shift a ONE for 4 periods.

Conclusion
Multiplexing can add to the versatility of the NLSF595 at

no additional cost and very little software overhead, just a
few bytes every 3.5 ms. Either the efficiency can improve or
the number of colors may be enhanced or the ability to go
from full on to full off gracefully can be achieved. It is also
possible to create more colors by using different levels of
brightness which will create more colors in a tri-color LED.
All this is achieved at no extra hardware or system cost.
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