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Yong Ang, Application Engineer, Zetex Semiconductors

Input voltage feed forward compensation for ZXSC300 to improve control of the
LED current
Introduction
The ZXSC300 LED drivers do not directly control the LED current. As a consequence the LED
current is dependent of the input voltage. This application note describes a way of reducing the
supply voltage dependency by a method of supply voltage feed forward compensation. The
method can also be used to provide temperature compensation of the LED.
The ZXSC300 works on the PFM control scheme where the LED current is simply regulated by
controlling the peak current through transistor Q1. The internal voltage threshold of current sense
pin is around 19mV and transistor Q1 is switched off when its current reaches the preset
threshold, thereby necessitating fewer external components required. However, this threshold
value is invariant to the supply voltage level. In the event where input voltage increases, peak Q1
current will stay the same and current delivered to the LED creeps up which could potentially
damage the LED if it exceeds the maximum rated current of the device.
The circuit diagram in Figure 1 shows how to apply input voltage and thermal correction to a
typical LED. A simple design guide for a single LED driver has also been put forward. The
equations can generate a design capable of sourcing up to 200mA LED current, when used with
the Zetex high current gain NPN transistor-ZXTN25012EFH.
Input voltage feed forward compensation
Normally, IPK is set by the output current threshold voltage VISENSE divided by RSENSE. As the
input voltage increases, the inductor ripple current level ⌬I decreases because the transistor off
time, TOFF is fixed by the ZXSC300
⌬I = (VOUT - VIN) • TOFF ÷ L
L discharges at a flatter slope to a higher minimum choke current IMIN = IPK - ⌬I, before transistor
Q1 is turned on again.

Figure 1

Circuit diagram of ZXSC300 with feed forward and thermal compensation
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Consequently, the average current IAV flowing through L increases and a shorter transistor on
time, TON is required to charge boost inductor to the preset threshold current level IPK
TON = ⌬I • L ÷ VIN
By making the aforementioned assumptions for turn-on period and average coil current, the
output power delivered to the LED is now determined from
POUT = VLED • IAV • TOFF ÷ (TON + TOFF)
Therefore, a higher power and LED current is delivered to the LED at high VIN for a fixed RSENSE
and this elevated current could potentially damage the LED if it exceeds the maximum rated
current of the device.
Ignoring the effect of thermistor RT for the moment, a 100⍀ resistor ROFF can be inserted in series
with RSENSE and feed forward resistor Rfb (see Figure 1) to inject a slight voltage offset across
resistor RSENSE. This enables a lower Q1's current to build up the required VISENSE to turn the
driver off, which regulates the LED current. The Rfb value has to be sufficiently big to lower
dissipation and to prevent circuit from stalling. The circuit could stall at high input voltage if Rfb
drops 19mV or more across 100⍀ resistor forcing the driver off all the time.
It must be noted that ISENSE pin threshold on ZXSC300 has a positive temperature coefficient of
0.4%/°C. If a circuit nominal operating temperature is higher than 65°C, it could give
approximately 20% increase in average LED current from that in 25°C ambient. When a feed
forward network is used, this injects an offset voltage to the threshold pin. For instance, if an
offset voltage of 9.5mV is used, the effective VISENSE temperature coefficient becomes double.
Therefore, it is essential that thermal compensation is used with a feed forward approach.
Feed forward components calculation
For initial estimation, the associated IAV(VMAX) that delivers the required LED current can be
determined from
IAV(VMAX) = POUT ÷ (F • TOFF • VOUT)
Where the transistor switching frequency F is given by
F = VIN(MAX) ÷ VOUT ÷ TOFF

Figure 2
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Example of current and voltage waveforms for circuit using ZXSC300
with feed forward network
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IAV(VMAX) is used to establish the required DC current rating, IDC for boost inductor L.
The minimum inductor current is given by,
IMIN(VMAX) = IAVE – 0.5 • (VOUT – VIN(MAX)) • TOFF /L
A high L value is recommended to minimize errors due to propagation delays at high input
voltage, which results in increased ripple and lower efficiency.
And the maximum inductor current which relates to the Q1 peak current is
IPK(VMAX) = 2 • IAVE - IMIN(VMAX)
In practice, a higher IPK(VMAX) value can be used to account for the VCE saturation and switching
edge loss in the transistor.
The value of feed forward resistor Rfb is selected to give IPK(VMIN) at worse case input voltage and
IPK(VMAX) at maximum input voltage. The internal VISENSE threshold on the ZXSC300 is typically
19mV with ±25% tolerance at 25°C. RSENSE has to drop less voltage than that demanded by
VISENSE as Rfb will make a contribution to satisfy the threshold, which lowers IPK value with
increasing input. Allowing for the positive temperature coefficient on ISENSE pin, effective
threshold voltage level at operating temperature TAMB is;
VISENSE@TAMB = 19mV ± 25% • 0.4%/°C • (TAMB - 25°C).
At low supply voltage VIN(MIN)
VISENSE@TAMB = IPK(VMIN) • RSENSE + VIN(MIN) • 100⍀ ÷ (Rfb + 100⍀)
Whilst at VIN(MAX),
VISENSE@TAMB = IPK(VMAX) • RSENSE + VIN(MAX) • 100⍀ ÷ (Rfb + 100⍀)
Solving the above simultaneous equations gives the required RSENSE and Rfb resistor values.
These design equations are also available as a spreadsheet calculator from Zetex website at
www.zetex.com/zxsc300feedforward
Figure 3 shows the measured LED current against variation in the input voltage with feed forward
compensation. For comparison purpose, the same measurement is repeated with feed forward
network removed, in which case the LED current at low supply is 3 times lower than that at
nominal input voltage level.
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Figure 3

LED current discrepancy for ZXSC300 with feed forward compensation
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The improvement in LED current regulation through feed forward compensation is self-evident.
Although some discrepancy in LED current persists at low supply, this is predominantly due to
the dependency of internal VISENSE threshold level on the input voltage level.
To incorporate thermal compensation into the design, Rfb can be made up from a series
combination of normal resistor R1 and NTC RT. During start-up condition, the printed circuit
board’s and LED’s temperatures are low, hence RT has high resistance. As circuit temperature
rises to its design operating value, the effective feed forward resistance drops, increasing the
offset voltage on ISENSE pin, which in turn matches the elevated VISENSE value and hence
regulates the actual output current fed to the LED.
For instance, the required effective feed forward resistor value (R1+ RT) for 25°C ambient start-up
can be determined from
Rfb = VIN(MAX) • 100⍀ • (19mV ± 25% - IPK(VMAX) • RSENSE)
And the required normal resistor R1 is equivalent to Rfb - RT.
For this design, three NTC values (3.3K⍀, 4.7K⍀ and 6.8K⍀) are recommended. These resistors
with MURATA 0603 or 0805 size NTC thermistors with beta-constant value of 3950K are chosen to
give good current control response at both normal operating temperature and start-up
conditions. The NTC works to reduce the peak transistor current, facilitating thermal feedback
control to ensure that LED current and lumen maintenance expectation are achieved. Note that it
is sometimes difficult to achieve perfect LED current matching between start-up and normal
operating temperature. In extreme cases of large temperature gradients, the average LED current
should be lower at start-up giving less lumen output, and then ramps up to the rated current once
it reaches the normal operating temperature. Furthermore, the thermistor can be thermally
coupled to the LED to provide response tracking and prevent overheating.

Conclusion
Two or three additional external components can be used to provide input voltage feed forward
for ZXSC300. This serves to ensure that the LED current is closely regulated. The LED current
regulation improves significantly when feed forward compensation is employed. The LED current
at the worse case input voltage increases from 33% to 64% of the nominal LED current with a feed
forward network. The remaining discrepancy is predominantly due to the dependency of the
VISENSE threshold level on the input voltage level.
In applications where the circuit is designed to operate in elevated ambient temperature, a NTC
thermistor can be incorporated to facilitate thermal feedback control and prevent over heating.
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Definitions
Product change
Zetex Semiconductors reserves the right to alter, without notice, specifications, design, price or conditions of supply of any product or
service. Customers are solely responsible for obtaining the latest relevant information before placing orders.
Applications disclaimer
The circuits in this design/application note are offered as design ideas. It is the responsibility of the user to ensure that the circuit is fit for
the user’s application and meets with the user’s requirements. No representation or warranty is given and no liability whatsoever is
assumed by Zetex with respect to the accuracy or use of such information, or infringement of patents or other intellectual property rights
arising from such use or otherwise. Zetex does not assume any legal responsibility or will not be held legally liable (whether in contract,
tort (including negligence), breach of statutory duty, restriction or otherwise) for any damages, loss of profit, business, contract,
opportunity or consequential loss in the use of these circuit applications, under any circumstances.
Life support
Zetex products are specifically not authorized for use as critical components in life support devices or systems without the express written
approval of the Chief Executive Officer of Zetex Semiconductors plc. As used herein:
A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body
or
2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labelling can be reasonably expected to result in significant injury to the user.
B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to
cause the failure of the life support device or to affect its safety or effectiveness.
Reproduction
The product specifications contained in this publication are issued to provide outline information only which (unless agreed by the
company in writing) may not be used, applied or reproduced for any purpose or form part of any order or contract or be regarded as a
representation relating to the products or services concerned.
Terms and Conditions
All products are sold subjects to Zetex’ terms and conditions of sale, and this disclaimer (save in the event of a conflict between the two
when the terms of the contract shall prevail) according to region, supplied at the time of order acknowledgement.
For the latest information on technology, delivery terms and conditions and prices, please contact your nearest Zetex sales office .
Quality of product
Zetex is an ISO 9001 and TS16949 certified semiconductor manufacturer.
To ensure quality of service and products we strongly advise the purchase of parts directly from Zetex Semiconductors or one of our
regionally authorized distributors. For a complete listing of authorized distributors please visit: www.zetex.com/salesnetwork
Zetex Semiconductors does not warrant or accept any liability whatsoever in respect of any parts purchased through unauthorized sales channels.
ESD (Electrostatic discharge)
Semiconductor devices are susceptible to damage by ESD. Suitable precautions should be taken when handling and transporting devices.
The possible damage to devices depends on the circumstances of the handling and transporting, and the nature of the device. The extent
of damage can vary from immediate functional or parametric malfunction to degradation of function or performance in use over time.
Devices suspected of being affected should be replaced.
Green compliance
Zetex Semiconductors is committed to environmental excellence in all aspects of its operations which includes meeting or exceeding
regulatory requirements with respect to the use of hazardous substances. Numerous successful programs have been implemented to
reduce the use of hazardous substances and/or emissions.
All Zetex components are compliant with the RoHS directive, and through this it is supporting its customers in their compliance with
WEEE and ELV directives.
Product status key:
“Preview”
Future device intended for production at some point. Samples may be available
“Active”
Product status recommended for new designs
“Last time buy (LTB)”
Device will be discontinued and last time buy period and delivery is in effect
“Not recommended for new designs” Device is still in production to support existing designs and production
“Obsolete”
Production has been discontinued
Datasheet status key:
“Draft version”
This term denotes a very early datasheet version and contains highly provisional information, which
may change in any manner without notice.
“Provisional version”
This term denotes a pre-release datasheet. It provides a clear indication of anticipated performance.
However, changes to the test conditions and specifications may occur, at any time and without notice.
“Issue”
This term denotes an issued datasheet containing finalized specifications. However, changes to
specifications may occur, at any time and without notice.
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