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High-Speed Switching of IR-LEDs (Part I) 
Background and Datasheet Definition 

Application note   

1 Introduction 

This application note deals with the (optical) 
transient response of OSRAM OS infrared 
(IR) – LEDs. The paper covers briefly the 
physical background and the relevant 
OSRAM OS datasheet testing setup. 

There are various applications requiring 
high-speed switching of IR-LEDs. Besides 
the traditional data communications space 
(e.g. indoor data communication) it is the 
emerging area of 3D-cameras operating via 
ToF-principle (time-of-flight). The 
emergence of new high-power and high-
efficient IR-LEDs like the OSRAM OS Oslon 
/ Dragon series make them ideally suited for 
this kind of applications. High-speed 
modulation is often one key parameter for 
system performance. Hence judging how 
the datasheet values are derived becomes 
the key element to understand and achieve 
high-speed performance.  

2 Theoretical Background 

This section briefly describes the theoretical 
background concerning optical rise and fall 
times of OSRAM OS IR-LEDs. The general 
scenario is based on an electrical pulse 
according to Fig. 1 and describes the optical 
response of the IR-LED.  

Important definition I: Throughout this 
paper the term tr and tf always refers to the 
optical rise and fall time – except where 
explicitly otherwise stated. 

Important definition II: OSRAM specifies 
its optical rise and fall times as 10 % / 90 % 
values. This is important in comparing 
different IR-LEDs from different vendors as 

their definition is sometimes different. A 20 
% / 80 % definition compared to a 10 % / 90 
% definition can yield e.g. up to a factor of 
two in difference. Conversions can be done 
via the following Eqs.: 

r)/(r t.t  6508020 Eq. (1) 

f)/(f t.t  5602080 Eq. (2) 

2.1 Optical Turn-On Delay Time 

The time between the start of the electrical 
current pulse and the start of optical 
emission is called turn-on delay (see Fig. 1). 
This turn-on delay time is caused by the 
initial filling of the depletion (junction) 
capacitance Cj of the LED. After the junction 
is charged radiation starts. The charge-up 
time is dependent on the RCLED-time 
constant of the LED and the pulse current 
Ipulse. Note that in most applications the turn-
on delay can be neglected. 

However, if the turn-on delay is of any 
concern in the application it is 
recommended to use either of the following 

Fig. 1: Typ. optical response of an IR-LED on 
a rectangular current pulse. 
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methods to minimize this delay (valid for 
OSRAM OS thinfilm IR-LED’s):  
 
- in a current driven environment it is 

common to bias the IR-LED with an off-
current of some µA to avoid / minimize 
the charge-up process (similar to 
operating Laser diodes).  

- in a voltage driven circuit it is 
recommended to switch the IR-LED not 
from VF = 0 V, instead keep it biased 
around VF < 1.4 V for the 850 nm resp. 
1.25 V for a 940 nm IR-LED (just below 
the “knee-voltage”). 

- use of 940 nm emitters as they feature a 
lower Cj0 compared to their 850 nm 
counterparts (roughly by a factor of 2.5). 
This automatically leads to a reduction of 
the turn-on delay (valid for current 
generation OSRAM OS thinfilm IR-
LED’s). 

- drive circuit which provides current 
peaking during the turn-on phase 

 
As an example, the circuit in Fig. 3 
automatically biases the IR-LED with the 
FETs leakage current (around 1 µA). This 
automatically leads to some IR-LED off-
state bias voltage of around < 0.7 V, which 
reduces the turn-on delay already 
significantly.  
 
The typ. Cj0 values for the different IR-LEDs 
are available via the PSPICE models found 
on the OSRAM OS website (see application 
support). 
 
2.2 Optical Rise Time 
 
The optical rise time in the most basic setup 
(like in the circuit of Fig. 2 or 3, e.g. no 
current peaking) is governed by the 
following Eq.: 

pulseLED

r
Ik

t



1

49.1   Eq. (3) 

 
with kLED as a LED-typ characteristic 
constant (depending on the IR-LED chip, 
see also Sec. 4.1). 

 
The essence from Eq. (3) is that the optical 
rise time depends on the pulse current: 
Quadrupling of the LED current reduces 
the optical rise time by a factor of two. 
 
2.3 Optical Fall Time 
 
The emphasis here is that the LED is 
switched into a high-ohmic off-state (i.e. 
leaving the IR-LED ‘disconnected’ after 
turning the current off, like in the circuit of 
Fig. 2 or 3) so that the injected charge 
carriers can decay by themselves governed 
by the charge carrier lifetime. 
 
Such a circuit leads to an optical fall time of 
around 

pulseLED

f
Ik

t



1

11.2   Eq. (4) 

 
The essence from Eq. (4) is  - equivalent to 
the optical rise time behaviour - that the 
optical fall time depends on the pulse 
current immediately prior to turning the IR-
LED current off: Quadrupling of this LED 
current reduces the optical fall time by a 
factor of two. 
 
Furthermore comparing Eq. (3) with Eq. (4) 
unveils that the fall time is usually by a 

factor of ~ 2  slower compared to the 

optical rise time (always considering a high-
impedance setup according to Fig. 2 or 3).  
 
2.4 Practical Implementations 
 
In general the above relations hold for ideal 
shaped current pulses which follow the 
pulse depicted in Fig. 1 (with electrical rise / 
fall times << optical rise / fall times). 
 
However, circuit or component parasitics 
can influence the electrical pulse shape and 
subsequently have an impact on the optical 
rise / fall times. 
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3 OSRAM OS (Datasheet) Setup 
 
For datasheet characterization OSRAM OS 
uses the following setups which deliver – if 
employed properly – identical optical rise 
and fall times. The background for choosing 
this measurement philosophy is that it 
allows comparable and reproducible optical 
rise and fall time characterization 
(component resp. setup independent). Both 
circuits can be described as high-impedance 
setups, as during the LED-off phase the 
circuit is switched into a high impedance 
state. In this context, even some Ohms 
already qualify as high-impedance. 
 

3.1 Traditional (50 W-based) Setup 

 
This is the “traditional” setup. It is based on 

a 50 W impedance matching setup (see Fig. 

2). The pulse current is monitored across an 

e.g. 47 W resistor (to account for IR-LED 

impedance in forward biased operation).  
 
3.2 New (FET-based) Setup 
 
An alternative, FET-based, setup is depicted 
in Fig. 3. This setup mirrors much closer the 
real application. This is especially true if one 
considers that modern high power IR-LEDs 
can be biased above 1 A. This would require 
fast high voltage pulse sources if a circuit 
according to Fig. 2 is used. The advantage 
of the FET-based circuit in Fig. 3 lies in the 
fact that a low voltage setup, depending on 
the choice of R, is possible. The pulse 

current is monitored as a voltage drop 
across R (OSRAM OS typically uses R = 2.7 

W here per default).  

 
3.3 Detector 
 
As an optical detector a high-speed 
avalanche photodiode (APD) is employed. 
As an alternative, the pin-photodiode SFH 
2701 can be used. The complete system 
setup features the required bandwidth 
without distorting the electrical / optical 
pulses. 
 
 

4 Optical Rise and Fall Times 
 
The following data were obtained by using 
the datasheet circuits (Fig. 2 and 3) which 
provide electrical / optical pulse shapes 
without transient peaking currents during the 
turn-on and / or turn-off sequence. It is worth 
to note that by unintended current peaking 
during the turn-on / turn-off sequence the 
optical rise and fall times can differ (e.g. 
become significantly faster). 
 
4.1 Pulse Current Dependence  
 
Fig. 4 to 9 present optical rise and fall times 
vs. different pulse currents for various 
OSRAM OS thinfilm IR-LEDs.  

 

Fig. 3: New datasheet setup for measuring 
optical rise and fall times. 

 

Fig. 2: Traditional datasheet setup for 
measuring optical rise and fall times. 
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The graphs group all IR-LEDs into three 
different classes, depending on the chip size 
resp. max. allowed peak pulse current 
(please refer to the datasheet). This binning 
is more or less independent of the emitting 
wavelength of the IR-LED. The classification 
- valid for OSRAM OS thinfilm IR-LED’s - is: 
  
- low-power LEDs  

(max. 700 mA peak pulse current) 
- mid-power LEDs  

(max. 1000 mA peak pulse current) 
- high-power LEDs  

(max. 2 A or 5 A peak pulse current)  
 

This notation is applied throughout this 
application note. 
 
The measurements are performed by 
applying a single 100 ns pulse (duty cycle < 
1 %).  
 
4.2 Temperature Dependence 
 
Fig. 10 presents the typ. dependence of the 
optical rise / fall time on ambient 
temperature (applying a single 100 ns pulse 
to minimize internal heating). As seen, the 
behaviour vs. ambient temperature is quite 
stable. 
 
The typ. temperature dependence of the 
optical rise time is around 0.2 %/K, i.e. 
operating the IR-LED at 85° C slows down 
the rise time by only around 12 % 
(compared to 25° C). The optical fall time 
dependence is similar with around 0.3 %/K.   
 
4.3 Burst Length Dependence 
 
As Fig. 10 indicates, the optical rise and fall 
time depends on the ambient temperature, 
i.e. on the IR-LED’s junction temperature. 
Pulse width and repetition rate have direct 
influence on the junction temperature and 
subsequently on the optical rise and fall time 
(as well as optical output power). Fig. 11 
shows the difference between a single 100 
ns pulse and a 5 MHz (50 % duty cycle) 
signal, both operated at 2 A. The optical rise 

and fall time is increased roughly 15 % to 20 
% for continuous 5 MHz operation 
compared to a single pulse operation. This 
depends strongly on the IR-LED junction 
temperature Tj (determined by e.g. operating 
conditions as well as thermal management, 
like the pcb type). 
Note: During a burst sequence the junction 
temperature rises. Subsequently the optical 
rise and especially the fall time can vary 
during the duration of the burst, i.e. being 
slower towards the end of the burst 
sequence and settle to a fixed value when 
thermal equilibrium is reached. For a 
Dragon IR-LED package this time lies 
between 1 s (metal core pcb) and 10 s (FR4 
pcb) – strongly dependent on the thermal 
management. 
 
 

5 Alternative Drive Circuits and 
General Remarks 

 
There exist many different circuits to drive a 
LED. Some of them feature (current) 
peaking to speed-up the optical rise time. 
Others employ passive or even active 
carrier sweep-out to reduce the optical fall 
time.  
 
The aforementioned methods can improve 
the switching speed of LEDs considerably 
compared to their datasheet values. Thus a 
careful selection of the drive circuit is 
recommended to meet the application 
requirements if high-speed operation is of 
particular interest. 
 
Like with any circuit design, OSRAM OS 
strongly recommends to verify the actual 
design. In general, the influence of 
unintended parasitic components and their 
impact on current / voltage spikes and 
ringing can speed-up or slow-down the 
optical rise and / or fall time.  
In this context OSRAM OS strongly 
suggests not exceeding the IR-LEDs 
maximum rating, especially the maximum 
pulse current. 
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Fig. 4: Optical rise and fall time vs. pulse current 
for a low-power IR-LED (Imax(pulse) = 700 mA).    

 
 

 
 

 
Fig. 5: Optical rise and fall time vs. pulse current

-
 

(1/             ) for a low-power IR-LED (Imax(pulse) = 
700 mA).    

 

 
Fig. 6: Optical rise and fall time vs. pulse current 
for a mid-power IR-LED (Imax(pulse) = 1000 mA).    

 

 
Fig. 7: Optical rise and fall time vs. pulse current 

(1/             ) for a mid-power IR-LED (Imax(pulse) = 
1000 mA).    

 

 
Fig. 8: Optical rise and fall time vs. pulse current 
for a high-power IR-LED (Imax(pulse) = 2000 mA or 
5000 mA).    

 

 
Fig. 9: Optical rise and fall time vs. pulse current 

(1/             ) for a high-power IR-LED (Imax(pulse) = 
2000 mA or 5000 mA). 
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6 Summary 
 
This application note focuses on the basics 
of optical rise and fall time definition like 
stated in the datasheet. It demonstrates the 
dependence of the rise and fall time on the 
LED pulse current by employing the 
datasheet drive circuit (i.e. quadrupling of 
pulse current reduces the optical fall / rise 
time by a factor of two). In parallel we 
introduce a new datasheet circuit to 
characterize the switching time of LED’s by 
using a more practical approach – which  
 

 
 
 
delivers the same optical rise and fall times 
as the traditional setup. 
  
However, by using other electronic drive 
methodologies, e.g. employing current 
peaking during the turn-on phase in 
combination with clamping (passive sweep-
out) or even active carrier sweep-out during 
the turn-off phase, the optical rise and fall 
times can be reduced considerably. 
 

 

.
 

 
9 Literature 
 
For a deep theoretical discussion on the physical/mathematical background please refer to:  
R. Windisch et al, “Large-Signal-Modulation of High-Efficiency Light-Emitting Diodes for Optical 
Communication”, IEEE Journal of Quantum Electronics, Vol. 36, No. 2, Dec. 2000, pp. 1445 – 1453. 

 
 
 
 
 
 
 
 

 

Fig. 10: Typ. normalized optical rise and fall 
time vs. ambient temperature (typ. temp 
coefficient: TCr ≈ 0.2 %/K and TCf ≈ 0.3 %/K). 

Operation: Single 100 ns pulse. 

 

Fig. 11: Difference between a single 100 ns 
pulse and continuous 5 MHz operation. In 
continuous operation the optical fall and rise 
time increase slightly due to internal heating of 
the IR-LED.  
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Appendix 

 
Don't forget: LED Light for you is your place to be whenever you are looking for information or 
worldwide partners for your LED Lighting project.      

www.ledlightforyou.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Author: Dr. Hubert Halbritter 
 
 
 
 
DISCLAIMER 
This document is for information purposes only and does not represent a specification or a 
warranty. 
All information contained in this document has been collected, analyzed and verified with great 
care by OSRAM Opto Semiconductors GmbH. However, OSRAM Opto Semiconductors GmbH can 
neither warrant the correctness and completeness of the information contained in this document 
nor can OSRAM Opto Semiconductors GmbH be made liable for any damage that occurs in 
connection with the use of and/or the reliance on the content of this document. The information 
contained in this report represents the state of knowledge as of February 2014 and is subjected to 
change without notice.  
 

About Osram Opto Semiconductors 
Osram Opto Semiconductors GmbH, Regensburg, is a wholly owned subsidiary of Osram GmbH, 
one of the world’s three largest lamp manufacturers, and offers its customers a range of solutions 
based on semiconductor technology for lighting, sensor and visualisation applications. The 
company operates facilities in Regensburg (Germany), Sunnyvale (USA) and Penang (Malaysia). 
Further information is available at www.osram-os.com. 
All information contained in this document has been checked with the greatest care. OSRAM Opto 
Semiconductors GmbH can however, not be made liable for any damage that occurs in connection 
with the use of these contents. 
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