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Improving Speed Performance of Slow LEDs using the 
MAX3967A with Added Peaking Elements

1 Introduction 

This application note presents a simple shunt 
peaking technique that significantly improves LED 
eye quality and edge speed. The use of Long 
Wave LEDs is particularly attractive for low data 
rate, low power applications where cost is a 
critical parameter. Examples of such applications 
are the Fibre Data Distributed Interface (FDDI) 
Token Ring and the OC-3 SE/STM-1 (SR) 
Interface. Specified power ranges vary from 
 -8dBm to -20dbm depending upon the 
application. Speed requirements are dictated by 
rise and fall time specifications, compliance mask, 
or a combination of both. 

 In an attempt to minimize the drive current 
requirement for an LED so as to reduce 
requirements for the driver IC and power 
consumption, compromises are sometimes made 
by the LED manufacturer to trade speed for 
optical power. Increasing optical power for a given 
drive current tends to result in a slower device. 
Sometimes the tradeoff made between speed and 
power is excessive, resulting in a slower than 
desired transition speed and poor mask margin. 
However, it is possible to use passive 
components installed between a driver output and 
LED to improve transition speed at the expense of 
reducing power. As long as the driver has 
sufficient modulation current available, this can 
represent a reasonable tradeoff.  

2 MAX3967A Driver 
The MAX3967A is a programmable LED driver for 
fiber optic transmitters operating at data rates up 
to 270Mbps. The circuit contains a high-speed 
current driver with programmable temperature 
coefficient (tempco), adjustments for LED pre-bias 
voltage, and a disable feature. The circuit accepts 
PECL data inputs, and operates from a single 
+2.97V to +5.5V power supply.  

The SFP LED driver can switch up to 100mA into 
typical high-speed light-emitting diodes. The 
modulation current is programmed with a single 
external resistor.  As temperature increases, the

  

device's modulation current increases with a 
tempco that is programmable from 2500ppm/°C to 
12,000ppm/°C.  

The large modulation current capability makes the 
MAX3967 a good candidate for exchanging drive 
for an improved response time. 

3 Example Performance with no 
Peaking 

An LED exhibiting slower than desired speed 
characteristics was installed on a MAX3967A 
EVKIT. The procedure included in the EVKIT 
instructions was followed1. The drive current was 
set to about 100mA. Figure 1 shows an unfiltered 
eye at the OC-3 155.25Mbps data rate. The eye 
quality is marginal at best, with a very slow fall 
time evident. Rise and fall times are about 2.5ns 
and 4.5ns respectively (10-90%).  

 

Figure 1. OC-3 eye diagram, unfiltered, no 
peaking. 
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Figure 2 shows the corresponding filtered eye with 
OC-3 mask superimposed. The mask margin 
shown is only 5%. The slow tail on the falling edge 
is very evident even with the filtered eye. 
Adjusting pre-bias using the jumpers provided in 
the EVKIT (PB1, PB2 and PB3) had little effect on 
the overall shape of the eye. Doubling on the 
rising edge of the eye is evident and is a result of 
the slow fall time.  

 

 

Figure 2. OC-3 eye diagram, filtered, no 
peaking, 5% mask margin shown.  

The slower fall time when compared with the rise 
time can be related to the fact that the LED 
dynamic resistance changes with drive current. 
When the LED is switched off, its light output and 
current begin to decrease and the dynamic 
impedance will increase. This effect will tend to 
lengthen the decay time constant associated with 
the discharge of junction capacitance inside the 
LED. Changes in driver impedance in the On and 
Off states can also affect the relative rise and fall 
time.  

4 Shunt Peaking  

Shunt peaking is a method that can be used to 
improve the rise and fall time performance of an 
LED as observed in Figures 1 and 2. Figure 3 
shows the basic shunt peaking concept. The key 
components in the circuit are inductor LP and 
resistor RP. Capacitors CB are required to provide 
a DC block so that the LED is not shorted.   

The AC coupled peaking circuit while improving 
the eye quality, will result in a reduction in the 
extinction ratio. To address this, resistor RS 
provides a return current path through the peaking 
network that would otherwise pass through the 
LED when the OUT+ is turned off.  

The values of LP and RP are governed by the 
response time and dynamic impedance of the 
LED as well as how much improvement in rise 
time is desired.  The best values for LP and RP are 
obtained through a combination of calculation and 
experimentation.  The ratio of LP/RP can first be 
estimated by measuring the fall time of the LED. 
(It is assumed that the fall time is the slower of the 
two.) 

 

Figure 3. Shunt peaking network with 
MAX3967A. 

The fall time tf for the LED shown in Figure 1 is 
about 4.5nsec. To begin improving upon this fall 
time the Lp/Rp quotient should first be set equal to 
the fall time.  

       (1) 

Where tf is the uncompensated fall time taken 
from 90% to 10%.  

Equation 1 contains two unknowns. More 
information is required to obtain the best values 
for LP and RP.  
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5 Design Procedure 

Select Value for RP 

The Value of RP depends upon the dynamic 
impedance of the LED (which changes with 
current) as well as the desired fall time. The best 
way to approach this is to decide how much drive 
current one is willing to trade for peaking. In this 
example it was decided to allocate about about 
20% of the drive current to peaking as shown in 
Figure 4 and see what kind of speed improvement 
resulted.  

 

Uncompensated
Drive

Compensated Drive
(20 % reduction)

Time  

Figure 4. Creating peaking by using ~ 20% of 
available drive current. 

To determine the value of RP required, an 
estimate of the dynamic impedance of the LED is 
needed. This value is dependent upon the device 
structure and instantaneous operating current. 
Values typically range in the low single digits. 
Determining the exact value of the dynamic 
impedance is beyond the scope of this document.  

 

The best approach is to estimate a value, 
compute the value of RP and LP, measure the 
result and then iterate until a satisfactory eye is 
obtained. For the LED used in this example, the 
effective dynamic impedance was estimated at 
3�. Using this as the starting point RP can be 
computed from the following: 

 

       (2) 

 

Where: 

 k = fraction of drive used for peaking and is 
less than 1 in value.  

 Rd = estimated LED dynamic resistance 

 RP = value for shunt peaking resistor 

Using a value of 0.2 (20%) for k and 3� for Rd and 
solving for RP yields a value of 12�.  

Select Value for LP 

Once RP is known, LP can be determined using 
Equation 1. Solving for LP and using tf = 4.5ns 
results in a value of 54nH.   
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6 Installing Peaking 
Components 

A MAX3967A EVKIT was used to demonstrate the 
peaking circuit. Figure 5 shows a photograph 
illustrating where the peaking components were 
installed relative to the LED TOSA.  Figure 6 
shows the location of RS. 

 

Figure 5. The MAX3967A EVKIT with the 
locations of RP, LP and CB. 

 

Figure 6. Location of RS relative to LED. 

7 Results 

Since LP and RP are estimates, several values 
were attempted. Trial and error arrived at a value 
of 11� for RP and 47nH for LP which appeared to 
produce the best overall eye in terms of speed, 
overshoot and mask margin. 

Once the eye has been optimized by adjusting LP 

and RP, RS can then be installed and adjusted to 
obtain the desired extinction ratio. Increasing the 
value of RS will lower the extinction ratio. The 
value for RS in this example was 82�. Figure 7 
shows the resulting unfiltered eye. 

 

 

Figure 7. Unfiltered eye with peaking elements 
added. 

Results show that the rise and fall times have 
improved to about 2.2ns and 2.8ns respectively. 
The greatest improvement is seen in the fall time 
(a change of about 1.7ns) resulting in a more 
symmetrical eye. The amplitude of the eye 
obtained with the peaking components is about 
20% less than the uncompensated eye shown in 
Figure 1. This is in agreement with the target 
value set by k = 0.2 in which 20% of the original 
drive current would be allocated for peaking.   
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Figure 8 shows the filtered eye with OC3 mask 
superimposed. 

 

 
Figure 8. Filtered eye with peaking elements 

added. 

Mask margin has increased to over 25%. The eye 
now appears more symmetrical and the doubling 
on the rising edge is greatly reduced.  

8 Conclusion 

LED dynamic performance as characterized by 
transition speed and mask margin can be 
improved by exchanging a reasonable percentage 
of drive current for peaking current. By the 
addition of a simple L-C shunt peaking circuit, eye 
symmetry improves and mask margin can be 
increased five fold. The MAX3967A is ideally 
suited to this application due to its high drive 
current capability. 

 

                                                      

1 MAX3967AEVKIT documentation 


