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Digital control can be used as an enabling 
technology to offer performance, value, reliability 
and power density improvements to the end 
user. A system power management interface 
may also be added to a BMPS without 
compromising cost or packaging density. 
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Abstract 
 
This paper presents a detailed analysis of how digital techniques compare with traditional analog approaches in 
a Board Mounted Power Supply (BMPS). The analysis is based on a case study of a product from an actual 
production batch.  It is shown that replacing some of the analog content with digital circuitry can provide 
performance benefits to the end user without incurring any penalties in the form of additional cost or design 
complexity. Power density, in particular, is significantly improved. In addition, work is presented showing how a 
simple cost effective communication interface can be added to the basic design so that the additional 
functionality of digital power management can be made available. 
 
1     Introduction 
 
Digital techniques can be applied at several points 
within a power system, both internal to power 
supplies and at the system level for purposes of 
implementing management and monitoring 
functions [4]. This paper elaborates on the former 
situation. It compares the effects at the system level 
of implementation of control functions internal to a 
Board Mounted Power Supply (BMPS) with digital 
techniques vs. the more traditional analog 
approaches. With either of the approaches 
considered in this comparison, the end user of the 
BMPS may treat the device in a traditional way 
without any need for digital techniques at the 
system level. The comparison is done by means of 
a case study using an actual production unit as a 
baseline design. Two digital designs are used in the 
study. One is a size-optimized design that offers a 
power output comparable to the analog product but 
with smaller physical dimensions. The second 
output-optimized design maintains a form factor 
similar to the analog version but increases the 
power output. The basic power train topologies 
remain constant across all three versions so that the 
focus of the comparison is the design flexibility 
made available due to the utilization of digital control 
techniques. Some of the areas of interest in the 
comparison are electrical performance and 
efficiency, parts count, power density, cost and 
reliability. The comparison is done from an end-
user’s perspective rather than focusing on benefits 
to the BMPS designer.   
 
The BMPS used in the case study comparison is an 
Ericsson PMH8918L Point of Load (POL) regulator 
[1]. This is an 18 amp non-isolated synchronous 
buck regulator with a programmable output voltage 
and a nominal 12 V input voltage. This is a recent 

product with competitive specifications, so it is a 
good representation of a POL regulator using 
analog control. A previously published paper [3], 
estimated that digital techniques could reduce the 
required Printed-Circuit-Board (PCB) area by 40 to 
50% for the same 18 A output current or allow an 
output current of   35 A in the same package size. 
This paper will show that these estimates were in 
fact too conservative and that even higher power 
and current densities are possible when using digital 
control techniques. 

In addition to considering the user benefits of the 
digital control design internal to the POL regulator, a 
new interface connector was added to the digital 
versions so that digital power management 
techniques could optionally be used in the power 
system. The addition of this connector does not 
change the measured performance of the POL 
regulator or the results of the comparison between 
analog and digital control methodologies. The 
connector addition was done to demonstrate that 
providing this optional system capability could be 
accomplished without substantive negative impact 
on the cost or size of the BMPS. 

The content of this paper is limited to the technical 
and performance trade-offs at the BMPS level as 
described above. To provide a broader context, 
including extension of digital techniques into the 
arena of power system management, the reader is 
directed to the white paper in reference [4]. 
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2     Case Study Designs 
 
 
2.1   Existing 18 A Analog Product 
 
The Ericsson PMH8918L Point of Load (POL) 
regulator has a nominal output current of 18 A. It 
uses a non-isolated synchronous buck topology with 
a traditional analog control loop and operates at a 
switching frequency of 320 kHz. The output voltage 
is programmable between 1.2 and 5.5 V and the 
input voltage is nominally 12 V. The typical 
efficiency at 3.3 V output is over 92% and the 
calculated MTBF is 3.8 million hours. 
 
The upper MOSFET has an RDS-ON specification of 
8.8 mΩ and a gate charge specification, Qg, of 11 
nC. The corresponding values for the lower 
MOSFET are 4.0 mΩ and 27 nC. The output 
inductor has a nominal value of 1.2 μH and a 
resistance of 2.3 mΩ. 
 
The dimensions of the PMH8918L POL regulator 
are 38.1 x 22.1 x 9.0 mm. A photograph of the 
through hole version is shown in Figure 1. 

 
   Fig 1   PMH8918L analog design 
 
 
2.2   Size-optimized 20 A Digital 
 
A digitally controlled POL regulator was constructed 
that was capable of approximately the same output 
current and power as the analog PMH8918L. The 

basic topology was the same. A new PCB layout 
was used in order to optimize the size. The 
dimensions of the finished POL regulator were 25.4 
x 12.7 x 8.5 mm and it was capable of supplying a 
maximum output current of 20 A. 
 
It is important to be aware that much of the size 
reduction that became possible in this design was 
due to the lower component count associated with 
the digital control implementation. The higher level 
of integration eliminated several discrete house-
keeping components used in the analog design. The 
efficiency was optimized by careful selection of the 
MOSFET devices and by minimizing the sum of 
MOSFET switching losses and conduction losses. 
The upper FET has an RDS-ON of 3.4 mΩ and a Qg 
of  30 nC. The lower FET has values of 1.8 mΩ and 
47 nC.  The lower RDS-ON values in combination with 
lower source inductance of the new devices result in 
a lower total for combined conduction and switching 
losses and optimize efficiency at full load. The 
output inductor is 1.0 μH with a resistance of 2.3 
mΩ. The amount of copper in the PCB was also 
changed to allow for improved thermal management 
and minimized conduction losses. 
 
The control chip used in this design features an 
“efficiency optimized dead time control”. This feature 
results in enhanced efficiency as will be 
demonstrated later in this paper. More information 
about this technique can be found in reference [2]. 
This POL regulator operates at a switching 
frequency of 320 kHz. 
 
Although they do not affect the performance of the 
designs and are not needed for basic functionality, a 
new signal interface connector was added to the 
digitally controlled POL regulators in this case study. 
Rather than using high current pins suitable for 
power connections, a simple standardized cost-
effective 10 pin connector was designed. If desired 
by the end user, this connector can be used for 
purposes of communicating with system level power 
management circuitry and configuration of the POL 
regulator. By including the connector in these 
designs, it can be shown that it will not adversely 
affect the package size. A photograph of the 
completed 20 A size-optimized digital design is 
shown in Figure 2. 
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    Fig 2    Size-optimized digital design 
 
 
2.3   Output-optimized 40 A Digital 
 
Another digitally controlled POL regulator was 
constructed in a size similar to that of the analog 
PMH8918L but with enhanced output current 
capability. The final size was slightly less than the 
analog version, with final dimensions of 30.0 x 20.0 
x 8.5 mm. The output current capability of this POL 
regulator was 40 A.  
 
In order to support the higher current level, parallel 
MOSFETs are used in this design. The FET devices 
were selected based on the same criteria as the 
size-optimized design. The upper FETs have a 
combined RDS-ON of 1.7 mΩ and Qg of 60 nC. The 
lower devices’ combined values are 0.6 mΩ and 
141 nC. The inductor is 0.82 μH with a resistance of 
1.7 mΩ to further minimizing the resistive losses. 
This design also operates at a frequency of 320 kHz 
using the same control chip as the 20 A digital 
design. 
 

A photograph of the 40 A output-optimized design is 
shown in Figure 3.  

 
    Fig 3   Output-optimized digital design 
 
 
3     Performance  Comparison 
 
The three designs used in this case study are being 
characterized in terms of the normally accepted 
electrical performance parameters. These include 
output line and load regulation, efficiency, ripple and 
noise, and dynamic response. Due to the space 
limitations of this paper, we will only discuss 
efficiency in detail since it is a critical parameter that 
is of high importance to the end user. We can 
summarize the other electrical parameters identified 
above by saying that in all cases the performance of 
the two digital designs are equal to or better than 
the analog baseline design. Some of the preliminary 
comparative data can be found in reference [3]. 
 
 
3.1   Efficiency 
 
The PMH8918L used in this design comparison is a 
high current POL regulator. For this type of product, 
conversion efficiency is extremely important as it 
has a large influence on the system thermal design 
and ultimate packaging density as well as 
determining the input power required by the end 
equipment. Consequently, if digital control 
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techniques compromise the efficiency they would 
not be an acceptable approach.   
 
Curves showing the efficiency vs. output current for 
the three designs used in this study are shown in 
Figures 4, 5 and 6. The data for each of these 
curves was taken with an input voltage of 12 V, an 
output voltage of 3.3 V, and at an ambient 
temperature of +25 degrees C. Comparing the 20 A 
digital design with the 18 A analog design shows 
that the digital implementation resulted in an 
efficiency improvement across the entire load range 
in spite of the significantly smaller size of the digital 
module. At half load, the digital POL regulator was 
1.1% more efficient (93.8%) and at full load it was 
1.2% more efficient (92.5%). The efficiency 
improvement in the digital design is achieved thanks 
to elimination of house-keeping circuitry and the 
dead-time control, but also thanks to a more 
optimized power-train. 
 
Because the baseline analog POL regulator is 
designed and characterized at 12 V input, we used 
this input voltage to get comparable data for the 
digital design. As a side note, the efficiency of the 
digital design is even higher at lower input voltages. 
For example, its efficiency is approximately 1% 
better (94.8%) at half load when operated at an 
input voltage of 9.6 V. This could be an interesting 
area to explore for purposes of optimization of 
overall power system efficiency. 
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Fig 4   Analog design Efficiency, Vout=3.3 V,   
T=25˚C 
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Fig 5   20 A Digital design Efficiency, Vout=3.3 
V, T=25˚C 
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Fig 6   40 A Digital design Efficiency, Vout=3.3 
V, T=25˚C 

 
 
The 40 A digital design was optimized for higher 
current, and this is reflected in its efficiency 
performance between 15 and 30 A as shown in 
Figure 6. At under 10 A output, which includes much 
of the useful operating range of the 18 A analog 
design, its efficiency will be somewhat less than that 
of the analog POL regulator duo to higher switching 
losses.  Its efficiency at half load (20 A) is 93.7% 
which is a 2.4% improvement over the efficiency of 
the analog design at a comparable current. At a full 
load output of 40 A, the efficiency is 91.9%, which is 
still 0.6% better than the analog POL regulator at full 
load. So over its intended design range, the 40 A 
digital also outperforms the analog design in terms 
of efficiency. The improvement can be attributed to 
the same elements as with the 20 A design. The 40 
A design is also up to 1% more efficient when 
operated at 9.6 V input. 
 
Even though the 40 A digital design is more efficient 
than the analog POL regulator and is approximately 
similar in size, it will have a larger power dissipation 
because it is capable of over twice the output power 
and current. This results in a larger power density in 
terms of heat that needs to be removed from the 
BMPS. While the previous analog designs were size 
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limited by the component packaging density, this 
type of digital design could be size limited by the 
heat transfer mechanisms for cooling the BMPS. 
That is, if conventional packaging materials and 
cooling paths are used, generating 40 A from a 
BMPS of this size could require additional attention 
to thermal management and ambient temperatures 
in the end-user’s equipment. 
 
 
3.2   Packaging Density 
 
Packaging density is heavily influenced by efficiency 
and is equally important to the end user. The 
reduction in component count in the digital designs, 
to be discussed below, contributes significantly to 
the higher packaging densities obtained. We have 
calculated density in two ways. The first is area 
current density expressed in terms of output amps 
per cm2 of board area used by the POL regulator. 
The second is traditional power density calculated 
from the POL regulator maximum output power at 
3.3 V and expressed in terms of watts per cm3. 
 
The 20 A digital POL regulator has a 289% better 
area current density and a 307% better power 
density than the baseline analog design. The 40 A 
digital POL regulator has a 312% better area current 
density and a 330% better power density than the 
baseline analog design. Stated another way, the 20 
A digital design provides an additional 2 A of output 
current along with a reduction of 61% in board area 
vs. the analog product. The 40 A design provides a 
22 A (122%) increase in current with a board area 
reduction of 28% compared to the analog design. 
 
3.3   Component Count 
 
The baseline POL regulator design using analog 
control used a total of 58 components excluding 
connector pins but including the PCB as one 
component. Using the same ground rules, the 20 A 
digital design has 24 components and the 40 A 
digital design has 41 components. As noted 
previously, this major reduction in parts was 
primarily responsible for the enhanced power 
densities achievable with the digital designs. In 
addition to the packaging improvements, the 
reduced parts count is expected to play a major 
positive role in the cost and reliability of future 
designs using digital control. 

3.4   Cost 
 
Since PMH8918L is a production unit, the cost 
structure of the analog design is known with a high 
degree of accuracy. The digital designs are in 
prototype form and utilize some components, such 
as the digital control chip, that have been quite 
recently introduced and consequently do not have a 
well established pricing history. Furthermore, we 
expect that as digital control techniques receive 
wider acceptance the prices for some of the 
specialized components will decline. We therefore 
do not present a detailed cost analysis here. But 
because of the much higher degree of integration 
shown to be possible with digital techniques, along 
with their higher level of electrical and packaging 
performance, we are convinced that digital solutions 
will soon provide a much higher level of value to 
most users. 
 
 
3.5   Reliability 
 
Detailed reliability calculations have not as yet been 
done for the prototype digital designs. The 18 A 
analog design has a calculated MTBF of 3.8 million 
hours. The two digital designs were done with the 
same component derating practices as used in the 
analog version. The lower parts count should more 
than offset the higher current levels in some areas 
of the digital designs. In general, the high degree of 
integration and fewer component interconnections 
of the digital designs should bode well for their 
reliability. 
 
 
 
4     Conclusions 
 
As a result of this case study several conclusions 
can be made about the viability of digital control in 
POL regulators relative to analog designs: 
 

 The general electrical performance of the 
digitally controlled regulators is equal to or 
better than the analog version. 
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 At the same current level, the efficiency of 
the digital designs is higher than that of the 
analog version.  Efficiency improvements in 
excess of 1% are possible. 

 
 The digital designs have a definite 

advantage in terms of packaging density. 
This can be used to make BMPS smaller or 
to increase the power available within a 
standardized package size. 

 
 The digital designs exhibit drastically 

improved current and power densities when 
compared to the analog POL regulator, 
ranging from 289% to 330%. 

 
 With the increased integration of the 40 A 

digital design, the packaging limitation 
becomes heat removal rather than 
component area. 

 
 The digital designs substantially reduce the 

parts count, a 58% reduction for the 20 A 
design and 29% for the 40 A version. 

 
 Although detailed cost analysis is not yet 

viable, digital designs are expected to offer 
outstanding value to the user when 
compared to analog BMPS. 

 
 Due to low parts count and increased 

integration digital designs should prove to 
be even more reliable than analog 
implementations when predictive MTBF 
calculations are used.  

In conclusion, digital control can be used as an 
enabling technology to offer performance, value, 
reliability and power density improvements to the 
end user with no additional design effort required 
from the OEM system designer. If desired, a system 
power management interface may be added to 
BMPS without compromising cost or packaging 
density. 
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