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Abstract -A demand charncteris tirs survey was used to determine 
the implications of system des ign trend; on distributed po,-ver 
architectures. The largest number of respondents came from the 
Communications segment (28.6%), with Military having the 
second-largest 11umbe1· of .-es1>011de 11ts (20.0%). Selected 1-~sults 
from the sw·ve)' indicate that within five yean, enginee1·s overall 
expect today's cent1"3liied power architectw·es w ill be replaced 
with dis ti·ibutcd power architectures, spot power architectures 
and intermediate bus architectw·es (IBAs). But only a small 
percentage of respondents believe IBAs w ill be the "most often 
used" power system architecture in the futurt-. The t-nd-use 
s l'gment expecting to use IBAs the most is the Milit:wy segml'nt. 

J. INTRODUCTION 

Since their development in the Communications segment, 
distributed power architectures (DPAs) have grown in 
sophistication and complexity, with variants such as spot 
powering and the IBA gaining prominence alongside 
traditional DPAs. Traditional DPAs take an um1sable bulk 
voltage, such as 48Vdc, and use isolated conve1ters to supply a 
usable voltage. Spot powering, on the other hand, takes a 
usable voltage (e.g., 5Vdc) rnther than a bulk voltage and 
conve11s it for a "spot" where a different voltage is needed. In 
an IBA, a "bus converter" (typically 12Vdc output) is 
employed to provide isolation from tbe 48Vdc power 
distrihution hus. Tt reduces the 48V hus to a level where non­
isolated Point-of-Load (POL) converters can operate with 
reasonable duty cycle without the need for a transformer. Non­
isolated converters then generate load voltages needed from 
this intem1ediate bus. The IBA was inlfoduced in order to 
address cost issues. In some systems, the savings from the use 
of the IBA could come to over 20% below the traditional DPA 
solution. FinaUy, along with Traditional, Spot and IBA power 
architectures, "hybrid" architectures exist that combine these 
three in diffeJent ways. 

In addition lo unil and dollar saks foreca:;ls, it is useful lo 
understand underlying product dynamics, and how product 
specifications are expected to change (if at all) during the 
forecast period. This paper looks at some of the implications 
of SJ Stem design trends on DP A designs. DP As power a base 
technology that is highly homogeneous, with a core IC 
technology that needs to be powered in a certain way. As a 
result, TC technology trends drive many of the system trends, 
and engineers must develop power architectures within the 
parameters of these systems. A demand characleristics survey 
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was used to deteimine the implications of system design 
trends on distributed power architectures [I]. 

TL METHODOI O GY 

Approximaldy 50 companies were chosen lhal design 
products for lhe end-use segments identified in the survey. 
These companies were sent smveys. In addition, the survey 
was posted on Darnell Group's website for wider response. Of 
the companies chosen, 36 provided responses that were 
complete and deemed valid. The respondents do not represent a 
"normal" population; they represent companies from a small 
industry group. Therefore, the results are specific to the 
systems and power designs in the survey. These responses are 
believed to be accurate, panly based on the high percentage of 
individuals providing consistent data [2]. The sample 
represents the largest system makers, with ahout 95% of the 
respondents answering consistentJy. This produced a 
confidence interval of 95-99%. 

III. STRUCTURE OF THE SURVEY 

A questionnaire was developed, which was based on a 
previous questionnaire, to gather data on trends in power 
distribution. Prior to distribution, the questionnaire was sent to 
a number of companies who manufacture de-de converters and 
ac-d1_; front ends to gel Lheir feedback on lhe queslion:s and their 
structure. The final survey wnsisle<l of 32 questions lhal (1) 
dete,mined the background of the respondent; (2) asked 
specific questions about centralized power :">}"stems, traditional 
DP As, spot power systems, and the intem1edia1e bus 
architecture; and (3) asked questions specific to de-de 
converters, ac-dc front end,;, back-up time and standards. 
Diagrams were presented to illustrate the va,ious systems 
involved. Most questions were structured for "yes" and "no" 
answers, rankings of features, or multiple choice. A few 
qualitative ("open-ended") questions were included 

IV. SELECTED RF.SULTS 

The largest number of respondents (about 28.6%) came from 
the Communications segmenl, wiLh Mililary :;econd (20.0%). 
The remaining respondents came from Industrial (17. 1%), 
Electronjc D11ta Processing/Computing (11 .4%), Commercial 
(11.4%) and Consumer (5.7%). The remaining 5.7% ("Other") 
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represented the building infrastructw-e, automobile and 
automatic testing equipment sectors (see Table I). TABLE [: EQUIPMEIT END-USE MARKET (PERCENTAOEOF RESPONDENTS) 

There was a wide variety of responses to the open-ended 
question, "What type of spe.cific application do you design?" 
A partial list includes "aerospace," "indusuial automation," 
"test and measurement," "fuel cell installation," "ac-dc and de­
de power supplies for computer systems," "ac-dc power 
supplies for PABX," "de telecom power," "on-board de-de 
converters," "radio base station," and "UPS backup products." 

The average time-to-market is L0-12 months, with Consumer 
products having the shortest time-to-market (about 7.0 
months) and Military products having the longest time (about 
14.8 months). The average time-to-market for 
Communications products is 8.5 months. Toe typical product 
life cycle vruies by application, with Consumer having the 
shortest time (15 months), and Mili tary and Communications 
having the longest time. (97 months and 90 months, 
respectively). Compared with the survey Darnell did in 1997, 
the average product life cycle has shortened from 120 months 
to between 60 and 120 months today. 

The respondents, who represent the end-user segments shown 
in Table I, were asked what type of power system architectw-e 
they use currently most often, and to project what type of 
system they are likely to use in two years an<l in fi ve years. 
The power system configurations they chose from are 
illustrated in Figure L The results are given in Table 2. 

End-Use Market 

Commercial 

Communications 

Consumer 

EDP/Computing 

Industrial 

Military 

Other 

TOTAL 

FIOUREI: POWERS YSTBM ARClilTECTIJRES 

(A) Centralized Power System 

A2D 

(C) Spot Power System 

A2D 

(B) Tradltlonal Distributed Power System 

A2D 
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' Vo ·--~ 

(0) Intermediate Bus Architecture 

AW 
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28.6 

5.7 

11.4 

17.1 

20.0 

5.7 

100.0 
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TABLE II: ARCHITEC1URE EXPECTED TO BE USED YIOST OITEN 

Today In 2 Years In 5 Years 
Centralized 44.4 8.6 0.0 
Traditional 44.4 48.6 43.8 

Spot 8.3 25.7 25.0 

IBA 2.8 17.1 28.1 
None 0.0 0.0 3.1 

TOTAL 100.0 100.0 100.0 

The results indicate that within five years, engineers overall 
expect today 's centralized power architectures will be 
replaced with distributed power architectures, spot power 
archileclures and inLenm:<liale bus architectures. This is 
more likely to happen as the cost of de-de converters has 
been reduced and the reliability of ac-dc power supplies has 
increased. 

The survey results also suggest that the power supply 
market today is equally dominated by centralized and 
traditional dist1ibuted power systems. Fully 44.4% of Lhe 
respondenL'> selected either Centralized or Distributed power 
systems as their power system architecture. Additionally, 
8.3% of the respondents selected Spot power systems, 
followed hy fBAs, which have just started to penetrate the 
market. But in two years, the respondents expected 
traditional Distributed power systems to dominate. the. poweJ 
supply market. Centralized power systems are expected to 
fall into Last place, even behind Spot power system .. ~ and 
IBAs, with only 8.6% market share. Within the next fi ve 
years, respondents expected Centralized power systems Lo 
disappear altogether. The power supply market will continue 
to be dominated by traditional Distributed power systems 
(43.8%), followed by IBAs (28.1 %) and Spot power 
systems (25.0%). While we do not believe Cenu·aliz.ed 
sysLems will disappear in five years, the survey results do 
point to some fundamental changes going on in the power 
supply industry. 

"Spot power" is not, technically, part of a distributed power 
architectw·e; instead, it is usually pa1t of a centralized power 
svstem. How "centralized" and "distributed" are defined is 
~ po1tant when interpreting the sm·vey results. Most growth 
in Spot powe,ing will occttr in the Computer segment, 
which already has the largest portion of this architecture. 

An interesting finding of the survey is the small percentage 
of respondents who believe that TBAs will he the "most 
often used" power system architectw·e in the futw·e. IBAs 
are an "emerging'' architectme, so the 2.8% who repo1i 
using them "most often" today is not surprising. But in two 
years, only 17. 1 % of end users indicate they arc likely to be 
using IBAs, and that percentage will only increase to 28.1 % 
in five ye!ln;. 
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Broken down by end-use. the Communications segment has 
tbe highest percemage of respondents (48.3%) who selected 
the Traditional power architecture, followed by Military 
(47.6%) and Conunercial (45.5%). On the other hand, 
Military has the highest percentage of respondents who 
selected the Centralized power architecture - about 28.6% 
versus 20.7% for ColllIIlunications and 20.0% for Industrial. 
The Spot power architecture is most popular among the 
respondents of three groups: EDP/Computing, 
Communications, and Industrial. About 25 .0% of the 
EDP/Computing respondents selected Spot powering, 
compared to 24.l % for Communications and 20.0% for 
Industrial. 

Even more surprising is the end-use segment expecting to 
use IBAs the most: Military. Of all Militaiy respondents, 
14% repo1i using IBAs the "most" today; 14% expect to be 
using them the most in two years; and 43% expect to be 
using them in five years. The Industrial segment is the next 
largest user of IBAs, with 33% of Industrial respondents 
indicating they are likely to use them within two years. 
Communications and Commercial respondents report the 
lowest levels of IBA usage. Only 6.9% of the 
Communications respondents believed that IBAs will 
dominate the industry's power distribution architectures in 
the future. 

It is worth keeping in mind that power architectures 
evolve slowly, especially if extra cost is involved. The shift 
from centralized to disaibuted power systems is a case in 
point. The survey of system makers from the 1997 "Trends 
in Power Disu·ibution" report included questions on the 
actual use of centralized versus distlibuted power 
architectures, along with projected future use. Back then, 
DPAs were not as common as they a.re now, but they were 
getting hyped just as much. What happened? The move 
toward DPAs did, indeed, occur but not as quickly or 
completely as power supply companies hoped. In 1997, 
traditional centralized architectures were used by about 47% 
of the respondents. The latter projected that use of 
traditional centralized systems would decline to 15% by 
2002. But in our 2003 surve.y, 44% of the. respondenL~ are 
still using traditional cenl:J·alized architectures. The 
percentage bas, indeed, gone down, but not as quickly as 
everyone thought. 

IBAs could follow a similar pattern, although they are 
already a niche of the DPA market, making their adoption 
even less certain. Only 2.8% of the respondents to the 2003 
survey indicated they cunently use IBAs. They l)r◊ject this 
usage Lo increase LO aboul 28% in five years. This is hardly 
an aggressive progression, especially if you assume it is 
influenced by the "push" surrounding IBA adoption. One 
power supply company confirmed that their customers were 
less than enthusiastic ahout TBAs, with few ask ing ahout 
products for this architectLue. Darnell Group expects most 
IBA growth will be found in the Computer segment, with 
some growth occurring in the data commllllications and CPE 
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portions of the Communications segment. The Military and 
Industrial respondents indicate hjgber levels of IBA use. as 
well, although these will remain small markets compare<.) 
with Computers and Communications. Additionally, IBA 
use currently seems to be a North America trend, with fewer 
customers in Asia and Europe showing interest in the 
architecture. Regional changes will be wo1th noting over the 
nex.t fi ve years. 

This implies a "niche" market for IBA-, in the future. Sayani 
and Wanes [3] determined that, "An inte,mediate bus 
approach with a wide-range input, regulated bus converter 
involve[d] a premium in cost, space and power dissipation" 
in 48V 5.Jstems. And White [4] noted that, "there is a 
movement towards the use of intennediate bus voltages of 7-
8V" when efficiency is " very impo11ant." Obviously, IBAs 
are a good choice in certain kinds of systems but not in 
others. 

V. COMPARISO!'-.' WITH THE 1997 SURVEY 

Since the survey done in 1997 [SJ, a number of things have 
changed regarding trends in power distribution. As noted 
above, the percentage of respondents using centralized 
power architectures in 1997 was slightly higher than it is 
today, about 47%. That usage was projected to decrease lo 
15% by 2002, which it did nol. W,:, think lhi~ r,:,pre~enL-; lhe 
belief end-users have that power system architectures are 
moving in a particular direction, and tJ1ey will need to 
change. But the cost of changing to a new architecture often 
keeps companies with their old (centralized) systems longer 
than expected. As a result, the use of centralized power 
architectures will probably decrease much more slowly than 
designers e,qJect. On the other hand, the use of traditional 
DP As was much lower in I 997, about 15%. That was 
projected to increase to 43% by 2002. Considering 44% of 
respondents in 2003 are using traditional DP As, that 
projection was remarkably accurate. 

The 1997 survey underlines the evolution taking place in 
distributed power architectures. Systems are very different 
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now from what they were back then. In 1997, the question 
on power system architecture usage identified four types of 
systems: centralized, per shelf, per function and per card, 
with the latter three being on-board designs. The report 
suggested that, " lt is possible that these results represent a 
'migration' of users toward more complex forms of power 
distribution, with today's central power system designers 
employing either in-shelf or per-function in the future, while 
today's in-shelf and per-function designers are more likely 
to become tomonow 's on-board converter users." 

In fact, more and more functions are being shrunk and 
integrated onto the board, leading to new power system 
configurations to facilitate those requirements. Architectures 
have evolved since I 997, and they will no doubt continue to 
evolve over the next five years. ''Spot power" and '' IBAs" 
will most likely not even exist in their cull'ent form by 2008. 
Highly integrated, in-board solutions will probably alter, yet 
again, the definition of the te1m, "distributed power 
architecture." 
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