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Power supply solutions also tend to be some of the most expensive components
in the system bill-of-materials (BOM).
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INTRODUCTION

There are plenty of motivations for wanting to optimize the design process, especially when it comes to the power supply subsystem that
can often be seen more as an inconvenient necessity than directly contributing to high-value system feature sets. Power supply solutions
also tend to be some of the most expensive components in the system bill-of-materials (BOM). These reasons, along with the confidence
that accompanies direct reuse of a qualified design block or commercially-available power module, are the main motivators for driving a
heavy leverage/reuse strategy from one project to the next.

A REVIEW OF THE TYPICAL POWER SOLUTION DESIGN PROCESS

In order to gain a true appreciation for the motivations driving leverage/reuse of power supply solutions, it is best to take a brief moment
to explore the typical design process and identify the opportunities/gaps that stimulate the push for such strategies. Whether a direct
power stakeholder or one on the receiving end of power supply design services, if the following, generalized process resonates with any
personal experiences, then they are likely not coming from a unique perspective.

Vs

Rx The “Official” Power Supply Design Process
Step 1: All system stakeholders (typically minus the Power stakeholder) get together and architect a system.
Step 2: Determine system power budget by summing maxima of all major loads in the system.
Step 3: Confirm feasibility with the Mechanical/Thermal stakeholder.
Step 4: Provide power budget, volumetric constraints, and project timeline to Power Stakeholder.
Step 5: Maujic?'? (i.e. — forget physics and reality)

Figure 1: The “Official” Power Supply Design Process, courtesy of PowerRox

The figure above provides the typical, high-level steps a team may take to get from concept to arrive on a system power budget and phys-
ical/environmental constraint. Ok, so this is not quite official, but even though a little facetious, there is a lot of ground truth represented
here too. The “magic” part represents the unrealistic demands that result from a highly overinflated system power budget that may
mathematically necessitate efficiencies/densities/transient responses that are either highly impractical for the class of product at hand
or even just flat out not in alignment with what is available even from the state-of-the-art (SOTA). A key takeaway is that even though a
power stakeholder shall be beholden to the outputs, they are rarely an integral part of the process that contributed to the inputs. Given
a specialty area of focus that requires a multidisciplinary background (often only derived from many years of field experience), it is often
puzzling how little power stakeholder perspectives are sought out early in the process for a subsystem(s) that tends to be a primary, gat-
ing agent to system size, weight, power, and cost (a.k.a. - the infamous SWaP-C factors) optimization. Since no electronics run without
power, add performance and reliability to that list too. Just for icing on the cake, a project timeline that is structured around a perfect,
error-free development process (minus 10% to be even faster time-to-market or TTM than the previous product) will also accompany all
these idealistic demands.
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Now comes the negotiating process. Engineers are trained to be problem solvers so when faced with a list of challenging problems, a
kneejerk response is to start digging into the solutions (i.e. - Is there an existing part that can meet this power density and footprint?
Should airflow go from front-to-back or back-to-front to meet the system thermal envelope? And so on and so forth...). Even this starting
point is the first opportunity to take pause and dig very deeply into the system budget and how it came to be. For instance, how often are
all loads (especially the bigger ones) drawing their max currents simultaneously? Surely, there are many subsystems that are designed
to be in antiphase with another subsystem (e.g. - the classic examples of compute vs. memory power demands or sleep/wake/transmit
operating cycles) so it is pretty rare when the sum of maxima (typically derived from datasheets that may already be starting from a point
of an unrealistic max with safety margin) makes sense for an aggregated power budget. Consider each touch point of that power budget
from inception until finalized. Each stakeholder will also be sure to add their own margins to cover their own guidance, which really adds
up when aggregated. Those extra layers of fat cost a whole lot of money and resources to design to truly unrealistic operating scenarios
in even the extremist of corner-case usage modeling.

Another key point in the fight against overinflated system power budgets is to know when to recognize the biggest opportunities for bud-
get optimization. Start with the largest, most demanding loads in the system and talk to the critical stakeholder(s) that best understand
what the load really needs in terms of power requirements and try to take real characterization data whenever possible. Doing so shall
likely open the door to implementing intelligent power management (IPM) techniques, such as aggregating lower-voltage power rails,
load sharing/shedding, and short-term power allocation. IPM is a “combination of hardware and software that optimizes the distribution
and use of electrical power in computer systems and data centers” [1]. Though the term was coined for data center applications, the ap-
plicability is fairly universal as this is more a frame of mind in design approach than anything else. For instance, changing the approach to
power subsystem architecture from an “always on” to an “always available” mentality can bring paradigm shifts in the results of the end
solution. This will involve extensive discussions with team members as well as external vendors.

In other words, it tends to be far simpler, faster, and cheaper to put the maniacal work into reducing the system budget into a REALISTIC
summary of even true, worst-case, maximum power loading (from each individual power supply’s perspective) as opposed to putting all
that sweat equity into trying to bend physics and available components to the whim of unreality. Given that time and cost-down pressures
are a constant, following this strategy will enable a far more amenable process to negotiate amongst team stakeholders and find a prag-
matic balance between time, cost, and quality. These inevitable tradeoffs are inexorably tied to each other regardless of how much we
wish they were not at times, as illustrated by the figure below. For instance, a product can be optimized for either time/cost/quality with-
out optimizing for the other two.

TIME

VEN

Figure 2: The Time/Cost/Quality Triangle

Articulating the difference between a leverage and a reuse is important when communicating needs to program managers or external
vendors because each can imply something very different, yet can be used interchangeably in a way that can yield negative program and/
or solution impacts when miscommunicated. Leverage is taking an existing solution and tweaking minor aspects (i.e. — passive compo-
nent values, signal/logic/comparator thresholds, cosmetics, form factors, etc.) of the original to optimize for a similar, yet not identical
use case. In this context, the term “semi-custom” is another common term for leverage. This distinction is particularly salient when talking
to a component vendor about a “fully-custom” design (e.g. — new from the ground up) versus a “semi-custom” design that will likely be a
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modification to some commercial off-the-shelf (COTS) solution as there will likely be huge differences between the two for what is quoted
in terms of price (component and non-recurring engineering or NRE) and time.

Direct reuse refers to taking an existing design and copying it exactly. Effectively, this is the same thing as buying COTS components
though this can sometimes be a little bit of a grey area since some fixed designs can actually be created with flexibility in mind. For in-
stance, reusing power bricks with a wide-input-voltage range or programmable output for different applications. It can also be common
to leverage a part family, particularly when referring to power modules designed for common footprints, optimizing specific module
features (i.e. - input/output voltage range, power density, current handling, pinout, filtering, etc.) to the application.

In general, common criteria for determining if one is looking at a leverage or a reuse comes in a test for three key characteristics: form,
fit, and function (i.e. - aesthetics, mechanical/thermal compatibility, and electrical/communicative performance). This is another area in
which very careful negotiation and detailed discussions with team partners and solution providers pays big dividends because of how
strict some organizations may define adherence to fit/form/function. For instance, taking the exact same power supply and changing its
ENABLE or POWER ON signal logic from positive to negative (high-level turn on vs. low-level turn on) may seem too trivial to go from direct
reuse to heavy leverage, but the change may require a whole new round of qualification testing just like a new product (e.g. - new part
numbers to manage and all that comes with it) and therefore fall under the leverage category. Even seemingly more trivial is to change a
word or statement or value on a printed label of a power brick, but if that is a safety label or requires a special formatting of the part num-
ber or unique identification info in the electrically erasable programmable read-only memory (EEPROM), then new regulatory compliance
testing may be required and/or manufacturing processes must be adjusted so this breaks the form/fit/function test.

Having survived the process of negotiating the system power budget, one can now confidently focus on proposing solutions to turn
that budget into a reality. Given the time and cost pressures, an initial effort will focus on known-good solutions or sub circuits (a.k.a. -
macros), which is where leverage and even direct reuse come into play. It is important to be sure to focus on leveraging/reusing good
solutions and not just blindly recycling because of operational pressures (with an exception noted below). This is where the need to make
the time and resources available for the things “we do not have time/resources to address” comes into play. Blindly recycling also means
all the bugs and shortcomings are reused as well. Though just to make the point, an organization that is very explicit about their form/fit/
function test may require a second-source component to intentionally mimic a known bug or defect to maintain backward compatibility
when multisourcing solutions (NOTE: Multisourcing is an entire topic of its own and should be deeply investigated for pros/cons of im-
plications before implementing, though out of scope of this white paper). Neglecting product generation-over-generation, iterative im-
provement can really hurt overall, operational efficiency. Conversely, reusing a tried and trusted design with known performance greatly
speeds up the development process (i.e. - the platform design approach). There are lots of well-established, reliable power vendors to
partner with and gain these advantages, particularly from COTS power modules.

If a design team must work on multiple system developments concurrently and/or in rapid succession, then they are likely to have a go-to
toolbox of various power solutions/sub blocks/product families to fit a handful of standard application scenarios. This frequently consists
of pre-built, pre-qualified, pre-tested power modules, whether they be developed in house or procured from a power supply vendor.
Naturally, this strategy is implemented to optimize all SWaP-C factors as discussed above, but what matters most is the mitigation of risk
factors, especially for critical/high-reliability and/or high-volume deployments. For example, an isolated power supply for a SiC driver can
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be built using a transformer driver + transformer + rectifier + LDO, but a readymade DC/DC module (such as RECOM's RxxP1503D with
asymmetric output voltages designed for optimal gate driver performance) not only speeds up the R&D stage, but is one BOM component
instead of many and reduces the chance that an error causes the expensive SiC transistor to be damaged.
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Know your team stakeholders! This transcends well beyond the first-order, engineering team members directly involved in the system
development. It should include program managers (PMs), supply chain owners, manufacturing personnel, and even the SW/FW design-
ers. Though seemingly counterintuitive, some of the most important stakeholders to talk with early on are the marketing/sales folks
along with anyone else with the most direct contact with customers and/or end users. It is best to negotiate compromises and informed
decisions before they are dictated in a trickle-down fashion, exclusive of power solution stakeholder inputs and oversight, as outlined at
the beginning of this white paper. Avoid “if we build it, they will come” thinking. If the market requirements and potential is not known
before starting a new project, then the chances the product will flop is much higher.

Know your technology! Do not wait until design kickoff to start thinking about performing an industry survey to either get a finger on
the pulse of the latest and/or refresh any dated info used to drive previous projects. Inviting vendors to give technology/roadmap updates
can be a great way to get a quick overview and utilize vendor resources to consolidate proposed solutions and may even enable a jump
start on competitive analysis. It can save a lot of time and effort (and mitigate risk of missing out on the SOTA) by leveraging the resources
of motivated, external support partners to survey the massive landscape of industry offerings and boil that down to a more manageable
list to start working with. Most vendors will jump at this opportunity (and perhaps even throw in free lunch) for early engagement on
potential developments. NOTE: always consider the source of any info and take with a grain of salt, but this also highlights the importance
and value of establishing a comprehensive, working relationship with key vendors and service providers. In high-stakes developments,
“The customer is always right!” approach does not foster the most conducive engineering environment so a more collaborative relation-
ship that also shares some risk can enable much greater chances of success for all involved.

Plan ahead of, during, and after project completion! Take pause to review a “design playbook” or collection or learnings (a.k.a. -
best practices, golden nuggets, etc.) before getting too deep in project/product definition. Typically, the most recent issues from the last
project are the ones to get overlooked because the team was too pressured to get a product out the door. Do not be shy about arranging
team meetings multiple times throughout the project (ideally once per project major phase/milestone), especially related to reviews for
Design for Anything (DFx), safety/compliance (this includes powerline and electromagnetic interference or EMI test compatibility), and
user experience. The last point about user experience should be emphasized, particularly for the majority of design engineers that are not
trained to consider things like look, feel, and general usability/comfort factors from the perspective of the end user. Once there is a very
expensive, painful project delay because an engineer arbitrarily chose the wrong shade of black from 1,000 pantone options, then the
importance becomes clearer. After the all the high fives and champagne upon project completion, be sure to arrange for a comprehensive,
post-mortem session to capture key learnings/bugs/risks/best practices/opportunities for optimization/process gaps/etc., while still all
fresh in stakeholder minds. DOCUMENT this clearly and extensively!

Beware of the “sprint” trap. If each task is severely time limited, then longer-term or trickier design issues tend to get shoved to the back
burner, resulting in “design backlog” that can severely affect the final quality of the product.
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IMPLEMENTING PRAGMATIC LEVERAGE/REUSE TRADEOFFS IN POWER SOLUTIONS

There has been much discussion so far on the general motivations for implementing a leverage/reuse strategy for power supply solutions
and subsystems. How is a designer to identify and evaluate the many tradeoffs and implications of any single power rail implementation?
The four key project objectives (scope, quality, cost, and time) that define a product/development are compared against the four key
constraints (performance, competiveness, effort, and viability) that force the negotiations and [sometimes uncomfortable] tradeoffs that
ultimately result in a product. This complex relationship is summarized graphically in the figure below.
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Figure 3: The Key Objectives & Constraints Tradeoff Tetrad

While volumes have been written on each and every topic outlined here (even specific to the more niche topic area of Power), a reason-
able summary table is offered below as a more succinct starting point as well as to make digestion of this white paper more manageable.

TRADEOFFS OF PROS & CONS ASSOCIATED WITH
LEVERAGE & DIRECT REUSE STRATEGIES, BY STAKEHOLDER

STAKEHOLDER PROS CONS

- Opportunity to improve all aspects of - Multiple risk of design weakness
SWaP-C factors - Upfront cycles to establish qualified design
- Known, reliable, qualified design blocks
- TIM - Engineering Change Order (ECO) risk
- Reduced NRE $ management
- Reduced BOM $ - Multisourcing qualification
- Manage multiple projects concurrently - Assurance of supply risk
Power - Vendor/Supply Chain consolidation - Quality escapes from similar, yet different

- Process/repository for design best practices designs
- Reduced program schedule, time to initial power up | -  Can be forced to incorporate known defects
- Known form/fit/function (i.e. - backward compatibility)
- Enhanced vendor relationship - (Can be forced to implement insufficient compo-

nent thermal margins
- Managing multiple unhappy customers/returns
concurrently if major field issue
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System Electrical Engineer

Mechanical / Thermal Engineer

Program Manager

Software / Firmware Engineer
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Opportunity to improve all aspects of SWaP-C
factors

Faster schematic/layout reviews

Increased confidence in power subsystem
Increased familiarity with power characteristics,
debug capabilities

Known, reliable, qualified design

™

Reduced NRE $

Reduced BOM $

Manage multiple projects concurrently
Process/repository for design best practices
Reduced program schedule, time to initial power
up

Known form/fit/function

Enhanced vendor relationship

Opportunity to improve all aspects of SWaP-C
factors

Known thermal/airflow impedance characteristics
Known form/fit

Faster computational fluid dynamics (CFD) simu-
lations, reusable models

Known, reliable, qualified design

™

Reduced NRE $

Reduced BOM $

Manage multiple projects concurrently
Process/repository for design best practices
Enhanced vendor relationship

Opportunity to improve all aspects of SWaP-C
factors

Known form/fit/function

Enhanced vendor relationship
Predetermined subsystem blocks for system
partitioning

Known, reliable, qualified design

™

Reduced NRE $

Reduced BOM $

Manage multiple projects concurrently
Process/repository for design best practices
Reduced program schedule, time to initial power up

Process/repository for design best practices
Increased familiarity with power characteristics,
debug capabilities

Faster, simplified regression testing

More efficient memory utilization

TRADEOFFS OF PROS & CONS ASSOCIATED WITH
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Multiple risk of design weakness

Upfront cycles to establish qualified design
blocks

ECO risk management

Multisourcing qualification

Quality escapes from similar, yet different
designs

Can be forced to incorporate known defects (i.e.
- backward compatibility)

Can be forced to implement insufficient compo-
nent thermal margins

Managing multiple unhappy customers/returns
concurrently if major field issue

Multiple risk of design weakness

Upfront cycles to establish qualified design blocks
ECO risk management

Multisourcing qualification

Risk if not designed/qualified for bidirectional
airflow

Can be forced to implement insufficient compo-
nent thermal margins

Multiple risk of design weakness

Upfront cycles to establish qualified design
blocks

ECO risk management

Multisourcing qualification

Lack of familiarity/understanding of leverage/
reuse requests

Quality escapes from similar, yet different
designs

Can be forced to incorporate known defects (i.e.
- backward compatibility)

Managing multiple unhappy customers/returns
concurrently if major field issue

Bugs from changes not communicated
Confusion on sufficient qualification process
Field FW upgradeability

ECO risk management

Multisourcing qualification

Lack of familiarity/understanding of leverage/
reuse requests

Can be forced to incorporate known defects (i.e.
- backward compatibility)
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Component Engineer

Manufacturing / Process Engineer

Supply Chain

Marketing

Sales

Known, reliable, qualified design

Reduced BOM $

Enhanced quality modeling capability

Manage multiple projects concurrently
Process/repository for design best practices
Supplier quality auditing efficiency

Streamlined Quality Management System (QMS)
Component portfolio consolidation

Known form/fit/function

Enhanced vendor relationship

Increased familiarity with power characteristics,
debug capabilities

Supplier quality auditing efficiency
Streamlined QMS

Enhanced quality modeling capability
Known form/fit

Reduced BOM

Process/repository for design best practices

Increased component volume pricing leverage
Component portfolio consolidation
Multisourcing support

™

Reduced BOM $

Manage multiple projects concurrently
Enhanced vendor relationship

™

Reduced BOM $

Reduced/reused new product training materials
Portfolio consolidation

Enhanced brand awareness due to commonality
Opportunity to improve all aspects of

SWaP-C factors

™

Increased profit margins

Reduced new product training

Portfolio consolidation

Improved product familiarity

Enhanced product satisfaction due to commonality
Simplified customer communication

TRADEOFFS OF PROS & CONS ASSOCIATED WITH
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ECO risk management

Multisourcing qualification

Quality escapes from similar, yet different
designs

Managing multiple unhappy customers/returns
concurrently if major field issue

Extend lifetimes of less desirable vendor relation-
ships

Multiple risk of design weakness

Upfront cycles to establish qualified design
blocks

Quality escapes from similar, yet different
designs

ECO risk management

Multisourcing qualification

Multiple risk of assurance of supply

ECO risk management

Multisourcing qualification

Lack of familiarity/understanding of leverage/
reuse requests

Managing multiple unhappy customers/returns
concurrently if major field issue

Extend lifetimes of less desirable vendor relation-
ships

Increased vendor pricing negotiation leverage

Leveraged risk of damage to brand awareness
ECO risk management

Lack of familiarity/understanding of leverage/
reuse requests

Managing multiple unhappy customers/returns
concurrently if major field issue

Major field returns are very costly

ECO risk management

Lack of familiarity/understanding of leverage/
reuse requests

Table 1: Stakeholder Tradeoffs of Pros & Cons Associated with Leverage & Direct Reuse Strategies Table
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SUMMARY & CONCLUSIONS

As has been clearly demonstrated over the course of this white paper, practical leverage/reuse transcends far beyond simply cut-
ting-and-pasting from one project to the next. Defining specific process and strategy for leverage/reuse is a major enabler for a cleaner
design process and puts a team on the path of perpetual improvement in their operational efficiency, which can translate into profits
in both direct (i.e. -NRE, TTM, value engineering, etc.) and indirect (i.e. - improved performance/reliability, reduced warranty costs,
customer/brand recognition, etc.) ways. When performing a thorough assessment of operational efficiency, particularly for engineering
design projects, it can be surprising how much it costs an organization to neglect properly addressing the things it “cannot afford” to give
attention to.

This kind of utopian process goal can only be achieved through an extraordinary effort to open frequent and comprehensive lines of
communications with all manners of stakeholders, both internal and external to the development. Knowing and communicating with all
team stakeholders is important so the earlier the engagement in the development process the better. Utilize vendors/suppliers to keep
informed on technology and the competitive landscape and identify the ones with product families that enabler simpler leverage/reuse,
while still keeping the design flexibility.

Find the right balance between pressures to be too fast with the cut-and-paste, just to stay off the critical path for the development time-
line since this often results in regret down the line, and extract the most return on investment (ROI) in previous efforts and learnings.
Though counterintuitive, it can often be better to leverage an existing solution (even with known “bugs”) than squander resources on a
new and unknown redesign.

If one cannot find a single stakeholder to explain/justify the reason for leveraging/reusing a product/component/circuit/solution, then
there is a good chance it lacks solid justification. Do not be afraid to challenge the status quo merely because “...we have always done it
that way!”

If a standard power supply solution cannot be found “off-the-shelf” and the project volume or cost constraints do not justify a unique,
custom design, consider a semi-custom solution, which is a standard power supply that has been modified by the manufacturer to meet
the specific requirements of the project. Most commercial power supply manufacturers offer this kind of service. The advantages are that
many of the existing safety and regulatory certificates remain valid, speeding up TTM significantly.

For a further discussion on the advantages of a semi-custom solution, refer to this RECOM blog.

KONTAKT:
RECOM Power GmbH

E-Mail: info@recom-power.com
WWW.recom-power.com
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