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ABSTRACT
The new generation of high-speed CPUs require voltages of 1.xV to 3.xV at higher currents and with tighter regulation. Additional voltages are also necessary to support circuits, analog, memory, I/O, and bus termination on the system. System designs must also include fault tolerant designs with input power from AC and DC sources for the domestic and international markets. The centralized power system with distribution of each voltage is no longer practical. A distributed power system (DPS) design is presented that uses a universal DC/DC converter for developing the voltages required for the boards as a cost effective choice from large quantities of DC/DC converter modules.
BACKGROUND
Power supply technology is continuously changing to meet the technology advances of the loads that they service. Products are increasingly using more data processing and storage capability, requiring microprocessors (CPUs) at higher speed and systems at lower cost. The fast changing technology of the CPUs and supporting products has placed a strain on power supply technology to provide the new demands in quality power at low cost.

While the CPU technology is continuously increasing in speed, the voltages are dropping and the current and power levels are increasing. Additionally, the regulation tolerances are smaller and the di/dt step loads are higher, straining the power supply and capacitor technology to keep up with the CPU power needs. Also, the additional low voltages did not completely replace any voltages, but only added to the total quality of voltages necessary to operate a complex data processing system.

Distributed power systems (DPS) are replacing centralized power systems as products increase in size and power, while voltage levels are decreasing. Power requirements for large commercial and military systems, such as large computers and electronic systems, ships and aircraft, telecommunications, etc., are increasing and becoming more complex as systems compete for more computing and data storage and retrieval capability at higher speeds and lower costs. As the system power levels are typically from 300W to 3,000W levels, and the "point of use" voltages include +/- 15V, 12V, 5V, 3V and less. The centralized power distribution system is low cost and simple, but is becoming less able to provide efficient and quality power, even with remote sense and load distribution. In present and future systems, a larger percentage of the power is for data processing, with speed and power increasing as voltages are dropping below 3 Volts, and even below 2 Volts. The new processors power quality requirements are also more complex. Regulation problems between multiple boards and processors, higher distribution I2R losses, lower PARD ripple and noise voltage limits, and lower voltage undershoot limits during load transients, make centralized power distribution less viable and more expensive in cost, weight, reliability, etc. Low-dropout post regulators could improve power quality with slightly higher distribution voltages, but with the continued burden to distribute multiple voltages at high current. 

The problems of providing well-regulated power to many distributed load boards and subsystems with their individual voltage requirements, has led to the evolution of distributing an intermediate DC voltage level to distributed boards with their own DC/DC converters that provide the local "point-of-use" voltage power conversion. The distribution of power to distributed loads in a complex distribution system is analogous to distributing utility power over hundreds of miles from high voltage to intermediate voltage and then to point-of-use voltage at the factories, businesses, and households through step-down transformer power processors [1]. Detailed descriptions of DC DPS topologies are found in References [1][2][3].

The intermediate distribution voltage levels for a DPS has design choices from optimum higher voltages of 160-900V with low losses at higher impedances, to safer lower voltages of 12-48V with higher losses and lower impedances, with 48V, 280V, and 380V most popular. Safety standards influencing this choice are in [1].

The advantage of the DC DPS versus the DC centralized power distribution is the ability to distribute an efficient intermediate unregulated voltage that can be easily backed-up with battery power for fault tolerance. Distributed DC/DC converters at the distributed loads provide high quality power to point-of-use with the following advantages:


Distributed DC/DC Converters Advantages,

1. Line/load regulation,


2. Local on/off control ability by remote I/O,


3. Local current limit,


4. Local under-voltage protection (UVP),


5. Local over-voltage protection (OVP).

The disadvantages and problems with the DC DPS that were not involved with centralized power distribution, are as follows:


Distributed DC/DC Converters Disadvantages,

1. High cost of large quantities of DC/DC converters,


2. Large filter capacitors at each DC/DC converter inputs,


3. High inrush current to input filter capacitors,


4. Potential interaction between DC/DC converters,


5. Potential stability problems of negative impedances into 

DC/DC converter filters,


6. Potential stability problems of distribution bus and 


filter peaking
with large-signal ringing.

THE PROPOSED UNIVERSAL DPS DC/DC POWER SUPPLY

A universal DC/DC converter (UDCC) power supply is proposed that will supply all of the voltages efficiently and cost effectively for a circuit card printed wire assembly (PWA), or for a set of PWAs (i.e. shelf-level see reference [3]). The UDCC replaces quantities of DC/DC converters on each PWA, reducing cost, size, problems of high quality second sources with directly interchangeable form factor pin-compatible modules. The universal design is designed to meet the requirements for the next 3-5 years of products and technology, with minimum redesign and requalifying of new or custom power supplies and components. A simplified design matrix is used to build the power supply with standard components and with minimum complexity and parts count during the normal PWA assembly.

The UDCC input DC voltage can be unregulated and designed for any intermediate bus voltage level. The design examples described herein are for the most popular intermediate voltage level of 48VDC for direct battery backup and TELCO operation, as described below and in Figures 1 and 2:


1. DC/DC PWM push-pull forward converter topology is chosen 

for full-wave rectification with simple primary-side 


control and drive, as shown in Figure 2 using a 



Unitrode UC3825B as an example of a standard PWM



converter. 


2. Low-leakage tight-coupled transformer for isolation from 



grounding of either polarity or an ungrounded bus 



voltage, with multiple output taps for each voltage 



required. Cores are chosen for minimum cost and loss at 



the switching frequency of choice. Guaranteed balanced 



flux with 49% maximum on time and a push-pull current



mode controller allows for using a toroid, but an “E” 



core with a bobbin is more cost effective in 



production. Switching frequency is chosen at 150khz 



with 3C85 ferrite. Copper and skin effect losses are 


minimized with conservative current density and 





paralleled small wire gauge. Leakage inductance is 


minimized by multi-filar winding.



A common design is employed from the design matrix of 


the voltage and current secondaries required for any 


board or combined loads. This minimizes new designs and 



suppliers for each new system development or product 



improvement.


3. Feedback voltage control is from an auxiliary winding on 



the transformer, thereby not requiring secondary 



control regulation or isolation. Line regulation is 



excellent, and load regulation depends on low-loss 



transformer/rectifier sections, and with a post 



regulator where necessary.
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Figure 1. The Universal DC/DC converter for DPS conceptual standard building-block diagram.


4. Pulse-to-pulse current limiting, inrush control/soft-



start, under and over voltage protection, and remote 



ON-OFF control are additional features of the PWM.


5. Ridethrough holdup time is supplied with capacitance on 



the DPS distribution bus or on-board at the input at 



the 48VDC level.


6. Output voltages are provided from a well regulated line 



voltage transformer through oversized rectifiers for 



low rectifier losses and improved load regulation, 



then though filter networks to the loads. Options are 



available for flexible design of each load requirement 



at the point-of-use. Optional choices are as follows:



A. No post regulation, possible to maintain +/-3% to 5% 




regulation with proper design techniques, with 




+/-10% worst case.



B. Use a low-cost mag-amp PWM post regulator for 




certain loads.



C. Use a low-cost simple buck or boost post PWM post 




regulator for certain loads.



D. Use a low-cost low dropout (LDO) linear regulator 




for certain loads, especially requiring low ripple 


and noise, fast dynamic response, and good 




regulation.



E. A “hybrid” PWM and LDO for the best features of both 




for an efficiency-regulation trade-off.


7. Heat sinks will be standardized, with the preferred 



method to solder power comments directly to a solder 



pad that is electrically insulated with a thin thermal 



film, such as with Bergquist “Thermal-Rail and 



“Thermal-Clad.” This technique will lower mechanical 


parts and labor for attachment, plus lower the thermal 

impedance from case-to-sink.


8. Fault clearing can be provided with input and output 



fuses, with the stored energy in the DPS bus providing 

a low impedance for fast fuse clearing during a 



catastrophic failure.


9. Fault tolerance can be provided with battery backup in 



the DPS, typical redundant designs with dual DC bus 



distribution, and other standard methods.


10. Hot plugging and unplugging is not a problem with the 



push-pull topology and an automatic soft-start and 



under voltage protection.


11. An input filter to each UDCC is included to isolate 



switching transients and noise from the distribution 


bus and provide stability on the DPS [1][2].


12. I/O interface circuit for isolated remote control and 



status or monitoring signals. These may include, but 



not limited to, the following:



A. Power ON/OFF control for load shedding,



B. Sync for switching frequency control,



C. Power OK signal status.

The requirements for multiple voltages in a typical system are increasing in quantity and quality. A review of the voltages and the typical applications is shown in Table 1. The di/dt requirements of the loads are also important and must be part of the choice of output voltage regulation.
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Figure 2. A typical Universal DC/DC converter for DPS applications, without 3-5 DC/DC converters.

Table 1. Typical voltage requirements in a complex system.




Features for the use of the UDCC is proposed as an alternative to the standard DPS system design approach, with the following advantages:


1. Replace multiples of commercial DC/DC converters 



distributed on each board in typical DPS applications, 



for a large cost savings $0.30 to $1.00 per watt. DC/DC 



converter output configurations for desired voltages, 



power, and specifications is eliminated. Sourcing and 



second source drop-in replacement problems and board 



layout problems with different footprints is 



eliminated. The cost of building a UDCC is estimated to 



be equal to the cost of the single largest commercial 


DC/DC converter for a board requirement, thereby 



replacing 1-4 other commercial DC/DC on each board, 


plus eliminate
alternate/second source provisions.


2. In-house design & change control for a single standard 


design matrix that can be in a computer program and 



spreadsheet to input your requirements and output the 


design using standard part numbers. Second sourcing of 

the individual parts is easier than for commercial 


DC/DC converters, and most components are already 


standard products within their engineering and 



manufacturing organization.


3. Less switching noise and EMI than from multiple 



commercial DC/DC converters at various switching 



frequencies, with sync capability in the standard 


design for lower random EMI noise, if desired.


4. Less input and output decoupling filters and capacitors 



required for each commercial DC/DC converter to avoid 



interaction and stability problems.


5. Less over specifying in size and cost of commercial DC/DC 



converters to meet availability and conformity. 


6. The capability to provide centralized power distribution 



of all voltages, to all boards or groups of boards, at 



a regulated headroom with LDOs on each board as post 



regulators where tight regulation is required.


7. A standard design can be planned for 3-5 years of 



technology needs in the product line to save the new 



product development cost and time-to-market, without 



having to go through the standard sourcing and second 



sourcing exercises, including component qualification 



review and testing of new commercial DC/DC converter 


power supplies.

CONCLUSION
It has been shown that the present DPS standard designs include multiples of DC/DC converters, each providing a voltage and power requirements as commercially available, often oversized with wasted size and higher cost. The proposed UDCC alternative has been shown to save size, cost, EMI and noise, plus improve the engineering and production effort required for new product development.
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NOMINAL

VOLTAGE

NOMINAL

PEAK

VOLTAGE

REGULATION

CURRENT

CURRENT

APPLICATIONS

+12V

+/-5%

1.6A

2.7A

DISK DRIVE (EACH)

+5V

+/-5%

1.0A

1.3A

DISK DRIVE (EACH)

+5V

+/-5%

1.0A

DISK CONTROLLER (EACH)

+5V

+/-5%

LOGIC, ANALOG, LEDs

+2.9/3.6V

+/-2.1%

3A

7A

PENTUIM CLASS CPU (EACH)

-4.5/5V

+/-5%

LOGIC, ANALOG

+12/15V

+/-5/10%

ANALOG, LOGIC, FANS, RELAYS

-12/15V

+/-5/10%

ANALOG, LOGIC, FANS, RELAYS

+24/28V

+/-10%

RELAYS, FANS


