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Development of high efficiency
multi-phase switching converter

Efficiency for small load circuit

Approach
Number of operating phases Limit

Application :
     Microprocessor for server
     Max current : 100A       Instantaneous

Multi-phase switching converter
compared to Single-phase
     Ripple : Smaller
     Transient speed : Faster
     Efficiency :
          for small current         Good !
          for large                        Bad ! 

Load current increase / decrease

Number of operating phases 
increase / decrease dynamically

Good efficiency for small & large load current

Operating phases
     0 to Ith         Converter 1
     Ith to 2Ith     Converter 1 and 2
     2Ith to 3Ith   Converter 1, 2 and 3
     Over  3Ith    All Converters

Output currebt
     increase / decrease

Operating phases
     increase / decrease
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Ith : 0.8 A

Output voltage
ripple : 115 mV

ON : High
OFF : Low

2nd 3rd 4th

1st 2nd 3rd 4th Output

0.0

0.5

1.0

0.0

0.5

1.0

1.5

2.0

4.7

4.8

4.9

5.0

5.1

5.2

5.3

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.20 0.21 0.22

Efficiency for small load circuit  Bad !

Proposed : Phase changing method

Improve efficiency

Multi-phase switching converter

for large current     Increase phases
for small                   Decrease

For small current     Single phase For large current     Multiple phases

Constant voltage control
     Always single phase

Others : Constant current
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