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Purpose of This work Side 4
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Research background

CONVENTIONAL
&7 Clock

SPREAD-SPECTRUM
CLOCK

"\, ‘' Proposed product
\|-Can1}entianélptadq:t

\ 4

Research
[Fast Response]

ISPACS — XIAMEN 7-9 November 2017




o O b~ WD -

Outline

. Purpose of This work

. Research Background

. Approach

. Delay time suppression

. Measurements results & Comparisons
. Conclusion

ISPACS — XIAMEN 7-9 November 2017

Slide 7



ApproaCh Slide 8

g Micro chip A
DC/DC Vo
Converter y e ™~ undershootI /\
I | Conventional |
method Load curre::::—
- / |

Vo: .
proptcr)lszd undershW\—
metno :

lo

Load current .

ISPACS — XIAMEN 7-9 November 2017

iPod Charger



Delay time Suppression
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Delay time Suppression Siide 11
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Proposed Converter Architecture  sie
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Detection circuit

Output voltage

50%
4 I
SW
e Wi Power
Val & Stage
o]l CLK ON

&

latch OFE

1
1
Detection signal CS_V

n:

C4

CS (

R,

777

e

I
I
I
I
Comparator ll' -
w Q S
R OR2 |

Error ampl__|

saw- tooth

Load current |o

Vv

e\

t=——=—=—=—=====|

ref

Slide 13

High-pass filter
load current has
differentiated by

high-pass filter

Generated a small
detection voltage (mV)
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Amplification circuit & Control circult sie
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5. Measurements results & Comparisons
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Simulation setup Siide 16
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Simulation results Slde 17

. : I[A]
Conventional method w _ e a3
Delaytime | | | L
5.2 JILLI T
Load current — :
=d 7/
Undershoot Inductor current o ~ /// "
191mv Output voltage % b~
> [T
5.002 5.003 5.004 5.005 5.00;5—__5-.0—0;‘ _;(‘)—Og.[r;s]
o Time [ms] Al
Proposed method Delay time

Load current
Undershoot >

Inductor current
38mV

Output voltage

| |
4.9 . |
R e d u Ce 8 O% 5002 5.003 5004 5.005 [ms]

Time [ms]

Current [A]



Detective

Amplification

Control

Simulation Results

Current [A]

Yrefl

,
Sudden load current
| (up-transient)
2A
4 > oa @
()]
) OmV: A
.'CE =y J”i'r'
- O omv—/] S
>
[ - ,f’\mﬁ._
1]
2 O ya
Qo
(@)) 5V - ;
Q i
;3 oV VB ;
t 5V =
2. ON
O ov ]
N ®))
Q 5V
— OV A {

5.002

Time [ms]

Sudden
load current

Detective circuit
output signal

Error amp 2
Output signal

Comparator 2
Output signal

Flip flop
output signal

ISPACS — XIAMEN 7-9 November 2017

[ Sudden load current

(down-transient)

|

Voltage [V] Voltage [V]

Voltage [V]

28

]
=

O

]
(=]
3

=]
3
=

53]
=

=30

o
=

oy |

CS

Va

R

VB

ON

5\

OFF

oy b

7.502

Time [ms]

Slide 18

Current [A]



Logical calculation(1) Side 19

Conventional method (include delay time)
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Logical calculation (2) Side 20

Proposed circuit (without delay time)
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Comparison with Undershoot Siide 22
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Comparison with Clock Frequency(1)
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Comparison with Clock Frequency(2)
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Comparison with Load current(1)
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Comparison with Load current(2)
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Voltage [V]

Result of conventional & proposed  sie
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Voltage [V]
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Voltage [V]

Results with load currents
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* Delay time suppression
when load current occur, high-pass filter
differentiates signal, amplifies, turns on
transistor power switch immediately

* Proposed Buck DC/DC converter output voltage
- undershoot/overshoot decreases approximately 80%
- verification of calculations & simulations results

* Results Confirmed also in following
- regulate clock frequency
- undershoot/overshoot voltage with phase
- load current range
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