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Example of simulation

SP-AL can replace MLCC!
3 pcs of EEFCDOD101R(2V100uF) can replace 30 pcs of MLCC 6.3V10uF Y5V 1206.

( Circuit conditions . ( Current behavior of CPU and Power Supply ’

CPU Power Supply
é -Vin 1.4V ) 80
-Vout 1.75V
-Ip-p 60A / \ \

[e2]
o

-CPU slew rate  40A/us
-Vp-p 140mV

(Transient Resp.+/-25mV)
-Switching Freq. 200kHz x3phase(=600kHz)

Current (A)
N
o

I
(Imax:70A Imin:10A) / /

-Inductance 1.1pH 20 _I_/ \
Target CPU Desktop P4 Northwood 0 ‘
0 10 20 30 a0"'me (1Skp
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( Transient response simulation results ’
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6 Lower limit | - T " " Lower limit
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Line Capacitor solution Droop |Overshoot
Bulk Capacitors: (A-FJ6.3V1500uF x8 + OS 4V510uF x4)

_— Bulk Capacitors + MLCC1206(Y5V)10uF x38 129mV 127mV
 — Bulk Capacitors + SP-Cap CD2V100uF x3 + MLCC1206(Y5V)10uF x8 125mV 123mV
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SP-Cap
Transient Response Simulation I

S o
Application Example (CPU)

Trend of CPU (Central Processing Unit) used in personal computers
- CPUs continue to follow Moore’s Law of doubling operating frequency every 18 months.
Today’ CPUs are operating above Ghz frequencies. The Ghz-plus CPUs are characterized
by increased power, high operating DC current and current slew rate requirements, and a
challenging voltage margin.
- To reduce energy consumption:
CPU stop clock operation is used.
CPU drive voltage is lowered.

@ In order to reduce power consumption, a switching operation (ON and OFF) is repeated
frequently by the CPU stop clock operation.
— A large voltage fluctuation occurs in the CPU drive power line.

@ Load current when CPU is operated (ON) is increased.
— As the CPU computing and operational demand vary, the current demands for the
CPU can change very rapidly and require current slew rates of hundreds of amps
within a few micro seconds.
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CPU current .
Load current is increased.
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> Current slew rate (di/dt) is high.
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@ Reduction in CPU drive voltage
— The allowable voltage fluctuation range for CPU operation becomes tighter.

CPU voltage
/ \ Upper limit of operating voltage

+ When the voltage is lowered,
the allowable range is reduced.
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Today's CPUs can require current slew rates of hundreds of amps per micro second.
The resulting current surge can create unacceptable spikes in the voltage which
must be suppressed within the operating voltage margin before any damage is

done to the CPU.
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The performance requirements for bulk capacitors have increased
due to the increase in the transient response and power requirements
g of the CPU.

~

@ A capacitor functions as a buffer to supply an instantaneous current
at a stable voltage.

Current lcPu=Isw+lc
Vv /
lSW' ICIPU & e Isw
. Ic
-.4/
e | T >
C
C Voltage
SWPS | T[] CPU A
o] y
Limit of operation

Personal computer
will Ioc}k-up.

N /

et
4 N

This transient response simulation presents the optimum idea of capacitor pick up for
power supply design.

31 P-Spice circuit model i
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Simulation method

SP-Cap
2 4 4

_

For the simulation of CPU transient response characteristics,
a capacitor-equivalent circuit model must be created
and the circuit conditions must be set up.

-

In order to simulate the transient response characteristics of a capacitor,
an equivalent circuit model is needed that is capable of indicating the
variation in ESR* and the reduction in capacitance in the high frequency range.

*
ESR: Equivalent Series Resistance

Example of a reproduction of frequency characteristics using an equivalent circuit model

( 3-elements \ 5-elements Ladder Model
R2 R3
L
5.2nH :
.2nH C5 =
C1 C2 1347;1I4013 Isesz-[ 01“,:[ 1.33uF
TuF 106uF
C 113uF K -
R §8mQ = R2 33.90mQ
115mQ 165mQ L1
6.10nH
\Not good enough } Good enough 4 Too Complex
The Ladder circuit is too complex,
so it is not suitable for simulation.
100
— Z(measured)
-- ESR (measured) — Cap (measured)
— Z(3EImts) — Cap(3EImts)
- ESR(3EImts) 200
10 = SeEtmie) — Cap(5EImts)
- ESR(5EImts) . — Cap(Ladder)
L .
= — Z(Ladder) = |No capacitance
<
£ - ESR(Ladder) 8 roll-off \
o 1 (3-elements)
1 Flat ESR cuNe (3-elements)
il 100
0.1
Can describe ESR change Céllln ?fe(sscrllbe Cariag:ltancy J
roll-off (5-elements
O (5-elements), a . Y A . |
0.1 1 10 100 1000 10000 0.1 1

Frequency (kHz=)

100

10 1000
Frequency (kHz)

10000
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{ Setting of circuit conditions ’

Design and specifications are subject to change without notice. Contact your nearest Panasonic sales office for the lastest specifications
prior to purchase and/or use. Whenever any doubt or concern about safety arises for this product, please contact us immediately for

engineering assistance. Specifications and Data are typical and may not apply to all applications.

Mar. 2005

27

' I
Circuit condition: Put capacitors in parallel between power supply and CPU as described below.
® ® L ®
SwPS 777 777 777 777 CPU
The number of capacitors is calculated using a P Spice circuit simulator under the following
conditions of the application.
Operating current and ramp up time (di/dt) of CPU conditions.
Operating voltage and range of CPU.
Switching frequency and phase of SW power supply.
Inductance of PCC (Power Choke Coil) of SW power supply.
Min. input voltage of SW power supply.
When CPU voltage varies and current is managed, CPU performance is optimized.
operating current
CPU current Current supplied from SW power supply
I
i
|
i
i |
(1 /SW frequengy)s (1 /8W freguency)s |
| | | |
CPU voltage | i [ i ! :
i : i : | | =
Lo | ! i Upper limit of operating voltage S
' i i i ; (N0
1 : 1 § g
(0} = =10
i 5
>3
Lower limit of operating voltage o
(1)
time
It takes time for the SW power supply to respond to the CPU when it turns on
— Capacitors are necessary to smoothly transfer the voltage from the CPU start-up.
- J
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Estimation of capacitance-frequency characteristics
using the Ladder model

e

LCR meters are unable to measure capacitance at the resonance point frequencies and above.
Using an LCR 20-element ladder model, we propose estimating the behavior of the measured
capacitance-frequency characteristics around the point of resonance.

Z,ESR(mOHM) - Frequency(kHz)
100 T
. [}
Ref. Low ESR Tantalum (D-size 10V100uF) 10 = !
[}
\\ |
. ] 1 i
Creation of the capacitance-frequency \\ | -~
characteristics excluding the effects of inductance 0.1 *"1:——'
0.01 :
[}
0.001 !
R2 R4 R5 0.1 1 10 100 1 1000 10000
—Z(data) ESR (data) Z(sim) ! —— ESR(sim)
ci c2 3 csl Capacitance(uF) - Frequency(kHiz)
p— 250
ITTTT .
R6 R7 R8 R9  RIO 150 i
I
100 — ;
L Log L3g L4g Ls i
50 ~ !
[}
o s
J__ . 0.1 1 10 100 11000 10000
- da.ta: Img(?suredd | — Cap (data) —Jlf)ap(sim)
sim: ladaer moae .
Resonancd! Point
Z,ESR(mOHM) - Frequency(kHz)
100 :
. . ]
Removal of the R-L circuit 10 :
1 E
Q i
2 g |
(o) . T
55 |
ol = | R1 R3 R4 5 0.01 i
[/ E AN AN AN ANV :
= g J_ J_ J_ 0.001 ;
o) S citl c2l c3l ¢ csl 0.1 1 10 100 11000 10000
@ ) p— — —Z(sim) — ESR(sim)
la_“-, Capacitance(uF) - Frequency(HHz)
J_ ) ) ' 250 :
}
= 200 :
}
150 i
Estimation of capacitance characteristics 100 :
at high frequency i
0 I
0.1 1 10 100 1000 10000
— Cap(sim)
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