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Power Bus Noise below 5MHz (Solution)

Add Bulk capacitance
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Power Bus Noise between 5MHz to 50MHz (Solution)
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Power Bus Noise between 50MHz to 500MHz (Solution)
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RF Path in power bus (1)

Case 1

Vcc pin 3.3Vbypass —— Signal current

5V bypass Signal pin capacitor T > Return current
capacitor @ _,—‘x_l A B
1 A Hr S1
] — Jd] G
Yo ¥ 5V
| S2
S3
S4
1 S5
------------------ : 3.3V
G
S6
* Bypass capacitor provide return currents to flow from plane to plane




RF Path in power bus (11)

Case 2

Vcce pin —— Signal current
5V bypass Signalpin > Return current
capacitor fj A B

A S1(H) Pair A
l‘*' ‘;"""""""'"""'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'3 ot GND
: ’ S2(V) Pair A
S3(H) Pair C
: : GND
""" 2 : 5V and 3.3V split
S4(V) Pair C
= S5(H) Pair B
------------------------------- > GND

_ - S6(V) Pair B
* Bypass capacitor provide return currents to flow from plane to plane

A simple power bus model
Parallel resonance
of Ly and Cyyyc
‘ 0 ) A A=10inz 100 *W(ijri”tg
100 % 0.1 | 1000p 10 | inductance
nHE 10To 016 X 10uF
;; \\ 1 A / 0.1Q
Impedance
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Power Bus Impedance

TABLE 1
TARGEY IMPEDANCE 15 DROFING BY &
Facror oF s Eveky CoMPuTER
year vollage pomer currgnt Zigcget  frequency
dissipated
(volts)  (walis)  (emps) (mOhms)} (MHz)
1950 3.0

H 1 250 16
1993 13 10 3 54 66
1996 25 30 12 10 200
1996 L8 90 50 18 600
2002 1.2 180 150 04 1200

% _ {Power Supply Veltage) x (allowed ripple)

current
SV x(R) 1(5%] = 0.250 Ohms.
1

Figurs I: A flat supply impedance vs. ﬁwumwmmm
mmimmymmmdmmmm




Voltage Regulator Module (VRM)

« The VRM converts one DC voltage to another, for example 5V to 1.8V.
« It has a reference voltage and a feedback loop.

« The bandwidth of the regulation loop is usually between 1kHz to several hundred kHz.
« At frequencies above the loop bandwidth, the VRM becomes high impedance.
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Voltage Regulator Module (VRM) : working mechanism

Inductor

1. Sl close, S2 open : load is demanding current, L1 is storing energy.
2. If L1 supply more current than the load demanding, S1 open, S2 close.
3. Current continues to flow to the load until S2 opens, S1 closes again.

Ll L_pek RO :
o el Capacitor
L €l
s2 S fond C1 smoothes out the voltage.
efrence 3
l et !
0]

Amplifier A
1. When the load voltage is too low, it causes the switches and inductor to ramp up
the current.

2. When the load voltage is too high, it causes the switches and inductor to ramp down
the current.




Voltage Regulator Module (VRM) : linear model

1. The buck regulator is nonlinear because switches open and closed as a function
of time.
2. Alinear model of VRM is necessary in the design phase of the Power Bus.
3. The linear model below is accurate enough to estimate the amount of the
bulk capacitance.
R _flat
L_skew L_put RO
“EED"
1.

RO is the value of the resistor between VRM sense point and the actual load.
2. L _outis the output inductance
. It may be the cables that connect the VRM to the system board (200nH)
Or the inductance of the pins connecting the VRM to the CPU module (4nH)
3. R_flat is the ESR of the capacitor associated with the VRM.

4. Whatis the L_slew and its value ?

1.

Voltage Regulator Module (VRM) : linear model

L_slew is the only element in the linear model that is not traceable back to an
element in the nonlinear VRM model.

The value of L_slew is chosen so that current will be ramped up in the linear model
in about the same time that it is ramped up in a real VRM.

E_flat
For example Lew RO

dt 15uSec - i
L slew =V d_i= (1.8V*0.05) W= 67.5nH n

Typical parameters for a VRM attached on a processor module

RO 1 @Qﬂm
IL_out 4 iﬂH
R_flat 20 ImOhme
L B87.5 InH




10m ofn;

1m ohm=

: behavior example

Impedance V.S. Frequency

| \ ; Target |mpeq1ance
: : ARG S
— C Ee . Yt
10kHz
R_flat

Over spec. Why ?

VRM : behavior example

VRM voltage v.s. time transient
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Bulk Capacitance

Bulk capacitors are necessary to maintain the power bus impedance at frequencies
above those maintained by the VRM and below the frequencies where ceramic capacitors
are effective.

The capacitance value can be roughly estimated by

c- At
AV

Ex: For 20A current transient, the VRM responds in 15us, and the PDS should
remain in 5% of 1.8V.

Does the capacitance value enough or over ?

The VRM is ramping up current and the average current may be half of the final value
during the VRM response time.

1 ohm,
2700uf]
I\ . Bulk capacitance can be
0.1 ohmw N NGs0ir ‘-.,\ — modeled by the series of RLC
&
i 7
’ :
100008F S iP.vi
0.01 ohm== l
W
Y5V 10pul |
!
XSR [p2UF
T -
1kHz Rt iz 10MHZ
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Bulk Capacitance: behavior

Output impedance v.s. frequency when a VRM is placed in parallel with 5 x 2700uF
electrolytic bulk capacitance

The impedance is under spec up to almost 1MHz

Bulk Capacitance: behavior

20A current transients at 100kHz with 200ns rise/fall time
Moy

SR N SR L L .

l: 3 .

‘: i! L [ | B .-

®)

Over spec (5%

=

, why ?
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High Frequency Ceramic Capacitance: Type
v
Dielectric ESR Reliability Value
type
NPO lowest best Up to a few .
nF Package size:
0603
X7R dependent | good Several nf 1206
to several 0805
uF
X5R dependent | fair Several nF
to 100 uF
Y5V dependent | Poor High
capacitance
High Frequency Ceramic Capacitance: Model
U °
2, FTS
real model
]
[ #, e
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Ceramic Capacitance: Model behavior

Inductanos 5aH

ESR 160 mObm

S nH

TABLE I
Camarron VALES Anayzeo wf Fia. 6
cap | cop 2 wp 3
Capichanes 00F ToF ToF

100 m{hm 190 mOhm

0.5 nH

cap2

E

-

——
.
]
| S
]
L= S o
depth * ™ g -

The depth is decided by what ?
The resonance frequency is decided by what ?

1L iug
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ESR of Ceramic Capacitance

ESR can be measured by the HP4291A (Impedance Analyzer) by a SMA testing fixture
A better technique employing the low impedance head connected to the IA.

ESR for caps

i — &03-npo
Iy - B05-npo
L — B03Tr
— BOSTr
i — 1208-x7r

1700

=
N A
10 100 1000 10000 100000 1000000 10000000

oF

Soldered down companents

N>

ESL of Ceramic Capacitance

Who contributes the ESL of the decoupling capacitor ??

Capacitor

Xl ® E @® BFields
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ESL of Ceramic Capacitance

There are THREE components of the ESL.

1. Pad layout
2. Capacitor height
3. Power plane spreading inductance

X @ B Fields

ESL of Ceramic Capacitance : Pad inductance

The pad layout consists of
1. Via placement with respect to the pad

2. The length and width of the traces connected to the pad
3. The way the via is connected to the power/ground planes

Which parts dominate the ESL of the pad layout ??

Capacitor

He ©® BFields
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ESL of Ceramic Capacitance : Pad inductance

L2 ?
| The location of the power/ground in the PCB stackup
i controls the height of the via which is the major contributor
Q= @ B-ds of the pad inductance.

Magnetic field concentrate between
two vias and negligible outside. Reducing the loop area will decrease the ESL

Capacitur

[E @ E @ BFelds

ESL of Ceramic Capacitance : Pad inductance

Pad Inductance

Bl Pad
=g Trace, via

95 design

nanoHenry

current design

16



ESL of Ceramic Capacitance : Capacitance height

Capacitor height

For thicker capacitor, the current has to flow up
and down and effectively increase the length of

the current loop.

Thickness(mils) __jInductance(pH)_
20 300 |
30 450
40 600 |« 0805
50 700

Figure 10: Height adds inductance to the capacitor.

ESL of Ceramic Capacitance : pwRr/GND spreading inductance

The last factor contributing to the ESL is the
Spreading inductance between the PWR/GND.

What is the meaning of the spreading inductance ?

17



ESL of Ceramic Capacitance : pwRr/GND spreading inductance

What is the meaning of the spreading inductance ?
GND PWR

spreading inductance

-

PWR ——

GND

VIA VIA

ESL of Ceramic Capacitance : pwRr/GND spreading inductance

corner edge center

Which one has larger spreading inductance ? Why ?




ESL of Ceramic Capacitance : pwRr/GND spreading inductance

Spreading inductance for different via locations for various
plane separations

610 -
B corner

B edge
W center

picoHenry

14mils 4mils 2mils

Plane separation

19



ESL of Ceramic Capacitance : comparison

1. Pad layout
2. Capacitor height
3. Power plane spreading inductance

Which one is the main contributor of the ESL ??

CAP
PWR —
«— _—
GND
VIA VIA

ESL of Ceramic Capacitance : comparison

Inductance Budget

Earlier Design Current Design Future Design

B cap heignt inductance

W spreading inductance

B pad inductance

Pad inductance is the dominant factor for minimizing
the power plane separations.

20



0.01ohm:

Identical capacitors in parallel. The
impedance is reduced by a factor of 2
every time the quantity is doubled.

100MHz 1GHz

Froquascy (ogl (HERTZ;

21



LC series resonance | C series resonance

ox 1
Frequeacy Jog) (HERTZ:

How to reduce the peak of the anti-resonance to meet the target impedance ??

Frequenay Bepl (HERTZ)

22



3

% 5

& @

\ /

7 &
”’h’ L 4/

%
g

Shunting of Ceramic Capacitance: different values

U

The anti-resonance also becomes high if large gaps exist in capacitive value.

Three capacitors are used but with the total values being equal to the previous case.

Fraquaney fiog MERTDH b
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What capacitor behavior do you see ??

L1




The resonance frequency goes up as

- the capacitance value decreases. Why?
(ESL decreases)
i The minimum impedance did not go
i down as the capacitance value decreases. Why?
: (ESR is lower for higher capacitive values)
.
B

So, Parallel the capacitor is necessary for meeting the
target impedance at high frequencies.

Impedance of a complete power bus

Tagel mpedance:

Vs Mag (logh
{28,
P

S S RS AR - P S VSN R S S U S Sy

- 0 * 1 100k " 10 10
Fremueacy gl (HERTZY "

Impedance v.s. frequency of PDS with VRM, 7 bulk capacitors, 115 ceramic capacitors.

The PDS meets the target impedance up to 200MHz.
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Impedance of a complete power bus

20Amp, 50MHz current transients that have 2ns rise time

Summary

The target impedance is met in the frequency domain, noise
In time domain stays below a specified amount.
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