Power Supply Noise Reduction
using Stubs
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GND: M1

stub for 5GHz: M4 and M5, w=40um, length=7.662mm
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Test Circuit

nothing stub

idealVdd 0.5nH = L=102nH/m, C=407pF/m, R=400W/m
WLW"E ""ﬂgi‘::f’ for 2.5GHz, 1=15.323mm __ ]

package

,I_ for SE'-Hz, I:T.EEE’I’um

K
L|:u|=|= DFF [ DFF {{ DFF HY DFF H{ DFF |:u=|=J

- O O N O O O O S . O O e .
N OEE B O B B B B B O B B B B e




-t
[ |
(s}

Voltage [V]

| ' nothing
capacitor

stub

Y

ono =u.
ocap =0.ﬂ75l
ostub =0.055

48%)| |
126%

122 23 24 25 26

Time [ns]



Noise Amplitude [V]

O
=
o

0.04

0.02

0.00

58%

|
—sfe— nothing
-{J}—capacitor
—O—stub

0.0

5.0 7.5
Frequency [GHZ]

10.0



« The voltage swing at far end is bigger
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ETA: Simulation Technique

e RLC ladder
— Divide the stub into multiple sections
X Un-realistic LC oscillation
X More simulation time

W element
— If you have a recent version of HSPICE

« ETA with ideal transmission line
— Require an ideal transmission line element
0 13% faster simulation time
X Error if the stub resistance become big




Parameters of our Stub

R=500Q2/m, L=102nH/m, C=407pF/m, G=0
|Z0|=16.22Q2, arg(Z)=-8.6deg, a=-15.6/m

For 2.5GHz stub:
L=15.323mm, n=0.62, |Zstub|=3.8Q,
For 5.0GHz stub:
L=7.662 mm, n=0.78, |Zstub|=1.9Q2,
Cp =407pF/m x (15.323+7.662mm)
= 9.4pF (|Zp|=1/0nC=6.8Q@2.5GHZz)



Parameters of our Stub (2)

e R=500W/m, L=102nH/m, C=407pF/m, G=0

e |Z0|=16.22Q, arg(Z)=-8.6deg, a=-15.6/m

e For 2.5GHz stub: |Zstub|=3.8Q
L=15.323mm, n=0.62, ZIEquiv = 67.6€2
Vfar/Vnear=-4.26j, t =557ps

e For 5.0GHz stub: |Zstub|=1.9Q
L=7.662 mm, n=0.78, ZIEquiv = 131.0Q2
Vfar/Vnear=-8.27], Tt =603ps

e Cp =9.4pF (|Zp|=1/0vC=6.8Q)




Waveforms using LCR/ETA
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ETA: Voltage at Near/Far End

 The voltage ratio of the near and far end
terminal Is expressed as:

Vtar _ 1+_‘I]
Vnear 7-M
If ETA IS used

e Theratio Is 4.26, 8.27 for 2.5GHz, 5GHz
stubs In our test case

— The difference comes from non-nf,
components



ETA: Time Constant

o At the initial state, stub Input impedance
IS the same as the system impedance

R+ joL

G riec (initial

1
Zstub = l T_-2f|09|"'ll"s|

cosp/
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 1=557ps/603ps for 2.5GHz/5GHz stubs
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Frequency Comgonents

 Repeat the same signal at every clock
- only nf, component
e Random switching
- non-nf, component
but still, nf; Is the dominant




Power Line Noise Spectrum
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Stub Optimization Step

« Sweep the stub width, calculate Zin and
Zcap, probe the virtualVdd node
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Lump or Distributed Element?

e Signhal propagation time through a wire,
compared with the cycle time:

Negligibly small = lump element
(R, C ladder)
Comparable - distributed element
(transmission line)

R+ joL
Z0=
JG”(DC , length

Be= - j(R+ joLXG+ joC) = B,-j




Equivalent Termination Approx.
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Analytical Models using ETA (1)

« The stub input iImpedance

L 1-M
SHPEqE C 1+M

 The voltage ratio of the near and far end

Vtar 1+M

Vnear 7-M




Analytical Models using ETA (2)

 Time constant for stub impedance change

— At the initial state, stub input impedance Is
the same as the characteristic impedance

R+ joL . ...
G+ jaC (initial)
1
Zstub = i ~ - 2flog|nTs|

jslnBl \lgv n (steady)
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