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Introduction

. We found we had VR noise coupling problems.

1. We needed to find a method to predict and prevent these
problems.

1. We developed a methodology to use a commercial tool to
simulate and quantify our problems.

1V. We show correlation.
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Define a Switching VR

* Buck regulator uses 2FETs to generate a lower voltage

* FETs are controlled by non-overlapping square waves.

* Input and output filters isolate the switching noise

* Primary source of noise is switching node, in this case switching
between OV and 12V and OA to 25A.

INPUT

input
12V inductor filter node

p Vel
eed node H T output

inductor
9 OUTPUT
| switching node

:

Je[jonuo)

DesignCon 2009




Initial VR problems

System hang — 3 strikes
counter failure.

In the course of server
systems debug efforts
we discovered
unexpected noise spikes

on victim signals (12C...).

The frequency and
magnitude of the spikes
lead us to suspect VR
noise.

Simultaneous probing of
the noise on 12C and VR
nodes identified the

source as a VR switching

node.
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Further Investigation

* Initially, no obvious coupling
path was seen between the
source and the victim.

* Further studies showed that the
1.5V VR was coupling to the
P12V fill — which is a reference
plane for the victim signals

* Also found that the decoupling
caps are placed only at far end
but none in the region that the
victims were referencing.

* Root cause: current and voltage
transitions in and around the
switching nodes -> current and
voltage changes into non-

decoupled P12V (thur E and B

coupling).

1.5V VR phase node
(layer top and layer 7 of 10)
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Another example

Blue screen or system
lockup at low
temperature on a late
fab design.

Again, the frequency and
magnitude of the spikes
on FSB_INIT lead us to
suspect VR switching
noise.

Simultaneous probing of
noise on FSB_INIT and
VR nodes identified the
source as a VR filter
node.
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Further Investigation

- : \

e FSB_INIT is referenced — \\
to 12V fill. (layer 3) H]]ﬁﬂ\‘\ A

* 12V fill was running =
underneath the VR and P12V Plane .
Al : (layer 2) DL
picking up noise from Y

the filter nodes. >
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Why is VR noise coupling such an issue?

Most key:

* “Green” and cost considerations are driving more efficient VR’s
- Which implies faster switching edges
- And lower resistivity paths
- We expect this trend to continue

Other factors:

* Signal margins are getting smaller
— In both timing and amplitude

* The number of VR’s per board is growing
— Driven by silicon process geometry shrinkage
— Integrate more functionalities into the chip

* Routing density is increasing
— Isn’t this always true?

Decision:

* We badly needed a simulation methodology that would enable us to detect
and correct these problems before building boards
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Development of Simulation Methodology

* These VR noise issues were proving to be very hard to predict or
debug.

* We launched an effort to find a simulation technology.

* \We needed a simulation tool that:

Would simulate coupling between planes, shapes and transmission lines
Would simulate coupling between vias

Would simulate lossy transmission line effects

Would be capable of full-board simulation with minimal translation effort
Would be reasonably fast

* We selected Sigrity’s Speed2000 as best meeting these
requirements
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1. Models for the VR FETs

* Behavioral models gave us simulation stability and speed

e All element values can be derived from the device data sheet

e Correlation to BSIM models was excellent
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I1l. Models for the VR controller

* The VR controller needs to be carefully modeled to provide the
correct stimulus to the FETSs.

* Implemented as a complex combination of VCVS/VCR/CCVS etc.
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The switching node
voltage is used to

control the turn-on
of the low-side FET.
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111. Initial conditions are key

It takes hundreds of
milliseconds for an VR to
initialize and settle into its
steady state

This would translate into months
of simulation time

We want the simulation to start
with the VR already “settled”

pre-calculate output inductor
current and output capacitor
voltage and apply those as initial
conditions in Speed2000
simulation

Caution: Initial conditions

behaviors in Hspice and in
Speed2000 are different
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1V. Automated the process for simulation
setup

* A lot of effort to understand how best to model victim signals, with
best tradeoff between accuracy, stability, setup time, and runtime

— IBIS model is more accurate but increase simulation time and unstable
— simple RC models are much more efficient and provide adequate accuracy

* Developed a setup script to find all drivers, receivers, resistive loads,
capacitive loads
— Attach models to discrete resistors and capacitors
— Model driver and receiver pins as an RC to the closest GND

* VR output loading

— A simple resistor in the approximate center of the output voltage plane is
sufficiently accurate

— Placed manually for the VR being simulated
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V. Post processing script

* We developed a post processing script that takes the large amounts
of output data and reports the worst case pk-pk noise for each
receiver

* \Worst case noise is reported for each VR phase
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Simulation Process

1. Make VR models, including behavioral FETs and controller models,
verify with SPICE

2. Generate input database with automated script, import into
Speed2000

3. Run simulation on a given VR
4. Post process to extract worst case noise peaks

5. Have Sl engineers review the report and identify any problem
victim signals

6. ldentify the coupling mechanism to the problem nets, using the
simulation results to verify

7. Devise a fix and test the fix in simulation

8. Implement the fix in the board
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Initial Problem, Correlation

Measured results: Simulated results:
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A New Design — The Process

Simulations show excessive noise on JTAG signals
- This signal is a 1.1V level signal

- This signal is associated with CPU debug functionality and may make the
CPU hang

Time (us)
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JTAG Layout

Where’s the coupling?

VR (layer 3)

P5V (layer 4)

JTAG_CPUO_TDI
(layer 3)
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5V Power Fill

Simulations show noise on 5V fill, verified in measurement.

PH2379mV Ch4 Pk_Pk o ...... o . 5 . » o ‘_

1 120 140 150 140 1 12 14 15 18 2 M 50.0ns Ch3 5 12.6V
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JTAG repaired layout
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Repaired JTAG Simulation
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Repaired JTAG Measurements
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What is the cost?

* We have described how we made every effort to simplify and to
quicken the simulations.

* Even so, to simulate a 2 CPU socket, 8 layer server board we need:
— A 64 bit OS
— 24 GB of RAM
— In a dual socket, 4 core system
— And about 3 days of simulation time per VR phase

e \We have two of these machines available
— Plus the 4 Speed2000 licenses

* Then there was the 2 years to development this methodology

* And for each project
— FET model development
— VR Controller model development
— We maintain an IBIS library of parts which we leverage
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Summary

* The Methodology has been used to identify coupling paths in
problems that were found in the lab, and to develop and test fixes in
simulation.

— This has demonstrated the sufficient accuracy of The Methodology.

* The Methodology is being used to identify potential issues and to
drive and validate corrective action before building boards.

* Through the use of The Methodology, we have learned to identify
high risk PCB constructs that we could then avoid with specific
design rules.

— This leads to fewer problems.
— Implementation as Design rules is relatively cheap and easy.

* The major shortcoming: excessive computational simulation time.

* The tool is expensive in terms of the software, the hardware, and
the simulation time involved, but we believe the cost is necessary.
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Speed2000 - SpeedSim
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C1A10.[ 1.1:M12Y ~ C1A10.[ 1.2::GHC
C1A11.[ 1.1::5PB_DTR ~ C1a11.[ J.2::
Cia12,[ 1.1::5PB_RI ~ C1a12[ 120G

C1A13.[ 1.11:POVE_ AU ~ C1a13.[ 1.2;
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C145.[1.1::5PB_DSR. ~ C1A5.[ 1.2::Gh

C1m6.[ 1.1::5PE_SIN_L ~ C146.[ ].2::6

C147.[ 1.1::5PB_RTS ~ C147.[ ].21:GH
C148.[ 1.1::5PB_SOUT_N ~ C148.[ 1.2
C149,[ 1.1::5PE_CTS ~ C149,[ 1.2::GN
C1B1.[ ].1::POYS_AUY ~ C1B1.[ ].2::66
C1B2.[ 1.1:POYI_AUX ~ C1B2.[ ].2::6l

C1E3.[ ].1::POYS_AUY ~ C1B3.[ ].2::60 -5
C164.[ ].1::RST_IBMC_RST BTH M e
C1B5.[ 1.1:P3V3_AUX ~ C185.[ ].2::6l
CI1C1,[ 1AP3Y3_AUK ~ C1C1[ 120G

C1C10.[ 1.1:P1VZ_AUK BMC ~ C1C10 E :g
C1C11.[].1::5MB_SEN_3V35B_CLK ~ C i “
102, [ 110P3Y3_AUK ~ C1C2[ 120G Y, -

C103.[ 1.10P3Y3_ AU ~ C103. 120G
C1C4.[1.1::P3WS ~ C1C4.[ 1.20GND (!

W1l
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V17
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Y19
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WZa
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On the same design, IRQ - Measurements

and Simulation

Another interface on this board where simulations showed a
coupling issue, confirmed by measurement.
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IRQ Layout (Fab 1)

IRQ_CPU1_RDIMM_EVENT_N




IRQ on Fab2 — After the fix

* Because these simulations take so long to complete, we were not
able to re-simulate a fix before the next tape-out. So we
iImplemented our best guess of a fix.

* Measurements and simulations of the fix agree — we should have
simulated before implementing.
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