SI-PI Calculator User’s Manual

1. Introduction

This SI-PI Calculator is intended as a tool to assist design Signal Integrity and Power Integrity engineers in their initial
stages of the design process. In many of the calculations it is essentially a numerical instantiation of some of Eric
Bogatin’s “Rules of Thumb” [1] and is in no means a substitute for actual simulations. Many of these calculators can also
be found on any number of web sites, but have been consolidated here for convenience of use.

This shareware program is provide “As Is” and free for use by any and all, but comes with no warranty and is not claimed
to be free of defects. The author assumes no liability of any kind for the use of this product.

The Saturn PCB Design tool is another very handy tool for the Sl and Pl engineer. However, at least as of Version 7.03,
the tool does not account for any of the work Douglas Brooks, et al., have done in the area of high currents in PCB
traces, and lacks a number of the calculators found here-in.
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3. SI Calculators

3.1. Impedance Calculators
3.1.1. Single Ended Microstrip

~~ SI/FICalc

Sl Caloulators

Figure 1: Impedance Calculator Tab - Single Ended Microstrip

Single Ended MicroStrip Impedance calculation:

TheIPC, Bogatin and Wadell recommend using Wheeler's equations with
Schneider's Dkeff (the "IPC 2141A" button). However, most on-line calculators

simply use the Dk for the material as published (the "Industry” button).
Both claim accuracy to +/- 2%, but vary from one another by more than that.

Figure 2: Information on Single Ended Microstrip Impedance Calculations

(2], [3], [4], [5]), [6], [7]



S| Calculators

3.1.2. Single Ended Stripline

(2], [8], [9], [10]
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Figure 3: Impedance Calculator Tab — Single Ended Stripline

Single Ended StripLine Impedance calculation:

From IPC 2141 A: there are two commonly used sets of equations for 20,55 (Z0 of a
symmetric stripling), which is used in both symmetric and asyrmmetric
calculations. Most web-based calculators use a circular wire approximation

cutlined by Cohn/Howe, However the conditions for this approximation are not
always met. This calculation uses this approximation where appropriate, but
selects the wide-signal formulas where necessary.

Figure 4: Information on Single Ended Stripline Impedance Calculations
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3.1.3. Differential Microstrip

= 51/ PICe
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Figure 5: Impedance Calculator Tab — Differential Microstrip

Differential MicroStrip Impedance calculation:

For differential microstrip, everyone appears to use Bogatin's recommendation of

Wheeler's equations with Schneider's Dkeff - hence this tool forces that
configuration.

Figure 6: Information on Differential Microstrip Impedance Calculations

(3], [51, [6]
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3.1.4. Differential Stripline

Figure 7: Impedance Calculator Tab — Differential Stripline

Differential StripLine Impedance calculation:

The IPC2141 4 references Wheeler, which in itself references Cohn ("Shielded
Coupled-5trip Transmission Line", 1954), Both the IPC2141A and Wheeler have
typos and eratta associated with them (and the eratta itself has some errors).
Hence, we go back to the source - Cohn, Additionally, Cohn first presents a
calculation/formula for both the odd and even impedance, then provides a
"manipulation” of this formula to put it in more commoen terms - it is this
manipulated approximation that shows up in Wadell and IPC 21414,

Selecting Wheeler/Wadell uses the eratta corrected IPC 21414 formulas. Selecting
Cohn uses the non-manipulated original Cohn formulas.

Also note, closed formula expressions for asymmetrical differential striplines do
not (yet) exist. As such, we only allow for symmetrical differential striplines.

Figure 8: Information on Differential Stripline Impedance Calculations

(2], [4], [10], [11], [12], [13]
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3.2. SKkin Depth

The slider can be used to calculate the skin depth of annealed copper at a given
frequency.

The crossover frequency is the frequency above which the resistance of the trace
becomnes dominated by skin effect rather than cross sectional area.

For a trace of the given geometry and specified length, the total DC impedance
and the effective impedance at the specified frequency (taking into account skin
depth) is shown.

Figure 10: Information on Skin Depth calculations
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3.3. Fiber Weave Skew

Figure 11: Fiber Weave Skew tab

EPCE Trace Calcul:

"Fiber weave skew":
Fiber weave skew is skew imposed on a P/N pair caused by the randem alignment
of the P And M traces to the glass cloth used in the fabrication of the printed wire

board.

To minimnize this effect one approach is to keep any trace routing parallel to the X
And ¥ axis to a minimurn. The maxirmum length calculated here is approximately
one half of the length of the minimum rise time of the signal in question.

Figure 12: Information on Fiber Weave Skew



3.4. P/N Skew
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Sl Caloulators

Figure 13: P/N Skew tab

Calculating max P/M skew:
The actual formula used is:

max skew = 10% * 1/2 rise time (ps) / 0.167 {ps/mil)

where:
- we want to keep the skew to less than 1/2 rise time
- flight tirne in FR4 is typically on the order of 167 psfin
- we allocate 10% of the skew to routing
- we estimate the rise time as being ~11% of the period (for Baud rate)

Figure 14: Information on P/N Skew



3.5.

(14], [1]

Via Stubs
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Figure 15: Via Stubs tab

This calculates the frequency ("finull)") at which the null in the insertion loss will
cccur based on the via and via stub geometry. The calculations adjust for Dkz
based on some rules of thumb by Bogatin, They also adjust for an effective Dk
(per Simonovich, Bogatin, Cac) based on via-pair geometry. The result is an
estimated propagation delay which is then used to determine the 1/4 wavelength
corresponding to the length of the via stub. The -3dB frequency is based on
emperically derived reverse curve fitting of typical insertion loss curves,

The "&llowed Stub Length” uses similar methods to invert the above calculation
to determine the maximum allowed stub length based on the maximum allowed
loss at a given frequency,

Mote: 0.01dE of loss aligns with the Bogatin rule of thumb for stub length.

Figure 16: Information on Via Stubs

10
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3.6. DC Blocking Caps

~ SI/ Pl Calcy
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Figure 17: DC Blocking Caps tab

Determining / using DC blocking capacitors:

This essentially uses an RC time constant concept to determine
the minimum value series DC blocking capacitor ene should use in a channel.

Where:
- the "time" is calculated from the bit pericd times the maximum number of
consecutive zeros expected in a channel
- "R" is the Z0 of the channel
- delta-V is the allowed eye degredation

Convergence is the time required for a DC blocking capacitor to reach steady
state DC bias. This is primarily a concern for simulation purposes, Again, RC time
constant principles are used. We assume convergence in 5 time constants (39.3%
converged), where:

- "R" is again Z0 of the channel

- "C"is given

- unit interval (for £ of bits) iz 1/baud rate

Figure 18: Information on DC Blocking Caps

11



3.7. Vialmpedance

[14], [15]
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Figure 19: Via Impedance tab

This estimates the differential via impedance based on the geometry of the
via-pair. The calculation is based on work done by Bogatin, Simoenovich and Cac.

Figure 20: Information on Via Impedance

12
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3.8. Attenuators

Figure 21: Attenuators tab

On occasion the insertion loss of a channel is inadequate to align the Vdiff-max
out of the driver to the Vdiff-max input of the receiver. These passive attenuation
circuits can be used to add additional loss while maintaining a constant 20 for the
channel,

The "Pi" and "T" attenuators are appropriate for singled ended channels, while the
"H" attenuator should be used for differential channels,

Figure 22: Information on Attenuators

13
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4. PI Calculators

4.1. Trace Temperature

[16], [17]

Cap Resonance | AC Target Impedance | Via Cument | DC Cument
Trace Temperature | Fusing Cument | Gauge | Plate Capacitance

Figure 23: Trace Temperature tab

Estimating the temperature of a copper "trace” has been studied and
documented by Douglas Brooks, The calculations here are based on his paper
"Fusing Currents in Traces", 7/2015.

Given the trace thickness and any two of the other three parameters (trace width,

trace current, trace temperature), the third parameter can be calculated. Hence,
clicking "Selve" next to any of the pararmeters will treat that particular parameter
as the dependent parameter and will calculate its value based on the values
assigned to the other parameters,

Figure 24: Information on Trace Temperature

14
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4.2.Fusing Current

Figure 25: Fusing Current tab

Estimating the fusing time and current of a copper "trace” has been studied and
documented by Douglas Brooks, The calculations here are based on his paper
"Fusing Currents in Traces", 7/2015, which trace back to previcus work done by
Onderdonk.

Given the trace thickness and any two of the other three parameters (trace width,
fusing time, fusing current), the third parameter can be calculated. Hence,
clicking "Solve” next to any of the parameters will treat that particular parameter
as the dependent parameter and will calculate its value based on the values
assigned to the other parameters,

However, Onderdonk's work was based on individual wires in air. Further work by
Brooks shows that real copper traces on real PWBs can carry significantly more
current than previcusly expected due to the thermal dissipation provided by the
PWE material. The "Adjust Current” tab adjusts the Onderdenk calculations based
on Brooks' emperical evidence and provides what he believes is a more realistic
estimate of actual fusing current of PWE traces.

Figure 26: Information on Fusing Current

[16], [18]

15
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4.3.Gauge

Pl Calculators

Fh 1/ PIC

Figure 27: Gauge tab

WCB Trace Calcula

This estimates the wire guage for a trace based on the cross sectional area of the
trace. Alternatively, given a desired AWG one can calculate a trace width, for a

given layer thickness, that will result in a trace cress section of roughly that AWG,

Figure 28: Information on Gauge

16
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4.4.Plate Capacitance

= SI/PICalay

Figure 29: Plate Capacitance tab

Using the simple plate capacitance formula (C=Ag/h), this calculates the effective
capacitance for the specified geometry.

Figure 30: Information on Plate Capacitance

This particular calculation can be useful when trying to design a decoupling circuit to meet the target impedance of a
power net. The power/ground coupling can serve as a contributor to the decoupling circuit at high frequencies, but
often requires considerable area in order to be a significant contributor.

17
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4.5.Cap Resonance

Trace Temperature | Fusing Cument | Gauge | Plate Capacitance
Cap Resonance | AC Target Impedance | Via Cument | DC Cument

Figure 31: Cap Resonance tab

Use this to determine which decoupling capacitor to add near a load pin in order
to bring the PDM impedance closer to the target impedance at a given frequency.

"Wiew Cap Performance™: Based on simulated data of typical decoupling
capacitors, attached with good, low inductance mounting structures, this shows
what the nominal rescnant frequency should be, and what the nominal effective
impedance should be (at the resonant frequency] for the selected capacitor. The
actual mounting structure will affect both the resonant frequency and the
effective impedance.

"Recommend a Capacitor”: Based on the frequency selected by the slider bar, this
identifies a capacitor that should resonate (have its lowest effective impedance)
near the selected frequency, and what that effective impedance should be. Mote:
the actual mounting structure will affect the cap performance,

Figure 32: Information on Cap Resonance

Note: the recommended cap size is based on standard ceramic capacitors and simulations done by the author using best
current practice for mounting structures. For each cap value, various sizes were simulated (0201, 0402, 0603, 0805, and
1206) with the “best” being selected based on which size resulted in the smallest Zeff at resonance. Different values and
better performance may be found by using low ESR caps.

18
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4.6.AC Target Impedance

Pl Calculators

Figure 33: AC Target Impedance tab

This calculates the target impedance of a Power Distribution Network based on
maximum allowed AV at any given load pin.

This is a simple Ohms Law calculator:
Target Impedance = allowed noise (AV) / peak transient current (AA4)

Figure 34: Information on AC Target Impedance

19
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4.7.Via Current

Figure 35: Via Current tab

Calculates DC electrical and thermal characteristics of a via based on its physical
dimensions.

"Ampacity” is an estimate of the current passing through a via that would result
in a 10°C thermal rise in the PCE near the via,

p (annealed plated copper) = 1.9E-6 chm-cm

g (unannealed plated copper) = 2.2E-6 chm-cm
g (pure copper) = 1B8E-6 chm-cm

K= 389 W/m-K @ 27°C

Figure 36: Information on Via Current

20



4.8.DC Current
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Figure 37: DC Current tab

Use to estimate nominal ICC DC and peak transient current of an IC for Power
Integrity madels if no such infermation is provided in the data sheet,

Figure 38: Information on DC Current

21
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