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What Do All of These VRM Eval Boards Have in Common?
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They are ALL Unstable!
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Eval Board 
Regulator

Resonance
Frequency

Q Factor Phase Margin

ISL70002SEHD 4.46 MHz 3.21 17.7⁰

LTM4637 109 kHz 7.15 7.9⁰

TPSM843B22 1.44 MHz 3 19⁰

Q < 2 is always 30⁰ of phase margin!
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▪ There are resonances in the output impedance on the PDN

▪ A Bode Plot of the plant will show if you regulator is stable or not, but it 

will not tell you if you PDN is stable!

▪ Definition of Target Impedance 

o Voltage allowed set by the load

o Imax set by the load, and the current is both dynamic and frequency independent

o Impedance is the only term the designer has control over! A poorly placed 

resonance could be devastating

What Makes These Regulators Unstable?
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𝑍𝑇𝑎𝑟𝑔𝑒𝑡 =
∆𝑉𝐴𝑙𝑙𝑜𝑤𝑒𝑑

∆𝐼𝑀𝑎𝑥
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▪ Stability is the most essential measurement to ensure closed loop 

performance

𝑪𝒍𝒐𝒔𝒆𝒅 𝑳𝒐𝒐𝒑 =
𝑶𝒑𝒆𝒏 𝑳𝒐𝒐𝒑

𝟏 + 𝑻

▪ Historically stability was measured through Bode plots

o Requires injecting a signal into the loop

oDoes not consider the PDN impact in stability assessment

How Do We Measure Stability
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▪ To measure stability 

with a bode plot, we 

need to cut traces and 

inject a signal 

▪ Sometimes all you have 

is a capacitor pad on 

the output voltage rail

▪ That is all you need!

What if we don’t have access to the feedback 

network?
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No Access? 
No Problem!

Source: https://www.picotest.com/wemeasurepower2012/28-slide.html
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▪ Impedance Measurement provides three 

data points

o Impedance Magnitude, Phase, Group 

Delay

oNISM takes it from there!

▪ NISM shows the systems stability, 

measures overall PDN

▪ NISM is available on all VNA and FRAs

oOmicron Bode 100

o Keysight E5061B

o And many more! 

How do we practically measure NISM?
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Insert image of probe 
measurement

Source: Picotest.com
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▪ Flat impedance is relative, and difficult to 

pull off

▪ Low Q PDN

o Lower reaction to transient changes, minimal ringing 

present

▪ Impedance and high Q resonances look 

similar, but have different causes

o Impedance resonance due to passive resonance of 

system, present at power on and off

o High Q resonance due to VRM feedback loop, only 

present with power on

Wanted: Flat Impedance and Low Q-Points
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Source: Witcher, S., Sandler, S., DesignCon (2023). A 

New Power Integrity Requirement to Supplement Target 

Impedance: Quantifying PDN Impedance Flatness from 

Sandler NISM Santa Clara, CA; DesignCon.
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▪ TPSM843B22 Evaluation 

Board, TPSM843B22EVM

o VIN: 4V to 18V 

o VOUT: 0.5V to 7V

o Max Current: 20A

▪ Equipment Used

o Omicron Bode100

o J2113A Semi-Floating 

Differential Amplifier

o P2101A 2-Port Probe

o Keysight N2787A Probe Holder

Demo 1, TPSM843B22
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Demo 1, Setup and Calibration
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*Short calibration with 5oz copper reduces noise floor of measurement setup.

• The effects of cables, connectors, and probe tips must be zeroed-
out before measurements can be taken

• A short, open, load (SOL) calibration helps us set the reference 
point of our measurement to the device under test (DUT)
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Measurement of Output Impedance (Zo)
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Q Factor of 3!

Resonance Point  
1.44 MHz, PM of 19⁰
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What can fix this resonance point?
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C = 
𝐿𝑝𝑒𝑎𝑘

𝑅2 =
1.33 𝑛𝐻

(8 𝑚Ω)2 = 21 µ𝐹

L𝑝𝑒𝑎𝑘 =
𝑋𝐿

2𝜋𝑓
 = 

11𝑚Ω

2∙𝜋∙1.316 𝑀𝐻𝑧
= 1.33𝑛𝐻 

Step 1: Determine peak inductance (from Z)

Step 2: Determine ZTGT and solve for C.

Step 3: Find equivalent capacitor, set 
capacitor ESR ≤ ZTGT and update design

Select -> 22 µF capacitor with ESR ≤ 8 mΩ

Desired ZTGT = 8 mΩ
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Adding a 22 µF Capacitor to the Eval Board
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• Swapped a  1uF Capacitor, with a resonance 
frequency of 10 MHz with a 22uF capacitor, 
with an ESR of 4 mΩ, as 𝑍𝑜 <  𝑍𝑇𝐺𝑇 at 10MHz

C27 Original: GCM21BR71H105KA03L 
C27 New: 885012107011
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Measurement of Zo with Updated Capacitor
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Q Factor of 1.45, 
reduced by over ½!

Resonance Point 
659.6MHz, PM of 33.6⁰
A 14.6⁰ PM improvement, 
just with a BOM change!

Highlights PDN capacitor 
selection not optimized!
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▪ LTM4637 Evaluation Board, 

DC1872A

o VIN: 4.5V to 20V 

o VOUT: 1V to 1.8V

o Max Current: 20A

▪ Equipment Used

o Omicron Bode100

o J2113A Semi-Floating Differential 

Amplifier

o P2101A 2-Port Probe

o Keysight N2787A Probe Holder

Demo 2, LTM4637
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Demo 2, Setup and Calibration
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*Short calibration with 5oz copper reduces noise floor of measurement setup.

• The effects of cables, connectors, and probe tips must be zeroed-
out before measurements can be taken

• A short, open, load (SOL) calibration helps us set the reference 
point of our measurement to the device under test (DUT)
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Demo 2, Meas. of Zo at C13
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Q Factor of 7.15!

Resonance Point  
109kHz, PM of 7.9⁰
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What can fix this resonance point?
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C = 
𝐿𝑝𝑒𝑎𝑘

𝑅2 =
151.6 𝑛𝐻

(15 𝑚Ω)2 = 674 µ𝐹

L𝑝𝑒𝑎𝑘 =
𝑋𝐿

2𝜋𝑓
 = 

89.11𝑚Ω

2∙𝜋∙93.56 𝑘𝐻𝑧
= 151.6 𝑛𝐻 

Step 1: Determine peak inductance (from Z)

Step 2: Determine ZTGT and solve for C.Desired ZTGT = 15 mΩ

Step 3: Find equivalent capacitor, set 
capacitor ESR ≤ ZTGT and update design

Select -> 680 µF capacitor with ESR ≤ 15 mΩ

*Simulated model is based off State-Space Average VRM Model
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Adding a 680 µF Capacitor to the Eval Board

21

T520Y687M004ATE010, 680 µF, 10 mΩ ESR
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Measurement of Zo with Updated Capacitor
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Q Factor of 0.2! A 
35x Improvement!

Resonance Point 
109kHz,
PM of 71⁰ or greater
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▪ Do not trust vendor reference designs, they are not always correct

▪ Just because these VRMs are not stable does not mean they are bad. It means they 

are not integrated with PDN correctly.

▪ The PDN for a VRM design needs to be optimized for each application.

▪ By using NISM, a designer can measure the output impedance see the output 

impedance, and quickly determine PDN stability

Call to Action

23
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▪ Both demonstrations showed that bill of material (BOM) changes had a dramatic impact on 

system stability. Additional BOM changes could further improve stability across entire system

▪ Accurate calibration and low inductance measurement paths are a must to properly measure 

impedance in the system PDN 

▪ NISM is simple, accurate and widely available. Designing NISM test points is significantly 

easier than Bode Plot test points, and NISM can be implemented as part of final design and 

system sign-off

▪ Power integrity includes everything from the power supply to the load. This entire system 

needs to be included and measured for the system PDN to meet requirements. PDN design is 

specific to each application!

Conclusion
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—

QUESTIONS?

Thank you!
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