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Agenda 
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• Introduction to DC/DC converter (integrated FETs) design with external 

compensation 

• Design #1: optimized load transient performance

• Design #2: optimized for smallest size

• Design #3: optimized for smallest size with improved load transient performance 

using droop compensation and a power module

• Design summary

• Q&A 
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Processor power applications
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High dynamic loads (load transients) Static loads (no load transients)

All applications prefer to use the minimum output 

capacitance required → lower cost and smaller size
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Fixed-frequency DCS-Control topology
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Differential remote 

sense for excellent 

load regulation

External 

compensation to 

optimize the 

transient response
Stackable (parallelable) 

for higher currents

Fast transient response with clock synchronization (link)

Fixed frequency 

(with an oscillator)

https://www.ti.com/lit/an/slyt846/slyt846.pdf
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Design summary (the end result)

Design Goal COUT BW Phase 

margin

Gain 

margin

Output 

ripple

Transient 

response

TPS62873 #1a

2.25MHz, 110nH

Transient 6 × 0603

4 × 0402

352kHz 28° 7dB 2.56mV

p-p

31.9mV

p-p

TPS62873 #1b

2.25MHz, 110nH

Transient 8 × 0603

4 × 0402

288kHz 37° 9dB 2.11mV

p-p

31.7mV

p-p

TPS62873 #2

2.25MHz, 110nH

Size 4 × 0603

2 × 0402

287kHz 48° >20dB 3.20mV

p-p

67.6mV

p-p

TPSM8287B30 #3a 

1.5MHz, 50nH

Transient 6 × 0603

4 × 0402

265kHz 56° 13dB 4.67mV

p-p

39.4mV

p-p

TPSM8287B30 #3b

1.5MHz, 50nH

Transient 6 × 0603

4 × 0402

272kHz 52° 12dB 4.67mV

p-p

34.6mV

p-p
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All designs use the minimum COUT to meet the requirements
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Design #1
Optimized load transient performance
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Design #1 objective

• 3.3VIN to 0.75VOUT with ±3.3% total accuracy

– Includes both AC (transient overshoot/undershoot, ripple) and DC accuracy (setpoint)

• 15A peak current, with ±7.5A (50%) load steps in 1µs

• Use the minimum amount of output capacitance required → smallest size and 

lowest cost

7

From the processor’s specification for your specific use case
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Typical application schematic with TPS62873 (15A)
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I2C to fine-tune the 

processor’s core voltage

Differential remote 

sense for excellent 

load regulation

External 

compensation to 

optimize the 

transient response

RComp1

CComp1

CComp2
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D/S equations Excel spreadsheet (link)
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Circuit calculations – 2 options

https://www.ti.com/tool/download/TPSM8287A-COMPONENT-CALCULATOR
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Design process

• List system parameters (VIN, VOUT, load step, L, fsw, etc.)

• Type II compensation:

– Calculate RComp1 to meet load step → RComp1 sets the required control loop gain

– Calculate required minimum output capacitance to keep the loop stable → COUT

decreases the loop bandwidth, which increases stability

– Select specific capacitors

– Select CComp1 and CComp2 to set pole and zero frequencies

• Build and test circuit

10



TI Confidential – NDA Restrictions

Using the Excel spreadsheet
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List system parameters
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34.6mV window!
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Calculate RComp1

• 2kΩ selected as a common value, above the calculated minimum

13
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Calculate required minimum COUT

~180µF of effective capacitance chosen

• Need to pick specific capacitors to obtain this effective capacitance

• Total COUT = COUT_IC + CLOAD

• CLOAD > 2 × COUT_IC 

14
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Select specific capacitors

• Use GRM188C80G476ME01D (47µF) and GRM155C80G106ME18D (10µF) 

• COUT_IC = 2 × 47µF

• CLOAD = 4 × 47µF + 4 × 10µF

• Use capacitor vendor’s simulation tool to estimate effective capacitance over 

DC bias, AC bias (ripple), and temperature

15

https://www.murata.com/en-us/products/productdetail?partno=GRM188C80G476ME01%23
https://www.murata.com/en-us/products/productdetail?partno=GRM155C80G106ME18%23
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GRM188C80G476ME01D GRM155C80G106ME18D
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Effective capacitance simulations

https://www.murata.com/en-us/products/productdetail?partno=GRM188C80G476ME01%23
https://www.murata.com/en-us/products/productdetail?partno=GRM155C80G106ME18%23
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Select specific capacitors

• 179µF of effective capacitance chosen

• Total COUT = COUT_IC + CLOAD

• CLOAD > 2 × COUT_IC 

17
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Select CComp1 and CComp2
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Final design 1a
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110nH

IC: 2 × 47µF

Load: 4 × 47µF 

+ 4 × 10µF

2kΩ

1nF

10pF
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Final design 1
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IC: 2 × 47µF
Load: 4 × 47µF 

+ 4 × 10µF
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Design meets the performance objectives

• Design 1a meets requirements but still needs further adjustments → Design 1b

• Phase margin (28°) is low → more COUT and/or lower RComp1

• Design tweaks:

– RComp1 → 1.82kΩ

– CLOAD → add 2 × 47µF

– CComp1 → 1.8nF

21
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Final design 1a
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110nH

IC: 2 × 47µF

Load: 4 × 47µF + 

4 × 10µF

2kΩ

1nF

10pF

110nH

IC: 2 × 47µF

Load: 6 × 47µF + 

4 × 10µF

1.82kΩ

1.8nF

10pF

Final design 1b
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Load transient results 
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Vout (AC)

Iload (4A/div)

Final design 1a Final design 1b
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Load transient results - rising edge

Final design 1a Final design 1b
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Load transient results - falling edge

Final design 1a Final design 1b
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Bode plot (loop stability, 15A load)
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Phase margin = 28°

Gain margin = 7dB

Final design 1a Final design 1b

Phase margin = 37°

Gain margin = 9dB
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Output voltage ripple (15A load)
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Final design 1a Final design 1b
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Design summary

• Design 1a:

– Transient response: 31.9mVp-p

– Ripple: 2.56mVp-p

– Bode plot: 352kHz BW, 28° phase margin, 7dB gain margin

– Output capacitors: 6 × 0603 + 4 × 0402

• Design 1b:

– Transient response: 31.7mVp-p

– Ripple: 2.11mVp-p

– Bode plot: 288kHz BW, 37° phase margin, 9dB gain margin

– Output capacitors: 8 × 0603 + 4 × 0402

28
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Q&A

29
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Design #2
Optimized for smallest size

30
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Design #2 objective

• 3.3VIN to 0.75VOUT with the smallest size

– No transient response requirement

• 15A peak current

• Use the minimum amount of output capacitance required

31
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Typical application schematic with TPS62873 (15A)
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I2C to fine-tune the 

processor’s core voltage

Differential remote 

sense for excellent 

load regulation

External 

compensation to 

optimize the 

transient response

RComp1

CComp1

CComp2
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Design process

• List system parameters (VIN, VOUT, L, fsw, etc.)

• Type II compensation:

– Select the output capacitors and compute their effective output capacitance

– Calculate the maximum value of RComp1 to require less than this much COUT → RComp1 

sets the required control loop gain

– Select CComp1 and CComp2 to set pole and zero frequencies

• Build and test circuit

33
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List system parameters

34

Set to a very 

low level

Set to a very 

high level

Same fsw, L, 

and BW
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Select specific capacitors

• Use GRM188C80G476ME01D (47µF) and GRM155C80G106ME18D (10µF) 

and GRM188C81A226ME01D (22µF)

• COUT_IC = 2 × 22µF

• CLOAD = 2 × 47µF + 2 × 10µF

• Use capacitor vendor’s simulation tool to estimate effective capacitance over 

DC bias, AC bias (ripple), and temperature

• Total COUT = COUT_IC + CLOAD

• CLOAD > 2 × COUT_IC 

35

https://www.murata.com/en-us/products/productdetail?partno=GRM188C80G476ME01%23
https://www.murata.com/en-us/products/productdetail?partno=GRM155C80G106ME18%23
https://www.murata.com/en-us/products/productdetail?partno=GRM188C81A226ME01%23
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GRM188C80G476ME01D GRM155C80G106ME18D
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Effective capacitance simulations

https://www.murata.com/en-us/products/productdetail?partno=GRM188C80G476ME01%23
https://www.murata.com/en-us/products/productdetail?partno=GRM155C80G106ME18%23
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GRM188C81A226ME01D Previous capacitors

• GRM188C80G476ME01D = 25.7µF 

• GRM155C80G106ME18D = 6.2µF

37

Effective capacitance simulations

https://www.murata.com/en-us/products/productdetail?partno=GRM188C81A226ME01%23
https://www.murata.com/en-us/products/productdetail?partno=GRM188C80G476ME01%23
https://www.murata.com/en-us/products/productdetail?partno=GRM155C80G106ME18%23
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Select specific capacitors

• 92µF of effective capacitance chosen

• Total COUT = COUT_IC + CLOAD

• CLOAD > 2 × COUT_IC 

38
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Calculate RComp1

• Empirically select an RComp1 that gives a recommended COUT(min) about 20% 

below the entered COUT(min) 

• Reducing RComp1 reduces the recommended COUT(min) 

39
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Select CComp1 and CComp2

40
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Final design
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110nH

IC: 2 × 22µF

Load: 2 × 47µF 

+ 2 × 10µF

499Ω

4.7nF

10pF
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Final design
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IC: 2 × 22µF
Load: 2 × 47µF 

+ 2 × 10µF
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Load transient results 

43



TI Confidential – NDA Restrictions

Rising edge Falling edge
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Load transient results 
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Bode plot (loop stability, 15A load)
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Phase margin = 48°

Gain margin > 20dB
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Output voltage ripple (15A load)

46
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Design summary

• Design 2:

– Transient response: 67.6mVp-p

– Ripple: 3.20mVp-p

– Bode plot: 287kHz BW, 48° phase margin, > 20dB gain margin

– Output capacitors: 4 × 0603 + 2 × 0402

47
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Power module gives a 58% smaller solution size

TPSM8287A15BBHEVMTPS62873EVM-143

184 mm2 Total 

Solution Size
77 mm2 Total Solution Size

Component count: 19 Component count: 8

https://www.ti.com/tool/TPSM8287A15BBHEVM
https://www.ti.com/tool/TPS62873EVM-143
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Q&A
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Design #3
Optimized for smallest size &load transient performance 
Using droop compensation and a power module

50
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Design #3 objective

• 3.3VIN to 0.75VOUT with ±3.3% total accuracy

– Includes both AC (transients, ripple) and DC accuracy (setpoint)

• 15A peak current, with ±7.5A (50%) load steps in 1µs

• Use the minimum amount of output capacitance required → smallest size and 

lowest cost

51
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Typical schematic with TPSM8287B30 (30A)
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I2C to fine-tune the 

processor’s core voltage

Differential remote 

sense for excellent 

load regulation

External 

compensation to 

optimize the 

transient response
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D/S equations Excel spreadsheet (link)
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Circuit calculations – 2 options

https://www.ti.com/tool/download/TPSM8287B-CALC
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Design process

• List system parameters (VIN, VOUT, load step, etc.)

• Type II compensation:

– Calculate RComp1 to meet load step → RComp1 sets the required control loop gain

– Calculate required minimum output capacitance to keep the loop stable → COUT

decreases the loop bandwidth, which increases stability

– Select specific capacitors

– Select CComp1 and CComp2 to set pole and zero frequencies

• Build and test circuit

54
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List system parameters
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0.8% vs. 1% DC accuracy →

more margin for load transient

1.5MHz vs. 2.25MHz frequency 

→ lower BW and higher ripple

50nH integrated inductor vs. 

110nH external inductor →

better load transient and 

higher ripple
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Calculate RComp1

• 1kΩ selected as a common value, near the calculated minimum

56
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Calculate required minimum COUT

~200µF of effective capacitance chosen

• Need to pick specific capacitors to obtain this effective capacitance

• Total COUT = COUT_IC + CLOAD

• CLOAD > COUT_IC 

57



TI Confidential – NDA Restrictions

Select specific capacitors

• Use GRM188C80G476ME01D (47µF) and GRM155C80G106ME18D (10µF) 

• COUT_IC = 2 × 47µF + 2 × 7µF (internal COUT)

• CLOAD = 4 × 47µF + 4 × 10µF

• Use capacitor vendor’s simulation tool to estimate effective capacitance over 

DC bias, AC bias (ripple), and temperature

58

https://www.murata.com/en-us/products/productdetail?partno=GRM188C80G476ME01%23
https://www.murata.com/en-us/products/productdetail?partno=GRM155C80G106ME18%23
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GRM188C80G476ME01D GRM155C80G106ME18D
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Effective capacitance simulations

https://www.murata.com/en-us/products/productdetail?partno=GRM188C80G476ME01%23
https://www.murata.com/en-us/products/productdetail?partno=GRM155C80G106ME18%23
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Select specific capacitors

• 193µF of effective capacitance chosen

• Total COUT = COUT_IC + CLOAD

• CLOAD > COUT_IC 

60
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Select CComp1 and CComp2

61
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Final design 3a
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IC: 2 × 47µF + 2 × 7µF (internal)

Load: 4 × 47µF + 4 × 10µF

1kΩ

2.2nF
10pF
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Final design
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IC: 2 × 47µF

Load: 4 × 47µF 

+ 4 × 10µF
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Design slightly misses the transient specification

• Droop compensation removed 6mV of the 8mV transient deviation gap

• 39.4mVp-p deviation during the load transient is still too large

– 37.6mVp-p requirement

• Design 3a needs further adjustments → Design 3b

• Phase margin (56°) is high → increase gain → larger RComp1

• Design tweaks:

– RComp1 → 1.21kΩ

64
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IC: 2 × 47µF + 2 × 7µF (internal)

Load: 4 × 47µF + 4 × 10µF

1kΩ

2.2nF

10pF

Final design 3a Final design 3b

IC: 2 × 47µF + 2 × 7µF (internal)

Load: 4 × 47µF + 4 × 10µF

1.21kΩ

2.2nF
10pF
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Load transient results 
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Vout (AC)

Iload (4A/div)

Final design 3a Final design 3b
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Load transient results – rising edge 

Final design 3a Final design 3b
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Load transient results – falling edge 

Final design 3a Final design 3b
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Bode plot (loop stability, 15A load)
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Phase margin = 56°

Gain margin = 13dB

Final design 3a Final design 3b

Phase margin = 52°

Gain margin = 12dB
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Output voltage ripple (15A load)
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Final design 3a Final design 3b
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Design misses the transient specification

• 45.6mVp-p deviation during the load transient is too large

– 37.6mVp-p requirement

• Enable droop compensation feature (via I2C) to reduce the deviation

71
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What is droop compensation?
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VOUT

IOUT

VOUT

IOUT

VOUT

IOUT

VOUT

IOUT

Normal Droop Compensation

Load/line, adaptive voltage positioning (AVP), voltage droop

No load regulation

Load regulation

For a reason!

Margin!
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Load transient results 
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Final design 3a Final design 3b

Vout (DC with a -740mV offset), Iload (4A/div)
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Load transient results (droop compensation ON) 
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6mV (0.8%) 

improvement!

Final design 3a Final design 3b

6mV (0.8%) 

improvement!

Vout (DC with a -740mV offset), Iload (4A/div)
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Design summary

• Design 3a:

– Transient response: 39.4mVp-p with droop compensation on

• 45.4mVp-p with droop compensation off

– Ripple: 4.67mVp-p

– Bode plot: 265kHz BW, 56° phase margin, 13dB gain margin

– Output capacitors: 6 × 0603 + 4 × 0402

• Design 3b:

– Transient response: 34.6mVp-p with droop compensation on

• 40.6mVp-p with droop compensation off

– Ripple: 4.67mVp-p

– Bode plot: 272kHz BW, 52° phase margin, 12dB gain margin

– Output capacitors: 6 × 0603 + 4 × 0402

75



TI Confidential – NDA Restrictions

Q&A
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Design summary (the end result)

Design Goal COUT BW Phase 

margin

Gain 

margin

Output 

ripple

Transient 

response

TPS62873 #1a

2.25MHz, 110nH

Transient 6 × 0603

4 × 0402

352kHz 28° 7dB 2.56mV

p-p

31.9mV

p-p

TPS62873 #1b

2.25MHz, 110nH

Transient 8 × 0603

4 × 0402

288kHz 37° 9dB 2.11mV

p-p

31.7mV

p-p

TPS62873 #2

2.25MHz, 110nH

Size 4 × 0603

2 × 0402

287kHz 48° >20dB 3.20mV

p-p

67.6mV

p-p

TPSM8287B30 #3a 

1.5MHz, 50nH

Transient 6 × 0603

4 × 0402

265kHz 56° 13dB 4.67mV

p-p

39.4mV

p-p

TPSM8287B30 #3b

1.5MHz, 50nH

Transient 6 × 0603

4 × 0402

272kHz 52° 12dB 4.67mV

p-p

34.6mV

p-p

77

All designs use the minimum COUT to meet the requirements



TI Confidential – NDA Restrictions

Summary

• Demanding processor core transients are met with the minimum amount of COUT

– External compensation allows tuning of the control loop to the exact COUT and load 

transient

– High DC accuracy, with differential remote sense, allows the most room for the 

transient deviation

– Droop compensation supplies additional margin without requiring additional COUT

• Smallest size design yields <5 mVp-p output voltage ripple with < 100µF 

effective COUT

78
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Q&A
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