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Background

~ 5 years ago, automotive applications were low power (<20W) and could be covered with
a 3 or 4A buck.

o >6A were infrequently require.
o Transient requirements were not stringent.

As computing requirements increased, POLS/LV bucks using COT were very common

COT considered for off-battery/HV bucks, but customers were hesitant due to EMI
o Peak Current Mode control was ubiquitous, but lacks load transient performance

Additionally, MPS also had difficulty covering 18V -> 3.3V @ 2.2MHz with spread
spectrum

o Large minimum on time gated the ability for a large conversion ratio at >2MHz fsw

GOAL.: Create a control topology that combined the dynamic benefits of COT with fixed
frequency operation while allowing for a narrow on time.
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Voltage Mode Control — Operation
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Voltage Mode Control — Load Transient Operation
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Voltage Mode Control — Pros and Cons
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+ Simplest Control Method

+ Good noise immunity no current
noise

- Due to undamped LC output filter,
requires high ESR capacitors or
type Il compensation

- Load transient performance is okay

- Line transient is poor, unless line
feedforward is used on the ramp
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Peak Current Mode Control - Operation
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Peak Current Mode Control — Load Transient Operation
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Peak Current Mode Control — Pros and Cons
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Constant On-time Control - Operation

(w/ Offset Cancellation & Synthetic Ramp)
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Constant On-time Control — Load Transient Operation

(w/ Offset Cancellation & Synthetic Ramp)
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Constant On-time Control — Pros and Cons

(w/ Offset Cancellation & Synthetic Ramp)
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Zero Delay PWM (ZDP) — Operation
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Like COT, output voltage is fed
directly into PWM Comparator for
a fast loop and compared to
VREF to create COMP signal for
improved DC regulation

Like Peak Current Mode, a
sensed current signal, with slope
compensation, is used. And PWM
latch is reset with a fixed
frequency clock

The slope compensation is
proportional to VIN and includes
offset cancelation to improve the
line transient response.

Valley current mode does not
require “blanking time”, allowing
for a small minimum on time
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Zero Delay PWM (ZDP) — Load Transient Operation
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ZDP vs COT Comparison
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Zero Delay PWM - Load Transient Hardware

Peak Current Mode Zero Delay PWM

Tektronix Tekitronix
Add New... Add New...

| Vout(AQ) | Vout (AC) A

O o0 mvran / . - \ . 100 mV/div \'h : \

| | e 523mVpk-pk i 170mVpk-pk
K | f | (+/- 2.5%)

(+/- 8%)

« 3x faster transient compared to peak current mode with the same components and setup
o 12V input, 3.3V output, OA to 3.5A load step
o 1uH Lout, 2x22uF Cout
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Zero Delay PWM - Pros and Cons
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Thank You
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