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Introduction

Synchronous Switching DC-DC buck converter

Why switching ? Most of the switching regulators have lossless
components which does not dissipate power so efficiency is better
than linear counterpart.

Why Synchronous ? |t almost eliminates the flyback-diode power
loss (found in non-synchronous) by putting a low resistance path
(NMOS) in parallel with the diode. The driver circuit now
becomes complex (Dead time control).

What is buck ? It is topology in which output voltage is always
lesser than the input voltage.

Subha Sarkar Rupam K Chakraborty Synchronous Switching Buck Regulator 3/41



Topology

Voltage mode feed-forward topology [7]

Advantages

@ Simplicity (Compensator design maybe complex)

@ Devoid of dual feedback network (found in CMC)

© No requirement of slope compensation

@ Supports high Dynamic range of output load current.
Disadvantages

@ Slow line regulation (Solved using Feed-forward topology [6])

v
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Component Selection

Inductor Selection

For reduced RMS Loss, the inductor ripple is chosen to be 10% of
Average(load) current (1A). So inductor ripple is chosen to be
100mA.

_ Vin.D.(1-D)

L=t F— = L=05625uH (1)

Capacitor Selection

To get minimum ripple we used following relation,

_ Vin.D.(1- D)
€= 8.L.AV.F2, 2)
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Architecture
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Power MOSFET sizing |

Given,

n=90% (3)

Raer = 32mQ (L = 0.47uH) (4)

Ruanse — 10mQ2 (5)

Pout(for worst case) = 0.8W (Voue = 0.8V) (6)
(7)
(8)

libad(max.) = 1A
p1-Cox /2 = 175.4uA/ V2 —35.6uA/V?

Switching loss = 0.3x Conduction Loss at 1A [9]
Rpmos = Rnmos = Ras
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Power MOSFET sizing Il

Therefore Conduction loss, P.onduction

1 P,
'Dconduction = II%ad'(RdCf + Rds T Rsense) - <77 B 1> ' 1ogt (9)

— Ry = 68.37mQ — 32mQ — 10mQ = 26.37mQ  (10)

w 1
— 11

w
_— (L) =83799 — W, =15.08mm (12)

W
— <L> = 412876 — W, =74.33mm (13)
p
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Comparator

Differential to Single Stage vdd
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Figure: Comparator block diagram [5]
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Oscillator & Ramp Generator
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Figure: Oscillator & Ramp Generator[3]
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Soft Start

CONTROL

Vdd

ANALOG MUX

O

1.6M

ERROR AMP.

COMPARATOR

RESET

+

kZERO DUTY CYCLE THRESHOLD

200k
SOFT—START‘{ [ -1

Figure: Soft Start
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Current Limiter

Vdd —  vdd vdd vdd

Rsense

NMOS Input Stage
PMOS Input Stage SOFT-START

2-Stage Amplifier " Current Limit Set

Figure: High Side Current Sensor[11][4] and Short circuit limiter with
Auto-Wake up (Hicup) Mode
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Bandgap Reference

vdd

51.28k
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C

‘.
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Figure: Current mode Sub-1V bandgap reference[1]
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Amplifier

M8

M4

Vout

| In error amplifier Cc is not used
; ‘M1 ‘ﬁ M2 ‘; M3

Figure: Schematic of Amplifiers used.
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Dead time generator & Gate drivers

PWM )O dj> DRV_P

Tapered Buffers

Figure: Gate drivers[2] and Dead time generator; Scaling factor of
tapered buffers = 6 and No. of stages = 4
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O Softstart circuit [8] [10] - It limits Inrush Current along with
Duty cycle continuity which reduces the peaking.

@ Peak Current Limit - It restarts the soft-start cycle to slowly
increase the output voltage & checks if the short still exists or
not. High side sensing [11] is implemented for this purpose.

© Startup circuit of Bandgap reference [1] - A RC Circuit
based Startup Circuit which consumes no current at steady
state.

@ Oscillator & Feedforward - It improves the line regulation
speed [7] in voltage mode control.
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General Results

Parameters Values
Input voltage Range | 1.7 - 1.8V
Output Range 0.5-16V

Load Current Range | 1mA-1A
Switching Frequency | 7.98MHz
Inductor 0.47u
Capacitor 11u

Table: General Results for all upcoming slides

Subha Sarkar Rupam K Chakraborty Synchronous Switching Buck Regulator 17 / 41



516m

508m

500m

4

Cursor 1
wieh

How:[ 47137405 Vet:| 505.05004m  ----

Cursor2
et

o[ 81419847 Vet 4sB.ads78m
DFf Cursor2 - Cursorl)

Ho:[ 76706107 Vett:[-16.614163m

492m
480m
s
o 2 0 0 0 100 120
Figure: Bandgap reference temperature curve
Subha Sarkar Rupam K Chakraborty Synchronous Switching Buck Regulator 18 / 41



Compensator

240

i

50597 1Kz, 4008144448 200

40dB. Bttt 4 4.107088

160

: K 86358729 57084517 120
¥ m ain Maigin
{13,111996d

20dB- : A

40dB o

100dB- + e 120

1 160"

200

160dB. 240

180dB- e - - », e - - - - - +--280
100Hz 1KHz 10KHz 100kHz MHz 10MHz 100MHz 1GHz

Figure: Compensator Frequency response
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Simulation Results |
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Figure: Line transient for rising VDD, V,,; = 1.5V



Simulation Results Il
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Figure: Line transient for falling VDD, V,,; = 1.5V
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Simulation Results Il
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Figure: Load Transient Overshoot response for V,,; = 1.5V
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Simulation Results IV

1(11)

Viout)

il

y

Figure: Load Transient Undershoot response for V,,; = 1.5V
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Simulation Results V
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Figure: Output ripple for V,,; = 1.5V



Performance Table - V,,; = 1.5V

Parameters Results/Values (1mA) ‘ Results/Values (1A)
Settling time (PWM Cycles) 22

DC output voltage inaccuracy 0.0533% 0.0333%
Overshoot (Load Transient) 0.988%

Undershoot (Load Transient) 4.193%

Overshoot (Line Transient) 0.978% 1.298%
Undershoot (Line Transient) 1.064% 1.113%
Efficiency (%) 13.6% 93.79%
Output ripple voltage (PWM) 1.42mVpp 1.53mVpp
FOM2 1.021 x10°°

Table: Performance parameters for V,,; = 1.5V
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Simulation Results |
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Figure: Line transient for rising VDD, V,,; = 0.8V



Simulation Results Il
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Figure: Line transient for falling VDD, V,,; = 0.8V

Subha Sarkar Rupam K Chakraborty Synchronous Switching Buck Regulator 27 / 41



Simulation Results Il
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Figure: Load Transient Overshoot response for V,,; = 0.8V
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Simulation Results IV
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Figure: Load Transient Undershoot response for V,,; = 0.8V
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Simulation Results V
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Figure: Output ripple for V,,; = 0.8V



Performance Table - V,,; = 0.8V

Parameters Results/Values (1mA) ‘ Results/Values (1A)
Settling time (PWM Cycles) 14

DC output voltage accuracy 0.016% ‘ 0.04%
Overshoot (Load Transient) 2.880%

Undershoot (Load Transient) 3.036%

Overshoot (Line Transient) 0.388% 0.151%
Undershoot (Line Transient) 0.145% 0.257%
Efficiency (%) 9.8% 82.61%
Output ripple voltage (PWM) 1.39mVpp 1.53mVpp
FOM2 2.86 x 105

Table: Performance parameters for V,,; = 0.8V
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Simulation Results |
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Figure: Line transient for rising VDD, V,,; = 1.2V



Simulation Results Il
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Figure: Line transient for falling VDD, V,,; = 1.2V
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Simulation Results Il
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Figure: Load Transient Overshoot response for V,,; = 1.2V
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Simulation Results IV
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Figure: Load Transient Undershoot response for V,,; = 1.2V
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Simulation Results V
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Figure: Output ripple for V,,; = 1.2V



Performance Table - V,,; = 1.2V

Parameters Results/Values (1mA) ‘ Results/Values (1A)
Settling time (PWM Cycles) 15

DC output voltage inaccuracy 0.025% ‘ 0.05%
Overshoot (Load Transient) 1.586%

Undershoot (Load Transient) 2.986%

Overshoot (Line Transient) 0.589% 0.899%
Undershoot (Line Transient) 0.490% 0.547%
Efficiency (%) 11.76% 92.55%
Output ripple voltage (PWM) 916uVpp 1.53mVpp
FOM2 2.187 x 105

Table: Performance parameters for V,,; = 1.2V
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Short Circuit Protection - Simulation

Figure: Transient response with Auto-Start up (Hicup mode)
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