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Purpose of this work

* Development of an estimation method
for component values in DC-DC converter
from its measured efficiency curve

 Validation of its transfer function estimation
for phase compensation design
with estimated component values
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Outline

2. Background
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Background
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Negative Feedback Circuit

Switching converter use negative feedback control

When loop gain Af = —1, circuit oscillates.

¥

Need suitable phase compensation.
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Feedback gain
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Phase Compensation Design

Phase Compensation
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Power-Stage Transfer Function and Component Values
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Importance of Component Values

( depends on
circuit component values

1 trgs+re |C

2 L
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Necessary for

phase compensation
design
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Problems

— Implemented power supply —
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L [ ESRn Vout

IC

</

Difficult to measure
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Proposed method

— Implemented power supply - Component values
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Outline

3. Estimation principle
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Estimation Principle

Measured efficiency Theoretical formula of losses
( 1
# 1 Py 10ss = gVilo (ATon + ATopr) " fsw
||
S T =
g: P, =R,"I5 Pc = R¢1I¢
:g n _ Vout * 1o
L o !\ 7 Vout * lo + Poss /
Output current[A] Fitting

Fitted efficiency curve , au Component values T\
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Efficiency n[%]

Output current[A]
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Loss Classification of Switching Regulator

@@ Oloss position

1. Proportional to the load current
Switching loss

2. Proportional to square of the load current
Conduction loss

3. Constant loss

P, [W]

:Peonst|[W]
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Switching Loss (P;)

First loss

Vi

lo

A Ton A Toff

ATOff

ATon
Psw loss — fsw [—[0 vtr (t) ) itr (t)dt + J vtr(t) ) itr(t)dt]
0

1
=z Vil (ATon + ATopr) " fow

V; : Drain-source voltage [V]
I, :Load current [A]
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Conduction Loss of L, C (P,)

Second loss
ESR (Equivalent Series Resistance)
)
—H: § Rdsi
R . I?R drop by lead, metal coating
v — L _NW\@ +
Iow Jorr — Caused by
T AL g e Y s re resistances of cable, metal
N\
 Inductor loss / Capacitor loss \
P, =R,*I§ P- = R."I? Xl o« I,
R; :Inductor ESR R, :Capacitor ESR
I, :Load current

I. :Ripple current
. C J
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MOSFET Conduction Loss (P,)

Second loss
MOSFET Conduction loss ‘
. —I I: § Rdsi
ton ton iloffi ton ! Cofr
A IR S L L  ESRR:. Z
I 7 _—t Al Vi —/— —— Y Y YL AAN
IO 4 ____________ il ______ y . > I
b ‘ fov orF S ESRRC
i T —||: § Rds2 § Ricad
) A M — -
I, 1 Al \\ L
Iy [ \\ ____________________ ‘
Pcondl
2 = ]2 Yo
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Vin (0] 12 ds1 l
I, :Load current
Pconaz AI': Ripple current
Vv AJ2 Rp¢q :High-side MOS resistance
(1 — V—O> <102 + E) "R, Rps, :Low-side MOS resistance
in



Loss Equations

First loss: P,

1
Py 10ss = g Vil, (ATON + ATOFF) " fow

&

r Second losses: P,

PL =RL'I§

PC =Rc'lg

Xl < 1,

5 | Vo
Pcond = Io V_ (Rdsl(on) - Rdsz(on)) + Rdsz(on)

in

J
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/— Constant 10SS: Pt

Control stage

Error amp
Comparator
Gate driver

Quiescent current

Given as constant
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J
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~ Second order losses: P,

-

Loss Equations - Highlight

Most iImportant!

P, =R,*I5 Pc =Rc*I¢ %I, «1,

5| Vo
Pcond = Io V- (Rdsl(on) - Rdsz(on)) + Rdsz(on)
in

/

Component values
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Losses and Efficiency

0,
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Fitting between calculation and measurement
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Effect of Each Loss to Efficiency

For load current S I P e i -
|ncrease First loss

Constant loss

Second loss

 First loss
—constant

Efficiency

Efficiency 1 [%]

e Second loss
—decrease

* Constant loss Load current Io[A]
—|og increase
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Outline

4. Estimation result
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Experiment Conditions

« Synchronous step-down DC/DC converter
(TPS54317 Texas Instruments)
« Only measured efficiency curve used

Estimation parameters
~ P ™
O Inductor ESR O Capacitor ESR
O High side MOS DC resistance O Low side MOS DC resistance
O MOSFET Turn on time O MOSFET Turn off time
N O Constant loss )
Setting parameter
Input Voltage V; 3.0V/4.0V/5.0V/6.0V
Output Voltage V, 1.8V
Switching frequency f,,, 550kHz
Inductor L 1uH

Capacitor C 200uF(100uF*2+1.0nF)
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Fitting Result

Second loss
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Line :calculated value
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1 1.5
Load Current [A]

25/33




Fitting Result — Error

Constant slope
—Second loss matched

Second loss

0.5 1 1.5
Load Current [A]

-3V -4V -+5V -e-6V
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Component Value Estimation Result

Efficiency [%0]

é

Load Current [A]

Estimation result

Turn-on time of
MOSFET T,,

2nsec

Turn-off time of
MOSFET Ty

4nsec

Inductor ESR 10mQ
Capacitor ESR 1mQ
30mQ at 3V
High side ON resistor of 20mQ at 4V
MOSFET R, 15mQ at 5V
10mQ at 6V
45mQ at 3V
Low side ON resistor of 30mQ at 4V
MOSFET R» 24mQ at 5V
20mQ at 6V
4.8mA at 3V
Quiescent current of IC 5.1mA at 4V
Iic. 5.2mA at 5V

5.3mA at 6V




Transfer Function Calculation

Transfer function of power stage Is necessary for
phase compensation

D

Possible to use estimated values

Parameters of G4, at 3.0V

Switching Frequency f,, | 550kHz Input Voltage V; 3.0V
Inductor L 0.8uH Capacitor C 160uF
Inductor ESR 1, 10mQ Capacitor ESR 1 1mQ
High sm_le MOSFET 30mQ Low S|d_e MOSFET 45m0O
DC resistance 7441 DC resistance 7y,
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Transfer Function Comparison
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Transfer Function Comparison

40 Almost match 90
20 Gail e 4 h 45
0 0

5:20 45 O
C | S—
'B-40 90 &
) — Estimated Gain f_—s

-60 .. Measured Gain 135 &

——Estimated Phase - e T B

-80 Measured Phase -180

-100 225
100 1K 10K 100K
Frequency [Hz]

Estimation result can be used
for phase compensation
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Outline

5. Summary
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Summary

* Proposed a method to derive
DC-DC converter component values
from measured efficiency curve.

« Calculated the transfer function
of power stage using estimation result.

« Measured and estimated results are
well matched.
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Future Research

More experiment for validation

Design of phase compensation
using estimation result.

More accurate fitting
iIncorporate losses not considered.
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Power stage transfer function

Power stage transfer function at open loop

AV, Vi w3 ( S )
dv |i‘lfol=8 AD 5?4+ 2(wy,s + (1)121 Wesr
~ V(14 jwCr,)

11— w2LC + jwC (1, + 1. + 1y5)

_rL+TC+rds C 1 1

: =—, W ==
5 L Wn TC esr Cr.

Parameter of G4, at 3.0V

Switching Frequency f,, | 550kHz Input Voltage V; 3.0V
Inductor L 0.8uH Capacitor C 160uF
Inductor ESR 1, 10mQ Capacitor ESR 1 1mQ
High sm_le MOSFET 30mQ Low S|d_e MOSFET 45m0O
DC resistance 7441 DC resistance 7y,




