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Outline

Introduction, motivation

Current Measurement options
e Current probe around conductor
e Using Rdson
* Using RC network across inductor
e Using sense resistor
e Sense resistor and RC probe tip measurement comparison

Measuring Current Sharing
e Three-phase supply measurements
e Two-phase supply measurements
* Six-phase in situ current sharing monitoring

Conclusions
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e High-current buck regulators (typically above 40A) need \| \|
multiple phases
e DCand transient load current must be shared equally
* Improper current sharing can result in
 Thermal overstress
* Overcurrent shutdown
* Reduced efficiency
* Challenge: current-sharing control loop may be
inaccessible to user
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Current Measurement ¢ :
Using RC network across inductor 0.5 -
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(b) output wavetorms showing time-constant mismatch
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(a) simulation of current measurement with 12 Volt pulse
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Error is eliminated by
Virtual Probe

Current Measurement
Using RC network across inductor
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(b) Virtual Probe calculated current waveform
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Virtual Probe transfer functions
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e Series inductance of
sense resistor
introduces error

e Sense resistor reduces
efficiency

SEPTEMBER 11-13, 2017

<
=

&
b

0.00 005 010 015 020 025 030

tume (us)

(b) Virtual Probe calculated current waveform

11



EDI 52.%'550 pesionlnovatin Current Measurement
CON Using sense resistor

Virtual Probe transfer functions
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Sense resistor and RC tip comparison
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Current Sharing Measurements

Load transients can be

Sinusoidal, small or large signal

Pulse, small or large signal

Burst

Active load (monitor mode)
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14



2017

Electronic Design Innovation

e | NF€E-Phase Converter

g 0.40 = 5 Zam
7 e ™
2035 i B 0 el < \
L; ) e = % —""\-‘\\..,“
g 0.30 < ) -5 '
L
£ 025 \ 2 10 N
3 - )
—_ & ] — '
o = =
100 1k 10K 100k 100 ik 10k 100k
frequency (Hz) frequency (Hz)
(a) current shaning fraction (b) current sharing phase
2
“’—l: 09 -~
-
Z 0 = =08
— \ —
é -3 ™ é 0.7 Y
g ? 06
—4 — pd
BN Lk A
— 05 Saali
100 1k 10k 100k 100 1k 10k 100k
frequency (Hz) ) frequency (Hz)
(c) current sharing transfer funcion (d) total transient current

040 13.6

038 134
0.36 11 - 132

13.0 'y
128

032 4 rad E

030 £ 126
124

028
A==
0.26 T [ 122
120

100 1k 10k T 100 1k 10k 100k

(e) current sharing transfer funcion (f) total transient current

— ol

\ '
magnitude (fraction oftotal current)
E
[l
|
i
itude (A)
1
¥
'Y
t



E D I ggt?t;Zc Design Innovation
C () NI|conterence & Exhiion Two-phase Converter

0.8 ) T T T T T 100

0.7 a5

! I NI |
ik A A A
0.5 pmmms B T T e

Y P
) R M SR N s 4

' ! A {
] I RSP DTS SUUOON SOUOE O UL . 75

Boency i) 100k o T hpeq @ 100k

85

magnitude (A)

magnitude (fraction of total current)

0.70 ! ; ! ; ; 100 ; ; ; ! ;
ST 11 Y W T~

0.60 ’ ’ ' ' '

0.55

0.50

magnitude (A)

045

0.40

magmitude (Fraction of total current)

Mol l
G.S%k | Qik | 9%k I 9’:[1; I
frequency (Hz) frequency (Hz)
(c) current sharing fraction (d) total current

035

g
4
H -h
1 1

i
91k

SEPTEMBER 11-13, 2017 16




2017
Electronic Design Innovation
Conference & Exhibition B U rSt M Od e

TELEDYNE LECROY
[ e

NN IO TN S
\;ﬁ: %%_;: LW A \\J X‘-“\.":". \?.- LY

1N -f'h
\k' Al "R_\ »N \1

w TELEDYNE LECRDY
Evryatioreyoulnnk”

i me e a3 e T L

AR P ‘.I-. ' .r- Lk M, ."- P " Py
- I.\ 3 | |I“ \ Ii-1 . .. r“._t I W \H |.1 W il'l:‘"\{. . I:':'u' K
T [ W | 4, \:I ""..\. - NI -ll: 5 ‘.'_‘_ xl
FRCENGVENENV VAV NN
Y450 ps 430 = LR ETE £10 ps &30 AT
(b) poor current sharing
SEPTEMBER 11-13, 2017 17




2017
Electronic Design Innovation 1
Conferonce & Exhibition Monitor Mode

0.20

=

—t

o0
1

e
[a—
e

e phaze )
e phase ]
e phaze 2
e phase 3
0.12 L
’ phase 5

magnitude (fraction of total current)
o
on

10k 12k 14k 16k 18k 20k
frequency (Hz)

Large deviation from

equal current sharing
SEPTEMBER 11-13, 2017 18




E D I ge(c)t?t;zc Design Innovation

00 Njeerterence & Exibition_ Sjx-phase In-situ Monitoring

First phase to shut down
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e Error-prone home-made inductor-current measuring setup is replaced
with professional setup

e DSP correction of time-constant differences enables the use of generic
RC probe tips

e DSP can also correct for ESL of sense resistors

* Behavior of closed current-sharing loops can be assessed by applying
internal or external transient stimulus

* Frequency-domain response can be obtained by automatically

identifying the signatures of current fluctuations

SEPTEMBER 11-13, 2017 20
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