Power Supply Loop Stablility Measurement
OMICRON Lab Webinar Nov. 2014
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Let's start with a question

Why do the presenters wear moustaches?
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Agenda

* Introduction

*  What is stability?

« Choosing the right injection point

* Choosing the right value for the injection resistor
* Choosing the right injection level

* Practical stability measurement

* Interpretation of the results
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Stability

Negative feedback system

Av AV 0° phase shift in the loop

E? > G(s) % 180° phase shift in the loop
AV CeAVI L AVE SVAR

AV CVA SRV VY

Emor Feedback

H(s) a——

. Negative feedback - stable

. Positive feedback - oscillating (instability)
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How to Determine Stability?

By analyzing the loop gain T and ensure that there is
sufficient stability margin.

t? g IS G(s)...Plant

H(s)...Compensator

T(s) = G(s) - H(s) ... Loop Gain

H(s) r&— Loop Gain is the product of all gains around
the loop
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Stability Margins

1A, 4jIm[G
1 A ¥iIm[Gyl  (a) Ag(w)yet
—] 1 -
g e Re[ G|
g
“
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Why do we refer to 0° instead of -180°?

Open loop gain Ty(s)

—»>

G(s)

[ To(s)=G(s)-H(s)

H(s)

-«
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Measured loop gain T(s)

Q>

G(s)

I >

(s)==G(s)-H(s)

(oo

H(s)

.
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Transfer function measurement

Bode 100 measures the transfer function H, from CH1 to CH2

1 MQ 1 MQ

— Hi(D Ho(D Hy®) |—>

add AC signal CH1 probes CH2 probes
input output

Note: Use the external reference function of the Bode 100 to enable CH1 input!
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Loop Gain Measurement

Voltage Injection Method (measures voltage loop gain)

1 MQ 1 MQ

Vref(s) ve(s) V(S)
G(s) >
A <+
L)
Tro=> =0 |
1 WIT 100 J
H(s) |—L10
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Selecting the Injection Point

The following conditions needs to be fulfilled to ensure that the
measured loop gain equals the ,real” loop gain!

. Vie(s)  V.u(s) V(s)
. Condition 1 f >_9 » G(s) >

A [0 CH2
|Z in | >> |Z out | Zow(s)

IS B
1 3 ouT

Vi(s)

!

H_H

B-WIT 100

B j¢0— CH 1

. Condition 2

H(s)
Zin(s)

2Z011t

H_

IT| >
Zin
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Choosing the right size of the
Injection resistor R,

d Ri << feedbaCk lelder 0L 2 [ H \ | Ri =50 Ohms (Attn: -0,1 dB )
¥ /’7 . |

- smaller R, = smaller 10° e e oM
Injected voltage : oo

fiHz TR1/dB TR2/dB

Cursor 1| 17,398 -3,075 -10,253
Cursor 2| 5,899 -9,643 -12,680
C2-C1|-11,499 -6,568 -2,427 | 25

* smaller R, = lower : | |
10" 102 103 104 105 108 107
3dB start frequency of Mz |
.. . s s Memory 1 : Mag(Gain) =—ssm TR2: Mag(Gain)
the injection transformer
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In-system measurements are important

Vcc

— /n'p ut DUT Load
Filter

* The input filter can influence the stability (Middlebrook)
* The load influences the stability margin

Always measure the loop gain under all expected load conditions and
with the input filter connected.
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Injection Point Examples

LT8611 Voltage Control loop
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=R2 =R
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E1 R1
. Nl W U1
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Injection Point Examples
LT8611 Current Control loop

ISN

L R2 L R3

Zopr = opr

s O— i U1
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Injection Point Examples
LT3757 SEPIC Converter

VN
l l E1 ©4.5v 36V
R3 c1 +CIN1
. L1 S8 10UF
215K 85UH T sov @V
o ' - GND
100K E2
VCC O
u
= LT3 7EDD
JP1 ON (é ﬁ
RUN 2 9la
oFF, SHON/UVLO |
1 tve
- 21 FBX
4 VoUT
105K .
L cr alpr 53@31\/{{3’3A
100pF R7 -
422K < SYNC
?‘r‘F c13
0 fa)
T i e 8
0.AF i

CH2

GND
E7

L] TECHNOLOGY
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Injection Point Examples
LT3755-2 Boost LED Driver

PWMDRAIN

& LD
BUCK / BUCK-B00ST
E14
) @ our
RS2
» .

ELED
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100V
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R2 .
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Measurement Example 1

LT1976 Buck converter

LINEAR TECHNOLOGY
DC481A + LTI976IFE
1.5A, 200kHz Step-Down Converter with Burst Mode TM

| 2 \

I -

: + Ew 3 O
| i LT1976IFE =
|- S, DENO CRCUIT 481A

1.5A, 200kHz Step-Down Converter
OPTION Son with Burst Mode™
#SEE QUICK START GUIDE

UNEAR TECHNOLOGY CORPORATION
LTC CONFIDENTIAL — FOR CUSTOMER USE OMLY

Smart Measurement Solutions

Input voltage: 4V—-60V
Output voltage: 3.3V

Output current: 1 A
Switching frequency: 200 kHz
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Measurement Example 1

) 5 < )
4 N 4
o T 5
4V - 60V ¢ -
*SEE QUICK L o 1N4148WS ( Optional)
lonal)_| C3
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vouTt
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2
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<+ [
This circuit is proprietary to Linear Technology and supplied -
for use vith Linear Temnd y parts. oo PP (PR-03)
Notice:| best effort to 1630 McCarthy Bivd., Mipitas, CA
! deslgn admlﬂhulmmmu—mpﬂlnd spedllnlon: Linear Technology Corp, 960357487 ¥ B, Mipies, '
hmltmnalns the WM“’: responeibility c'ﬂ verfy proper Phone: (408)432-1900 Fax (408)434-0507
and reliable operation in the actual application, anpmml
wbﬁmtmmadmbd circuit board [an lrrw HFH‘HWY ife 1.I53, 200kHz St:ﬂp—Down Converter
affect circuit pe maeardl#llty S W:-':“;‘E“l" Mode
iz men
Demo Board 481
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Measurement Example 1

Injection
o . vouT
Ul 0iwF  Point
LT1976IFE 4 o — = 3
zz = ( L1 )
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15| shon Sw |2 Feedback L 3K ©
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Measurement Example 1

OUTPUT _

m Bode 100
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Measurement Example 2

Infineon TLD5098EL boost to battery configuration

Input voltage: 12 V
Output voltage: =30V
Constant output current to drive LEDs
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Measurement Example 2

—r-

il =

0t

-

B -

e

ks e
e P
e il g

ﬁ* e

Infineon Technologies

TITLE: Demoboard_TLDS5@SS5-38_B2B8
Document Nomber: |v::,;
Date: 10.88.2812 08:45:58 ‘f.“r'r!: 1/1
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Figure 23 TLD5095/98 closed loop schematic
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Measurement Example 2
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What can you do if you can't break the
feedback Ioop’?

*  loop stability can be derived

= S . }NetworkAnaIyzer from the OutpUt Impedance
Input egulator or Switcher ‘ R ) . . R—
Power, ’.n » out — QJ * non-invasive stability
Mo Sl Flter & Load measurement with the

sy i Picotest J2111 current injector
. See also our webinar

High PSRR Power J2111A - Solid State

Adgapter Current Injector to m O rrOW!

Analyzer Modulation (Oscillator)

&
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Further Power Supply Measurements

* Non-Invasive Stability

* Qutput impedance

*  PSRR (power supply rejection ratio)
* Input impedance (input filter stability)
* Crosstalk

* Reverse rejection

Which topic would be most interesting for you?
Send us an e-mail to info@omicron-lab.com
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mailto:info@omicron-lab.com

Feel free to ask questions via the chat function...

If time runs out, please send us an e-mail and we will follow up.
You can contact us at: info@omicron-lab.com

Thank you for your attention! L
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