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Converter stability check methods ()

Frequency Domain Open Loop Gain-Phase Analysis

Perbutation signal
amplitude needs
careful adjustment: too
high amplitude causes

Network Analyzer

DC/DC Buck converter

Vin VIN . .
DT aomi o non-linear behavior.
Cin == T L1
L N
EN D__ EN R-load
FB -
FREQ Rcomp Select for CCM
comp—l—Wl R2 operation
Rt GND Ccomp

+ Good overview of critical loop parameters
- Complicated measurement
- Prone to noise pick-up and non-linear effects )
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Converter stability check methods (ll)

Time Domain Fast Load Transient Analysis

Add electrolytic input capacitor Scope Select for ~30%

to avoid input ringing ~ dynamic load

I-load
CH1 CH2

VIN BOOT

— EN

FB

FREQ
COMP

Rt GND

w l o Select for CCM
— operation

+ Simple measurement
+ Can show various converter response effects
- Needs some skill to interprete the output waveform ;
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Richtek Load Transient Tool (I)

Power LED: Pulse output: 4.5Vpp pulse  Pulse load resistor selection via jumpers JP1-JP7:
Normal: 1 flash per sec {Use for ext sync) 0.50~220 / 1TW max continuous power
End of adj range: 3 flash per sec

'

Static load
Power on/off connection

jumper

Load connection

Battery pack at
to regulator output

bottom side 5‘ B .

: : RICHTEK | W]
Load_Transient_Tool _V0 A

Nov. 07 2016

conform
FREQ DOWN

54T r " o (g Static load
connection

Press UP or DOWN hutton: Duty-cycle adjust 0.1% ~ 50%
Press FREQ + UP or DOWN button: Frequency adjust 15Hz / 61Hz / 244Hz / 976Hz

The Richtek Load Transient Tool contains a micro controller that switches a MOSFET on and off with

a certain duty-cycle. By means of jumpers, 7 different pulse load resistors can be selected. The tool
includes an adjustable 10Y power resistor for sett
load steps (~500nsec rise/fall times), and the pulse load duty-cycle and frequency are adjustable by
means of push buttons. The tool is battery powered, so it can easily be applied to any voltage

regulator output in your system. 4

Copyright ® 2016 Richtek Technology Corporation. All rights reserved. RICHTEMK is a registered trademark of Richtek Technology Corporation.




Richtek Load Transient Tool measurement setup

The Load transient tool is intended to be used for testing voltage regulators RICHTEK
(buck, boost, LDO) with output voltage between 1V and 5V and maximum 5A
current rating, but basically it can be used for testing any voltage regulator
output. Just apply the pulse load leads to the converter output, adjust the
static load resistor for CCM (continuous current mode) or ~ 30% of rated load,
select the pulse load resistor for ~ 30% of rated load, measure the pulse
current and the regulator output voltage across the output capacitors. Adjust
the pulse load duty-cycle / frequency to see the full step load response.

JP1-JP7: Current
Set load step probe
(~30% of max load )

!

® .
et Poor stability

Load step - “e——

Voltage regulator eval v
board or final application V- N —

/

daed et -'RGood stability

Load Transient Jg
Tool "

Static load
(set at ~30% of max load)

Voltage probe on regulator
output capacitors

Load step - Se———
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Richtek Load Transient Tool schematic

ON/OFF

+BAT [ 00 AAN
3.5V ~55V 2R2 JP1 R4 0.5R

GND3 [o—— l~0.5mA 5
- JP2 R5 1R
GND4 PULSE O O0—WwW—re
L] L] JP3 R 2R2
O C1 + o —{ ) ( )_f\,-'\.l\_ 'Y LOADI
= C3 —{
*O '|O *O T 10uF T 47uF — R3 C% R7 3R3 ¢ LOAD?
D2 i
(3 O O—"\N—n
4 e 5 JP6 Rg 10R
4| PICAXE 0O O—W—
08M2 JP7 R10 22R
2 T 1nF 5 ) a
3 R14 | . GND1
22k — — 0
RO RIZZRI3 R . [C1: PICAXE 08M2 DIP8 GND2
LED1 i\ D1, D2: 20V/1A Schottky NXP PMEG2010EA [
Q1: 30V/4.5A NMOS NXP PMN30UN i

- - R4~R10: Resistor 1% SMD 1W, 2512 size

] = golden pin hole
—{> =1ly wire hole

The above schematic shows the micro controller that drives the MOSFET switch.

The MOSFET gate drive is designed to generate equal switching speeds with
~500nsec rise/fall times. Reducing or removing C2 can increase the switching
speed, but the actual load current transient speed is mostly determined by the
wiring inductance between the tool and the application. Especially when testing
low voltage supplies (< 2V), it may be necessary to use short, thick wires
between the tool and the application to minimize inductance.

Low inductance connection
6
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Richtek Load Transient Tool

What can you do with the fast load transient tool?

RT7247CHGSP s
V-in 1 u g 3 somv
12v1 2fun BOOT— ci | Ringing frequency o et
coril o1l c2 100n Vst 33v A bt $ o .
zzui mulmi 1§ék swl2 I 4L71 ' out o——; R’—7ﬂ- e "_'\\/\/\,v_,.__————— an Q u I C k I y C h eC k
- - - Tlew 5 . ?gk (1:8u ﬂ_‘_L Severe ringing p— p—
Be 00 7k o \HE ST T prninetes ST TRV wineind] Qew [rUTTHITRRememeheepeieeie] Sew
b M L e B converter loop
3.3n 24k | S—
c10 GND Reomp = Too smal I T Fastload step trise/fall= 500nsec s tow = nttow t b . | L] ty
1[NL:L j: 72” i 50 0wV Wioops A Chi 7 136A T Wisous A Chi 7 TI0A S a I I
- B h B R 1) et PR oy 3335
+ Vin fip— Vout Rload h k .
Gt = Check input
Input 1 wire :L l Blfc(;:K 1
Supply T induct Cini Cout - | t b . | . t
d_} |nuc%:1ce II T I$ SuppyS apblll y
V-in M .
12VD7TVin BOOTj c11 / ! ringing
o T -out remote P
R = J, | Ch
L L. eck layout
EN :;723BGQW ; | Vc’»'itage droop ‘
FB due to Ry, asiic | t d bl
. oo - related problems
ss —
c1oi psn\:REG ¢
=l I

€. and many more: Vout sag & soar, | oad regul
converter bandwidth,duty-cycl e | I mi t s, check LDO, Boostr,
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Current Mode Buck converter

1
Lo n J—
AAA |G I -
g A . EAING © Gea fP-LG‘qD 2w Cour RLOAD
l 11 Co f ‘ fz fo
Vv = D:/R Ges %\ R Vo 0dB . _/—\ 1
fe | P f . ! [ —
T > ¢ 1 1 N ™ : : ' fz.Es 2n CouT’ RESR
= f : D 1 1
Ocm‘;st‘;npseaﬁcn |GVC| I p_LDAP : : fo LOAID :
1 | | il |
2R1 1 \.'1 D : | | Fzesr _ 1
0dB \ ' ! 1 I | fz —
¢ A — A f 2w Ccomp Rcomp
Vi y L Lo
+ 2 L Lo
ﬂ- comMP |T | I : | : : l
Ceomp = Vrer gh? : | i i i fP —
¢ o = ¥ P 2m Cp'Rcomp
PI cowe 08 @ margin i i
= - f
fo TN\ fo = Rcomp.-Gmea Ges | VREF

2w Coyr Vour
Standard design values:

_ _ 2T Cour01Fsw Vour
1set FCONTROL fOf 1/10 Of FSW|TCH|NG RCGMP - )

Grea Ges Vrer

. K "R
2.F,to be just below Fp onp  Coome = =5
- coMP

3.Fp to be close to F, s Cp = Cour Resr

Reompe

(in noisy application with MLCC Cout, F, can be set between 0.5 ~ 1* Fgyircnine)
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Current Mode Buck converter

Components that influence Current Mode Buck converter loop stability

Vin DT VIN BOOT
i l Choot

Cin
T L1
—L— LX T SR » [ Vout
EN [ | g _ R1 ‘_ﬂ Lower Cout inc_:reases
control bandwidth

FB

L

FREQ

COMP
Rt ::) GND

Higher switching frequency
normally requires:

Bigger Rooyp iNCreases
control bandwidth

Too small C.,,,p Can result
in lower phase margin

ALower L1
AHigher Regyp Too big Cp can result in . .
ALower Ceoyp lower phase margin Too high control bandmdt_h can
ALower C cause too low phase margin
P 9
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Example of Fast Transient response vs. Phase Margin

33—
3Id—
33—

Phase Margin

a S@s

3.2

yal

32

/

3.369
3.34
3.34

Phase Margin

a 48 dgrs

32

/.

3.26

r

3.38
3.364
334
334

Phase Margin

a 4dgrs

32

Wl

3126

>

192

3.38

3.341

— Phase Margin i
— & 38 dgrs
IVal

[

]

slew rate 2A/usec

n'iz Fast step load 0.5A ~ 1.5A

Vin

Gain / dB

40

20

-20

40

-60

-80

-100

N BOOT —
Cboot
T L1
LX AN . > Vout
EN % R1 Cout
FB 4
R2
FREQ Reomp
COMP ﬂl
GND cp )

Phase / degrees

Y1

180 T —

5514379k 55.63Ta8k
—=—-494.0897

— B W

"— PM 58 ~ 37 dgrs

o

a

— Gain-Phase plot:

55

1507

10 20 40 100 200 400 1k 2k 4k 10k 20k 40k| 100k200k

freq / Hertz

REF

58.160603

b l 5B.382528

T 221.9255m

10
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What else can you learn from Fast Transient response”?

99.99791u 105.3863u
— «<—5.388385u

Y2 Y1 !

| :
X 5 tR
3.36 F
14 i
334 i
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3.32 |
> |
1 = O N O NN OGO N Ol _,I,I _______________________________
p= l
3.28 | |
0e i AT A nan
3.26 | \ q WMNVV"
06 B
s2el o 1\5,14/‘"' _________________________________________________________________
| |
04 80 50 1 AL 120 130 140

time/uSecs

Response time tg is arough indication
of the control bandwidth:

For most current mode buck converters:
Bandwi dth BW a 0.3 [/ t

In this example:
tr=53usec: ABW & 0.3/5.3usec = 57kHz

Note: Load step rise time must be << than 1/F.
A Choose load step rise time around 500nsec

11
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Actual measurement example

Tek Run

Trig'd

=

Tek stop

LAy SE.0mV
| & g0 W

Lt = 3.6usec: A
BW & 0.
= 83kHz

3/

I Chl Max Ch Max
| 1 BoLdmy 5, Oy
verbaresbareabaced]  Chl Min e d L chiMin
| —B3.0mv ; Tl omV
| Cha High [ 1 Chd High g p ) A
Yo re6A : b I - T P M é 4 5 d
ChH4 Loy Chd Loy
L ag0mA 4 agoma
EE 50.0mv b M 100ps A Chd £ 140 A EE 50.0mvuk Mi0.0ps A Chd 5 1,40 &
Chd  1.00 A I Jun 2016 Chd  1.00 A I Jun 2016
il 75.00 % 17:04:23 il 75.00 % 17:04:07
Freguemcor TERE1 TRZ2
1219 kKH= o000 d8 45 803 7
L r =2 4028 666 kH= -Z2z0z22 4B
delta 21 2327 447 kH= -z2z.022e 4B -45 803 °

50

TRA1: Mag(Sain)

TH=Z

TR2: Phase(Gain}

- Actual Gain-Phase

g measurement:

s Measured BW = 72kHz
~ Measured PM =45.8 dgs

g
24l

12
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Output capacitor value is critical for loop stability!

fo = Rcomp-Gmea - Ges | VREF

Smaller output capacitor
increases BW! Source:
http://ds.murata.com
Be aware of MLCC capacitor DC bias and AC ripple characteristics: /software/simsurfing/eus/

| DC bias characteristics

- 0O X AC Voltage Characteristics =0 X
23 ] 30
N Small MLCC has . ‘
e § considerable 2 ( —
8 - = 0 .' .
5 \ M/ ﬁqpﬁcngrécs_drop at & Rated capacitance is
0 [1:]
g \ igher 1as 5 measured at 0.5Vac, but
'E 11 & -30 / i ,
\ can drop considerably at
: lower AC voltage
B \ |
0 1 ] 3 4 5 3 7 =60 05 ] 15 2
DC Bias[¥] AC Voltage [Vims)
([5] M| GRM21BRE0J226MERS C-DC bias, Dapacitance,?ﬁdm | ] [X] IR| GRM21BREO226MER G-AD Veltags, Cap Chante |

(if DC bias or AC voltage effect is not specified for your capactor type, ask for it)
A Always use actual capacitance when designing the control loop! e
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Practical example on output capacitor influence (l)

RT7247CHGSP ]
Vin , sooflt o, 800kHz converter designed
= o1l cal " Tlmon Vo for 2x22uF output capacitance
10u 3 _ -ou : . .
i 1 =100 swf=— ﬂ; D saveza  in 3.3V output application.
= - 7 EN c ?;k [=:(2:§U=: ch J - . .
CO;F'? ' 22 Circuit was designed for
8 Geomp o = BW = 69kHz and PM = 59dgs

l_f SS 33n 24k
C10 END Rcomp =
27k

Designer selects 2x 22uF / 6.3V 0805 MLCC: GRM21BR60J226ME39L

| DC bias characteristics — O ¥ AC Voltage Characteristics — 0O x

23 I 30

N | o
= \\ Only 11uF at 3.3Vdc D : —
'(‘E 14 \\ I ,/ E |
E 1 \:< E}_m s—
; RN | .
| ~—_ 1 30% drop at 50mVac
1 ! 4 —fl i DE ] 15 2‘

DCIEI =[] A Woltage[Wrms]
E GRI21EREDI226M m | E29 O-AC Woltsge, Cap Change |

Actual capacitance is 11uF * 0.7 = 8uF: total output capacitance 16uF instead of 44uF
Converter Bandwidth will become 44/16 = 2.75 times higher than design value.

14
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Practical example on output capacitor influence (ll)

Step load shows
severe ringing with
ringing frequency
of 139kHz

(Ringing frequency
indicates Fc value)

Gan 0| s (25 ' Circuit simulation using online
Richtek Designer tool and
using 16uF output capacitance
confirms the step load result:

BW = 156kHz and PM = 26dgs
A You can reduce Reoyp tO
reduce the BW to original
= . & design value for better PM. 15
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