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Challenges in powering High Transient Loads

FPGA, DSP and SoC applications can exhibit fast changing loads:

Dynamic load condition:

Buck 0'28A~1:AV Core | Sudden processing —l_L

12V ———

Buck 22| DDR Memory read/write ‘ | ‘ | ‘ |

1A ~ 3A
USB Hot-plug events J\—

- Output Voltage Sag under transient load should not affect normal operation
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CONFIDENTIAL

Current mode vs. ACOT buck converter reaction speed

V-in

Current mode buck converter

~ - -~
CIOCk 'ﬁ S _I ICONVER’[ER ILOAD I
Logic Vv
o LOAD
" )
| Cusentramp n load .
NG 174
Comparator j: +=\/-ref 1
g Eror ampitter | = Current mode buck takes several
compensation .
switch cycles to react on load
J_— Error amplifier uses transient
average value of V '
o Needs larger Cq; for small AV
ACOT buck converter
Frequency Locked Loop |1 V,y
1
’L I
1
One-Shot '-I_I lconverTer :‘_"“ T~
& > Logic I---|----- Vour
blanking _H_I ILOAD &ILOAD

CD ut

-
tlowesr | JL | load *

Comparator FB 5‘ Ves
— I MLCC
+ VO uT
+= V-ref

ACOT uses instantaneous  * - ACOT reaction speed is almost instantly.
value of Vg Cout Can be smaller for same AV
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Design considerations for ACOT Buck converters

Add low ESR C for Select L-value

input rail filtering and Eno
check C,y RMS current 1c::0rrr2eont r?o A;e
rating u Pp

RT7275GQW

8

V-inD\ 9.10 Vin BOOTﬂCboot

100y
EN for power sw [ % . [ v-out
sequence or ﬁ_’

connect to Vi for - =N Select Cg 7 for % sag
IN .
auto-start ol T Hpvee Pl under load transient
T R29 2 or % output ripple
—IT— 100k, 4 e
. Pgood SS T\T
PGnd
Pad

R1 & R2 set output

Pgood for power — = voltage
sequence or SoC c ,
sets
enable sg?t-start Add some Cff for extra damping
time (high Vgt and high Cqyrapplications)
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RT7275GQW EVM KIT:

L1 =1.4uH: Ripple = 1A (33% ripple)
C,\ for <30mVpp input ripple

RT7275GQW
VIN 9, 10
vin  BooT|
CE’-L 1.05V / 3A
10u| 01u sw B
) ) 1
EN FB
PVcce
EN pull-up to VIN: ad PN
Automatic start-up PGOOD Cout Selected for
PGnd 6.5mVpp output ripple
1 [P
Ces=3.9nF: _
Tss = 2.6msec R1 & R2 set for 1.05V

output voltage
(Cff is not needed for

this 1.05V application)
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CONFIDENTIAL

ACOT FAQ: Calculate and measure output ripple

How does output ripple happen? Calculation method:
L1 _
V-out VRIPPLE = VRIPPLE(ESR) + VRIPPLE(C)
11 ’ [
/\/\ VRIPPLE(ESR) = AlL xRESR
l-ripple = Cout I TN VRIPPLE(C) = Al
8xCout xfsw
+
ESR I In the RT7275GQW 1.05V evaluation board:
1 VRIPPLE(ESR) = TAx2.5mQ = 2.5mV
_ VRIPPLE(C) = 1A =4mV
8x44uF x0.7MHz
_ E|V|\/| rrnegasurement I‘1ESU|'[ .VRIPPLE =25mV+4mV = 6.5mV
g
: - Vourpp L. —3 20my VrippLe Measured: 6.8mVpp
Measurement setup:
. T . N . S 1 Ch1 Pk—Pk e
~J T~ T
ey
1 LT s S R R T VT T RN A e WYX Use short probe leads to minimize 7
e L0ASY A inductor stray field noise pick-up

W[16.00%
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ACOT FAQ: How to make power sequence

Vi Use power good signal of converter 1 to enable converter 2
D
RT7275GQW RT7275GQW
910 | BOOT(S 9.10 | BooT|®
Vin Choot Vin Chboot
Cin L 100n L1 Cin L 100n L1
10uT sw B I 10uT sw &7 I VouT2
1
— 1 = 1
ENT[C—AEN EN
FB Cout FB Cout
4 PVce 4 PVce
ss Cc1 < R29 SS C1 %R29
i T 1u S10k~100k L I T 1u >10k~100k -
Css — - Css - — Pgood2
T 5 — Pgood1 T 5 —
Pgood = Pgood . >
— PGnd — PGnd
| |
_F'ad _F'ad
- Converter 1 - Converter 2
Tek Prevu | [ it ] Trig? Tek Run | [ i _} Trig?
: — :
......... ENl ............. ............. + VENl ................... ‘—
[Zfrmreramivoeraper D e formperere et : @-————-—-—-\
1 e — /VOUTl RS RS ALaen m VOU-Tl-- ey
A o e e Py v g
b Vpcoopt- - - £ Peoopl
5 AR Start-up with Shut-down will
....................................... defined nower Simultaneously
.................................... \/C)UT2 AU Sequence | VOL T Stop a” Converters
Ch1] .00V 8%Ch2 2.00V 5M2.00ms A Ch2 7 920mV ChI[ 100V wCh2l 2.00v  ~M2.00ms .AI Ch2 . 920mv 8
Ch3 5.00V [OiE 2.00V & 28 Aug 2014 Ch3[ 5.00V [&iE 2.00V & 28 Aug 2014
1[20.60 % 17:20:23 30.20 % 17:20:55
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ACOT FAQ: Calculate and measure output sag during load transient

Measurement method:

Apply a fast step load 1~2A/usec at converter
output, using dynamic load or MOSFET switch
(or use a power resistor briefly touching the load)

oscilloscope
I -
] e Output voltage sag
pr— i Se—— current step ~ 1~£A/usec .
velzae curent happens during load
dymamic load transient rsing edge
: L1 i R
—i *—
i | BUCK ; at
: : IPDOBNO3 (25 / Smohm)
converter Cout == [Ra vy -,
Ic I i L R ; ulse generator
; static load i TC ; ﬁpcprclut(gsﬁﬁ ortF\C)
* — :
Output capacitor optional RCfuradJustmg switch speed Measurement reSUIt
TekStep | b :
Calculation method: .
Vsag= Lx (Mo )*
2xCout x(VinxDmax —VouT ) LV D T 0
tON — VOUT and DMAX - tON [ fe 3'}2_'},‘;5 .
VAN x fsw ton +toFFIn) ST S ¥ (measured Vg, is lower
: : . : Ch4 High
*e4 than calculated due to
In RT7275GQW 1.05V demo board and 2A fast load step: f * o
5 .2 v rise time of load step)
, 1.4uH - 24 SOy | | |
SAG — = s Ch1[ 20.0mVA&Ch2[ 10.0V_%M[4.00us| A Chd & 1.884 9
2-22pF - (12-0.35 - 1.05) s 22 g 201
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ACOT FAQ: Calculate and measure output soar during load transient

Measurement method:

Apply a fast step load 1~2A/usec at converter
output, using dynamic load or MOSFET switch
(or use a power resistor briefly touching the load)

The inductor current drops slower than load current,
thereby charging the output capacitor

u

oscilloscope

gpemSEEs Output voltage soar
o ;o====—t | current step ~ 1~2A/usec happens durlng Ioad

current

transient falling edge

dynamic load

3 | * @ R2
i | BucK § Qi
! IPDOGMN03 (25V / Smohm)
e " T Converter in 0% duty-cycle to
B | P07 Grmmm maximize output discharge
o a— Measurement result:
Output capacitor optional RC for adjusting switch speed
3 3 TekStop L i ]
e ser e UL
Calculation method: RN Veorr Measured Vggag IS lower
Lx (Al )2 T S e A than calculated due to
VSOAR = OUT S B fall time of load step
2xCout x Vout 0 03 O 1 1 1 1
T R 356, ons
In 1.05V demo board and 2A fast load step:  fessemsemmionn - : _ (s_oar pulse may have
5 e different amplitude
v 1.4pH - 24 121mV .. 1 depending on timing of
_ _ m L Nk r———a—— - _
S0AR = 5 . 22uF -1.05V - 1™ loadstep relative to the
ChRilT00mY ~vaCh 10.0V  SM4.000s A Ch1 L 76.0my| |aSt SW|tCh|ng On-t|me) 10
Wi 1.00AG | 22 Aug 2014
[48.20 % | 16:46:04
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ACOT FAQ: How to check converter stability

ACOT uses a non-linear constant ON time control system, and traditional open loop gain-
phase stability analysis methods are not suitable to be used with ACOT converters.
Closed loop analysis is valid for ACOT and can be used for mathematical calculations.

For practical stability measurements, it is recommended to use fast step loads to
measure the converter damping. Sufficiently damped response will not show any ringing,
and corresponds to a stable control loop.

2.52

v

\f\"‘ f\/" e Step load measurement

. showing under-damped
SRS S response (Cff needs to be

Damping factor=1.1
Phase margin =75 dgs

Tek Run | S— — Trig’d

i
2,10 A H H
v e added or increased in value)
2.50 Damping factor=075 —— a . ] cnatow
Phase margin = 46 dgs :
25 Damping factor=0.63 m'omvwchq—].num MED.Ous] ALchd 71724 15Jul 2012
Phase margin = 36 dgs uZa.a0% ] 12:24:07
Tek Run | Trig’d
2.495
v L1 ‘/ f\___
100 120 140 180 180 200 Faomy

Step load measurement
time/uSecs 20uSecs/div ch1 Min

. = showing well-damped
Relation between step load response d o ragn

T ) : S ] E response
ringing, damping and phase margin

Ch4 Low
21 1.04 A

S 50.0mvaE M40.0us| A Ch4 £ 1.8 A 1
Chd[ T.00 A0 12)ul 2013
[24.80 % 18:18:17
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ACOT FAQ: How to tune Cff

’tfl-{‘d\ The feed-forward capacitor plays a role in the
* - . . .
Lo V-out damping of the ACOT control loop, especially at high
R1 duty-cycle applications like 12V - 5V. For low duty-
cycle applications like 12V - 1V it is normally not
= Cout needed. The value of Cff for a specific ACOT
R2 converter depends on duty-cycle, Cyr value,
inductor value and R1 value.
J— _L_
Practical method to find Cff value:
Tek Stop | it Tekfun | gl
R 18 Hom v o |
SRR o Calculate Cftbytheformuia | T
- lame o 1 VoL | e
| T 2m-Rl-frng 0.8 | . {With cft- i
R e e RUIgNg TV S T N L
SR . In this example: (R1 = 120k) 1 +_
S : : . : : : 1 . . . .
s =279pF @ i b
S S IR I R : 2m-120k-59.5k- 0.8 P i : o :
I T00mV Ve —— 'M\40.6's A| chi 7 1504 \Hmdri{vw'c [ TE0AT OUA';;E Ml%m‘“ A.|ICh4.'.r. 1504
' ch4|m33.;;% " }E:JSLJI'IHEO]‘I hal_1. §E320% }g:JsLél:agom
1. Apply a step load and if it shows After adding Cff = 27pF: well-
ringing, measure the ringing frequency damped step response
In this 12V - 5V example: fgpg=59.5kHz -
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ACOT FAQ: ACOT converter with remote sense

v Ceringing
vin  BOOT— - H A
1%LL trace A
T fﬁ%%\ \i-OU'E |DCE| -—W— V-outremote L L L Vv et ———
sw _L Lparasitic Rparasitic / i A : :
ACOT part TUSN Voltage droop
EN s — TC.WI core | e due to-Rygragie
10x1uF
S A I S
Jlfad [ . i i i .
Converter regulates Vg7 local
Solution: Use remote sense - -
— : ’

V-in c11

12v (RN 100n remote U UUOLSOUOE SOUDESUOT: SO0 SUUTEIOUOE SOOI IO
c1 trace sense i

V-out remote
. -

1.4uH  v_outlocal
2007 sw T G P ——{ g te
Lparasitic Rparasitic T
- HF ==C30 1 ,,,,,,,,,, == Coamp
feedback | 33

= ACOT part Cc4
OP_T_‘MU core t
—— R23 !
EN[—+—|EN FB = e LF feedback T1%T1EL?J | Rdamp E 50.0mva Ma0.0s| A Chd £ 2.20 A
ss : )
pyee R28 == =L = Add RC snubber at load side to
c10 c8 22k parasitic ringing d the rinai that h
e T PGNd lm 1 enubber amp the ringing that can happen
= ~[Pad = ) due to Lparasimc @nd Cioap
— 1
B ———  «< R23 (f = 300kHz) L 30nH
2nf - €30 Rewupsen = |~FARASITIC |27 _ s5mn
Croap 10uF
- F k resistor
Use capacitor from Vg local to eedbac_ esisto 2nL C 27,/30nH - 104F
feedback to avoid instability due to connection at Conupppn > —A-PARASITIC_ 204D M eour
ee y remote load side Rsnusszr S5m0

(you can use OSCON capacitor as snubber)

Learasimic & Coyr Phase delay
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ACOT FAQ: Why do switch waveforms show frequency jitter?

ACOT uses a (pseudo) fixed Ty, and controls T, to regulate the output voltage. This
means that load transients will always result in frequency changes in the switch waveform.
At steady load conditions, the duty-cycle will be constant, and the frequency locked loop will
slowly control Ty for operation near the nominal frequency. However, there will always be
some frequency jitter visible in the switch waveform due to noise in the feedback signal.

At low Vg ; applications, frequency jitter will be more than at high V5 applications.

T-ON T-ON T-ON T-ON
Vourand switching waveform for a SW
12V > 1. OV appllcatlon
Tekstop - -] _ _ ’ ’ :
@ 200mv
| o _L?SSESPSR+VOUT
. . . A . . . . Chl Pk—Pk
o L. L 9.70my
Ch2 Freq
676.9kHz
___________________________________________ : PSR4V, -
Diet- . emmmm—— N -
: : i : : : : VREF
| PIRTIRT 2 IR I N PR AT Y
28 Feb 2012
[5.200% | 17:25:40 SW
Switching waveform shows ~ 7% jitter ’ s,
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QACOT™ Design tools & Application notes
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Richtek Website ACOT™ Landing Pages

Contact Us Sitemap | Langu v

Investor Relations Press Center

ACOT™ Video

RICHTEILW Richtek Technology Corporation

-
Home

About Us Products Applications Design Support Samples Quality & Certificati Career ACOT™ video Youtube

Watch our new video:
Switching Regulators RIChtek ACOTTM
= Step-Down DC/DC Converter - _‘!ﬂ = fn -
= Step-Up DC/DC Converter M @ - L lm ] y i
> Step-Up DC/DC Controller ok L -

= Single-Phase Step-Down Controller Advanced Constant On TIITIe _—"—
= Wulti-Phase Step-Down Controller Buck Converters Setect i MR ERDICRIEA(E

Click ACOT banner or
search for "ACOT"”

&0l Application
notes, design
tools and

ACOT™ video YouKu: ENGLISH CHINESE tutOI‘IaI VIdeos
ACOT™ (Advanced Constant-On Time) ! e

Synchronous Step-Down Converters Design Tool wew:

e e S = = “
Control Key Features Product Overview Product Family Qrdering info Decuments

= M
ACOT™ Control Key Features 1t ]

¢ ACOT™ video Tudou: ENGLISH CHINESE

Vout: 5 Vv
Constant Average Frequency Richtek ACOT™ control diagram Stable with MLCC ‘*
= | ]
n The Frequency Locked Loop (FLL) control » ACOT™ supports MLCC operation with the lowest
provides constant average frequency over line component count lout 5 A
& load =
|
— ]
Switehing Frequency vs. load current Win v N2 Veout
Cin W

Ultrafast Transient Response

Richiek ACOT™

- i - = ] RICHTEK
3 ACOT . I
coupeon o A >< | zom Des/gner m

m ‘Instant on” response provides ultra-fast

£ transient response
. m ACOT™ requires no external compensation or

[ 3 ripple injection scheme

Application Note

ACOT Landing page With more NEW!SOT-23 FCOL Thermal Considerations
info on specific products

vEwW! ACOT™ Stability Testing 16
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Richtek Website Product Pages

Application notes and tools can be found

RT7275/RT7276 under “"Documents and Tools” tab

3A, 18V, TO0kHz ACOT™ Synchronous Step-Down Converter

m Documents & Tools Ordering Information

Datasheets

Datasheet %)

Title Description Size Last Updated

|3 D57275_T76-00_pdf Datasheets for RTT275/RT7276 J59 KB 2014 Jul

Application Notes

I3 ACOT™ Stability Testing 2013-11-07

Design Tool

Type Title ‘
m Richtek Designer™ Web Simulation Tool

17
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