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Market Background of Power Supply ICs

- ®System becoming highly functional
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Reducing system mounting space s Want to reduce the parts (Reducing Output Capacitance)

Power Supply IC is required not only/ to reduce the size of/ OQutput: Capacitor, but

Self Driving
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Requirements of Power Supply ICs

- ®Requirements of Power Supply ICs

Agggfnaptign Supplies stable voltage to Li:)egrztti)gneatggéfdr:?g%gs Under any conditions, it is required to supply a stable voltage to the subsequent stage
the subsequent stage purpose ® When stable operation
N Power . MCU ® When changing input voltage by power source
»‘ ggm‘é; : Supply IC etc. ® When changing load current by later stage
\ = Output . | o |
Capacitor Output stability during load current fluctuation is determined by the

= Power Supply IC response performance and the Output Capacitance

If the power supply IC feedback circuit can respond
more quickly, the output voltage fluctuation when
the load current fluctuates will be smaller

<+— \oltage info. feedback

,___I_E_r[(_)fér_rle___, Powget;gg“p“t Output voltage response waveform by load current fluctuation
Reference | ' Outout
Voltage 1 1 utpu B [t
L 1 Detect Volt
: I 3@ Comparison |—{ Control ——&3 , 9% Load
: ! Deteci Output (Application) Good response
L ICapamtor performance
Current Detection - Poor response
— =

performance

Current info. feedback *Assuming the same output capacitance

Power Supply IC constantly monitors the output voltage and compares the information with the reference voltage
to return the output voltage to the desired value even when the load current fluctuates




Concept of QuiCur™:

ROHM'’s New High-Speed Load Response Technology

Power Supply IC application example

Supplies stable voltage to
the subsequent stage circuit

Power Supply IC

Output voltage response waveform
at the time of load fluctuation

QuiCur™

=—"
Power. 12V
_ Source

Ve

5V

Good response
performance

Poor response
performance

Voltage stability during load current
fluctuation depends on the response
performance of the power supply IC

*Assuming the same output capacitance
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Later stage (Load) that changes
operation according to purpose

MCU, etc.

Output
I Capacitor

QuiCur™ js
an innovative technology
designed to maximize

the response
performance
of power supply ICs
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Circuit Overview of QuiCur™

Comparison in the feedback circuit of a DC/DC Converter IC

Conventional Circuit

Error Amp Power Output
R e e ) Stage

Reference
Output
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I_ Capacitor
""""""" Current Detection '

Comparison

Current Detection

Error Amp is set to two stages, and the - Integrates
signal processing control system a_nd Two dedicated
the correction system are well combined £ A
- . " rror AmMps
QuiCur™ Circuit P
o DC/DC Converter IC
,--_..EIIQIAT.E---, Power Output eLDO ) o
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. : - Control .
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Contribution of QuiCur™

QuiCur™ is named after ROHM’s original Quick Current
circuit that provides high-speed load response

This allows users to achieve ideal load transient response
characteristics without causing instability in feedback circuits

v

SCENIEEEE Reduces the number of capacitors along with board mounting area

QuiCur™ can quickly respond to output fluctuations in response to load current.
Decreasing the external parts together with board space by minimizing the output
capacitance required by the power supply IC.

=CEUWVEEPR Easily achieves stable operation even when specifications change

( Frequency response graphs by Bode Plot

QuiCur™ enables linear adjustment of both the output capacitance and output
voltage fluctuation since the instantaneous response performance does not change
even when the output capacitance increases.

This makes it easy to achieve the expected output voltage fluctuation value when

changing specifications.

© 2022 ROHM Co., Ltd.
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Stable Control Area  Unusa Area Unstable Area
r [ ——— Y A A
h "
" Responseis
too fast and
o Norm_al : : unstable
= QPRI : = Oscillate
3 PN
© |QuiCur™ i Extreme
Circuit Point
f ---------- 3 f o
PC fo

Measure of response performance: Zero-cross

Frequency (fp) is set to the extreme point where it

will not become unstable

J

QuiCur™ contributes to reducing power

supply circuit design resources by
providing stable operation with fewer
external components
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Feature 1:
Reduces the number of capacitors along with board mounting area

Effects of QuiCur™ on ComparnisoniwithiconventionallproductiWhenireducingl@utputiCapacitance
DC/DC Converter IC

ROHM Conventional QuiCurT™-equipped

DC/DC Converter IC DC/DC Converter IC

(Under Development)

Output Capacitance 88uF (22uFx4)

Board Image

300kHz

Zero-Cross Frequency 100kHz INI'DONresponse
PP — j : I , performancecan be
Load Response Vour Vour dramatically improved
Waveforms  [50mV/div]  [50mV/div] by QuiCur™
o e
(0A=2A) T vezomy ||| AV=40mV

Vin=5.0V, Vour=1.0V, _J-_—-To:ﬂ , lour
lour =0A—>2A (1A/us) Eeen i [A/div] || | [1A/div]

QuiCur™ can maintain response performance
© 2022 ROHM Co L. even at a quarter of the Output Capacitance -




Feature 2:

Easily achieves stable operation even when specifications change

Effects of QuiCur™ on
DC/DC Converter IC

© 2022 ROHM Co., Ltd.

Compansoniwithi@uiCu@M-equippediproductiWhenfincreasingl@utputiCapacitance

QuiCur™-equipped

DC/DC Converter IC

(Under Development)

Output Capacitance

22UuF (22pFx1)

QuiCur™-equipped
DC/DC Converter IC

(Under Development)

44uF (22uFx2)

L1

Board Image

=

)

Zero-Cross Frequency 300kHz 300kHz (No change)
Load Response Vour - Vour
 [50mV/div] [S0mV/div]
Waveforms - = e

(0A—2A) Ay || AV=20mV

; (Linear change)
V|N=5.0V, VOUT=1'OV! lout ] lout 1
lour =0A—>2A (1A/pis) *-—I [1A/div] —J | [Adiv]

QuiCur™ allows for linear adjustment

of the Output Capacitance and Output Voltage fluctuation

>

Linear
(negative
constant
proportional)

Output voltage fluctuation

>
Output Capacitance

Easily achieves stable
operation even when
specifications change

P.7




QuiCur™ Deployment to Products

- ®Roles of QuiCur™ and “Nano” Power Supply Technology

Power Supply Technology with ‘Nano’ as a keyword

Nano Pulse Control™ Nano Energy™

/INano  _/Nano _/Nano

Achieves the step down from 60V to 2.5V Achieves the smallest voltage fluctuation
with each capacitance

prodi
Ultra-high-speed pulse control Ultra-low current consumption Ultra-stable control

ol
Fundamental
Technology

Achieves "10-year drive with coin batteries"

QuiCur™

Current mode control technology with ultra-fast voltage feedback

Quick Buck Booster™
Anti-cranking technology with high-speed response

-

Product

DC/DC Converter ICs
(Buck, Automotive grade)

Power Supply Technology to achieve flagship specifications in

various fields

Contribute to solving customer issues with easy-to-understand

numerical values

Power Supply Technology that can pursue the response
performance of feedback circuit to the limit

Contribute to customers by improving the response performance

of a wide range of products as a fundamental technology

-

The combination of the two technologies adds depth to
the ROHM’s Power Supply Technology

LDOs (Automotive grade)

v

v": Product sample available

Deploy QuiCur™ in a wide type of Power Supply ICs

© 2022 ROHM Co., Ltd.




Technical detail description of QuiCur™
using frequency response graphs by Bode Plot
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TechWeb: Evaluating Frequency Characteristics for

Requirements of Power Supply IC (Technical) Checking Output Stability and Response

https://techweb.rohm.com/tech-info/engineer/9477

¢ Requirements of Power SUPPly IC

Application Supplies stable voltage to Ligeérzi%gneéggéfdﬁﬁggss Under any conditions, it is required to supply a stable voltage to the subsequent stage
Example i
R 15 SR UETI SR purpose ® When stable operation

Power . MCU ® When changing input voltage by power source
Supply IC etc. ® When changing load current by later stage
= Output . : . :
Capacitor Output stability during load current fluctuation is determined by the

g Power Supply IC response performance and the Output Capacitance

- Power
\Source

Load response performance is determined If higher f,, the better the response performance and the
by frequency response characteristics smaller the amount of out voltage fluctuation when the load
?_ Change point (Pole) determined SUTERT fUELEDRS
gi ?y Output Capacitance Output voltage response waveform by load current fluctuation
o pe o
£ : ___fo_— High
8! 1

Frequency fo= Low

fo
graph of Power Supply IC Zero-cross Frequency

Ex)Frequency response characteristics *Assuming the same output capacitance
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https://techweb.rohm.com/tech-info/engineer/9477

What is ROHM’s QuiCur™ ?: Preamble

|deal Zero-cross Frequency (f,) design:
Set on the boundary between Stable Control Area and Unstable Area

Unstable Area
A

Stable Control Area
AL

Area that always occurs
due to parasitic components
within the IC and/or

Conventional Circuit :
propagation delay

ex.) integrator

Gain [dB]

\
o

AN,

fpc f0

foe: Change point determined by the C,

ut

QuiCur™ can achieve the ideal design concept, which was natural but difficult to realize

© 2022 ROHM Co., Ltd. P. 11




What is ROHM’s QuiCur™ ?: Conventional Issue

Stable Control Area Unusable Area Unstable Area
Circuit Issue A A
( Y Y

‘ h)
Area that Area that always occurs
Iti) Cl'(‘;fr;fr‘gf due to parasitic components
Conventional s within the IC and/or
Circuit

design i
ex.) integrator g propagation delay

Gain [dB]

b
»

1:pc fpcl

Small C,,, -ar9e Cout

(Oscillation)

7 % K % J

foe: Change point determined by the C

Conventional Circuit has often constrained response performance by Output Capacitance

EEIEREE  An unusable area occurs before the unstable area (The zero-cross frequency cannot be high)

SEUEE The zero-cross frequency (f,) changes depending on the output capacitance

© 2022 ROHM Co., Ltd.
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What is ROHM’s QuiCur™ ?

Stable Control Area Unus% Area Unstable Area

A v A
f \
QuiCur™ Circuit

Gain [dB]

A /

Core Technology

1. No unusable area occurs before the unstable area -1 Pole, 1 Zero system and High-frequency Gain = 0dB system
2. Can adjust the high-frequency Gain - High-frequency Gain adjustment system by quick current drive

© 2022 ROHM Co., Ltd. P. 13




Core Technology of QuiCur™

1 Pole, 1 Zero system and High-frequency Gain = 0dB system

1 Pole, 1 Zero

= Maintain stability up to high-frequency (f,.) with
S,
- QuiCur™ 1 Pole and 1 Zero
© : :
O | High-frequency Gain = 0dB
\ By setting Gain to low, Gain can be maintained up to high-
0 f > frequencies (f;.)

)
-O ‘ -
= Nicurw Gain can be maintained up to
8 high-frequency (fpc) by quick current drive Quick Current |s.the naming
f origin of QuUiCur™
0 - f

QuiCur™ is made by the advanced combination of two core technologies

© 2022 ROHM Co., Ltd. P. 14




QuiCur™ Circuit Topology for each Power Supply ICs

Proper use for DC/DC Converter IC and LDO

QuiCur™-equipped QuiCur™-equipped
DC/DC Converter IC (Switching Regulator) LDO (Linear Regulator)

Power Output
Stage
Error Amp g r___l;r_rc_)r_A_\rI]E ________ .
___________________ i
Ref : Referehce :
ererenge
Voltagg Output VoltabI e |+ :
™ Voltage Ly + !
=H Compare H Control O ' O | o - 1
- T
- I . 1=
L : '
, Current - - 1 Pole, Current e
— 1 Zero, Drive Gain - — 1 Zero, Drive Gain T
0dB Adjustment ] 0dB Adjustment
Current Detection e

Integrates Two dedicated » 1st Stage Amp: 1 Pole, 1 Zero system and High-frequency Gain 0dB system
Error Amps 2"d Stage Amp: High-frequency Gain adjustment system by quick current drive

QuiCur™ can be applied to DC/DC converter IC or LDO, and can improve
the response performance of a wide range of power supply ICs

© 2022 ROHM Co., Ltd. P. 15




Issue 1: Correspondence to
"Zero-cross Frequency (f,) cannot be set to the boundary with Unstable Area"

- Stable Control Area Unusable Area Unstable Area
= A " / ;
=
qd
© a An unusable area occurs before
S < Conventional the unstable area by pole.
= ) Circuit ' Zero-cross Frequency (fy) cannot
G>J be set to the boundary with
g Unstable Area.
O f
Stable Control Area Unusa& Area  Unstable Area
~ { | £ z ) Feature 1
: =
= Can make the ™ No unusable area occurs before
- = capacitance smaller the unstable area.
LL k=) i | |
= uiCur™ Circuit |
- < Q \—‘-* Effects
= O I ) ..
S ho% By reducing the lower limit of
O “ Output Capacitance, Zero-cross
3 Frequency (f,) can be set to the

foc foc 1o 'Efo f boundary with Unstable Area.

© 2022 ROHM Co., Ltd. P. 16




Effects of QuiCur™on DC/DC Converter IC
Issue 1: "Occurrence of Unusable Area" effect verification

Output Capacitance

Board Image

Load Response
Waveforms
(0 — 2A)

ROHM Conventional

88uF (22uFx4)

QuiCur™-equipped

DC/DC Converter IC (Under Dev.)

44uF (22uF X 2)

VOUT
[50mV/div]

W
‘ - AV=30mV

o

lout /
[1A/div] |

AP

Vi =5.0V, Vour=1.0V, loyr =0A—2A (1A/us)

VOUT
[50mV/div]

[° R - —

IOUT .
[1A/div] |

QuiCur™ can reduce the lower limit of output capacitance and achieve stable operation

© 2022 ROHM Co., Ltd.
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(Add.) Effects of QuiCur™ on DC/DC Converter IC
Comparison of output voltage fluctuations with the same output capacitance

QuiCur™-equipped
DC/DC Converter IC (under Dev.)

Output Capacitance 44pF (22pF X 2) 44uF (22pF X 2)

ROHM Conventional

Board Image

Zero-cross Frequency

overwhelming'when

"""""" compared to
Vour conventional products

Nour _ ] [50mV/div] with'Same output
[50mV/div] .

Load Response PR, \ capacitance

Waveforms T ‘\w AV=100mV AV=2
(O = 2A) IOUT Ff.-— IOUT

1AV [1Adiv] [
Vin=5.0V, Vour=1.0V, loyr =0A—2A (1A/ps) Vin=5.0V, Vour=1.0V, loyr =0A—2A (1A/us)

QuiCur™ achieves dramatic responsiveness performance

© 2022 ROHM Co., Ltd. P. 18




Effects of QuiCur™on LDO
Issue 1: "Occurrence of Unusable Area" effect verification

QuiCur™-equipped
LDO (Under Dev.)

ROHM Conventional

Output Capacitance

Board Image

VOUT

[200mV/div] ZV=204mV [200mV/div]
5Voffset D5Voffset

2%

Load Response
Waveforms
(0 — 100mA)

QuiCurMlisimore
responsiveiwhen:

| Av=280mV : compared to conventional
ouT ouT

[100mA/div] [100mA/div] products with 10 times
the output capacitance

Vour=5.0V, loyr =0A—100mA (100mA/ps) Vour=5.0V, loyr =0A—100mA (100mA/ps) |

© 2022 ROHM Co, L1 QuiCur™ achieves dramatic responsiveness performance 5 19




(Add.) Effects of QuiCur™ on LDOs

Comparison of output voltage fluctuations with the same output capacitance

ROHM Conventional

Output Capacitance

QuiCur™-equipped
LDO (Under Dev.)

Board Image

AvV=308mV
e S———

VOUT
[200mV/div]

5Voffset

(24

Load Response
Waveforms
(0 —100mA)

- AV=660mV
IOUT

[100mA/d|v]

Vour=5.0V, loyr =0A—100mA (100mA/ps)

VOUT
[200mV/div]

5Voffset

P>y

IOUT
[L00mA/div]

Vour=5.0V, lgytr =0A—100mA (100mA/us)

QuiCurMlis
m

conventional products

with' Same output
capacitance

© 2022 ROHM Co., Ltd.

QuiCur™ achieves dramatic responsiveness performance
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Issue 2: Correspondence to
"Zero-cross Frequency (f,) changes by Output Capacitance”

Stable Control Area UnusabJe Area UnstabJe Area

Issue

»
»
L

'S
O
O Cour “Cour (In addition to the Unusable Area
T o FAII occurrence in Issue 1,)
© = Conventional e ‘
S £ Circuit — 7 Even if Zero-cross Frequency (fy) i |s
I= O % R pursued to the limit, Zero-cross
S . ~
2 27 Do Frequency cannot be set on the
d N/ N
S e e ., boundary of Unstable Area when
N 5 .
O fia/ /s Kk /67X f output capacitance changes.
Stable Control Area Unstable Area
COUT COUT ;
| - Vi v High-frequency Gain adjustable
QuiCur™ Circuit _—

——d\

Effects

Gain [dB]

)

Zero-cross Frequency (fy) can be
set on the boundary of Unstable
Area by adjusting the high-
frequency Gain if output
capacitance changes.

© 2022 ROHM Co., Ltd.
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Effects of QuiCur™on DC/DC Converter IC

Issue 2: “Zero-cross Frequency changes by Output Capacitance" effect verification

Priority (Circuit mode)

Output Capacitance

Board Image

Gain Setting

Zero-cross Frequency

Load Response
Waveforms
(0 — 2A)

© 2022 ROHM Co., Ltd.

QuiCur™-equipped DC/DC Converter IC (Under Dev.)

Reducing Output Voltage fluctuation

Reducing Output Capacitance

44pF (22pF%2)

22uF (22pFx 1)

High Low
300kHz 300kHz (No Change)

Vour Vour

[50mV/div] [50mV/div] i

\ i | l
(Linear Change)
. IOUT ;'PP
S | [LA/div] | |
"""" V=50V, Vour=L.0V, louy =0A—2A (1AVps)

QuiCur™ can easily support a wide range of Output Capacitance

>

Linear
(negative

constant
proportional)

Output Capacitance

Output voltage fluctuation

>

Easily achieves stable
operation even when
specifications change
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(Add.) What is the difference between QuiCur™ and Nano Cap™ ?

— o
. m 5
QuiCur™: S, R Determined =| QuiCur™
_ uiCur = Unstable A
High-Speed Load -{D% Q by the C, 8 nstable Area
Response .
Technolo N ' >
0 Eliminates the unusable area and allows the zero-

cross (fy) to be set at the limit of the unstable area

e}
S,
c Unstable
©
Ar
Ultra-Stable O ca
Control Technology Current ,
feedback f

The stable control area can be extended to higher
frequency bands by current feedback

Both technologies are necessary to maximize response performance

© 2022 ROHM Co., Ltd.

P. 23




(Add.) Combining QuiCur™ with Nano Cap™

© 2022 ROHM Co., Ltd.

fo: Zero-cross frequency = an index of response performance
foc: Change point determined by the output capacitor (Coyt)

Stable Control Area

UnusaXe Area Unstable Area
A A

4

QuiCur™: High-Speed Load

Response Technology

o

Eliminates the unusable area =

while allowing the zero-cross f;,  §
to be set at the limit © |QuiCur™

of the unstable area Cicit

N 5

QuiCur™: High-Speed Load

A

A

Response Technology

-

Eliminates the unusable area and
allows the zero-cross f, to be set
at the limit of the unstable area

Nano Cap™: Ultra-Stable
Control Technology

Gain [dB]

QuiCur™
Circuit

v B e e -

The stable control area can be
extended to higher frequency bands

Combining QuiCur™ with Nano Cap™ extends the stable control area
and achieves extreme response performance

P. 24
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Notes

» The content specified herein is for the purpose of introducing ROHM'’s products (hereinafter “Products”) .
« If you wish to use any such Product, please be sure to refer to the specifications, which can be obtained from ROHM upon request.

 Great care was taken in ensuring the accuracy of the information specified in this document. However, should you incur any damage arising
from any inaccuracy or misprint of such information, ROHM shall bear no responsibility for such damage.

» The technical information specified herein is intended only to show the typical functions of and examples of application circuits for the
Products.

« ROHM does not grant you, explicitly or implicitly, any license to use or exercise intellectual property or other rights held by ROHM and other
parties.

* ROHM shall bear no responsibility whatsoever for any dispute arising from the use of such technical information.

« If you intend to export or ship overseas any Product or technology specified herein that may be controlled under the Foreign Exchange and
the Foreign Trade Law, you will be required to obtain a license or permit under the Law.

* The content specified in this document is correct as of March 2022.
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