700 V Buck Regulator RAA22301x/2x

RENESAS HIGH VOLTAGE BUCK FAMILY

Industrial Power and Analog Product Line
Renesas Electronics Corporation

LENESAS



RAA22301X FAMILY:
NON-ISOLATED 700V AC-DC BUCK REGULATORS

Key values:
DRAN e l < = Low standby power of ~10mW
Rx)z(z ﬂ T i = Configurable - Low standby power or
WP GNDP GNDA 1 smallest output capacitor
Vin T TV = No audible noise
° < v = Support direct 5V or 3.3V output without

extra LDO

= High reliable full protection features

BIG IDEAS FOR EVERY SPACE | zE N ESAS& \H“
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NO AUDIBLE NOISE & LOW EMI ROOT CAUSE

Competitors’ Burst Mode

Renesas PFM Mode A /\ A /\ /\ /\ /\ /\

= Competitors use burst mode at light load, create subharmonic content which might become audible and
deteriorates EMI

=  To minimize audible acoustic energy, Renesas uses:
—Constant off time mode AT FULL LOAD operating above any audible frequency range
—PFM AT LIGHT LOAD that operates with smallest Ipk (peak inductor current)
» Renesas PFM has no subharmonic components, so audible noise is reduced with better EMI at light load

© 2017 Renesas Electronics Corporation. All rights reserved.
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OPERATION MODE EXPLAINED IN HIGH LEVE

DRAIN VCC
RAA22 |EB l T
301X
O_JW_N__L GNDP GNDA T
VIN T~

lpkw_nn\ [\_ 33;:5“ v lpk /_ u
| )

Ipk min_l . I\NNS_D
N NN A

light load

IpkmifT— A\ \_[\ \_j\ \ P h A Koo fsw
| tj WAWAWAWA - \—I\‘ ISP s 1kHz 33kHz

1kH=z lekmin

Pour_stey/Vour
Upper limit of load in PFM

33kHz
= Cfb1 programs pulse frequency at no load to = During light load, when lout increases, = During light load, Ipeak stays Ipk-min so

get either ultra low light load power or very the frequency increases until hit peak audible noise is negligible

small Cout of 33kHz = When frequency is pseudo-fixed at peak load,
» |peak stays at lpk-min during PFM operation it's always above audible noise range

V iy
. . . )
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RAA223011 PERFORMANCE: LOAD AND LINE REGULATION

94
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» Accurate load requlation at wide line input
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= Accurate load regulation with wide load current change

© 2017 Renesas Electronics Corporation. All rights reserved.
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RAA223011 PERFORMANCE: EFFICIENCY

Efficiency(%)

12Vout Efficiency (SO8)

85.0
80.0 g, RLAC
75.0 - \\
AN
70.0 1 85VAC
.,‘/ 120VAC
|
650
60.0
[
55.0
s0.0]
0 50 100 150 200 250 300

Load current (mA)

© 2017 Renesas Electronics Corporation. All rights reserved.
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RAA223011 PERFORMANCE: STANDBY POWER

Example shows 7mW standby power at 400VAC

4.50E-05 7. 00E-03
4.00E-05 ,
6.00E-03
3.50E-05
5.00E-03
_ 3.00E-05
- s
S 250E05 4.00E-03
2 — i
O ¢ —e—Ilin
O 9 00E-05
5 3.00E-03§ —=Pin
2
< 150E-05
2.00E-03
1.00E-05
1.00E-03
5.00E-06
0.00E+00 0.00E+00
0 50 100 150 200 250 300 350 400
Vin (V)

© 2017 Renesas Electronics Corporation. All rights reserved.

Page 7 BIG IDEAS FOR EVERY SPACE [ | ze N ESAS‘ b



RAA223011 PERFORMANCE: CONDUCTED EMI TEST RESULTS

RTA223011DEO010BU, CISPR 22 B, VIN=120v&230V, VOUT=12V, IOUT=260mA, LINE & NEUTRAL PLOT. RTia223011DE00108U, CISPR 22 B, VINS120082

o L P o b

Ref 106.90 dByV

VEW 00 kHz

[

=

Bcan Time 71.9

VBW 90 kHz

JUT=260mA, LINE

Stop 30 MHz
Scan Time 71.91 {78 pis)

|
]—:\TKAEEBU'_-lE:ECOJ.CELI. CISPR 22 B, VIN=120V, VOUT=12V, IOUT=260mA, NEUTRAL

' W [N Racenms. - Frespatrary S

Freq (Meters) 410.256 kHz
s e

Smoom  —e
3 scan Searth Mo L]

FREQUENCY

Anen: 0 68

V, VOUT=12V, |OUT=260méA, LINE & NEUTRAL P

Stop 30 MHz

Scan Time 71.91 s( 749 pts)

MN=230V, VOUT=12V, [OUT=260mA, LINE

Sean

Froe Run

VEBW 80 kHz

RTKA223011DEQCI0BU

. CISPR 22 B, VIN=230V, VOUT=12V, |OUT=260mA, NEUTRAL

LOTS

= Extreme low EMI with small input filter size

© 2017 Renesas Electronics Corporation. All rights reserved.
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RAA223011 PERFORMANCE: RADIATED EMI TEST RESULTS

12V 240 mA FIBO, New PCB
Powered w/ 230 VAC / 50 Hz
FCC Part 15 /CISPR-22 Class A and Class B Radiated Emissions At 3 Meters {Peak Detector)
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Powered w/ 120 VAC / 60 Hz
FCC Part 15 ICISPR-22 Class B Radiated Emissions At 3 Meters (Peak Detector)
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= Extreme low EMI with small input filter size

120V

© 2017 Renesas Electronics Corporation. All rights reserved.
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RAA223011 PERFORMANCE:
RELIABILITY- OVERLOAD AND SHORT CIRCUIT PROTECTION

0.68Voyy -====—=—~-] e

Start-Up ;

g

Vs

Vour

BIG IDEAS FOR EVERY SPACE

Start-Ug
OLP Timer | Hiccup Time Timer i Hiccup Time Timer
< > < >< >
(?}erload protection with Short circuit protection
f hiccup restart with hiccup restart
© 2017 Renesas Electronics Corporation. All rights reserved. Page 10 ] 2 E N ESAg Y



EVB AND DEMO BOARDS READY TO ORDER - AND MORE TO COME

EVAL Boards
Orderable boards Package |Output Voltage [Output current rating
230mA/85Vac
270mA/120Vac
RTK223011DEOOOOBU SOT23-5 |12 B05mA/230Vac
235mA/85Vac
260mA/120Vac
RTK223011DEOO10BU SOIC8 12 70mA/230Vac
DEMO Boards
RTK223012DR0020BU-1 [SOT23 5 150m¢
RTK223012DR0010BU-1 [SOIC8 5 150mA .
170mA/85Vac A PP . |
200mA/120Vac e e WK .l
RTK223011DR0O040BU-1 [SOT2 24 220mA/230Vac - *‘Fn m S g
170mA/85Vac
D00MA/120Vac £
RTK223011DR0O030BU-1 [SOIC8 24 220mA/230Vac &
RTK223012DR0O050 SOIC8 5V/-5V 150mA
RTK223012DR0O060 SOT23 5V/-5V 150mA

More RAA223021 and isolated flyback based EVB are coming soon

© 2017 Renesas Electronics Corporation. All rights reserved.




RAA223011 COMPONENT SELECTION AND DESIGN TOOL AVAILABLE AT REQUEST

RAA223011 Component Selection Tool

RAA223011 Rs
vee :
- o p+ o DRAN| 5 | ,
Instructions: o1 Tevee <§RFBi l
- T B 7 crei| cbias X X D4
Enter values in the yellow highlighted cells Vin 1 Creal 2. T
N g5vac-265vac | SOURCE GND T3 T 12228
Do not change the parameters in red ' 0 T °
A Cout =< VourS
Calculation results for specs & components are in green cells o > - ROO
System Parameters
Item Value Units Description
Input voltage AC nominal RMS 230|Volt
Peak value derived from RMS for AC.
Input voltage after rectification 325.22|Volt Set it equal to cell B4 for DCinput
output voltage 12|Volt Output Voltage
load current 0.27]Amp Affects inductor value
switching inductor ripple max 0.45|Amp Affects inductor value
Maximum load step 0.05|]Amp Assume di/dt is instant

IC internal Parameters (do not update unless advised otherwise)

VFB 2.475|V Internal to IC

Toffmin (constant off time) 30|us IC parameter, to make 30KHz operation in heavy load

standby mode efficiency 0.5]50 Estimated effiency, this is estimated number

VCC Quiescent current 75|1A IC parameter, on EC table

DCM Pk inductor current 100|mA This number is not very accurate, due comparator delay, operation input voltage affecting the current
VCC current during 30K switching 150|pA IC internal parameter

© 2017 Renesas Electronics Corporation. All rights reserved.
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RAA223011 COMPONENT SELECTION AND DESIGN TOOL IS READY

Calculations
Ripple on CFB1 0.85|Volt This along with "standby power" determines the no-load regulation point
Standby Power Requirement 7JjmWatt This and "Ripple on CFB1" affect the zero load regulation point. Use 7m\W for RAA223011 & '021
D2 and D3 mismatch factor 0.4|Volt This affects the max load regulation point. Use 0.4V for recommended diodes
Choose RFB2 100]kQ2 Select this value. 100kOhms is a reasonable value.
RFB1 401.0101|KQ Calculated component value
L1 1|mH Calculated component value
Dummy resistor RO 62.52714|KQ Calculated component value
Switching frequency at no load 0.624054|KHz
Switching period at no load 1.602426|ms
FB pin ripple 0.169657|Volt
CFB1 0.226225|1F Calculated component value
COUT, Minimum Cout (bulk) 472.254|1F Calculated component value
Rs, Bias Resistor branch 41.33333|Kohm Calculated component value
Output voltage at no load 12.85|Volt RAA223011
vce

o B o DRAI > |

D1, D3: 1N4007 1NA4007 D1 -
jl— cntl

D2: MURS160T3 MURS160T3 Vin ¢t

85Vac~265Vac SOURCE | GND
D4: ES1) ES1) |
CVCC 1 uF

(e, L

© 2017 Renesas Electronics Corporation. All rights reserved.




TARGET MARKET 1: MCU-BASED IOT AND HOME AUTOMATION
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TARGET MARKET 2: WHITE GOODS AND SMALL APPLIANCES

= Appliances are getting smarter and have MCU-based controls & displays
— Toasters, coffee makers, alarms, water heaters, fan control, humidifier, induction cooker...
— Fridge, washer, dryer, HVAC... (some white goods require isolation)

— Most offline motor drives & inverters require bias power from AC

- .
Page 15 BIG IDEAS FOR EVERY SPACE u te N ESAS‘ N
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1ISL81801

RENESAS HIGH VOLTAGE
BUCK-BOOST CONTROLLER FAMIL)

Industrial Power and Analog Product Line
Renesas Electronics Corporation

LENESAS



RENESAS FULL MENU OF POWER SOLUTIONS

FROM MILLIWATTS TO KILOWATTS, WE CAN SUPPORT YOUR APPLICATION

1000V | AC/DC
AC/DC Buck Isolated Flyback
700V Efficient & cost-
effective
%
> 100V
=
g 80V
- DC/DC Controllers MOSFET
- BuckyBoost & Buck-boost -
<Y, ‘ Drivers
= Integrated-FET For GaN, high-power
77 DCI/DE"Caonverters P Modul DG, ERRIHEES
ldéal\whenseost, size, and ower Moaules drive
LLDOs efficiency are all important Inductor, FETs, and
Best for noise- or controller in one package
cOst- sensitive
5V applications
Non-isolated; Non-isolated;
Internal power External power
FET FET
100mW 1W 10W 100W 1000W+
Output Power . IS
Page 18 BIG IDEAS FOR EVERY SPACE u QE N ESA§ \
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RENESAS INDUSTRIAL POWER
DCDC CONTROLLER SOLUTIONS

ISL6539
5.5 Dual controller

with DDR memory
option

ISL9440
4.5-28V, Dual output
sync buck controller,
+ 5V50mA LDO, 5*5

Renesas high voltage
Buck-Boost controllers

QFN ISL81401/A
t 1SL8121 4.5-40VBi-
T 3;120V’b . y 5ISZI§\9/4"I!4 | directional.buck-
Ll IS DY et T ele boost, Up'to 600kHz
Up to 2MHz output sync buck 5*F5)QFN ‘:S;’_,LSSJS(::
4*4QFN controller, 180°out . e =
ISL8105/A ISL8104 of phasé} 5*5 QFN directional buck-
6.5-12V 8-14V ISL6446 ISL81601 boost, Up to
300k/600kHz up to 1.5MHz 5.5-24V. Dual sync ISL6558 - 4860V 2MHz
8S0IC/3*3QFN 14SOIC/4*4AQFN buck 180° sl 5-14V\Up.10 4Phase bi-diregtional buck- [l 5*5QFN,38TSSOP
boost
phasegplus 50mA sync buck
Up'to 1.5MHz Up to 600kHz
ISL8115 LDO. 24SSOP \ P .
ISL8106 3-36V with current RV 1659C ZECINEASIR
7-25V sharin
up:to 600KHz up to 1 5|\§/|sz ISLEIARE ISL8120 ICL7660 ISL8130
" pto 1. 4.5-80V Dual- . . 5.5-28V
output/two phase » “P -12V NEGATVE Buck, boost,
12phase sync buck :
buck up to 2MHz, Up 1o 1 5MHz converter *seplc, flyback
ISL8117 ISL8119 5*5QFN,38TSSOP p5*5dFN 4*4QFN/20QSOP
4.5-60V 4.5-100V
up to 2MHz up to 2MHz ISL81806 ISL81805 ISL81807
4*4QENMAETSSOPR 4*4QFN/16TSSOP Based on ISL8126 4.5-80V Dual- 4.5-80V Dual-
ISL81802 3-26.5V, Up to output/two phase | output/two phase
Optimized for 12%hafe1sg|1\;|:|-t|)mk boost boost optimized
pro 10Nz *5QFN,38TSSOP f N
GaN FET 5*5QFN 5*5QFN,38TSSO or Ga
Sync Buck Dual/Two-phase Multiphase Buck Multi Topology &
Buck Buck-Boost

© 2017 Renesas Electronics America, Inc. All rights reserved.
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TARGET MARKETS AND APPLICATIONS

Buck-Boost means Vin can be higher or lower than Vout (buck for higher input, boost for lower)

= Wide Vin
— Battery and supercapacitor applications (power tools, E-scooters, portable electronics...)
— Inductive kick causing voltage overshoot (automotive, motor drives)
— Less regulated input (solar, wind, long cables)
— One-fit-all Industrial applications with various optional power bus (5V, 12V, 24V...)

= Wide Vout Normal Operation

— USB PD with configurable output voltage AC/DC or _FI]
— Battery chargers with wide output battery voltage Charge/ll

» Dual or Multiple power sources gtﬂr_age = 4| et
eviCE B
= |

— An equipment get power fed from different voltage rails

BIG IDEAS FOR EVERY SPACE u zE N ESAS N

Discharge

(48V telecom backup, supercapacitor storage, hybrid power supply...)

© 2017 Renesas Electronics America, Inc. All rights reserved.



ISL81401 /1SL81601/ 1ISL81801:
40V/ 60V / 80V BI-DIRECTIONAL BUCK-BOOST CONTROLLER

1
* Industry’s FIRST bi-directional buck-boost controller 2 I =l | .
. FE_I - o ] , VEC oo .
— CV/CC for both input and output sl 8 ¢ i INE SN | I
Vel i ]
— Dual feedback loop at input and output oo | w § :m A
 Flexible me T wm| ]
— Wide programmable frequency: 100KHz to 600KHz T - == =
. . ™ FEOOT - w < E o mil—f:
— Interleaved current sharing for parallel operation 5- E £ ¢
| | l l [
— Supports on-the-fly settings change including the current flow ~ On the fly reverse direction operation

by Vin regulation

= Reliable
_ OVP.OCPOTP.UVLO, soft start

— Sense both positive and negative inductor peak current

BIG IDEAS FOR EVERY SPACE u zE N ESAS b
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ISL81801: HIGH EFFICIENCY ACROSS
WIDE INPUT, WIDE LOAD CURRENT @ 12V, AND WIDE TEMPERATURE RANGE

Ta=25C Ta=125C

100
100

— — 95 e m— e ——
95 —————
f)% 90 ~ :_; T — —é

£ 7

90 / = 85 /%
= T ’
& N /
= 8 80
% y 4

80 f 75

75 70

1 2 3 4 5 6 7 8 9 10
70 lout (A)
1A s 4 5 6 7 & 2 —\N=0V — emm\fin=12V  e—\i=24V  e—\in=36V
e \ /[N =9V _Vin=12‘u’M@Pn=24v—\/in=36v — \/in=48V e \/ i =60V c—\/in=80V

s \[[N=4 8V s /=60 e \/ =80V

BIG IDEAS FOR EVERY SPACE u zE N ES h‘ b
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ISL81801: TIGHT LOAD REGULATION < 0.5% ACROSS
WIDE INPUT RANGE, WIDE LOAD RANGE AND WIDE TEMPERATURE RANGE

Ta=25C Ta=125C

lout (A)

lout (A)
e \[[=0V o \[{11=1 2V s \/IN=2 4 e \[i11=3 6V —\/i = e—\i=] 2 e— =24} —\/in=36V
R Gt L e Vi =48V s /i =60V e Vi =80V

‘N -~
BIG IDEAS FOR EVERY SPACE | zE N ESAS R
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ISL81801 WITH CONFIGURABLE OPERATION MODES
FOR BEST EFFICIENCY OR BEST OUTPUT RIPPLE

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

100
95 JW\M vW‘\NN’VV\N\NM VANAAAANNAAAANANAAN
a0 — —— ! .
85 /———/?‘/.‘-W/ ( MECTRACE ) ) - TR -ﬁ‘ V
80 '\/'/ R 55 UE B R R T e Bmaeim i e R )
T 75 CCM 80V input DEM 80V input
70 12V1A output 12V1A output
63> I //’ Ripple = 42mV Ripple = 40mV
60 i f Tok Prevy —— —,—
55 /‘ / : |
0 1 2 3 4 5 T VO 00 TR OO OT
. | _lout .
——\/in=80V{BURST) Vin=80V(CCM) Vin=80V(DEM) \/\/\/\/\/\N\/\/\M
Burst mode achieves higher efficiency at light T
load, also resuits in higher output ripple Burst 80V input
12V1A output
Ripple = 244mV

© 2017 Renesas
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ISL81801: EXTRA SOFT VOUT RESPONSE
WITH CONSTANT VOLTAGE LOAD STEP

Tek Run__ - - - __Trigd TekRun . . - . . __Trigid Tek Run . — : 9 Trig’d

c
-k
]
I 1
ES
]
E 3
A
]
F §
.

Vout .-

e ) 2 T AT PR
4
@ 500A &% @ ) @ 5004 % @2 ) @ 500A & @2 )l
value Mean Min Max std Dev 1.00ms 1.00MS/s @ 5 s5.00A value Mean Min Max Std Dev 1.00ms 1.00MS/s @ - 5004 value Mean Min Max Std Dev 1.00ms 1.00MS/s @ ;5 5.00A
@ Mean 15.5mA  15.2m  12.2n 18.8m  1.04m 10K points @ Mean 15.0mA  14.7m  12.2m 19.Tm  547u 10k points @ Mean 11.7mA  13.4m  9.21m 19.5m  2.2dm 10k points
2 2 2

@ Frequency —-.Hz No period found

e 7 Nov 2017 @ Frequency -——-.Hz No period found 7 Nov 2017 @ Frequency —-——.Hz No period found 7 Nov 2017
(Edge Search events found: 0 ) 13:45:50 (Edge search events found: 0 ) 13:45:59 (Edge search events found: 0 )] 13:46:07

Vin=9 V Vout=12V lout=0-10A Vin=12V Vout=12V lout=0-10A Vin=24V Vout=12V lout=0-10A
Ripple within 300mV Ripple within 200mV Ripple within 150mV

BIG IDEAS FOR EVERY SPACE n IE NESAS
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ISL81601: EXTRA SOFT VOUT RESPONSE
WITH CONSTANT CURRENT LOAD STEP AT ANY INPUT

Peak current limit 20A Constant current limit

Vln—9V Vin=12V Vin=60V

Apply and Remove a 20A CC Load

BIG IDEAS FOR EVERY SPACE n IE NESAS
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ISL81601: TRUE CONSTANT CURRENT REGULATION
OR OPTIONAL HICCUP AT OCP

14 | PHASE1 10VDiv . s
12 M o = o i 5__:—.|,E
'Irll} | |
10 i - —— : |
[ i"'Il | |
3 6 | _— : o e p—
:9 \ T ' " VOUT 10V/Div ' i
4 Hold cC l" 3 et - |
o \/ i1 = OV Downto 0.1V | |, 20A/Div |
2 M com\/in =12V ] j: B " L " 1
e\l = G0V : ' | | |
0 [ —n_-n—ﬂ-—_n———-‘—'
0 2 4 6 8 10 12 14 |
i
ious A
our (A) 40ms/Div
Constant Current OCP Hiccup OCP
(low ripple, low noise) (high ripple, high efficiency)

BIG IDEAS FOR EVERY SPACE | ze N ESS ‘
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SOLAR BATTERY CHARGER: PROJECT OVERVIEW

|Key Features
. | i e AN Pohfgésé_arge —I-‘VW pr— T Battery
* Buck-boost converter, allowing PV volt lower I Battery
or higher than V Voltage
g battery. R . al CS VCCHV: ISEN+/. Reistor
o - : i R ded for VIN jiders
Wide Vin & Vout output range, up to 60/80V { Recommended wn | Buck-Boost vour B
_ _ i 1SL81601 to improve / Controller
* MPP tracking function of solar panel based } efficiency and minimize EXTBIAS  |SL81601 F5 ouT [PEl
| the thermal dissipation on =
on P&O method i the internal LDO. divide IMON_QUT FB_IN IMON_IN
» Battery charger function (CC/CV). i U T
* Full protections on input/output Bmewwf
volt/current/temp, reverse polarity/current, Jecey control
A -di e ADC
over-charge/over-discharge. RLT8IG14 o0
* Optional: GU! with Solar/battery status, >
instruction/input
Page 28 BIG IDEAS FOR EVERY SPACE ] ZE NESAS -
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SOLAR BATTERY CHARGER DEMO SETUP

DC source

Demo board
available upon
request

Renesas IC used:

ISL81601/801: Bidirectional buck-boost
ISL28213: Dual opamp

ISL80510: 5V1ALDO

RL78G14: low power 16bit MCU

nnnnno
wouuun

BIG IDEAS FOR EVERY SPACE | zE N ESA§ N
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ISL81801 EVALUATION BOARDS AVAILABLE FOR EVALUATION

it

ISL81801EVAL1Z

-._.-I' . ? | -
aee SIS 00 V~60V >>> 12\%‘0

SL81801EVAL2Z
32V~60V >>>48V@5A
240W

»
I

o MR

:u'.il '-j i:it "" *

BIG IDEAS FOR EVERY SPACE BN INNTCTOD/ADS N
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HIGH POWER PARALLEL-ABLE EVALUATION BOARD

ISL81801DEMO1Z
Input Voltage 32V to 80V
Switching Frequency 200kHz
Output Voltage 48V
Output Current 10A
Dimensions 130x87x30 mm?3

97.2%@36Vi,FullLoad;
98.5%@48Vi,FullLoad;
Efficiency 98.2%@60Vi,FullLoad;

i

oJJaTlotaT taTea s
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ISL81801DEMO1Z: PARALLEL OPERATION

16
14
12

10 |

Inductor Currents

[+
DC
Source

[

VIN

ISL81601DEMO1Z #1

ISL81601DEMO1Z #2

VOUT

GND

L

10 15 20
Total Load (A)

Inductor Currents

16
14
12
10

o N B O o

(=
Ul

15L81601DEMO17 #1

—f—iLa
== iLb
iLc

15 20 25 30
Total Load (A)

© 2017 Renesas Electronics America, Inc. All rights reserved.
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80V DUAL PHASE SYNC BUCK CONTROLLER 7=
ISL81802 INTRODUCTION

INDUSTRIAL POWER PRODUCT LINE
IIBU

RENESAS

06/20/2020

LENESAS



RENESAS FULL MENU OF POWER SOLUTIONS

FROM MILLIWATTS TO KILOWATTS, WE CAN SUPPORT YOUR APPLICATION

1000V] AC/DC
AC/DC Buck Isolated Flyback
700V Efficient & cost-
effective
g)
> 100V
=
g 80V
- DC/DC Controllers MOSFET
- BuckyBoost & Buck-boost -
<Y, ‘ Drivers
= Integrated-FET For GaN, high-power
77 DCI/DE"Caonverters P Modul DG, ERRIHEES
ldéal\whenseost, size, and ower Moaules drive
LLDOs efficiency are all important Inductor, FETs, and
Best for noise- or controller in one package
cOst- sensitive
5V applications
Non-isolated; Non-isolated;
Internal power External power
FET FET
100mW 1W 10W 100W 1000W+
Output Power . IS
Page 35 BIG IDEAS FOR EVERY SPACE u ZE N ESA§ \
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RENESAS INDUSTRIAL POWER
DCDC CONTROLLER SOLUTIONS

80V Dual phase
buck controller

ISL6539
5.5 Dual controller

with DDR memory
option

ISL8121
3-20V,

ISL9440
4.5-28V, Dual output
sync buck controller,
+ 5V50mA LDO, 5*5

QFN

1ISL9444

ISL81401/A
4.5-40V bi-

directional.buck=
Two phase buck 4.5-28V, Triple boost, Up'to 600kHz ISL81801
Up to 2MHz output sync buck 5*5QFN 4.5-80V bi-
4*4QFN controller, 180°out L. W
ISL8105/A ISL8104 of phase{5*5 QFN diréctional buck-
6.5-12V 8-14V ISL6446 ISL81601 boost, Up to
300k/600kHz up to 1.5MHz 5.5-24V. Dual sync ISL6558 - 4860V 2MHz
8SOIC/3*3QFN 14SOIC/4*4QFN buck 180° outiof 5-14\}, Up.t0 4phase bl-dlrec;uona;I buck- 5*5QFN,38TSSOP
phasegplus 50mA sync buck 21O
. Up'to 1.5MHz Up to 600kHz
ISL8106 3_36\}3\,;311 1ﬁrrent — 5*5QFN/16S0IC 5"5QFN,38TSSOP
7-25V sharin
up:to 600KHz up to 1.5|\5|1HZ 4 ;?;_08\: ?Douzal- ISL8120 ICL7660 ISL8130
4*4QFN 4*4QFN Out- ut/two phase 3-22V, Up to 1.5V-12V to -1.5V to 5 5-k5'l2)8V t
b P B 12phase sync buck -12V NEGATVE e ’f oSk
uck up to TMHz, Up to 1.5MHz converter _sepic, lyback
ISL8117 ISL8119 5*5QFN,38TSSOP 5*5dFN 4*4QFN/20QSOP
4.5-60V 4.5-100V
up to 2MHz up to 2MHz ISL81806 ISL81805 ISL81807
4*4QENAG ]I SSOP 4*4QFN/16TSSOP Based on ISL8126 4.5-80V Dual- 4.5-80V Dual-
ISL81802 3-26.5V, Up to output/two phase | output/two phase
Optimized for 12phase sync buck boost boost optimized
GaN FET Upgfsgi'n'*z 5*5QFN,38TSSOP for GaN
Sync Buck Dual/Two-phase Multichase Buck Multi Topology &
Buck P Buck-Boost

© 2017 Renesas Electronics America, Inc. All rights reserved.
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ISL81802: 80V DUAL OUTPUT/TWO PHASE CONTROLLER

FEATURES

» Wide Vin range: 4.5V to 80V

» Wide Vout range:0.8V to 76V

» Dual or Two-phase Buck controller with interleaved outputs

» |ntegrated CC/CV controller+ driver

= Supports multi-chip paralleling and phase interleaving

= Wide switching frequency: 100Khz to 1MHz

= Current mode with diode emulation and burst mode at light load
or Forced PWM mode

= Shoot-thru protection, OCP, OVP, OTP, UVP

» Independent EN and Soft start for each output

o =
—t T
i — :
=k, E % * & 7 vecey
I ;zg 3 & BOOT1 l“l“'—
T s ISL81802 QN sotlL -
[aad
—M’\-—}H PLL_COMP N VN - . Vour
1 — cikoumomer | : — imiiiis 5
—ANA—— RTEYNC | I I
| | 1
| | a
P S [ : : LG1/PWM_MODE 4'?_
I ERPAD I VECEY =
‘WH COoMP1 : : BOGT2 T"_
1—| | |
'_| SSITRKT : : T I
] . . s —F
—IssiTRiziov L |
— VY g ap o
— | COMPCLKEN PHASEZ —
—FBZPEMEN _|'_
m LGHOC MODE[—
NI E d
= = o )
[ |
e T P

© 2017 Renesas Electronics America, Inc. All rights reserved.
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ISL81802 KEY APPLICATIONS

5G uses ISL81802 in AAU/BBU for
+48V/+56V to 5.6V/14.4V conversmn

= Telecom non-isolated 48V/56V to
14\//12V/5V conversion

AAU BLOCK DIAGRAM
= 48V server, datacom and storage ~2F )

= Battery and supercapacitor applications - i S
= Aftermarket automotive
* Less regulated input in industrial

applications (solar, wind, long cables)

» High current distributed power systems

BIG IDEAS FOR EVERY SPACE
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HIGH EFFICIENCY AND TIGHT LOAD REGULATION

Efficiency @ T-ambient 85C Load Regulation @ T-ambient 85C
100 12.08
LT — 12.075
v / 12.07
12.065
90
12.06
[~
- 12.055
12.05
80 12.045
12.04
75 12.035
12.03
70 12.025
0 “ 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
— Vin=18V Vin=24V Vin=36V Vin=48 Vin=60V Vin=70V Vin=18V Vin=24V Vin=36V \Vin=48 Vin=60V Vin=70V

18V-70V input;
12V output;

18V-70V input;

12V output;
<0.4% regulated difference from 2A to 20A

High efficiency from 2A to 20A

’
i -
A\

BIG IDEAS FOR EVERY SPACE ;{E N ESAg
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CURRENT SHARING

Ta=85C Vin=18V Ta=85C Vin=80V

12 12

10 10

8 8

6 6

4 4

2 2

0 0

’ 0 5 10 15 20 . 0 5 10 15 20
——— CH1(A) ——CH2(A) —— CH1(A) —— CH2(A)

Very tight current sharing

under wide input range

sepmsroreirrsrn:  aQENESAS -

© 2017 Renesas Electronics America, Inc. All rights reserved.



OUTPUT OCP AND OVP WITH HICCUP RESTART

CH1: PH1, CHZ2: PH2Z, CH3: VOUT,

Telgstuw

CH1: LG1, CH2 : LGZ, CH3: VOUT, CH4: IL2

L

Safe OCP with hiccup restart Safe OVP with hICCUp restart

b “‘
BIG IDEAS FOR EVERY SPACE u zE N ESA§ S
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ISL81802 WITH CONFIGURABLE OPERATION MODES
FOR BEST EFFICIENCY OR BEST OUTPUT RIPPLE

L “HH_H “ H" 'n.m:.sJ.umw.w'ﬁI.wﬂmw.w%

100

as

90 =N o 4 et et ot e o e o e e et e L1 I e b e
> A WA W |

80 : | | .

% 75 E e x| ] Mdiliid timx ‘—.—.:... T T o Tl
70 = e OO S e gm—is ER Gn iD
65 / CCM, Vin=80V, Vout = 12V1A DEM Vln 80\/ Vout = 12V1A
o / Ripple = 102mV Ripple = 80mV
- /

20 |
0 1 2 3 4 5
lout
— \in=BOV(BURST) Vin=80V(CCM) Vin=B0OV(DEM)

Burst mode achieves higher efficiency at light

load, also resuits in higher output ripple ey S L e
Burst, Vin=80V, Vout= 12V1A "

Ripple = 704mV _

Page 42 BIG IDEAS FOR EVERY SPACE [ z EN ESA§ N
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ISL81802 EVALUATION BOARD ISL81802EVAL1Z

18V-80V input;
12V,40A output;
200kHz; Two phase

e “
BIG IDEAS FOR EVERY SPACE u zE N ESA§ N

© 2017 Renesas Electronics America, Inc. All rights reserved.



ISL81802 EVALUATION BOARD ISL81802EVAL2Z

it
g s W - r
BlH |
| 14,
= ol
Iy
i P
sk GHT
i v
e M
$an 371D

6V-80V input;
Vout1: 3.3V/10A, Vout2: 5V/10A
200kHz; Dual outputs

BIG IDEAS FOR EVERY SPACE u zE N ESAg N
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ISL81802 EVALUATION BOARD ISL81802EVAL3Z

i

;l:!lu

18V-80V input; 4PHASE

12V,40A output; 200kHz

BIG IDEAS FOR EVERY SPACE u zE N ESAS N
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1ISL85403/81401
RENESAS SUPER CAP SOLUTIONS _

Industrial Power and Analog Product Line
Renesas Electronics Corporation

LENESAS



Supply Voltage

IPA'S FULL MENU OF POWER SOLUTIONS

FROM MILLIWATTS TO KILOWATTS, WE CAN SUPPORT YOUR APPLICATION

1000V - v e
AC/DC Isolated Paﬁ%lf%gcz?g:ﬁ:ctm FC) &
700V AC/DC Buck Flyback . * advanced PWM contrlier
Efficient & low noise S L\ & W .
100V
80V DC/DC Controllers
Buck, Boost & Buck-boost for
high power DC/DC MOSFET
60V : Drivers
ntegrated-FET For GaN, high-power
DCIDE"Canverters DC/DC, and motor
LDOs ldeal\whenseost, size, and Power Modules drive
Bestfor 110is€=-0r efficiency are all important Inductor, FETS, and
cost--Sefsitive controller in one package
applications
5V
Non-isolated; Non-isolated;
Internal power External power
FET EEI

100mW 1W 10W 100W 1000W+
Output P - S
N pu ower BIG IDEAS FOR EVERY SPACE | tENESAg )
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RENESAS SMART METERS, CONCENTRATORS AND TERMINALS

"""""""" e PLC -
Supercapacitor Chip PLC COMM. ’ CPRS
v

Power Amplifier
Circuit

I
| 1
| |
(il i
]
Power Solutions | | i
| I
| ]
| I
|

L

MCU &
Metering

EEFPROM

Flash

HI

L

20vi40v LDO

R5485
COMM.

ACDC
Power Solutions

DCDC and LDO
Pow er Solutions

1
]
]
]
]
L}
]
]
]
]
I
]
]
i use
]
]
I
]
]
]
]
]
]
I I
]
I

RTC

I
W

DG

Bluetooth

(23]
=
&
=
=
=
(7]
[1:]
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Super capacitor power supply — Current Market Solution

Charger
Set Value 5V

R e
‘s\\\&\‘\‘w ‘s\\\x\‘\‘a\w\

N 9 LN 9
| I\ ! R
. W W

) 0 %)
| 21 3

BIG IDEAS FOR EVERY SPACE u te N ESAg N
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Renesas Solution 1 2-Stage Boost Buck converter operation mode :
Vin =13V, Vout=3.3V-5V@2.5A(Max.) and Vldo=1.8v@0.5A(Max.).

The minimum voltage of a supercapacitor is as low as 0.3V

Vin=13V

Fast charging with high
voltage and current

Vcap=Max. 2.7V
Set Value 2.5V

When DC-DC power-off
e, Enable Boost mode

| f‘\ ..‘

vl | et

\&%%;t@v{{;; Vcap output cut-off
NN \oltage = 0.3V@100mA
= 0.5V@500mA

= 0.7V@1000mA

BIG IDEAS FOR EVERY SPACE u tE N ESALSQ‘ R
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ISL85403 - 2.5A REGULATOR WITH INTEGRATED HIGH SIDE FETEEECIZE

SUPPORT 3V-40V INPUT VOLTAGE RANGE FOR BUCK OR BOOST-BUCK OUTPUT

Wide Working Range

= Power input voltage range from 3V to 40V
= Support both step down (buck) or boost+buck outputs
» Up to 2.5A load over full temperature range

High Efficiency

= Optional external low side FET for higher efficiency
= Selectable PWM / PFM modes

= 300uA input quiescent PFM mode current

» Less than 5uA shutdown current

High Performance

» 200KHz to 2.2MHz frequency range
» +/- 1% voltage regulation accuracy

| ‘Pait# | VwRangé(Vy]  Temp(C) |  Package

20 Ld 4x4 QFN

ISL85403FRZ-T

WINNING COMBOS

T

5V Output
100

PGOOD
EN VIN|————— VIN
MODE T
SYNC =
AUXVCC oY |
VOC iSiasid  puase .. Vour
ILIMIT e
ss LGATE E% -l :I:
PGND -
EXT_BOOST -
FS FB 1 Y
SGND COMP | ‘%
Typical Application Circuit

\

LAVANIG

2 I W WA Y
L Y

36V V)

Vin

EFFICIENCY (%)

-40 to 125

100m| 10 25

LOAD CURRENT (A)

SYNC

. A
) 7 1SLBS40IDEMO1T
REV.A

ISL85403EVAL1Z Evaluation Board

RENESAS CONFIDENTIAL
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SOLUTION 2 SCHEMATIC (EVB AVAILABLE)

Vin
. . [ (5-40V)
e, ! AN ©
Super Cap i l SuperCAP 1 - <
(0-40V) - | &7 L_____.
RJKO3M5DNS ! ! RJKO3M5DNS vee
MOSFET : ! MOSFET
AN EA
= - E ; i i - '
RJK03M5DNS E E i ' RJKO3M5DNS
MOSFET v P MOSFET
T T |
= S | 3
VDD
GATE vl

To MCU
ISL81401 ACK
P “bcipc  Fein RST——

ISL88002

Voltage

T vee = Supervisor

[ Imcu/mPu[ ] Analog [ ] Power

BIG IDEAS FOR EVERY SPACE u (E N ESAg 3
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WINNING COMBOS

ISL81401 — BI-DIRECTIONAL CC/CV BUCK-BOOST CONTROLLEREERCITE

SUPPORT 4.5V-40V INPUT VOLTAGE RANGE FOR BUCK, BOOST, BUCK-BOOST OUTPUT
Wide Working Range

= Power input voltage range from 4.5V to 40V
= Support buck, boost buck-boost outputs
» Bi-directional with CC/CV mode

High Performance
» 100KHz to 600KHz frequency range
» +/- 1% voltage regulation accuracy
= Single inductor 4 switch topology
= Support pre-bias start i 00

= Shut down current 2.7uA 7 | o _‘fgmmm-mﬁém
. S ; & o - i & ff
1. ) RS T g * Vi
A e : “ H s 5 92 /
‘ = | | ] =
| Pait# _{VuRange(Uy|" Temp.(C) maneg IR ey P ey e |
s | i VI = 12V e VIN = 24V
ISL81401FRZ-T 4.510 40 -40 to 125 32 Ld 5x5 QFN . il S 84 " —e 1
._13 v I I I I | I
ISL81601FRZ-T 4.5 to 60 -40 to 125 32 Ld 5x5 QFN r'” TR | 5 e & & :ou {A? i 3 & &
S k
ISL81801FRZ-T 4.51t0 80 -40 to 125 32 Ld 5x5 QFN - Figure 3. Efficiency (Vout = 12V, CCM)

ISL81401EVAL1Z Evaluation Board

s RENESAS -

© 2017 Renesas Electronics Corporation. All rights reserved.



Renesas super capacitor power solution — Comparison

_ Competitors Renesas Solutions _

ISL85403 1581401
Topology 2 ICs Buck + Boost 1 IC buck-boost 11C buck-boost
Input voltage 4.5~18V 3~40V 4.5~40V
Loading 2~3A 25A 20+ A
Cost High Low Mid
Bi-directional with . - Yes
CC/CV charging
Efficiency <30%@0.1A, <20%@1A 82%@0.1A, 50%+@1A+ 82%@0.1A, 50%+@1A+

BIG IDEAS FOR EVERY SPACE u (E N ESAg \
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Renesas super capacitor power solution —Selection guide

<2.5A >2.5A CC/CV

ISL85403 Y Y Y

ISL81401 Y Y Y Y

g ‘%
BIG IDEAS FOR EVERY SPACE u (E N ESAQS‘ \
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RAA214020
RENESAS HIGH PSRR LOW NOISE

Industrial Power and Analog Product Line
Renesas Electronics Corporation

BIG IDEAS FOR EVERY SPACE M zE N ESAS
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IPA’S FULL MENU OF POWER SOLUTIONS

FROM MILLIWATTS TO KILOWATTS, WE CAN SUPPORT YOUR APPLICATION

1000V e - AC/DC Isolated
200V AC/DC Buck Flyback

Efficient & low noise

100V
80V

trollers

oost & Buck-boost for
hioh power DC/DC MOSFET

Drivers
” For GaN, high-power
. DCIDC Cc | DC/DC, and motor
LDOs al when ¢o: Power Modules drive
Inductor, FETs, and

Supply Voltage
3
<

Best'for nois€-.or efﬂc:e ICy are aII :mpon‘ant :
cost-Sefisitive controller in one package
applications
5V
Non-isolated; Non-isolated;
Isolated Internal power External power
FET FET

100mW 1W 10W 100W 1 OOOW-I- {%
Output Power ? X } -y

p BIG IDEAS FOR EVERY SPACE E N ES '2‘-.*
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POWER SUPPLY NOISE DEMYSTIFIED

Battery/5V/12V/ Switch-mode LDO Noise sensitive circuit
24V/48VIAC Power Supply 5 b
O —» T (> PSRR —>((—
T Internal noise T Internal noise
External noise External noise

= Noise sensitive circuitry may be powered from various voltage sources in various applications
= When converting the source voltage to the appropriate level, usually a switch-mode power supply is required

= The power supply generates its own noise during switching, also collects external noises at input and output, its
output voltage may carry wide frequency spectrum, and often may interfere with the load

= For noise-sensitive load, a low noise LDO is preferred as the point-of-load supply

= The low noise LDO often has very high PSRR (Power Supply Rejection Ratio) to block the incoming noise, and has
very low self-generated noise as well

60 BIG IDEAS FOR EVERY SPACE M z ENESANAS
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APPLICATIONS WHERE A LOW NOISE SUPPLY IS DESIRED

= Clock and Timing IC in PCle and networking
= RF & Wireless

* loT and Smart Utilities

= 4G and 5G Telecom

= SerDes, FPGA, DSP and other digital loads
= High end Audio

= High speed Analog (VCO, ADC, DAC, LVD)
= Imaging CMOS sensor

= High Accuracy Test and Measurement

= Medical

61 BIG IDEAS FOR EVERY SPACE M z EN ESA§ N
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RAA214020: LOW NOISE LDO FOR SENSITIVE CIRCUITRY

= Excellent noise Performance T T l l - :Z: e J_° o
o Low Spot Noise Spectral Density: 85nV/Sqrt Hz @ 10Hz i I ;[ EN GND - 1_ T
o Low Integrated Noise: 4.54uV RMS from 10Hz-100kHz ND s
o Very high PSRR @ 2A load current: —ra . Tmr Fua

~  Freq=10kHz=80dB pcooe O = =
— Fregq=100kHz=60dB — s
F £1egFMRz=40dB 1000 i
; _ I aaiii e man e m i =
= Vin = 2.7V to 5.5V, Vout=0.9V to Vin-dropout S 100 —j';f;%g;_;____._;,;,_j_j__:_;__,;___
= Very low dropout of 500mV max @ 2A load current 2 o | 1] >
2 LTI TN TV T

10 100 1000 10000 100000
Freq (Hz)

BIG IDEAS FOR EVERY SPACE M zE N ESA§ \IM
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RAA214020 LOAD TRANSIENT RESPONSE

Tek PreVu

|1 <

S ... .. Very smooth load transient . . = = . Test condition:
' | ' ~__response with only 40mv_ Vin = 5V

SR | overshaot and 20mV undershoot Vout = 3.3V
S . R S RN lout = 100mA step to 2A
cmee E—— then to 100mA

DVOUTT A = ' ; : : : :
Vi

20.0ps 500MS/s I 1.00 A
100k points

RENESAS CONFIDENTIAL 63 BIG IDEAS FOR EVERY SPACE M z ENESANAS
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RAA214020 STARTUP TIME

Tek Stop

L

Véry fast 300us stai (up time

ENABLE—}., .

=

[ & 200V 5.00 V 2.00V )[zoous MS.OOMS/s
value Mean min Max std Dev 10k points
@& #Dsr TT.57MS T7.57M T77.57M 77.57M 0.000
[2 BT 4 Y e 170.9 170.94  170.94  170.94  0.000
€& - FD s+ 248.4Ps  248.44  248.44  248.44  0.000 03:59:14

kStop

|
E\
e 60us
o0 OpSs v
Py Ous 3. Vol
e d t 31, 5
|
I
eelolal -

PGOOD resgonds fast within 20us
after Vout reaches 90% target -

,,,,,,,,,,,, L

(@ 2.00 v & 1.00v j[wo;}s ][1.0005/s ] @ - 308 v]
value Mean Min Max Std Dev 1M points
@ Amplitude  3.360Y  3.360 3,360 3.360 _ 0.000

24 Apr 2020
05:53:52

Test condition:
Vin = 5V

Vout = 3.3V
lout = 2A
Cset = 1uF

| Cout = 22uF

RENESAS CONFIDENTIAL

© 2018 Renesas Electronics Corporation. All rights reserved.
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SCP PROTECTION AND RECOVERY

Tekstop [ —

1.200ms 2.720 A
A1.200ms A1.840 A

[ €& o0.000s 880.0mA
] ®
disdt 1.533kA/s

Test condition:

Vin = 3.7V

Vout = 3.3V

lout = 2A

— ? } 5  sssmessusmems  Internal Current Limit is
2. N B 1 SN measured at 2.72Amps

) 30.0ms 2.50M575 1) 7 920mA
1M points

@ 2.004A 2.00¥

04:37:33
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RAA210040
RENESAS POWER MODULE SOLUTIO!

Industrial Power and Analog Product Line
Renesas Electronics Corporation

BIG IDEAS FOR EVERY SPACE M zE N ESAS
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OPPORTUNITY DRIVERS

Tiny module is a complete power solution that integrates the
power inductor with IC-in-substrate assembly technology.

It's beneficial for space-sensitive applications such as
sensors, loT, networking, wearables.

| ‘._ T
\ U0 (118, 45) Wolnkedr e i
5
: A =
& ! o0 ‘ b

Connectivity Smart Energy Home loT

Industrial Automation

b ‘ -
RENESAS CONFIDENTIAL BIG IDEAS FOR EVERY SPACE W zE N ESAS .}
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BENEFIT OVER DISCRETE SOLUTION

Discrete Tiny Module

= 55.3 mm? = 18.5 mm?
= Higher loop noise = Easier design and
- evaluation
= More design and
evaluation effort
BIG IDEAS FOR EVERY SPACE leN ESNS
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RAA210040 PRODUCT OVERVIEW

Features

= 2.7V t0 5.5V input, 0.6V to 5V output

= 4A continuous output current

= 92.3% efficiency at 5VIN and 3.3VOUT

= +1.5% accuracy over line/load/temperature

Typical Application Circuit

» Dedicated enable pin and power-good flag

RAA210040
. L : 2.7V t0 5.5V Input 1.2V 4A Qutput
» Default 2MHz switching frequency with ext. sync T VIN vouTf—¢ —0
Up tO 4M HZ CINI COMP I_ == _l %1ﬂﬁkn=3gDpFICOUT
= | | =
. EN FB
= Selectable light-load PFM mode ! | %
SYNC l l 100kQ == g20pF
= 10Ld, 3mm X 3 mm X 1.7 mm s L1 senp 1
139"“% T PGOOD f——0 Power-Good
s e ror vy seace mUENESAS
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WORKING SOLUTION SIZE ON PCB

RAA210040
2.7V to 5.5V Input 1.2V 4A Qutput

J_ VIN vout
L

comp [~ 7 T
i ev |

|
SYNC |

FS — — —' SGND
159"“% N PGOOD |——0 Power-Good

Total solution, including all passives, is

smaller than a US quarter coin or $1 Chinese Yuan.
Capable of 4A output current

CIN

%WUKQLHDPFI Cour

Ezmom == 820pF

RAA210040

3x3 mm?2, integrated
with controller,
MOSFETSs, and

inductor
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Efficiency (%)

RAA210040 PERFORMANCE - EFFICIENCY

V= 5V
95 ) I.ti.....-.
.o;ilﬂ_l- --:'llllil.'-..-
900 £ 54— =i
85 —_—— = uradn-.
n-“E:;; P -,
80 - S —
~—
F
70 0.8Vout, 900kHz == (.9Vout, 1MHz |
1Vout, 1MHz as o+ 1.2Vout, 1.2MHz
65 == ==1.5Vout, 1.3MHz = == =1 .8Vout, 1.5MHz
sesese 2 5Vout, 1.8MHz
60 [ [ [ [ [ [ [

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Load Current (A)

3.5

4.0

Efficiency (%)

V= 3.3V
95
q-.-.il_" g:ﬁ:':- c-.t-;:- i.........

90 e g e
85

80

75

1Vout, 1MHz s 1.2Vout, 1.2MHz

70

65

60

== om o= 2 5Vout, 1.8MHz

1.5Vout, 1.3MHz == ==1.8Vout, 1.5MHz

ssess 3 3Vout, 24MHz [

1.0

15 2.0 2.5 3.0 a5 4.0
Load Current (A)
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RAA210040 PERFORMANCE - OUTPUT RIPPLE

V= 5V, Vour= 1.2V, st = 1.2MHz, V= 3.3V, Vour= 1.2V st = 1.2MHz
COUT= ZXZZH'F Cel/'aW\lC COUT= ZXZZHF ceram"c
lout 0A g my Vout 10mV/Div lout OA & mV Voutr 10mV/div

e T N PN N T N A | MWWM

lout 4A 1f mv » VDUT 10"#” Div lout 4A 7my Vour 10mV/div

N N N NN N s Mgﬁffﬂw SV e S

500ns/Div 500ns/div
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RAA210040 PERFORMANCE - LOAD TRANSIENT

V= 5\/, Vour = 12.\/, st= 12MHZ, V= 3.3\/, Vour = 12.\/, st’-‘- 12.MHZ,
Cour= 2-)(2.2-[/{—': Ceramic Cour= ZXZZ[A—F Ceramic
IOUT 2A/Div IOUT 2A/Div
[ | [ \
O.4A to 3.6A, | O.4A to 3.6A, |
J \ f | %l
- 135 mlV/ ' ~——s 230 mV/
VDUT 100mV/Div A A L VOUT 100mV/Div iﬂ'\_“
P e .: ’Pllw—-—zmu.——-_ar = = - [ pe— 5
il A 4 I'-[—
100ps/Div | 100ps/Div
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RAA210040 PERFORMANCE - STARTUP

V= 5\/, Vour = 1.2.\/, st'—' 1.2MHZ, lour = 4A
= Qutput voltage rises in a controlled EN 1.5V/Div

fashion following voltage ramp in the
soft-start block, which limits the inductor ' louT 2A/Div
current as well i
i #f Vout 500mV/Div
» The defauli soft start-up period is 7 om PG 2VIDiv
approximately 1ms.
500us/Div

BIG IDEAS FOR EVERY SPACE REN ESNS
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RAA210040 PERFORMANCE - EXT. SYNC

V= 3.3\/, Vour = 1.2.\/, FSYN(,‘: 1.5MHZ, lour = 0A

= Synchronizing to an external clock

I I
through the SYNC pin 11.5MHz;
] ] 1 1
= W J J — {
| .
oo L I k I A _ \ _ J ] L

' |

Lo

S ﬁlwﬂw‘p #W“\!*x i ”“«P’“‘%WW"M*%&‘ gmw\““}, A %“\w y WM“WM
1 Vour 10mViDiv

I | |

' 500ns/Div
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POWER MODULE FOR 5V BUS

<5 VIN BUS 5 VIN BUS 5 VIN BUS
DUAL OUTPUT

NVM Memory

ZL9024M
2.75V — 4V, [ . .
Pin Compatible

\

~ ¢ ISL8203M
el 2 85V, — 6V
ISL8205M ISL8203M
ISL8202M RAA210040 RAA21002X
2.6V, —5.5Vy 2.7ViN—5.5Vy 2.85V)y — 6V
BIG IDEAS FOR EVERY SPACE W ZEN ESA§ \\
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POWER MODULE FOR 12V+ BUS

12 VIN BUS

ISL8240M
4.5V, — 20V}

ISL8225M
4.5V, — 20V

ISL8212M
4.5V, — 16.5V

ISL8210M
4.5V, — 16.5V

ISL8201M
1.5V — 18V

ISL8206M
1.5V — 18V}

ISL8204M
1.5V, — 18V

20A
20A

ISL8240M
4.5V, — 20V

ISL8225M
4.5V, — 20V}

24+ VIN BUS

RAA210610

@ 7V — 54V

ISL8215M
VN — 42V

A7 1) 1SL8216M
@b 5V - 80V,

RAA214403
3.5V, — 40V,

NVM Memory

ISL8273M
4.5V, — 14V

ISL8272M
4.5V, — 14V,
AR IsLe278M
{ w ” 45V, — 14V,
ZL9117M
45V — 132V,
ZL9101M
4.5V, — 13,2V,

80A

ISL8277M
4.5V, — 14V

(

—

12 VIN BUS
RAA210870
4.5V — 14V,y
RAA210850
4.5V — 14V

R RAA210833

g8 4.5V, — 14V
RAA210825
4.5V — 14V,
RAA210130
4.5V — 14V

ISL8282M
4.5V, — 16.5V,y

ISL8280M
4.5V, — 165V,

Digital - PMBUS

|
I

NVM Memory

\ ISL8274M
4.5V, — 14V,
RAA210925
4.5V, — 14V

|jPin Compatible
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HIP221x:120V Half Bridge Driver
for Industrial Applications

Industrial Power and Analog Product Line
Renesas Electronics Corporation
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25 YEARS HISTORY OF BRIDGE DRIVERS
WITH A WAVE OF NEW DESIGNS

HIP2103f 04
HB driver
. 60V 1A/2A
Half Bridge 3*3DFN/ 4*4DFN
HIP4080A/B1A
FB driver
B0V 2.5A
20PDIP/2050IC
ISLB IP408

Full Bridge

Three Phase

20v 40V 60V 8ov 100V 120V

= Intersil was founded in 1967, acquired by Harris Corporation in 1988

x “HIPXXXX== “Harris Intelligent Power”, first bridge driver IC released in
1995 Harris Power Handbook, with multi hundred M$ sold since

® Intersil acquired by Renesas in 2017

= Multiple driver IC iterations throughout history, until a new wave of designs
starts with RAA227063 and HIP221X in 2018, and RAA227120/230 in 2019

\
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HIP221X: 120V 3A/4A BRIDGE MOSFET DRIVERS

= High Robustness

— 100% production tested 115V bootstrap voltage

— 100% production tested negative 10V rating on HS pin

= High Efficiency

— 3A source, 4A sink drive current

High Frequency

— 15ns fast propagation delay

— 2ns propagation delay matching

HIP2210 with PWM input, EN and adjustable dead time

HIP2211 with HI/LI 3.3V logic compatible

Available in DFN4*4 and SOIC-8

HE
HO

HS

VEEF

12V

EVDD

VCC
VREF —
L
EN D
PWM PWM |:
Controller

HIP2210 PWM Input with Programmble Dead Time

HIFZZ10FRTZ
(10 Ld 4x4 TDFMN)
Top View

(1]
zl |
=1 s
I
E M

5]

o

[=] [ [-1 []
2

100V
| DHB ——
HO =
-
HIP2210
10Ld DFN
LO
D—lu
I—
Dvss

555 8

HIPZ2I11FRTZ
110 Ld 4x4 TDFN)

Top View
o ]
0P |
E:EM[E
A 3
1 Il

F§*EF6

HIPZ211FBZ
(8 Ld 30I1C)
Top View

© 2017 Renesas Electronics Corporation. All rights reserved.
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HIP221X STATIC NEGATIVE VOLTAGE RATING ON HS PIN

T T T T I-'u__'-"v "u_'-"_'IT"u T F 5T T N W | T 1.F 1

e A
LO 1
T r :
i -
HO
] 'l'
chz  10.0¥  MZ20ps2S0MSE  40nsgpt 1
Cid 50v A Ch3 » 18Y

With static -12V on HS pin under 6V Vdd, the IC still operates fine

© 2017 Renesas Electronics Corporation. All rights reserved.
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HIP221X DYNAMIC NEGATIVE VOLTAGE RATING ON HS PIN

ﬁ | PRI ST SPNPRIPN) IR (EPIITEY [P OTT (RO VRN RRTIPTY [
M400ns 12565  B00psAt
Chd 20,0V A Chl ~ 52v

With dynamic -14V on HS pin for 100ns, the IC still operates fine

© 2017 Renesas Electronics Corporation. All rights reserved. Page 84
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HIP221X ULTRA SMOOTH MOSFET SWITCHING

VDD=12V

L :
L :
l_ L1 1 | 1
thl 2
ohd 20y

11 | 1
Chz 2 Ml 400ns 1.25G5&  G00psdt
Che 2.0 A Chl s 2.0%

VDD=18V

groe 5o 0 gt gy I F I PR SN SN TS VAR YA il s gl
Ch1 20v Ch2 2.0V M 400ns 1.25G35  B00psipt
Ch3 2o Chd 2.0v & Chl r 20V

Driving Infineon IPD200N15N3 half-bridge (Fsw=1MHz, 20% duty)

© 2017 Renesas Electronics Corporation. All rights reserved.
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HIP2211 EXTREME LOW PROPAGATION DELAY AND DELAY MATCHING TIME

e o | M R o L...|_,..|._.:.._:..__

et o A 1 g e LS
] k:
L LO i
I Li 4 i
4 +— L»lv' hiiqﬂlm:::—.* P g U T o AP o 15;“-.J ]
L1 1 1 1 1 o - BT A 1 | | 11 | - | 1 1 1 1 1 | 1 | 1 | | 1 & j I | | 1 -
Chil 2.0 Chz 5.0 M 40 Ong 1.25GS%5  800pasn
Ch3 2.0¢ Ch4 5.0% & Chl o~ 18y

18ns

17.6ns

- HI to'HO LitoLO Ll to LO turn
i turn off turn on off

18.4ns 16.8ns

LI to HI delay matching: 1.2ns

HI to LI delay matching: 0.8ns

© 2017 Renesas Electronics Corporation. All rights reserved.
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HIP2211 FAST RISE / FALL TIME DRIVING CAPACITIVE LOAD WITH SMALL DELAYS

HI to HO rising edge

o SRR : |
L ) ) ) [ . .
L -L'LJ_...%....I....I....I,
chl o zov ohz G0V M400ns 12565 B00psit
4 Chl - 2%

LI to LO rising edge HI to HO falling edge

LI to LO falling edge

Driving 10nF capacitive load
VDD=HB=12V

RISE / FALL TIME ~100ns
Propagation delay ~ 10ns

|
M 400ns 125634  B00pskt
A Ch3 ~ 20

© 2017 Renesas Electronics Corporation. All rights reserved.
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APPLICATION BLOCK DIAGRAMS - POWER SUPPLIES

12v
vbD HB 100V 12V
—— T
vool oD
vee HO — Vee HB 100V HB
HS T & HLA
o 4] ¢ Second A HI e e N HOE Hi
- HIP2211 ey pam  |oIE g PR s 7
> DC-DC 8Ld SOIC Controlier ISENSE N U HIP2211 P Lo 0 HIP2211 LI
CONTROLLER LI Lo & ISENSE_P = hASA —
H [ ._4{ ,_ Secondary L, LO
vss Ej S ——_o
\TJ . ) Isolation /ss VS
7 LT (-

L
to current 3
3
sense 5 )
Isolation

: Up to 100V sync buck or

Up to 100V ZVS or LLC

Full bridge converters

forward converters

ﬂi‘ =
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APPLICATION BLOCK DIAGRAMS - MOTOR DRIVES
o

0oy —
HOS
IT'I Ao | u
VDD12V - 'Jf he - h
12v O HIP2211 | H
HB o - A
VCC l VDD‘ i, L LO
100V VSS
| — ! Y ¢ =
T " HiP2211 B T I
HO — B 12V
D— E Lo — VDD
g <
PWM HIP2210 D%vow s —
Controller 10Ld DFN 3
RDT, LO JL ISENSE_V Ij HO | u
H :;I = HS|_ HI
v ISENSE_U T HiP2211 5
D VSS LOS
l ( h — Lo
A/D_0 A/D_1 }—KE
—{PWM_UH PWM_VL
HIP2210 PWM Input with Programmbie Dead Time \ PWM_UL PWM_VH
3.3V RENESAS ISENSE_W
MCU A/D_2 )
PWM_WL
PWM_WH RN /

0ta se two

Up to 100V three phase

brushless DC motor
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TARGET MARKETS

12V-48V motor drives / inverters

* Power tools

» Water pumps

» Cooling fans
 Cleaning robots

= 48V Telecom power
« Active clamp Forward, Half bridge, full bridge >200W DC-DC conversion

= |nverters
» Solar inverters
» Aftermarket automotive inverters

= UPS power
= High voitage high power sync buck controllers

= Class D audio

© 2017 Renesas Electronics Corporation. All rights reserved.
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LOW SIDE FET DRIVERS

Single

EL7156

EL7158

EL7232/42/52
Dual ICL7667

ISL89410/1/2 ISL89163/4/5

1A 2A

3A

4A

6A 12A

>
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BRIDGE FET DRIVERS LINEUP

Half Bridge

HIP2103/04
HB driver
60V 1A/2A

3*3DFN/ 4*4DFN
/18SOIC

100V 3A/4A
HIP2100/01

100V 2A/2A
ISL2100A/1A

100V 2A/2A

120V 3A/4A

HIP2211
PWMinput

120V 3A/4A

HI/LI input

Full Bridge

ISL83202
FB driver

55V 1A
16PDIP/16S0IC

HIP4080A/81A
FB driver
80V 2.5A

20PDIP/20S0IC

HIP4082
FB driver
80V 1.25A
16PDIP/16S0OIC

Three Phase

HIP4083/86A
3phase driver

80V 0.3A/0.5A
16PDIP/16SOIC

60V

80V

100V

>

120V

© 2017 Renesas Electronics Corporation. All rights reserved.
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