1RENESAS Datasheet
RAA23021x R18DS0013EJ0102

Rev.1.02

5.5V Input, 3A, Step-Down DC/DC Converter + LDO Jul 23, 2014

Description

The RAA23021x is a high efficiency monolithic step-down DC/DC synchronous converter plus a LDO (low dropout)
regulator which has an ultra-low power mode.

Features

e DC/DC converter (chl)
— Synchronous rectification type step-down circuit
— Integrated power MOSFETs
— Preset output voltage (There are also products that have adjustable output voltage using external resistors.)
— Internal phase compensator
— Switching frequency: 1 MHz (fixed)
— Internal timer-latch-type short-circuit protector (fixed delay time)
— 100% duty cycle operation
e LDO (ch2)
— 500mA
— Internal over current protector (foldback-current limiting)
— Ultra low-power save mode (25uA typical)
e Common Features
— Internal rise up sequencer
— Internal digital soft-start function (2 ms fixed soft-start time)
— Internal discharge circuit
— Power good function
— Internal timer-latch-type thermal shutdown circuit (shutdown temperature: 150°C or higher)
— Internal recovery-type under voltage lockout circuit

Application

— Communication
— Industrial
— Building
— Smart meter
And, usable around MCU, ASIC, FPGA, etc.

Ordering Information

Ordering Part No. Package Tape and Reel
RAA230214GSB#HAO 20-pin HTSSOP Embossed taping. 2,500pcs/reel
RAA230215GSB#HAO

Note: A quality grade of these ICs is “Standard”. Recommended applications are indicated below.
Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic equipment,

and industrial robots, etc.
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RAA23021x

Part No Summary
Input Output Voltage Maximum Switching
Part No. Output Voltage chi ch2 Output Current | Frequency | Package
RAA230214GSB | ch1:DC/DC 3.0V 3.3 3.3 ch1:3A 1 MHz 20-pin
RAA230215GSB | (step-down, to 0.9 V to VINx0.8 ch2:0.5 A (fixed) | HTSSOP
current mode) 55V (Adjustable each
ch2:LDO output individually
by external resistor)
Circuit example (RAA230215GSB)
,,”—1 TEST1 sHONB1 22
10o0pF 21 sHonez P2
31 penp11 o {DsTe |
J..ZOI.{ 4 PGND12 TEST3 1
{vourt } " T o 21 Loutit vrRes P2 1uF
2.2uH 6 15 | ;1
LOUT12 TEST2
VIN T 2] vpin11 acnp A2 -
10uF 8 13 0.1uF
I_ VPIN12 AVDD v ]
LN pc A2 T PowerGood)
= 100kQ
£ VouT2 I IOUI;,- 10 ouT2 112 11
-; mw Thermal Pad
o
| J__ A ‘m—’]
Analog Power
Ground Ground
R18DS0013EJ0102 Rev.1.02 Page 2 of 34
Jul 23. 2014 RENESAS




RAA23021x

Block Diagram

chl/ch2: Preset output voltage by internal resistor.
Sequence pattern 1 (ch1 followed by ch2)

VReG AGND
[ — 5 ..... -
i Short-Circuit Tnternal |
. Protection Power Supply
SHDNB1 Control Circuit Circuit‘ ScP Vres iAV VIN
ontrol Circui Ror |
SHDNB2 Thermal Uolooe |4 O8>
o ON/OFF Shutdown Vrer " d 1_47
T Circuit TSD | 7 7
I » Soft Start Under Voltage Lockout .
. « Discharge Circuit UVLO |

Micro é
DSTB] Oscillator VREG
! L] osc TEST Circuit |J7
== 6]

ch1 OUT

1 =>ch1 OUT
7

T
o

M E/A1 Output Control
I 0.8V (Current mode

i /current limit)
ch1 or ch2 I %
i

}—l Control

A

ol

»{Discharge Conlroll—{
4(?\”’"*27, > ch2 OUT
LDO 10UT2 T

T
o

\

»|{Discharge ControIH
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RAA23021x

chl/ch2: Adjustable output voltage by external resistor.
Sequence pattern 2 (ch2 followed by ch1)

Micro
controller

ch1 OUT
=

ch1 or ch2

SHDNB2!

|
SHDNB1;

A ]

Control Circuit

e ON/OFF
» Soft Start
¢ Discharge

}—l Control

Output Control
(Current mode
/current limit)

»{Discharge Conlroll—{

Vees  AGND
a— |
Short-Circuit Internal .
Protection Power Supply |
Circuit SCP Vreo i
T T Selference . AVDD VIN
erma ‘oltage »—0—17»—1—47
Shutdown Vrer T I
Clrout SO Under Voltage Lockout I
Circuit UVLO |
,TEST1
Oscillator VRe
J%T osc TEST Gircuit | ; T

1 =>ch1 OUT
7

T
o

F>ch2 ouT
7Y LDO el
L
»|{Discharge ControIH ;/_7
_____________________________________________ i
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RAA23021x

Pin Configuration

TESTH [ 1 Q [20] sHOMBA
n[2 e 3] sHONB2
| .
PGND11 | 3 | i i8 | DSTB
| ! '
PGND12 [ 4 i |17 ] TEST3
| v
Louti1 [8 { i 8] vrEG
| b
LouT12 [ 8 : ! 15 | TEST?
| ) |
VPN [ 7 i i 14 | AGND
| b
VPNi12 | 8 | =. | k) | AVDD
vPNZ [ 8 ST (2] Pe
out2 [ 10 [n] 2
(Top View)
Pin Function
Pin No. Symbol 110 Function
1 TEST1 — Test pin 1 (connect to AGND)
2 11 Input Inverted input for error amplifier of ch1
3 PGND11 Ground Power ground
4 PGND12 Ground Power ground
5 LOUT11 Output Inductor connection 1 for ch1
6 LOUT12 Output Inductor connection 2 for ch1
7 VPin11 Power supply | Output stage power input 1 of ch1
8 VPin12 Power supply | Output stage power input 2 of ch1
9 VPiN2 Power supply | Output stage power input of ch2
10 ouT2 Output Output of ch2
11 12 Input Inverted input for error amplifier of ch2
12 PG Output Power-good output (open-drain)
13 AVpp Power supply | Analog block power supply
14 AGND Ground Analog ground
15 TEST2 — Test pin 2 (connect to Vreg)
16 VReG Output Internal power supply output (connect 1uF)
17 TEST3 — Test pin 3 (open)
18 DSTB Input Light-load operation mode setting pin
19 SHDNB2 Input Output ON/OFF of ch2
20 SHDNB1 Input Output ON/OFF of ch1
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RAA23021x

Absolute Maximum Ratings

(Unless otherwise specified, T4 = 25°C)

Parameter Symbol Ratings Unit Condition
Analog power supply (AVpp pin) AVpp -0.5t0 +6.5 Y AVpp
VP|N pin applied voltage VP|N —-0.5t0 +6.5 V VP|N11, VP|N12, VP|N2
SHDNB pin applied voltage VsHpnB -0.5t0 +6.5 \Y, SHDNB1, SHDNB2
DSTB pin applied voltage VpsTs -0.5t0 +6.5 \% DSTB
PG pin applied voltage Vpe -0.5t0 +6.5 \% PG
Il pin applied voltage Vi —-0.5t0 +6.5 \% 111, 112
VPiN11+VPN12 pin sink current (peak) |P|N1(peak)— 3500 mA VPin11+VPIN12
LOUT11+LOUT12 pin output source ILo1(peak)+ 3500 mA | LOUT11, LOUT12
current (peak)
VP|N2 pin sink current (DC) |PIN2(DC)— 500 mA VP|N2
OUT2 pin output source current (DC) lo2ocy+ 500 mA | OUT2
LOUT11+LOUT12, OUT2 pin output ILo1,02(bc)- 100 mA | when discharge circuit is
source current (DC) operation.
Total power dissipation Pr 3400"" mW | Ta<+25°C
Operating ambient temperature Ta —40 to +85 °C
Junction temperature T, —40 to +150 °C
Storage temperature Tstg -55to +150 °C

Note:

*1  This is the value at Ta < +25°C. At Ta > +25°C, the total power dissipation is derated by 34mW/°C.
Board specification : 4-layers glass epoxy board, 76.2mm x 114.3mm x 1.664mm.
Copper coverage area: 50%, 0.070mm thickness (top and bottom layers)

95%, 0.035mm thickness ( layers 2 and 3).
Connecting exposed pad

Caution: Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any parameter.
That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering
physical damage, and therefore the product must be used under conditions that ensure that the absolute
maximum ratings are not exceeded.

Recommended Operating Condition

(Unless otherwise specified, T, = 25°C)

Parameter Symbol Min Typ Max Unit Condition
Analog power supply voltage AVpp 3.0 5.0 5.5 \Y AVpp
(AVpp pin)
VP pin applied voltage VPN — AVpp — \% VP11, VPiN12, VPIN2
SHDNB pin applied voltage VsHpnB 0 — AVpp \Y, SHDNB1, SHDNB2
DSTB pin applied voltage VpsTs 0 — AVpp Vv DSTB
PG pin applied voltage Vpe 0 — AVpp \% PG
Il pin applied voltage Vi 0 — AVbp \% 11, 112
VReG pin capacitance Crec — 1.0 — F VReG
Operating junction temperature Tio -40 — +125 °C

R18DS0013EJ0102 Rev.1.02
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RAA23021x

Electrical Characteristics
(Unless otherwise specified, T4 =25°C, AVpp = VP = VP =5.0 V, VOUT2 =33V, fosc = 1 MHz, DSTB =L)
Parameter Symbol Min Typ Max Unit Condition
Total Standby current Ipp(sTneY) — 1 2 pA | AlpptIPini+IPin2
SHDNB1 = SHDNB2 = AGND
Circuit operation current 1 Ibp+ — 1.2 2 mA | Alpp, SHDNB1 = SHDNB2 = AVpp
DSTB = GND (normal mode)
Circuit operation current 2 Ibp2 — 25 45 HA Alpp, SHDNB1 = SHDNB2 = AVpp
DSTB = AVpp (ultra low-power
mode)
Internal Internal power supply Vres 2.25 2.4 2.55 \% lrec = OMA
power voltage
supply block
(Vres)
Under Operation start voltage AVpp(Lh) 2.7 2.9 3.0 \Y AVpp pin voltage is detected
voltage lock | during rise time
out circuit Operation stop voltage AVipphiL 2.6 2.8 3.0 \% AVpp pin voltage is detected
(UVLO)
Short-circuit | 111 input detection voltage Vrhaiy 65 75 85 % 111 pin, Ratio to the output voltage
protection (ch1) or E/A1 threshold voltage
circuit (SCP) | Delay time towy) — 10 20 ms
Oscillation Oscillation frequency fosc — 1000 — kHz
block
Soft start Soft start time tss 0.9 2.0 4.0 ms | ch1, ch2
block
PWM block Maximum duty Dwmax.(;pwmy — 100 — % ch1
Output ch1 output voltage accuracy | Vouri -2.5 — +2.5 % lor = 200mA, (with internal resistor)
voltage ch2 output voltage accuracy | Vour2 -1 — +1 % loz = 10mA, (with internal resistor)
accuracy
(with resistor
inside)
E/A block E/A 1 input threshold Virh1 0.780 0.800 0.820 \Y Including input offset, (with external
(with resistor | voltage resistor)
outside) E/A 2 input threshold Vithz 0.792 | 0.800 | 0.808 V | Including input offset, (with external
voltage resistor)
Output block | P-ch ON resistance Ron-p1 — 0.15 0.3 Q lo = 100mA
N-ch ON resistance Ron-nt — 0.15 0.3 Q lo = —100mA
Discharging | ch1 ON resistance Ronde1 — 100 200 Q ch1, loc = 20mA
circuit block | ch2 ON resistance Rondca — 200 400 Q | ch2, Ipc = 20mA
Series The voltage between the Voirz 0.5 — — \% loz = 20mA
regulator input and output
block (ch2, Input regulation REG2 — — 50 mV | loz =20mA, VP = 3.0V to 5.5V
DSTB = Load regulation REG., — — 50 mV | loz = 1mA to 500mA
AGND: Output short-circuit current lozshort — 100 — mA | OUT2=AGND
nmoc:(r;r;a;l Peak output current lozpeak 550 — — mA
Series The voltage between the Voirz 0.5 — — \% loz = 10pA
regulator input and output
block (ch2, Input regulation REGn2 — — 100 mV | loz = 10uA, VP = 3.0V to 5.5V
DSTB = Load regulation REG., — — 100 | mV | loz = 10pA to 50mA
AVpp: ultra
low-power
mode)

R18DS0013EJ0102 Rev.1.02
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RAA23021x

Electrical Characteristics (cont.)

(Unless otherwise specified, T4 =25°C, AVpp = VP = VP =5.0 V, VOUT2 =33V, fosc = 1 MHz, DSTB =L)

Parameter Symbol Min Typ Max Unit Condition
Power-good | Threshold voltage Vrhee) 86 90 94 % PG ="Hiz"->"L", "L"—>"HiZ"
circuit block Ratio to the output voltage
PG pin output voltage Ves — — 0.1 \% lpe- = 0.1mA
PG pin leakage current ILeak-rPc — — 1 pA | SHDNB1, SHDNB2 = AGND
Delay time toLv-pe — — 2 ms | Time from detecting of output
startup until change form L to HiZ
on PG pin
ON/OFF Threshold voltage Vru 0.6 — 1.4 \ SHDNB1, SHDNB2, DSTB
controller
block
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RAA23021x

Typical Performance Characteristics

(Unless otherwise specified, T = 25°C, AVpp = VPn; = VP2 =5.0 V)
Efficiency vs. Output Current (ch1l)

VOUT=3.3V VOUT=2.5V
100 100
/_..—-.'__\‘\
90 \ 90
80 80 \
& &
g 70 3 10
5 g
£ 60 2 60
5 b
50 50
40 40 .
0.0 01 1 10 001 01 1 10
Qutput Current(A) Oulput Current(A)
VOUT=1.8V VOUT=1.2V
100 100
90 | — — —_— 90
80 | 80
g 70 & 70
k] 5
S 60 | g 60
£ &
50 / ................ 50 /
0.01 0.1 1 10 0.01 0.1 1 10
Qutput Current(A) Qutput Current(A)
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RAA23021x

Load Step Transient Waveforms

TA =25°C, VIN =5V, L1 =2.2uH, CIN1 = CIN2 = 10uF, COUT1 = 20uF, COUT2 = 10uF

ch1 ch1
T Sl A A — — - AV Ui T Sl A A —
. - ! ' VOUT1=1.2V
VOUT1 | VOUT1=3.3V . vouTt |
200mV/Div."} G
| 200mV/Div. |
3A 3A
i I( | | f i
IoUT1 , : , ' ; :
1A/Div. | | | 0.02A I0UT1 5 ! '. 4
e ADY e o Loos
:. - : 5 100 points o bk .. S o_oe et Toovomnel [ T 108
100us/Div. 100us/Div.
ch2 Normal operation ch2 Normal operation
T o e L —————— SUAalb ARk [ T Lol e A e ——— —-
VOUT?2 . VOUT2=3.3V J\r VOUT?2 VOouUT2=1.2V : :
50mV/Div. " ™ : 50mV/Div. ™ Y :
: 0.5A
IOUT2 | [ } '; louT2 0.25A
0.2A/Div. | 1 0A " 0.2A/Div. r ] L
L -2 oy 1000 poir - L = - jovs 1000 poir - e
100us/Div. 100us/Div.
ch2 Ultra low-power mode ch2 Ultra low-power mode
T Lo e e - A AR e [ L T ol S L e —
VOUTZ | VOUT2=i3V | F VOUT?2 VOUT2=1.2V s
20mV/Div. Y _ = 20mV/Div. " s
| 0.1A | 0.1A
lout2. f - louT2 | ! :
0.05A/Div. | : \ 0 " 0.05A/Div. | \ 0A 4
.. Z0.0mv. W _vomn TER :.;na;n';rl.w @ & anama oo W _vomn e T [ WD
100us/Div. 100us/Div.
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RAA23021x

Ch1 Operation Waveforms
VOUT1=3.3V, IOUT1=1A

VOUT1=3.3V, IOUT1=0.01A

Tokhud - = b+ A Tojofhk —_—
VOUT1 } VOUT1 :
50mV/Diy. "* dane ey T oottt 5 () )\ D) 4 e e A
| , f _ | -
LOUT1 ] | [ LOUT1
2V/Div. | 2V/Div. |
IL1 /\/\/\/\ '
0.5A/Div. IL1
0.1A/Div".
.Q 5 G IthV N @ Sebet &) |deem f;g;‘?;;‘,",_ - A3V [ IR [ NELITECN MR v f::;l:;\""_ - 7 ey
0.4us/Div. 0.4us/Div.
VOUT1=3.3V, IOUT1=0A
R R e T o e S [
VOUT1 - ________________ '_;‘-1._‘““ s
50mV/Div. N
LOUT1 s
2V/Div.
IL1
0.1ADiv. |
l):'
s R R Y | B
4ms/Div.
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RAA23021x

Start-up and Shutdown Waveforms

Only SHDNB1 ON Only SHDNB2 ON
W 1 L I -
:
SHDNB1 | ax w SHONB2 | H-— = d
5V/div. = g 5V/div. - e
VOUT2(3.3V) 1V/div. | VOUT2(3.3V) 1V/div. %
2 i o |
VOUT1(2.5V) / \ | / VOUT1(2.5V) i
1Vidiv. / \\ / 1V/div. \i
H-'—-—I"'J P - -"( §
mgm il Wi Otime ChE TSV TR T 00 Vel 7 T o0 MEoms CHT I |.5'l-Ij

2ms/Div.

Both SHDNB1 and SHDNB2 ON at the same time

SHDNB1 | NN Rt U ey SR
SHDNB2 ; |
5V/div. &
VOUT2(3.3V) 1V/div.
f,f{ VOUT1(2.5V) !
/ 1V/div.
Ll
- AU
BE 5.00 VeA

2ms/Div.

\\v

i

EE 500V N

2ms/Div.
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RAA23021x

Power Good Waveform *PG pin is connected to ch2 output(3.3V)

Start-up Shutdown
T Ll R R A ———————————— CH Al e L L SREERRIURIVVE e e
SHDNBA1 2 _ : SHDNB1 L (e RS
SHDNB2 ... s | ° SHDNB2,. -
5V/div. i 5V/div. |
voutz ] R — VouT2 | i
2V/Div. l;i..-‘-‘,,_._.,,_._ ! | 2V/Div. lb: : - wa.
' _ PG
PG i 2V/Div.
2V/Div. | : 5
- oy - coov T.60m I;::\;"‘“ [ WEEELL o, %00V [ WFXTE] TG0 :;:u;lm - mv
1ms/Div. 1ms/Div.
Short-circuit protection waveform
VIN 5,
2V Div.
vouT1 3.3V
2V/Div. . -
' / Current limiting. (Typ. 4.5A)
| : After 10ms(Typ.)
IOUT1 i/ all the outputs are latched to OFF by SCP.
2A/Div. ¢ | -
- znﬁv; v @ oo ltnnms 'B:;.‘..‘;;:m“ @ . is0v
/ 4ms/Div.

Ch1 output short-circuits.
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RAA23021x

Ch2(LDO) peak output current vs. output voltage (VIN=5.0V)

0.7

\

\

T /
o -
m0.4 =
7] -
j=1 Fa
w03 ..//
§02
' ——VIN=5Y
0.1 - — VIN=33V
0
0 1 4 5

2 3
Vout2(V)

Ch2(LDO) output voltage vs. output current (VIN=5.0V)
VOUT2=3.3V VOUT2=1.2V

w

n oo
Ll
LS I

3+ 14
25 4 2
. = 0.8 -
E 2 g
= I
8 1s | 3 0.6
. 04 -
05 0.2 -
0 01 02 03 04 05 06 07 0 005 01 015 02 02 03 035
10UT2(A) I0UT2(A)
Standby current vs. Operating ambient temperature
2
15
=T
3
51
=
)
8
= 05 //
0 _
-60 -40 -20 o] 20 40 60 a0 100
TA(C)
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RAA23021x

IC Surface Temperature vs. Time

Ch1 and ch2 operation (normal mode)
VIN=5V

ch1:3.3V, 2A ch2:1.8V, 0.3A

Ta=25°C

Measured on Renesas Evaluation Board

90
80 - '
70 ’/f’-‘—__

60 ,!

50

40

Temperature (°C)

30
20

10

0

0 5 10 15 20 25 30

Time (min.)

Temperature Derating Curve

4000

3500

3000

2500 \~

g 2000 \
£ N
1500 \\
1000
500
0
0 25 50 75 100 125
Ta ()
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RAA23021x

Pakage Tempereture Rise vs. IOUT

VIN=5.0V
Only ch1 operation Only ch2 operation
70 70
© 60 / O 60
= / < ——\OUT=3.3V
3 s0 e £ 50 _ -
=2 /, = —==-VOUT=1.2V
240 L 5 40
= '’ =1
4'.; ,’ 2 -
5 30 r e @ 30 -7
a = -
E 20 / E 20 -
e i [ P
10 e ——VOUT=3.3V 10 L
8 o —==-VOUT=1.2vV £ -~
3o — R 8o =
0 0.5 1 1.5 2 2.5 3 0 01 0.2 0.3 0.4 0.5
10UT(A) IOUT(A)
Maximum IOUT vs. Ambient Tempereture
VIN=5.0V
Only ch1 operation Only ch2 operation
3 \\ 0.5
\.‘
2.5 X 0.4
< =
E 2 E 03
o } =
Q15 o
£ E 02
3 . 3
£ ——VOUT=3.3V £ ——VouT=3.3v
205 — ____vouTeiav g0l -—--vouTatav
0 | 1 0 | ‘
0 25 50 75 100 125 0 20 40 60 80 100
Ambient Temperature(°C) Ambient Temperature(°C)

Note : When calculate the package temperature with both ch1 and ch2 operation, reference these data.
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RAA23021x

Control Block

SHDNB1, SHDNB2: ON/OFF Setting

SHDNB1 SHDNB?2 chl ch2
L L OFF OFF
H L Start-up in order of ch1 and ch2
Stop ch1 and ch2 at the same time
L H Start-up in order of ch2 and ch1
Stop ch1 and ch2 at the same time
H H Start-up ch1 and ch2 at the same time
Stop ch1 and ch2 at the same time

Note: L:Low level, H: High level

OFF: circuit stand-by, ON: circuit operation status
When both SHDNB1 and SHDNB2 are H, RAA23021x continues operation even if one of them is turned to L.
RAA23021x stops when both of them are turned L.

DSTB: IC Ultra Low-Power Mode Setting

DSTB IC Operation
L Normal operation
H Ultra low-power mode operation (ch1: stop, ch2: operation)

Note: L:Low level, H: High level

R18DS0013EJ0102 Rev.1.02
Jul 23. 2014
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RAA23021x

Output Status

Vgrec Pin Status

SHDNB1 SHDNB?2 DSTB VRec
L L LorH AGND
H L L 24V
L H
H H
H L H AGND
L H
H H
Note: L:Low level, H: High level
chl, ch2 Output Pin Status
chl-ch2 chl ch2
Status LOUT1 ouT2
Stop PGND AGND
(Discharge circuit: On)* (Discharge circuit: On)
Operation Pulse Set voltage
(VP|N1 or PGND)
Note: Ch1 discharge circuit is “On” during ultra low-power mode.
PG Pin Status (ch1l, ch2 output detect)
IC Operation Status PG
DSTB Output
SHDNB Pin Pin chl, ch2 Output Status Status
SHDNB1=L | LorH Stop Hiz
SHDNB2 =L
SHDNB1 =H L ch1 or ch2 output voltage is under 90% of the set voltage L
or ch1 and ch2 output voltage are over 90% of the set voltage HiZ
SHDNB2=H | ch1: Stop Hiz
ch2: Operation (Both output voltage is over 90% of setting voltage and under 90%)

Note: L:Low level, H: High level, HiZ: High impedance

Caution: When both ch1 and ch2 output voltage start up over 90%, there is delay time (under 2ms) before PG pin

becomes HiZ.

When using power good (PG pin), connect it to ch1 or ch2 output. Recommended value of pull-up resistor is

100kQ.

R18DS0013EJ0102 Rev.1.02
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RAA23021x

Timing Chart

® Input

AVDD

SHDNBH1

SHDNB2

® Output

VREG

ch1 OUT

ch2 OUT

PG (Open)

PG
( Connect to

ch10UT
or ch20UT

STONNNNNENNN

ch1 OUT or
ch2 OUT)

) /"

R18DS0013EJ0102 Rev.1.02
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RAA23021x

Operation of Each Block (Overview)

Rise up sequencer

The IC “rise up” sequence feature has 3 patterns described below. The internal “rise up” sequence capability does not

need any additional external circuitry or components.

Pattern 3 : ch1 and ch2 at the same time

SHDNBH1
SHDNB2

VOUT1

Pattern 1 : ch1 ->ch2 Pattern 2 :
SHDNB1 SHDNB2
VOUT1 4/—\ VOUT1

<> |
2ms | '
VouT2 ﬂ vouT2
<
2ms

Note1 : Actuary, soft start begin after VREG rises up
Note2 : In all patterns, ch1 and ch2 shutdown starts at
the same time.

ch2 -> ch1

R18DS0013EJ0102 Rev.1.02
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RAA23021x

Soft start

To limit the startup inrush current and output voltage overshoot, a soft start circuit is used to ramp up the reference
voltage from 0 V to its final value linearly. The soft start time are fixed for both ch1 and ch2 are 2ms(Typ.) and no
additional components are needed. Soft start feature gradually increases the error amplifier (E/A) input threshold
voltage by using the voltage that is generated by the digital soft start (DSS) circuit in 64 steps.

VouTt
111, 112 E/A1, E/A2
\) -
DSS Circuit p
0.8V
’_'_'jv Note1 : This figure is the case of RAA230215
64 steps
SHDNB1
SHDNB2
VREG '/
E 0.8V
1
DSS | :
| |
64 steps '
1
1 1
LOUT1 | \ \ ~ E\ ~
1 1
VOUT1 L,///,,,/ff””’/1
! |
VOUT2 L,/,,,//”’//’///?
| 2ms '
1
' Note2 : This chart is the case that ch1 and ch2 start
at the same time
Note3 : DSS waveform cannot be observed from IC
outside.
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RAA23021x

Discharge circuit

This IC has the discharge circuit for both chl and ch2. This enables a rapid discharge without an external MOSFET.
When SHDNB pin is changed from high level to low, discharge switches of chl and ch2 turn on at the same time, and
they discharge all capacitors which are connected to each output through LOUT1 and OUT?2 pin.

When AVDD pin voltage becomes low level, discharge switches become off because there are no voltage to keep them
on. The control voltage of discharge switches is VREG, and the discharge time of VREG capacitor is over 100ms when
AVDD voltage fall down, so even if SHDNB pin is connected to AVDD pin, the output voltage of chl and ch2 can be
discharged because VREG voltage level can keep the discharge switches on.

About calculation of discharge time, see page 30.

VIN

ch1 QVPIN11‘12 | T Device A

Output % ) Py

Control -— o — e oy o = =

.' Lk ? | ¢ Device B

VREG | [ouritiz gl l Iz
I )/;IPGND11,12 T DeviceC

Discharge v A A

Control —
VPIN2
D)
LDO

) S
' ) T i — Device D

Discharge out2 % A7 A7

Control __|%| | QO I

hd §> Device E

v A 37

Note : These dashed arrow are discharge line.
Power Good

Power Good (PG) is an open-drain output that requires a pull — up resistor (Recommended value = 100kQ). PG releases
when the both chl and ch2 FB voltage and thus the output voltage rises above 90% of nominal regulation point. The PG
goes low when the FB voltage falls below 90% of the regulation point. When both SHDNB pins become low level, PG
pin become high impedance (HiZ) because VREG is used for PG control and it fall down at this time. So, if PG is
connected to AVDD, its status keep high level. PG pin must be connected to chl or ch2 output.

This function can be used for sequence signal for other devices.
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RAA23021x

Protection Circuit View

Operation Status

Protection Common Circuit
Circuit Function (Vres, OSC, etc.) Output Reset

Short-circuit Detect ch1 output voltage Operation All the output are Change SHDNB1 pin and
protection dropping because of latched to OFF SHDNB?2 pin from high to low
(SCP) short-circuit, etc. or
*Only ch1 (Timer latch type) Drop AVpp pin input voltage
Thermal Detect increase of IC Operation All the output are under the operation stop
shutdown internal temperature latched to OFF voltage (2.8 V)
circuit (Over 150°C)
(TSD) (Timer latch type)
Over current Detect ch2 over current Operation ch2 output is down Release over current status
protection (ch1 continues (Under the output short-circuit
(OCP) operation) current: 100 mA)
*Only ch2
Under voltage | Detect dropping of AVpp Operation*1 All the outputs are Up AVpp pin input voltage

lockout circuit
(UVLO)

(IC power supply)

stop

over the operation start
voltage (2.9 V)

Note:

The common circuit stops if AVDD is lower than VREG.

When ultra low-power mode, these protection circuits DO NOT operate.
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RAA23021x

Short-Circuit Protection Circuit (chl)

When the voltage of chl drops, the voltage of the 111 pin also drops. If it falls below the input detection voltage of the
short-circuit protection circuit (under 75% of output voltage), the timer circuit starts operating. And after 10 ms, all the
outputs are latched to OFF. At this time, common circuits (such as the internal power supply block, and oscillator, etc.)
continue operating.

When the short-circuit protection circuit is operating, to reset the latch circuit, either change the level of the SHDNB1
pin and SHDNB?2 pin from high to low or drop the level of the power supply voltage (AVpp) to the level below the
operation stop voltage of the under voltage lockout circuit (2.8 V).

e Timing Chart (when chl is short circuited)

SHDNB1 I | L | I

The input
11 detection voltage

(1) At starting
— A short-circuit will not be detected while the chl is undergoing a soft start (that is, short-circuit protection is not
triggered). If a short circuit occurs while chl is starting, short-circuit protection will start after the soft start time
elapses following startup.
— If a short-circuit occurs in a channel that is operating while another channel is being soft-started, short-circuit
protection will start immediately.
(2) Short-circuit protection operation
— If a short circuit is detected in chl (chl II pin voltage is lower than the input detection voltage except soft-stare
period), the timer circuit starts operating. And after 10 ms, all the outputs are latched to OFF.
— Common circuits (such as the internal power supply block, and oscillator, etc.) continue operating.
(3) Cancelling short-circuit protection
— To reset the latch circuit, either change the level of the SHDNBI1 pin and SHDNB?2 pin from high to low, or drop
the level of the power supply voltage (AVpp) to the operation stop voltage of the under voltage lockout circuit
2.8V).
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RAA23021x

Thermal Shutdown Circuit (Timer Latch Type)

After overheating has been detected (shutdown temperature: 150°C or higher), the timer circuit starts operating (as same
as SCP). And after 10 ms, all the outputs are latched to OFF. Common circuits (such as the internal power supply block,
and oscillator, etc.) continue operating.

When the thermal shutdown circuit is operating, either change the level of the SHDNBI pin and SHDNB?2 pin from
high to low, or drop the level of the power supply voltage (AVpp) to the operation stop voltage of the under voltage
lockout circuit (2.8 V).

When ultra low-power mode, this circuits DOES NOT operate.

Under Voltage Lockout Circuit (Auto Recovery Type)

(1) Under voltage lockout operation
When the power supply voltage (AVpp) falls to the operation stop voltage (2.8 V), output from all channels stops.
Common circuits (such as the internal power supply block, and oscillator, etc.) continue operating.

(2) Restoring output
Once AVpp voltage is restored to the operation start voltage (2.9 V), the under voltage lockout operation is canceled
and output automatically resumes. The output voltage cannot be restored while the under voltage lockout circuit is
operating, not even by manipulating the SHDNB pin.

When ultra low-power mode, this circuits DOES NOT operate.

Current Limiting

Ch1 operates under the current control mode. If an overcurrent occurs, the current is limited on a pulse-by-pulse basis.
If the current sensor detects an overcurrent, the current is limited and the switching operation of the Power MOSFET in
the output stage stops until the next cycle.

When the chl current is limited, the output voltage drops. If the chl II pin voltage falls below the input detection
voltage, the short-circuit protection circuit starts operating.

Reference data (Unless otherwise specified, Ta = 25°C, AVpp = VPny = 5.0 V)

Iltem Symbol Min Typ Max unit Measurement condition
Current limit | ch1 Current limet 1 Iuima_1 — 4.5 — A ch10UT 3.3V
value ch1 Current limet 2 lLm1 2 — 4.5 — A ch10UT 1.2V
ote: These data are for reference and not guaranteed as specifications.

Reverse Current Protection (chl)

Ch1 have a reverse current protection circuit. When the bottom of inductor current is under ground, low-side N-ch
MOSFET of output block is stopped, and chl operate as diode rectification. So, consumption current at light load can
be reduced.

Over Current Protection (ch2)

Ch2 have a fold back type current protection circuit. If over current occur, protection operation is started and load
current is limited (output short-circuit current: 100 mA).
Peak output current depend on output voltage. When VPIN2=5V and VOUT2=3.3V,.it is over 550mA.

When ultra low-power mode, this circuits DOES NOT operate.
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RAA23021x

Ultra Low-Power Mode

This IC has the ultra-low power mode. By setting DSTB pin into high level, the IC operates in the ultra-low power
mode, and ch2 (LDO) operates. Then the consumption current is 25 pA (TYP.) and chl stops. If DSTB pin is set from
high level to low level, the IC operation changes to normal mode, and chl starts up with soft start.

When ultra low-power mode, protection circuits DOES NOT operate.

e Timing chart

o Input

DSTB

o Output

VReG

ch1 OUT

ch2 OUT The output is continued.

PG
(Open)

HiZ 7z

)L
1

. ch10OUT i

PG . chiouTr :
(Connect to \ V/

ch1 OUT)

PG ch2 OUT

(Connect to
ch2 OUT)
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RAA23021x

Advance on Designing

Setting Output Voltage (When the output voltage is set by external resistor)

The output voltage settings are shown in the figures below. The output voltage can be calculated by the equations
shown in these figures.

[Setting output voltage of ch1, ch2 by external resistor]
Vout = (1+R1/R2) x 0.8

Vout (Output voltage)

R1 E/A1, E/A2

2 iny
L 0.8V(TYP.)

)
N\

Examples of R1 and R2 selection

Vout 0.9v 1.0V 1.05V 1.1V 1.18V 1.2V 1.5V 1.8V 2.5V 3.3V

R1 12k 16k 16k 15k 39k 15k 24k 30k 100k 75k

R2 91k 62k 51k 39k 82k 30k 27k 24k 47k 24k

Output voltage accuracy (When the output voltage is set by external resistor)

Output voltage accuracy can be calculated by an equation below.

(Vﬂut - Vﬂ'ﬂ')

X 2X Ry
Vout ALt

Vourace = Virnace
Vouracc is the output voltage accuracy (%).

Vitnacc is the E/A input threshold voltage accuracy (%).
Vour is the output voltage (V).

Racc is the external resistor accuracy (%).

So, each chl and ch2 output voltage accuracy is below.

(Vout —0.8)
VUUTIACC = 2; =+ W X2X RACC
(Vout — 0.8)
Vourzace = 1 Vo X 2 X Ryce

Note : These equation don’t include Vout fluctuation by load step transient.
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RAA23021x

Handling of pins when not used

Connect unused pins as below.

Always connect AVDD pin, VPINI pin and VPIN2 pin with power supplies, and connect PGND1 pin and AGND with

the ground.

When DSTB pin is not used:.

Pin number Pin name Connection
18 DSTB AGND
When SHDNBI pin is not used:.
Pin number Pin name Connection
20 SHDNB1 AGND
When SHDNB2 pin is not used:.
Pin number Pin name Connection
19 SHDNB2 AGND
When PG pin is not used:.
Pin number Pin name Connection
12 PG AGND

R18DS0013EJ0102 Rev.1.02
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RAA23021x

Inductor selection

It is recommended to choose a inductor which ripple current (AIL) becomes 20 to 40 % of Iout(max).

When AIL increases, inductor current peak raises, so ripple of Vout gets larger and power loss increases. But, large
inductor is required to lower AIL.

AIL can be calculated by an equation below.

AL =

fsw is IMHz.

(Vin —Vout) Vout 1
T X X

vin ~ fonr

Peak current of inductor (ILpeak) can be calculated by an equation below.

AIL

Ipear = IGUT(MAX) +—

2

Choose a inductor which saturation current is higher than ILpeak .

Inductor Example

ch Output Current Inductor Manufacturer Inductance lreme (A) lsat (A) | Size
(uH) (LXWXT, mm)

ch1 | less than 1.5A VLF504012MT-3R3M TDK 3.3 24 21 5x4x1.2
NRS4018T3R3MDGJ TAIYO YUDEN 3.3 2 2.3 4x4x1.8
744042003 WURTH 3.3 1.9 1.8 4.8x4.8x1.8

1.5A to 3A LTF5022T-2R2N3R2-LC TDK 22 34 3.2 5.2x5x2.2

NR5024T2R2NMGJ TAIYO YUDEN 22 31 4.1 4.9x4.9x2.4
744062002 WURTH 22 34 2.7 6.8x6.8x2.3
LTF5022T-1R5N3R6-LC TDK 1.5 34 3.2 5.2x5x2.2
NR6020T1R5N TAIYO YUDEN 1.5 3.2 4 6x6x2
7440620015 WURTH 1.5 43 4 6.8x6.8x2.3

Note ltgvp : Rated current by temperature rising

IsaT : Rated current by inductance loss
These inductors are examples. About inductor detail, contact each manufacturer
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RAA23021x

Output capacitor selection

Each channel of RAA23021x has a phase compensation circuit which is optimized to each operation. In order to operate
stably with the phase compensation, connect the output capacitor :

DC/DC converter (chl) : over 22uF
LDO (ch2) : over 10uF
Ceramic capacitor can be used for output capacitor. It has low ESR, so VOUT ripple is decreased.

VOUT ripple (AVrpl) can be calculated by an equation below.

1
AV,..,= AIL x { ESR +
i ( (B X Egyr X fsw))

Input capacitor selection

Recommended input capacitor of DC/DC converter can be calculated by an equation below. Connect the capacitor that
value is over calculated one.

V
c Loyr (MAX) X %
=
N AViy X fow

About LDO, connect the capacitor that value is over 10uF.
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RAA23021x

Feedback capacitor

When RAA230215 (output voltage is set by external resistors) is used, connect 100pF capacitor in parallel to high side
output voltage setting resistor of chl to improve phase characteristic.

Don’t use at ch2.

Vout
RAA230215

100pF R1

—}—

F—M—-—

1K

R2

Discharge time
RAA23021x has discharge circuit. Discharge time can be calculated by an equation below.

- tde
Vae = Voyr X e Cart*Ronde

V. is a voltage after tdc(s).

Car is sum of all capacitance which are connected to the output of RAA23021x (output capacitor, bypass
capacitor around MCU, etc.).

Rongc 1s on resistance of discharge circuit.
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RAA23021x

Notes on Use

Connection of power input pin

Be sure to apply the same voltage to AVpp pin and VP pin.

VP input voltage must be same or less than AVpp.

PG Connection

When using power good (PG pin), connect it to ch1 or ch2 output. If PG is connected to AVpp, PG outputs high (AVpp)
when SHDNB1 and SHDNB?2 is low (because PG is high impedance when SHDNB1 and SDHNB?2 is low).
Protection Circuit at Ultra Low-Power Mode

When ultra low-power mode, all protection circuits DO NOT operate.

Actual Pattern Wiring

To actually perform pattern wiring, separate the ground of the control signals (AGND) from the ground of the power
signals (PGND), so that these signals do not have common impedance as much as possible. In addition, lower the high-
frequency impedance by using a capacitor, so that noise is not superimposed on the Vygg pin.

Connection of Exposed PAD

RAA23021x has an exposed pad on the bottom to improve radiation performance. On the mounting board, connect to
AGND.

Connection of Component Ground

When connecting a component to ground, connect to the ground below.

Component Connect Ground
ch1 input capacitor, ch1 output capacitor PGND
ch2 input capacitor, ch2 output capacitor AGND

ch1 output voltage setting resistor (low side)
ch2 output voltage setting resistor (low side)
VREG capacitor

Fixed Usage of Control Input Pin

When using fixed input pins SHDNB1, SHDNB2, DSTB input pins, connect each input to the pins listed below.

Connect Pin

Input Pin Fixed to Low Level Fixed to High Level
SHDNBH1 AGND AVpp
SHDNB2 AGND AVpp
DSTB AGND AVpp
Connection of Test Pin
Connect each test pin to the pins listed below.

Test Pin Connect Pin
TEST1 AGND
TEST2 VREG
TEST3 OPEN
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RAA23021x

The case short-circuit is not protected.

If a power supply of RAA23021x has current limit which is under chl current limit 4.5A (Typ.), the voltage and thus
AVDD falls when ch1 output short-circuits. If it becomes under operation stop voltage of UVLO (Typ. 2.8V), all the
output voltage are stopped. Then chl short-circuit is stopped, so AVDD recovers. After it becomes above operation

start voltage of UVLO (Typ. 2.9V), chl and ch2 output are restored, and chl short-circuits again. A large current may
flow continuously by repeating these operations.

To avoid devices destruction by the large current, set the power supply current limit higher or use a fuse into the power
supply line.

Tek (L

VIN

2V/Div. 5V In this case, VIN current limit = 1.5A

ool

I

) (3o s ] [ ® J

vouTt1 3.3V
2V/Div. ¢

Large current flows
continuously.

IOUT1
2A/Div. #

4ms/Div.
Ch1 output short-circuits.
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Package Dimensions

20-pin HTSSOP

JEITA Package Code

RENESAS Code

Previous Code

PTSPOO20JF-A

«QE
HE]

[t[s[8]A |

2x 10 TIPS

[1]
#2

L@

WOTE)
E D1 1 DIMENSIGNS "#1” AND “¥2”
. DO NOT INCLUDE MOLD FLASH,
4 J 2DIMENSION “#3" DOES NOT
[ | H H H H H H H H H H INGLUDE TRIM OFFSET.
%

Referrence | Dimension in Wilimeters

- Symool Min | Nom | Max

- D — | 650 | 660

E — |48 —

Al 0.06 ) — [ 015

e O I R
|| . b 019 — [ 0,30
e b1 019 (0,22 | 0,25
C 0,08 — (020

cl 0,09 101271016

_(b)_ g 0 — 8

[ —_ 0. 6% —_

- ) ] t — — | 020

f_{b_?' _ i — — 0,10
o8 ¥ — — | 0,076

- L 0,50 [ 0,60 | 0,70

Detail F Terminal cross section D1 — |40 —

El — 3,00 —
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of i ictor products and You are fully responsible for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas ics assumes no ility for any losses incurred by you or third parties arising from the

use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and

regulations and follow the procedures required by such laws and regulations.

5

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

1

. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas El as used in this means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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