RICOH

N-channel Load Switch IC

NO. EA-268-111028

OUTLINE

The R5540 series are N-channel Load Switch ICs with the low supply current, Typ. QuA. By using an Nch
transistor as a driver transistor, the features of low on resistance and the reverse current protection at off state
are realized in these ICs. The gate voltage of the N-channel transistor is supplied from the internal step-up circuit.
The R5540 is an ideal switch to supply the power from the secondary power source such as the output of a
step-down DC/DC to the load circuit. Since the package for the R5540 is the ultra small-sized DFN(PLP)1010-4F,
high density mounting on board is possible.

FEATURES
e Built-in an N-channel MOSFET
° Input V0|tage Range ................................................. 0.75V to 3.6V (COde 002)
...................................................................................... 0.8V to 3.6V (Code 004)
e Supply Current at Operation (Iogr=0mA) «-eweeeeeeee Typ. QA
e Supply Current at Standby Mode =«-=«xeeereeeeeeeeeee: Typ. 0.7uA
° SW|tCh On ReSsistanCe -----x-rrrmerrrrrrr e Typ 120mQ (VIN=1 2V)
° Output CUMTENT srorrrrrrerrr e Min. 200mA/ Min. 450mA
° Package .................................................................... DFN(PLP)1010_4F
e Built-in Over- current Sensing Circuit ---«--«-eseeeeeee: TYP. 350mA/ TYP. 700mA

e Built-in Soft-start function

APPLICATION

e For secondary power source for electrical appliances such as mobile communication equipments, cameras,
VCRs and Camcorders.
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BLOCK DIAGRAMS
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SELECTION GUIDE

The output current value, the auto-discharge function and the polarity of CE pin from "L" active, "H" active are
selectable at the user’s request.

Product Name Package Quantity per Reel Pb Free Halogen Free

R5540Kxxx*-TR DFN(PLP)1010-4F 10,000pcs Yes Yes

xxx: The output current value can be designated by the following codes.
002: Output Current (200mA)
004: Output Current (450mA)

*: Auto-discharge function at off state and the polarity of CE pin are option as follows.
B: "H" active, without auto-discharge function at off state
C: "L" active, with auto-discharge function at off state
D: "H" active, with auto-discharge function at off state

PIN CONFIGULATIONS
e DFN(PLP)1010-4F

Top View Bottom View
4 3 3 4
® )
1 2 2 1
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PIN DESCRIPTION

@ R5540K : DFN(PLP)1010-4F

Pin No Symbol Pin Description
1 GND Ground Pin
2 CE/CE Chip Enable Pin (“L” Active / “H” Active)
3 Vin Input Pin
4 Vout Output Pin
ABSOLUTE MAXIMUM RATINGS
Symbol Item Rating Unit
ViN Input Voltage -0.3t0 5.0 \Y
Vce Input Voltage ( CE / CE Pin) -0.3t05.0 V
Vour Output Voltage -0.3t0 5.0 \Y
lout Output Current Internally limited mA
Po P(()S\iv:r:dzllijsa?:;ofand Pattern)* 300 mw
Ta Ambient Tmeprature -40 to 85 °C
Tstg Storage Temerature -55to 125 °C

*) For Power Dissipation, please refer to Power Dissipation to be described.

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may cause the
permanent damages and may degrade the life time and safety for both device and system using the
device in the field. The functional operation at or over these absolute maximum ratings is not assured.

All of electronic equipment should be designed that the mounted semiconductor devices operate
within the recommended operating conditions. The semiconductor devices cannot operate normally over
the recommended operating conditions, even if when they are used over such conditions by momentary
electronic noise or surge. And the semiconductor devices may receive serious damage when they
continue to operate over the recommended operating conditions.
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ELECTRICAL CHARACTERISTICS

Vin = 0.75 to 3.60V(Code 002) , 0.80 to 3.60V(Code 004), C\y = 1uF, Cour = None, unless otherwise noted.

_=85°C.
R5540Kxxxx (Ta=25°C)
Symbol Item Conditions Min. Typ. Max. Unit
Code 002 0.75 3.60
Vin Input Voltage \Y
Code 004 0.80 3.60
Rou | Switch ON Resistance | =238 002 | Vin=1.2V. lour=200mA 120 | 180 | mQ
Code 004 | V|N=1.2V, loyr=450mA
lout Output Current Code 002 200 mA
lout Output Current Code 004 450
Iss Supply Current lout=0mA *Note1 40 uA
= Ta=25°C 0.7
Istandby | Standby Current VOU_T GN? pA
V|N—1.8V Note2 Ta=85°C 5
ILim Current Limit Code 002 200 350 500
VIN=1 2V mA
Y Current Limit Code 004 450 700 1000
Isc Short Current Limit Vin=1.2V, Vour=0V 50 100 mA
lce CE Input Current C version 0.4 pA
lcepp | CE Pull-down Current | B, D version 0.7 pA
Vin=2.5V to 3.6V
Veew | CE Input Voltage “H” | Vjy=1.0V to 2.5V v
Vin=0.75V to 1.0V
VeEL CE Input Voltage “L” Vin=0.75V to 3.6V \
Auto-discharge Nch Tr. V=1 2V
Riow | ON Resistance *IllNote.2 100 Q
(Version. C, D)
. . VIN=1 2\/, VOUT=1O% ~90%
tr Output Rise Time Cour=0.1pF 73 us
Short Current _
tse Response Time Vour=0V 30 Hs
All test categories were tested on the units under the pulse load condition (Tj=Ta=25°C) except Short Current
Response Time.

*Note1 CE =L for "L" active, CE=H for "H" active

*Note2 CE =H for "L" active, CE=L for "H" active
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TYPICAL APPLICATION
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R5540K

CE

Enable Signal

Basically, the R5540K series do not require a bypass capacitor between V,y and GND, however, considering the

spike noise caused by the high side inductor at current limit, use 0.1uF or more capacitor as a bypass capacitor.

More capacitance is also acceptable depending on the application.
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R5540K

TYPICAL CHARACTERISTIC
1) Output Voltage vs. Output Current C,y=1uF, Coyr=1uF

R5540K002x R5540K004x
2 2
1.8 _ 1.8 _
VIN=1.8[V] VIN=1.8[V]
1.6 [ 16 -
14 1 14
> 12 f VIN=1.2[V] > 12 VIN=1.2[V]
5 17 5 1 r
2 08 S
' \VINZO.B[V] 08 VIN=0.8[V]
06 I 06
04 — 04 +
02 02 ’
0 0 Il Il
0 0.1 0.2 03 0.4 0.5 0 01 02 03 04 05 06 07 08
Tout [A] TouT[Al

2) Turn on waveform (002x, V\y=1. 2V, C\=1uF, Ta=25°C)

; (1V/div)
(1V/dn2 / ,;I
VouTt

Vour (0.2V/div)
(0.2V/div) f

louT RL=10[Q] lour + RL=500[Q]

(20mA/div) Cout=0.1[uF] (10mA/div) CouT=0.1[uF]
TIME(100 4 s/div) TIME(50 & s/div)
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VCE

(1Vidiv

Vourt
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VCE

(1V/div) |
In

VouTt
(0.2V/div)

]

louT
(20mA/div)

RL=500[Q]
CouT=10[yF]
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(1V/div) |
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(0.2V/div)

&

louTt
(50mA/div)

|

RL=500[Q]
Cout=10[yF]

TIME(500 ¢ s/div)
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3) Inrush current vs. output capacitor (002x)

VCE
(1V/div) f
.
F]
Cout =10[pF]
Vourt L
(0.2V/div) Cout =22[uF]
In
,COUT =22[uF]
louT CouTt =10[pF]
(40mA/div) Cout =4.7[uF]
) |

TIME(100us/div)

5) Supply current vs. Temperature

Iss [ A]

Supply Current
18
16
14
12 +
10
8 -
6 I —\/IN=0.8V
4 e \/IN=1.8V
2 + e \[IN=3.6V
0 | |

-25 0 25 50 75 100
Topt [°C]

7) Standby Current vs. Temperature

ISTSNDBY [uA]

o
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o
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o

Standby Current

=—VIN=0.8V
=—VIN=1.8V
=——=VIN=3.6V
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Topt [°C]

tr[us]

4) Input voltage vs. Turn-on speed

160
140
120
100
80
60
40
20

tr vs VIN Ta=25["C]
L RL=10Q
o5 1 15 2 25 3 35 4

Input Voltage [V]

6) Standby current vs. Input voltage

Iss[1A]
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oON MO

18
16
14
12
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005115 2 25 3 35 4 45 5 55

Input Voltage [V]

8) Standby current vs. Input voltage

Istsnosy [ U Al

0.9
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9) CE Input voltage "H" vs. Temperature

CE Input Voltage "H"

10) CE Input voltage "H" vs. VDD

0.9 0.9
08 | 0.8
S 07 | < 07
o 06 | L o6
> ¢
05
—08V 05
0.4 —1.8V 0.4
—3.6V
03 : 03
50 25 0 25 50 75 100

Topt [°C]

11) CE Input voltage "L" vs. Temperature

CE Input Voltage "L"

VCEH vs VIN

——40°C
——25°C
e 85°C

05 1 15 2 25 3 35 4

Input Voltage [V]
12) CE Input voltage "L" vs. VDD

VCEL vs VIN

09 09
08 | 08 |
— 07 | =07 |
o 06 | —_— o 06 |
Q @)
> >
05 | g —_— 40
—0.8V 05 40°C
04 | —1.8V 04 L —25°C
—3.6V —85°C
0.3 L 03 . .
50 25 25 50 75 100 0 1 15 2 25 3 35 4

Topt [°C]

13) Short current limit vs. Temperature

Short Current Limit

Input Voltage [V]

14) Short current limit vs. Input voltage

Isc vs VIN

75 75
70 + 70
65 | 65
— 60 | A — 60
T 55 | < 55
3 50 | 3 50
T 45 =—V/IN=0.8V ~ 45 e _40°C
40 —V/IN=1.8V 40 —25°C
35 | e \/IN=3.6V 35 ——85°C
30 30
50 25 25 50 75 100 1 15 2 25 3 35 4 45 5 55
Topt [°C] Input Voltage [V]
15) Switch on resistance vs. Temperature 16) Switch on resistance vs. Input voltage
Switch On Resistance RON vs VIN
200 200
180 | 180
160 | e 160
T 140 1 / _. 140
E 120 % 120
= 100 | / = 100 —
< gg i —V/IN=0.8V o gg —40°C
a0 | —V/IN=1.8V 20 — 5
20 | =—V\/IN=3.6V 20 = 85°C
0 0
50  -25 25 50 75 100 0 05 1 15 2 25 3 35 4

Topt [°C]

Input Voltage [V]
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17) Output Rise time vs. Temperature

tr [ps]

19) Output Fall time vs. Temperature

Output Turn On Delay

150 1
——VIN=0.8V
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100 | e \/IN=3.6V 1
w
75 =
50 | -
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21) Reverse leakage current vs. Temperature
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18) Output Rise time vs. Input voltage
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20) Output Fall time vs. Input voltage
tfvs VIN
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22) Reverse leakage current vs. Input voltage
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23) Discharge resistance vs. Temperature

Discharge Resistance
350

300 -

250
=—\/IN=0.8V

200 |- =——VIN=1.2V
150 |- e \/IN=3.6V

RLow [R1]

100

50 -

-50 -25 0 25 50 75 100
Topt [°C]

25) Current limit vs. Temperature (002x)

Current Limit Threshold

400
350 -
300 |- —;
< 250
E 200 |-
T
£ 150 -
100 =—V\/IN=0.8V
=—V/IN=1.8V
50 1 ——VIN=3.6V
0 L L
-50 -25 0 25 50 75 100
Topt [°C]
|h' Turn-on , delay time
50 % ton §
| i
V EN 1 . i
I e try -
Rise:Time: i 90%
! ! i
Vour ' 10%
Turn:off delay ti

fall time
10%

24) Discharge resistance vs. Input voltage

RLow vs VIN
350

—-40°C
300 ~

& i
J 150
100 |

0 05 1 15 2 25 3 35 4 45 5 55
Input Voltage [V]

26) Current limit vs. Input voltage (002x)

RLow vs VIN

400
375 -
350 -
325 -
300 -
275 -

ItH [mA]

—-40°C
250 - —25°C
225 - e 85 °C
200

0 1 2 3 4
Input Voltage [V]
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Turn-on/ turn-off waveform (V,y = 1.2[V])

VCE
. VCE
(0.5V/div) (0.5V/div) \
N « ton ~124.61us]
Jr —  ton —i45.03[us]
Vout 5 < Vout .
(0.5V/div) (0.5V/div)
: No Load ., Noload
TIME(50 1 s/div) * TIME(10 ¢ s/div)
VCE VCE
(0.5V/div) (0.5V/div)
In «— ton —256.9[ us]
«— torF -
] 35.82[ 1 s}
Vourt ~ tr~140.6[4s] >t 5.19[us]
(0.5V/div) B Vour
(0.5V/div)
| 100 10Q
i TIME(100 4 s/div) TIME(10 1 s/div)
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POWER DISSIPATION (DFN(PLP)1010-4F)

Power Dissipation P, (mW)

Power Dissipation (Pp) depends on conditions of mounting on board. This specification is based on the
measurement at the condition below:

Measurement Conditions

Standard Land Pattern

Environment

Mounting on Board (Wind velocity=0m/s)

Board Material

Glass cloth epoxy plastic (Double sided)

Board Dimensions

40mmx40mmx1.6mm

Copper Ratio

Top side: Approx. 50%, Back side: Approx. 50%

Through-holes

¢ 0.54mmx24pcs

Measurement Result

(Ta=25°C, Tjmax=125°C)

Standard Land Pattern

40

Power Dissipation 300mw
] Bja=(125-25°C)/0.3W=330 °C/W
Thermal Resistance
0jc=48 °C/W
500 '4
A
400 o
On Board °
V o
300 4 5
N SIS
200 AN o
N o
100 N .
s i A
~
0

0 25 50

75 85100 125 150

Ambient Temperature (°C)

Power Dissipation

s
AR

i A

0O 0O 0O 0O O 0O 0O 0O O o

Measurement Board Pattern

IC Mount Area (Unit : mm)
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1.The products and the product specifications described in this document are subject to change or
discontinuation of production without notice for reasons such as improvement. Therefore, before
deciding to use the products, please refer to Ricoh sales representatives for the latest information
thereon.

2.The materials in this document may not be copied or otherwise reproduced in whole or in part without
prior written consent of Ricoh.

3. Please be sure to take any necessary formalities under relevant laws or regulations before exporting or
otherwise taking out of your country the products or the technical information described herein.

4. The technical information described in this document shows typical characteristics of and example
application circuits for the products. The release of such information is not to be construed as a
warranty of or a grant of license under Ricoh's or any third party's intellectual property rights or any
other rights.

5.The products listed in this document are intended and designed for use as general electronic
components in standard applications (office equipment, telecommunication equipment, measuring
instruments, consumer electronic products, amusement equipment etc.). Those customers intending to
use a product in an application requiring extreme quality and reliability, for example, in a highly specific
application where the failure or misoperation of the product could result in human injury or death
(aircraft, spacevehicle, nuclear reactor control system, traffic control system, automotive and
transportation equipment, combustion equipment, safety devices, life support system etc.) should first
contact us.

6. We are making our continuous effort to improve the quality and reliability of our products, but
semiconductor products are likely to fail with certain probability. In order to prevent any injury to
persons or damages to property resulting from such failure, customers should be careful enough to
incorporate safety measures in their design, such as redundancy feature, fire containment feature and
fail-safe feature. We do not assume any liability or responsibility for any loss or damage arising from
misuse or inappropriate use of the products.

7. Anti-radiation design is not implemented in the products described in this document.

8.Please contact Ricoh sales representatives should you have any questions or comments concerning
the products or the technical information.

&)

R HS Ricoh is committed to reducing the environmental loading materials in electrical devices
O with a view to contributing to the protection of human health and the environment.

Compliant
I Ricoh has been providing RoHS compliant products since April 1, 2006 and Halogen-free products since

Halogen Free  april 1, 2012.

RICOMH RICOH ELECTRONIC DEVICES CO., LTD.

http://www.e-devices.ricoh.co.jp/en/

Sales & Support Offices
RICOH ELECTRONIC DEVICES CO., LTD.

Higashi-Shinagawa Office (International Sales)
3-32-3, Higashi-Shinagawa, Shinagawa-ku, Tokyo 140-8655, Japan
Phone: +81-3-5479-2857 Fax: +81-3-5479-0502

RICOH EUROPE (NETHERLANDS) B.V.
Semiconductor Support Centre

Prof. W.H. Keesomlaan 1, 1183 DJ Amstelveen, The Netherlands
Phone: +31-20-5474-309
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Phone: +82-2-2135-5700 Fax: +82-2-2051-5713
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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