RICOH

2ch DCDC (Step Up DC/DC and Inverting DC/DC)

NO.EA-283-141120

OUTLINE

The R1286 2ch DC/DC converter is designed for AMOLED display power source. It contains a step up DC/DC
converter and an inverting DC/DC converter.

Step up DC/DC converter generates boosted output voltage to 4.6V ~ 5.8V(Selectable). Inverting DC/DC
converter generates negative voltage down to -2.0V ~ -6.0V(Selectable) that is dynamically adjustable with single
wire interface signal. R1286 consist of a voltage reference, error amplifiers, an oscillator, PWM control circuits,
over current protection circuits, short protection circuits, an under voltage lockout circuit (UVLO), thermal
shutdown circuit, a NMOS driver and a synchronous PMOS switch for boost converter, a PMOS driver and a
synchronous NMOS switch for inverting converter, and so on. High efficiency boost and inverting DC/DC
converters can be composed with two external inductors and three capacitors.

FEATURES
e Operating Voltage ........cccceeeveviiiiieieee e, 2.3V to 5.5V
e Step Up DC/DC (CH1)
Output Voltage (VouTe) .cccevveeeeeeeieeeiiiieeee e 4.6V to 5.8V (Selectable / 0.1V Step) [ R1286KxxxX ]
Adjustable Vour from 4.6V to 5.8V with external resistors [ R1286K001B ]
Output Current (Ioutk) .....ceevrieeeeiiiiie e 250mA [ R1286K0xxX / R1286K001B]

300mA [ R1286K1xxX]
¢ Inverting DC/DC (CH2)
Dynamically adjustable Output Voltage (Voum).....-2.0V to -6.0V (Range is fixed 3.0V / 0.1V Step)

Single wire (S-Wire) interface (Default Value is Selectable / 0.1V Step) [ R1286KxxxX ]
Adjustable Vour from -2.0V to -6.0V with external resistors [ R1286K001B ]
Output Current (IoutN)....eeeeerieeee e 250mA [ R1286K0xxX / R1286K001B]

300mA [ R1286K1xxX]
¢ Control and Protection
Internal start up sequence control with soft start operation
Auto discharge operation for both outputs
o Over current protection ..., Typ.1.0A(boost)/1.5A(inverting) ----- [ R1286K0xxX ]
Typ.1.1A(boost)/1.8A(inverting) - [ R1286K1xxX ]
Short circuit protection

UVLO(Under voltage lock out) protection ............ 2.05V
Thermal shutdown ..., 150°C
Operating frequency ..........cccceeeeeeviiiieeeee e, 1750kHz
Maximum Duty CycCle ........ccceoviiiiiiiiiiieeee 85% for boost converter / 90% for inverting converter
® PaCKage ...cocoiueiiieiiiiiee et DFN(PLP)2730-12
APPLICATION

e Fixed voltage power supply for portable equipment
¢ Fixed voltage power supply for AMOLED, LCD
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SELECTION GUIDE

The inverting output voltage (Vourn), the positive output voltage (Voute) and the versions of the inverting output
voltage are user-selectable options.

Product Name Package Quantity per Pb Halogen
Reel Free Free
R1286K$xx*-TR DFN(PLP)2730-12 5,000pcs Yes Yes

$: Delay Time for Protection setting serial number
(0) Typ:16msec
(1) Typ:40msec *1) A/IC~G version only

xx: Output voltage (Voure and Voutn default value) setting serial number
Further, refer to the voltage combination list.

* : Designation of method of setting Vout
(A/C~G) Dynamically adjustable output voltage version with S-Wire (Vourn)
Fixed output version (Vourp)
(B) Adjustable output voltage with external resistors version(Voute & Voutn)

* | Designation of method of setting Vout VONDEF *2) Vonminz) | Vonmaxt2) | TTrA*3)
A \I:g;zic:mand Dynamically adjustable output voltage -5.4~-2.4V 5.4V 2.4V 10ms
B Adjustable output voltage with external resistors ) ) ) )
version

C -5.0~-2.4V -5.0V -2.0V 10ms
D . . . -5.2~-2.4V -5.2V -2.2V 10ms
E \Ijle)izidonand Dynamically adjustable output voltage 5626V 56V 26V 10ms
F -5.8~-2.8V -5.8V -2.8V 10ms
G -6.0~-3.0V -6.0V -3.0V 10ms

*2) Vonoer is Voutn default value. This voltage is fixed (Selectable / 0.1V Step).
Vonminis Vourn minimum value with S-Wire.
Vonmaxis Vourn maximum value with S-Wire.

*3) Ttrais transient time per 0.1V with S-Wire.
Further, refer to the TIMING CHART.

RICOH



R1286K

-voltage combination list.

XX Vourp VONDEF
01 Extf-:‘rnal Extgrnal
resistors resistors

02 4.6V -4.9V
03 5.8V -6.0V
04 4.8V -4.9V
05 5.4V -5.4V
06 5.0V -5.0V
07 5.0V -3.5V
08 5.6V -5.6V
09 5.8V -5.8V
10 5.5V -5.5V
11 4.6V -4.4V

PIN CONFIGURATION

e DFN(PLP)2730-12

I N [ I Iy I O

O nmMn

Bottom
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PIN DESCRIPTION

¢ R1286KxxxA/C~G

Pin No. Symbol Description
1 Vourns Feed Back Pin for Inverting DC/DC
2 VouTN Outout Pin for Inverting DC/DC
3 Lxn Switching Pin for Inverting DC/DC
4 PVce Power Input Pin
5 Vee Analog Power Input Pin
6 GND Analog GND Pin
7 PGND Power GND Pin
8 Lxp Switching Pin for Step up DC/DC
9 Voutp Output Pin for Step up DC/DC
10 Vourtes Feed Back Pin for Step up DC/DC
11 CE Chip Enable and S-Wire Control Input Pin
12 TST TEST Pin

*) Tab is GND level. (They are connected to the reverse side of this IC.)
The tab is better to be connected to the GND, but leaving it open is also acceptable.

e R1286K001B

Pin No. Symbol Description
1 Vren Feed Back Pin for Inverting DC/DC
2 Voutn Outout Pin for Inverting DC/DC
3 Lxn Switching Pin for Inverting DC/DC
4 PVce Power Input Pin
5 Vee Analog Power Input Pin
6 GND Analog GND Pin
7 PGND Power GND Pin
8 Lxp Switching Pin for Step up DC/DC
9 Voutp Output Pin for Step up DC/DC
10 Vesp Feed Back Pin for Step up DC/DC
11 CE Chip Enable Pin
12 VRer Reference Voltage Output Pin for Inverting DC/DC

*) Tab is GND level. (They are connected to the reverse side of this IC.)
The tab is better to be connected to the GND, but leaving it open is also acceptable.

RICOH




R1286K

ABSOLUTE MAXIMUM RATINGS

(GND=PGND=0V)

Symbol Item Rating Unit
Vee Vce / PVee Pin Voltage -0.3t06.0 Vv
Vce CE Pin Voltage -0.3t0 6.0 \Y
Vixp Lxe Pin Voltage -0.3t0 6.5 \Y

Voutp(s) Voute Pin Voltage -0.3t0 6.5 V
Vixn Lxn Pin Voltage Vce-14 to Vee+0.3 \Y

Voutn(s) Vourn Pin Voltage Vce-14 10 0.3 V
Vst TST Pin Voltage [R1286KxxxX] -0.3t0 6.0 Y
VFrep Vree Pin Voltage [R1286K001B] -0.3t0 6.0 \Y
VFBN Vren Pin Voltage [R1286K001B] -0.3 to Vcct+0.3 \Y
VRer Vrer Pin Voltage [R1286K001B] -0.3 to Vcct+0.3 Y

Standard Land Pattern 1000* mw

Po Power Dissipation
P ;Iztlit)eErg STD. 51-7 Land 1950 mw
Ta Operating Temperature Range -40 to +85 °C
Tstg Storage Temperature Range -55to +125 °C

I *) Please refer to PACKAGE INFORMATION for detailed information.

in the field.

ABSOLUTE MAXIMUM RATINGS

The functional operation at or over these absolute maximum ratings is not assured.

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

RECOMMENDED OPERATING CONDITIONS (ELECTRICAL CHARACTERISTICS)

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.

RICOH
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ELECTRICAL CHARACTERISTICS

The specifications surrounded b are guaranteed by Design Engineering at - 40°C < Ta < 85°C

(Ta=25°C)
Symbol Item Conditions Min. Typ. Max. Unit
Vee Operating Input Voltage 2.3 5.5 \%
loc Vee Cons.umptlon Current Vee=5.5V 12 mA
(at no switching)
Istandby Standby Current Vee=Vixpr=5.5V , Vce=Vixn=0V 0.1 5 pA
VuviLor UVLO Detect Voltage Falling 1.95 2.05 215 V
Vuwoz | UVLO Released Voltage Rising YSV;CS 2.28 Y%
fosc Oscillator Frequency Vee=3.7V 1500 1750 | 2000 kHz
Vcen CE “H” Input Voltage Vce=5.5V 1.2 V
VeeL CE “L” Input Voltage Vec=2.3V 0.4 \%
Ree | CE Pin Pull Down Veo=3.7V 160 kQ
Resistance
Trsp Thermal Shutdown Vin=3.7V 150 °C
Detect Temperature
Trsw | rhermal Shutdown Vi=3.7V 125 °C
Release Temperature
[ R1286KOxxA~G]
tor | Delay Time for Protection | Veo=3.7V | 8 | 16 | 24 | ms
[ R1286K1xxA/C~G]
tor | Delay Time for Protection | Veo=3.7V | 32 | a0 | 48 | ms
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Symbol Item Conditions Min. Typ. Max. Unit
mBoost DC/DC
< <
TNiowr | Load Reguiaton TomA = lous = 100mA 5 mv
Voute Voltage VCS=2'_9V 34V,
AVoutP TR || ine Transient Response TrR=Tr=50ps +10 mv
lour=100mA
Maxduty1 | Maximum Duty Cycle Vee=3.7V 85 %
Ivoutp Voure Discharge Current Vee=3.7V, Vourr=0.1V 1.1 mA
tssp Voure Soft-Start Time Vee=3.7V 1.6 24 3.0 ms
Rixe Lxr ON Resistance Vee=3.7V 400 mQ
Rsvnep gchhé§|2?::c§W Vee=3.7V 700 mQ
[ R1286K0xxA~G]
lLmLxp Lxe Current Limit Vce=3.7V 1.0 A
[ R1286K1xxA/C~G]
lLmLxp Lxe Current Limit Vce=3.7V 1.1 A
[ R1286KxxA~G]
Voure Voure Voltage Vee=3.7V x0.991 | setting | x1.009 \%
Vours/AT \T/g‘r’;];;/gfﬁf’ee(:oefﬁciem Vee=3.7V, -40°C = Ta = 85°C +50 P
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Symbol Item Conditions Min. Typ. Max. Unit
[ R1286K001B]
Vrep Vrer Voltage Tolerance Vce=3.7V 0.985 1.000 1.015 V
IFBP Veep Input Current Vce=5.5V, Vrer=0V or 5.5V -0.1 0.1 pA
Vree Voltage - _AQ° o ppm
AVrer/AT Temperature Coefficient Vce=3.7V, -40°C < Ta < 85°C +50 °C
minverting DC/DC
AVoutn Vourn Voltage 2.9V =Vcc £4.2V,
/Alour | Load Regulation 10mA = lour < 100mA 10 £5 mv
Voumn Voltage Veo=2.9V > 34V,
AVOUNTR || ine Transient Response TrR=Tr=50ps 15 mv
lout=100mA
Maxduty2 | Maximum Duty Cycle Vee=3.7V 90 %
IvoutN Voutn Discharge Current Vce=3.7V, Vourn=-0.1 0.3 mA
Ruxn Lxn ON Resistance Vee=3.7V 400 mQ
Synchronous Sw _
Rsynen ON Resistance Vee=3.7V 600 mQ
[ R1286KOxxA~G]
ILiMLXN Lxn Current Limit Vce=3.7V 1.5 A
[ R1286K1xxA/C~G]
lmxw | Lxw Current Limit Vee=3.7V | 18 | A
[ R1286KxxxA/C~G]
Vce=3.7V, selectable setting , setting
\onpEr Vourn Default Voltage between Voxun and Vonmax 70 setting +70 mV
- Vce=3.7V, selectable setting . setting
VonmIN Vourn Minimum Voltage between -2.0V and -3.0V 70 setting +70 mV
; _ setting | Vonun | setting
Vonmax Vourn Maximum Voltage Vee=3.7V 70 +30V +70 mV
Vourn | Vourn Voltage with S-Wire Vee=3.7V/(quaranteed by design | setting setting setting | 1y
engineering) -80 +80
AVoutn Vourn Voltage _ 4090 ° ppm
IAT Temperature Coefficient Vee=3.7V, -40°C = Ta = 85°C £50 /°C
1.6x 2.3x 3.0x
tssn Vourn Soft-Start Time Vee=3.7V Vonoer/ | Vonoer | Vonoer/ | ms
-4.9 /-4.9 -4.9
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Symbol Item Conditions Min. Typ. Max. Unit
[ R1286K001B]

VFBN Veen Voltage Tolerance Vce=3.7V -25 0 25 mV
VRer Vrer Voltage Tolerance Vce=3.7V +1V1F§N +;]/.FZBN +1V2FBZN Vv
IFeN Veen Input Current Vcee=5.5V, Veen=0V or 5.5V -0.1 0.1 pA

AVRer Vrer Voltage _ 4090 ° ppm
IAT Temperature Coefficient Vee=3.7V, -40°C = Ta = 85°C +50 /°C
tssn Voutn Soft-Start Time Vce=3.7V 1.6 2.8 3.6 ms

All test items listed under Electrical Characteristics are done under the pulse load condition (Tj=Ta=25°C) except Voutp
Voltage Load Regulation, Vourn Voltage Load Regulation, Voure Voltage Line Transient Response, Vourn Voltage Line
Transient Response, Voute Voltage Temperature Coefficient, and Vourn Voltage Temperature Coefficient, Vesp Voltage
Temperature Coefficient, and Vrer Voltage Temperature Coefficient.
*1) In terms of TST pin, connect the GND level or remain it open.

RICOH
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TIMING CHART

o SEQUENCE with S-Wire control for Voutn(R1286KxxxA/C~G)

CE pin I
Voutp

Output i !
Voltage | |
; voum\;

9
tss

to _

shutdown = softstart default value " shutdown

- Softstart
Vourtp rises up first and secondarily Vourn goes down.
Soft start time(tss) = 2.4ms + 2.3ms x Vonoer/-4.9(Typ.)
In this time Vourn is set Vonoer.

- Shutdown
If the CE pin input is "L" in the fixed time (toff_dly : Max.110usec), the IC becomes the standby mode
and switching of the outputs of Lxr and Lxn will stop.
Discharge time(tvo_off) = 2.0ms(Cout = 4.7uF : Typ.)

+S-Wire control for VOUTN
After receiving the S-Wire control command, Vour is changed to the target voltage.
When R1286 is used at Vonoer voltage, please don’t input short ‘L’ pulse(1p ~ 110usec) to CE pin.
To reset the S-Wire control command, please input ‘L’ pulse(more than 110usec) to CE pin.

RICOH
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® Vourn Variable Table

The adjusted value setting command are operated with S-Wire input (pulse count) that is shown in Table.1.

Table.1 Vourn Variable Table ( 31 steps )

BIT (pulse count) Voutn BIT (pulse count) Voutn
0(default) Vonber 16 Vonmn — 1.5
1 Vonmin 17 Vonmin — 1.6
2 Vonmin — 0.1 18 Vonmin — 1.7
3 Vonmin — 0.2 19 Vonmin — 1.8
4 Vonmn — 0.3 20 Vonmuin — 1.9
5 Vonmin — 0.4 21 Vonmin — 2.0
6 Vonmin — 0.5 22 Vonmin — 2.1
7 Vonmin — 0.6 23 Vonmin — 2.2
8 Vonmin — 0.7 24 Vonmin — 2.3
9 Vonmin — 0.8 25 Vonmin — 2.4
10 Vonmin — 0.9 26 Vonmin — 2.5
1 Vonmuin — 1.0 27 Vonmin — 2.6
12 Vonmin — 1.1 28 Vonmin — 2.7
13 Vonmin — 1.2 29 Vonmin — 2.8
14 Vonmin — 1.3 30 Vonmin — 2.9
15 Vonun — 1.4 31 Vonun — 3.0

RICOH
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TECHNICAL NOTES

oR1286KxxxA/C~G

Voutn
DC—_T_— Voutns TST
23 EN control
L2 Vourn CE S-Wire
= Ly VouTps control
J; Voutp
PVce Voutp +——
L1 T C3
C1 1 Vce Lxp
GND
% PGND
L1 VLF302510M-4R7M(TDK)
VLF3010S-4R7M(TDK)
L2 VLF4012S-4R7M (TDK)
NR4012T4R7M (TAIYOYUDEN)
C1 4.7uF 2012size X5R T=0.85max
C2 4.7uF 2012size X5R T=0.85max
C3 4.7uF 2012size X5R T=0.85max
eR1286K001B
Cc4
h e
R4 <
Vourn RS < EN control
DC_Z—T—{';_‘ VFEBN VRer
Lo Voutn CE
- J\QQQQJ—_ L VFepP R1
3 R2 Voutp
PVce Voutp
C3
Vce Lxp v
C1 T
GND PGND
<

L1 VLF302510M-4R7M(TDK)
VLF3010S-4R7M(TDK)

L2 VLF4012S-4R7M (TDK)
NR4012T4R7M (TAIYOYUDEN)

C1 4.7uF 2012size X5R T=0.85max

C2 4.7uF 2012size X5R T=0.85max

C3 4.7uF 2012size X5R T=0.85max

C4 0.1uF 0603size

RICOH
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- Set a ceramic 4.7uF or more capacitor between Vcc and GND as C1.

- Set a ceramic 4.7uF or more capacitor between Voure and GND, and between Vourn and GND for each as C2
and C3.

- Set a ceramic 0.1uF to 2.2uF capacitor between Vrer and GND as C4. [ R1286K001B ]

- Start up Sequence

When CE level turns from ‘L to ‘H’ level, the softstart of CH1 starts the operation. After detecting output voltage
of CH1(Voure)as the nominal level, the soft start of CH2 starts the operation.

CE

CH1 (Voute)

CH2 (Voutn)

- Auto Discharge Function

When CE level turns from ‘H’ to ‘L’ level, the R1286 goes into standby mode and switching of the outputs of Lxp
and Lxn will stop. Then dischage switsh between Vourn and GND and switch between Vourr and GND turn on
and discharge the negative output voltage and positive output voltage.

The positive and negative output voltage is discharged to OV in standby mode.

If Vcc voltage became lower than UVLO detect voltage , discharge switches also turn on and discharge output
voltage(Voutn and Voure) .

In case of timer latch protection,discharge switches will keep off .

CE |

Voutp

Discharge

A

v

- Thermal Shutdown Protection

If the over temparature is detected, internal Mosfet will turn-off soon. And when the temparature get lower than
the release temparature, IC is reset and restart the operation.

RICOH
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- Over Current Protection and Short Protection Circuit Timer
The over current protection circuit supervises the peak current of the coil (The current passing through NMOS
transistor of CH1 and PMOS transistor of CH2) with respect to each switching cycle. If the peak current exceeds
the Lx current limit (lumwxe or lumuxn), the over current protection circuit turns off the NMOS transistor of CH1 or
PMOS transistor of CH2.
If the over current continues more than the protection delay time (Towv), the short current protection circuit
latches the built-in driver at OFF state and stops the operation of DC/DC converter.

* Lx limit current (lumuxe or lumxn) and the protection delay time (Towy) can be easily affected by self-heating and
ambient environment. The drastic drop of output voltage or the unstable output voltage caused by the short-
circuiting may affect on the protection operation and the delay time.

To release the latch over current protection, reset the IC by inputting “L” into CE pin or by making the input
voltage lower than the UVLO detector threshold (Vuviot).

During the softstart operation of CH1 and CH2, the timer operates until detecting output voltage of
CH2(Voutn)as the nominal level . Therefore, even if the softstart cannot finish correctly because of the short
circuit, the protection timer function will be able to work correctly.

- Step-up DC/DC Converter Output Voltage Setting [ R1286K001B ]
The output voltage Voutr of the step-up DC/DC converter is controlled with maintaining the Vrse as 1.0V.
Voure can be set with adjusting the values of R1 and R2 as in the next formula.

Voute = Vrer x (R1 + R2) / R1

Voutp can be set from 4.6V to 5.8V. The appropriate value range of R1 is from 20kQ to 60k Q.

- Inverting DC/DC Converter Output Voltage Setting [ R1286K001B ]
The output voltage Vourn of the inverting DC/DC converter is controlled with maintaining the Vrsn as OV.
Vourn can be set with adjusting the values of R1 and R2 as in the next formula.

Voutn = Vren - (Vrer - Vren) x R5 / R4

Voutn can be set from -2.0V to -6.0V. The appropriate value range of R4 is from 2.5kQ to 60kQ.

- Phase Compensation of Step-up DC/DC Converter [ R1286K001B ]
DC/DC converter’s phase may lose 180 degree by external components of L and C and load current. Because
of this, the phase margin of the system will be less and the stability will be worse. Therefore, the phase must
be gained.

Zero will be formed with R1 and C5.
C5 [pF] = 300 / R1[kQ]

If the noise of the system is large, the output noise affects the feedback and the operation may be unstable. In
that case, another resistor R3 will be set. The appropriate value range is from 10Q to 1kQ.

16 RICOH
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Operation of Step-up DC/DC Converter and Output Current

<Basic Circuit>
IL2

< Current through L>

Discontinuous Mode Continuous Mode
IL IL ILxmax
i
ILxmax :
; i
I ILxmin '
! 1
. 1 |
ILxmin E Tf / |
/ | ' i :
! el : L5t
1 | /0 N 1 1 1
! ton 55 >\ toff ! ton ! toff )
1 | 1 - :
i

T=1/fosc ! T=1/fosc

There are two operation modes for the PWM control step-up switching regulator, that is the continuous mode
and the discontinuous mode.

When the NMOS Tr. is on, the voltage for the inductor L will be VIN. The inductor current (IL1) will be;
TLA = VIN X 0N /L ettt Formula1
When the NMOS Tr. turns off and PMOS Tr. is on. The inductor current (IL2) will be;
IL2 = (VoUT = VIN) X I/ Lttt e e e e e e e e enrnree s Formula2

In terms of the PWM control, when the tf = toff, the inductor current will be continuous, the operation of the
switching regulator will be continuous mode.

RICOH 17



18

R1286K

In the continuous mode, the current variation of IL1 and IL2 are same, therefore
VIN X ton / L = (WouT = VIN) X H0ff /L .eeiiiieieiee e Formula3
In the continuous mode, the duty cycle will be
DUTY =ton/ (ton + toff) = (VoUT = VIN) / VOUT c..eeuiiiiiii ettt Formula4
If the input power equals to output power,
[0UT = VINZ X ton / (2 X L X VOUT) ciriiee ittt Formulab
When lour becomes more then Formulab, it will be continuous mode.
In this moment, the peak current, ILxmax flowing through the inductor is described as follows:
ILxmax = lout x Vout / VIN + VIN X 100 /(2 X L) cecueiiiiiie e Formula6
ILxmax = lout x Vout / VIN + VIN X T x (Vout - VIN) /(2 x L x VoUT)..eeeviiiiiiieiiee e Formula7

Therefore, peak current is more than lour. Considering the value of ILxmax, the condition of input and output,
and external components should be selected.

The explanation above is based on the ideal calculation, and the loss caused by Tr. and external components
is not included.

The actual maximum output current is between 80% and 90% of the calculation.

Especially, when the IL is large, or Vin is low, the loss of Vin is generated with on resistance of the switch.

RICOH
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Operation of Inverting DC/DC Converter and Output Current

<Basic Circuit>

Pch Tr Nch Tr

Inductor

< Current through L>
Discontinuous Mode Continuous Mode

IL ILxmax

ILxmax

1
! ILxmin
. 1
ILxmin : Tf /
1
1
1
1

/ e

1 [ERAN

! ton i toff ! ton toff

! T=1/fosc ; | T=1/fosc -

There are also two operation modes for the PWM control inverting switching regulator, that is the continuous
mode and the discontinuous mode.

When the Lx Tr. is on, the voltage for the inductor L will be Vin. The inductor current (IL1) will be;
g VTN (o o A PRSP Formula8

Inverting circuit saves energy during on time of Tr, and supplies the energy to output during off time, output
voltage opposed to input voltage is obtained. The inductor current at off (IL2) will be;

IL2 = [VOUT| Xt/ Lttt e e e e e et e e e et e e e e Formula9

In terms of the PWM control, when the Tf = toff, the inductor current will be continuous, the operation of the
switching regulator will be continuous mode.

RICOH
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R1286K

In the continuous mode, the current variation of IL1 and IL2 are same, therefore

VIN X 0N/ L= [VouT| X OFf / L oo Formula10
In the continuous mode, the duty cycle will be:

DUTY = ton / (ton + toff) = [Vout| / ([VoUT| + VIN) ceoeeiiiiii e Formula11
If the input power equals to output power,

IoUT = VINZ X tON /(2 X L X [VOUT]) cteeeteeetie ettt Formula12
When loutr becomes more then Formula 12, it will be continuous mode.
In this moment, the peak current, ILxmax flowing through the inductor is described as follows:

ILxmax = louT x [VouT| / VIN + VIN X 10N/ (2 X L) eeecereiieeeeie e Formula13

ILxmax = lout x |[Vout| / ViN + VIN x [VouT| x T/ {2 x L x (]Vout| + VIN) } ceeeeviriieeiiiieenns Formula14

Therefore, peak current is more than lout. Considering the value of ILxmax, the condition of input and output,
and external components should be selected.
The explanation above is based on the ideal calculation, and the loss caused by Lx switch and external
components is not included.
The actual maximum output current is between 70% and 90% of the calculation.
Especially, when the IL is large, or Vin is low, the loss of Vin is generated with on resistance of the switch.
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Power Dissipation PD (mW)

R1286K

PACKAGE INFORMATION

Power Dissipation (DFN(PLP)2730-12)

Power Dissipation (Pp) depends on conditions of mounting on board. This specification is based on the

measurement at the condition below:

Measurement Conditions

Standard Test Land Pattern

JEDEC STD. 51-7 Test Land Pattern

Environment

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

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

Board Material

Glass cloth epoxy plastic
(Double sided)

Glass cloth epoxy plastic
(Four-layers)

Board Dimensions

40mm x 40mm x 1.6mm

76.2mm x 114.3mm x 1.6mm

Copper Ratio

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

Top side, Back side : 60mmx60mm,
Approx.10%
2nd, 3rd Layer : 74.2mmXx74.2mm,
Approx. 100%

Through-holes

¢ 0.54mm x 32pcs

¢ 0.85mm x 64pcs
* The land pattern of Tab(Heat spreader),
the inner layers and the backside pattern
are connected by 0.3mm through-hole.

Measurement Result:

(Ta=25°C, Tjmax=125°C)

Standard Test Land Pattern

JEDEC STD. 51-7 Test Land Pattern

Power Dissipation 1000mW 1950mW
bja = (125-25°C)/1.0W = 100°C/W bja = (125-25°C)/1.95W = 51.2°C/W
Thermal Resistance
0jc = 18°C/W 0jc = 5.9°C/W
g 76.2 R
A ‘
2500 T T T 60
On Board A 0000000000

2000 1950| (JEDEC S}D.51-7 Land Pattern) 2 § §
g g

1500 N\ On Board: « 40 . S . R §-
(Standard Land Pattern) T § §
1000 H S
1000 \\|g/ o 4l 8 R

/] 3
B —
500 - o W
~. s, < TR
0 \";\, &%A%
25 50 7585100 125 150

Ambient Temperature (°C)

Power Dissipation

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

Standard
Measurement Board Pattern

IC Mount Area (Unit : mm)

Lnanannnannanan

JEDEC STD.51-7

Measurement Board Pattern

' IC Mount Area (Unit : mm)

RICOH
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PACKAGE DIMENSIONS (DFN(PLP)2730-12)

. 3.00 | B
(A4« , > 7 . 12
; 1 I
x4 i : S —— o
0.05 | ! g
[0.05] i 2.70+0.05 §
i 2 S
| o =]
S I . _ 3|- Ii_
| - 0
i =
H +1
| 0
i \4 N
. o
O | v
INDEX A ! Y
J , 3
! 3
| £
: 0.25=0.
i S I EQIE
. \ 4
i J Bottom View (Unit : mm)
—l — —l : —l —l — "
I I C.“ ) Tab in the parts have Vpp or GND level.
[O[0.05]S] E (They are connected to the back side of the IC.)
p Do not connect to other wires or land patterns.

DFN(PLP)2730-12 Package Dimensions

MARK SPECIFICATION (DFN(PLP)2730-12)

® @B ®@: Product Code ... Refer to MARK SPECIFICATION TABLE (DFN(PLP)2730-12).
®®: Lot Number ... Alphanumeric Serial Number

DFN(PLP)2730-12 Mark Specification

RICOH



R1286K

MARK SPECIFICATION TABLE (DFN(PLP)2730-12)

Product Name ORR® Voutp VONDEF
R1286K002A DPOO 4.6V -4.9V
R1286K004A DPO01 4.8V -4.9V
R1286K005A DPO2 5.4V -5.4V
R1286K001B DPO3 - -

R1286K007C DPO4 5.0V -3.5V
R1286K006F DPO0OS5 5.0V -5.0vV
R1286K003G DPO0OG6 5.8V -6.0V
R1286K002J DPO7Y 4.6V -4.9V
R1286K008E DPOS8 5.6V -5.6V
R1286K009F DPO0OO9 5.8V -5.8V
R1286K002E DP10 4.6V -4.9V
R1286K010E DP11 5.5V -5.5V
R1286K103G DP12 5.8V -6.0V
R1286K107C DP13 5.0V -3.5V
R1286K103M DP14 5.8V -6.0V
R1286K111M DP15 4.6V -4.4V
R1286K109F DP16 5.8V -5.8V

RICOH
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B R1286KxxxX Typical Characteristics
1) Output voltage vs. Output Current

R1286KxxxX(VoyP= 4.6V)
Ta=25° C
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2) Efficiency vs. Output Current

R1286KxxxX(VoyrP= 5.4V)
Ta=2R°
55
5.48
5.46
5.44
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o 5.4
5 —
>Q‘3.38
5.36 Vin=4.
\
5.34 Vin=3.7
5.32 Y
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R1286KxxxX(VOUTP=4.6V Vou;N= -4.9V)
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R1286KxxxX(VOUTP=5.4V VouN= -5.4V)
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R1286KxxxX(VOUTP=5.8V VourN= -6.0V)
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3) Turn-on/Turn-off WaveForm by CE ;e

R1286Kx02A CHz=vouTe
CH3=VOUTN
CH4=IIN
Tekf£iE | o ——
. -
- :
o
. Ta=25°C
VIN=3.7V
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4) VOUTN WaveForm with S-Wire control
R1286Kx02A(-4.9V to -2.4V) 1,_55:c
loutP=louTN=0mA

TekfEl: | e
pulse= 31 count
7Y +
CH1=CE
CH4=IIN

11

5,00V |Ch2 1.00%  |MA40.0ms| A| Ch1 & 900mv,
ch4[ 100mAS

5) Load Transient Response

R1286KxxxX(VoyrP= 4.6V)  Ta=25°C
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2 R——
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(41
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6) Line Transient Response
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7) UVLO Voltage VS. Temperature 8) VOUTP Voltage VS. Temperature
R1286KxxxX R1286Kx02X
2.25 4.65
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S 5 UVLO Release < 461
o o —_—T
3 205 5
) 3 4.59
> >
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9) VOUTN Voltage VS. Temperature
R1286KxxxC R1286KxxxX
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10) VFeN Voltage VS. Temperature
R1286K001B

11) VREer Voltage VS. Temperature
R1286K001B
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-40 -20 0 20 40 60
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12) Lxp Current Limit VS. Temperature

80 -40 -20 0 20 40 60 80
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13) LxNn Current Limit VS. Temperature
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14) Oscillator Frequency VS. Temperature
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15) Maxduty1 VS. Temperature 16) Maxduty2 VS. Temperature
R1286KxxxX R1286KxxxX
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17) CH1 Soft-Start Time VS. Temperature 18) CH2 Soft-Start Time VS. Temperature
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19) CH2 Soft-Start Time VS. Temperature 20) Delay Time for Protection VS. Temperature
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A 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 OHS Ricoh is committed to reducing the environmental loading materials in electrical devices
@ Compliant with a view to contributing to the protection of human health and the environment.

= Ricoh has been providing RoHS compliant products since April 1, 2006 and Halogen-free products since
Halogen Free  april 1, 2012.
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