RICOH

2ch DCDC for OLED

NO.EA-208-090604
OUTLINE

The R1285L 2ch DC/DC converter is designed for OLED Display power source. It contains a step up DC/DC
converter and an inverting DC/DC converter to generate two required voltages by OLED Display.

Step up DC/DC converter generates boosted output voltage to 4.6V ~ 5.0V. Inverting DC/DC converter generates
negative voltage —2.0V ~ -6.0V independently. Each of the R1285 series consists of an oscillator, a PWM control
circuit, a voltage reference, error amplifiers, over current protection circuits, short protection circuits, an under
voltage lockout circuit (UVLO), a complete shutdown switch and an Nch driver for boost operation, a Pch driver for
inverting, and so on. A high efficiency boost and inverting DC/DC converter can be composed with external
inductors, diodes, capacitors and resistors. Start up sequence is internally made.

FEATURES
® Operating Voltage *++++ 23V ~4.8V

® Step Up DC/DC (CH1)
Internal Pch MOSFET for complete shutdown (Ron=300mQTyp.)
Internal Nch MOSFET Driver (Ron=300mQTyp.)
Output Voltage (Voutp) **°*** 4.6V ~5.0V (0.2VStep)
Auto Discharge function for positive output
Internal Soft start function (Typ. 4.5ms)
Over Current Protection
Maximum Duty Cycle: 85%(Typ.)

® Inverting DC/DC (CH2)
Internal Pch MOSFET Driver (Ron=600mQ Typ.)
Output Voltage (Vourn) ****+ -2V ~-6V (0.1VStep) [ R1285LxxxA ]
Adjustable Vout Up to -6V with external resistors [ R1285L00xB ]
Auto Discharge function for negative output
Internal Soft start function (Typ. 4.5ms)
Over Current Protection
Maximum Duty Cycle: 90%(Typ.)

® Control

Short Protection with timer latch function (Typ. 50ms)
Short condition for either or both two outputs makes all output drivers off and latches. If the
maximum duty cycle continues for a certain time, these output drivers will be turned off. This
function prevents irregular current from overheating the R1285 .

CE with start up sequence function (CH1—->CH2)

UVLO function.

Operating Frequency <e++<+ 1400kHz

® Small package *<*°++ DFN12(2.7mm x 3.0mm)

APPLICATION

® Fixed voltage power supply for portable equipment
® Fixed voltage power supply for OLED
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SELECTION GUIDE

The mask option for the ICs can be selected at the user's request. The selection can be made with designating the
part number as shown below.

«Part Number

R1285L XX

code contents
Setting inverting output voltage (Voutn)
Stepwise setting with a step of 0.1V in the range of -2.0V to -6.0V is possible for
fixed output version (R1285LXXXA)
"00" is for Output Voltage Adjustable version (R1285L00XB)
Setting positive output voltage (Voutp)
1: 4.6V
2:4.8V
3: 5.0V
Designation of method of setting Voyutn
c A: Fixed output version
B: Adjustable version

PIN CONFIGURATION
@ DFN -2730-12

112 121 O

111 114 2

110 104 Os

]9 9 O 4

] 8 8 O s

N 72 e
Top View Bottom View

RICOH



R1285L

PIN DESCRIPTIONS

O R1285LxxxA
PIN No. NAME FUNCTION

1 PGND Power GND pin
2 Voure Output Voltage feedback pin for Step up DC/DC
3 PVce Power input pin
4 Vce Analog power source input pin
5 GND Analog GND pin
6 CE Chip enable pin
7 TST2 TEST pin
8 TST1 TEST pin
9 Voutn Output Voltage feedback pin for Inverting DC/DC
10 Lxn Switching pin for Inverting DC/DC
11 Lyp1 Shutdown switch output pin
12 Lxp2 Switching pin for Step up DC/DC

®R1285L00xB

PIN No. NAME FUNCTION

1 PGND Power GND pin
2 Voutp Output Voltage feedback pin for Step up DC/DC
3 PVce Power input pin
4 Vce Analog power source input pin
5 GND Analog GND pin
6 CE Chip enable pin
7 VRer Reference voltage output pin for Inverting DC/DC
8 VEsn Feedback pin for Inverting DC/DC
9 Voutn Output Voltage feedback pin for Inverting DC/DC
10 Lyxn Switching pin for Inverting DC/DC
11 Lyp1 Shutdown switch output pin
12 Lxp2 Switching pin for Step up DC/DC
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ABSOLUTE MAXIMUM RATINGS
(GND / PGND=0V)

Item Symbol Rating Unit
Ve / PVec pin Voltage Vece 6.0 \Y
Voutp pin Voltage Voutp -0.3~6.0 \%
CE pin Voltage Ve -0.3~6.0 \%
Lxp1 pin Voltage Vixp1 -0.3 ~Vcc+0.3 \Y
Lxp2 pin Voltage Vixp2 -0.3~6.0 V
Lxn pin Voltage VixN Vee-14 ~ Vc+0.3 \Y
Voutn pin Voltage Voutn Vee-14 ~ Vc+0.3 \%
TST1/TST2 pin Voltage [R1285LxxxA] V1sT -0.3 ~Vc+0.3 \
Veen pin Voltage  [R1285L00xB] Veen 0.7~ Vcc+0.3 v
Vger pin Voltage [R1285L00xB] Viker -0.7% ~ Vc+0.3 v
Power Dissipation ' PD 1000 mw
Operating Temperature Range Ta -40 ~ +85 °C
Storage Temperature Range Tstg -55 ~ +125 °C

*1) For Power Dissipation, please refer to PACKAGE INFORMATION to be described.
*2)In case the voltage range is from —0.7V to —0.3V, permissible current is 10mA or less.

ABSOLUTE MAXIMUM RATINGS

Absolute Maximum ratings are threshold limit values that must not be exceeded ever for an
instant under any conditions. Moreover, such values for any two items must not be reached
simultaneously. Operation above these absolute maximum ratings may cause degradation or
permanent damage to the device. These are stress ratings only and do not necessarily imply
functional operation these limits.
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ELECTRICAL CHARACTERISTICS

(Ta=25°C)
Symbol Item Conditions MIN. [ TYP. | MAX. | Unit.
Vee Operating Input Voltage 2.3 4.8 \Y
lec: ;/S?A(;igﬁir:;l;mptlon Current Voc=4.8V 4.0 mA
lecs éicngzr\]/\?itﬁip:g)n Current Vee=4 8V 350 UA
Iste Standby Current Vcc=4.8V 0.1 3 uA
Vuviol UVLO Detect Voltage Falling 1.95 2.05 2.15 \
Vuwo2 |UVLO Released Voltage Rising \igv;‘g 228 |V
Fosc Oscillator Frequency Vee=3.7V 1200 | 1400 | 1600 | kHz
Towy Delay Time for Protection Vce=3.7V 50 ms
VeeL CE “L” Input Voltage Vec=2.3V 0.3 Vv
VcEH CE “H” Input Voltage Vce=4.8V 1.5 \%
Rce CE pin Pulldown Resistance |V¢c=3.7V 600 kQ
EBoost DC/DC
Voutp Voutp Voltage Tolerance Vce=3.7V x0.985 x1.0151 V
/AA\'/I'OUTP VOU'TFZr\rﬁcp))lttaargtire Coefficient Vee=3.7V, -40°C < Ta = 85°C +150 F;‘F’)an
st | Ui Rogaation |29V = Vee 534 v
/AA\I/;’:’TTP VO“[ZZ3'§§§u| ation Vee=3.7V, 10mA = lour = 100mA +10 mV
AVoute TR VO“[f’n\éO#raa%Zi ont Response |Vec=2:9V « 3.4V, Te=Te=50us +10 mV
Maxduty1|(CH1 Max. Duty Cycle Vee=3.7V 78 85 %
Tsst CH1 Soft-Start Time Vee=3.7V 4.5 ms
Rixp1 Lxp1 ON Resistance Vce=3.7V 300 mQ
lorrxp1  |Lxp1 Leakage Current Vee=4.8V , Vixp1=0V 5 uA
Rixp2 Lxp2 ON Resistance Vce=3.7V 300 mQ
lorrixp2  |Lxp2 Leakage Current Vcc=4.8V , V xp2=5V 5 uA
lumxpz  [Lxp2 Current Limit Vce=3.7V 0.7 1.0 A
lvouTp Voutp Discharge Current Vce=3.7V , Voutp=0.1V 10 mA
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Hinverting DC/DC [ R1285LxxxA]

VouTN Voutn Voltage Tolerance Vce=3.7V x0.985 x1.015
AVoutn  |Voutn Voltage - 40°C < Ta < QEO ppm
IAT Temperature Coefficient Veo=3.7V, -40°C=Ta=85°C +150 °C
AVourn  |Vourn Voltage < < +6 mV
/AVce Line Regulation 2.9V=Vee=34
AV V Voltage
/AISLLJJTTN Ouligad Rggulation Vee=3.7V, 10mA=loyr=100mA =15 mv
AVourn_1r|VouTn Voltage _ T +25 mV
Line Transient Response Ve=2.9V > 3.4V, Te=Tr=50us
Maxduty2(CH2 Max. Duty Cycle Vee=3.7V 83 90 %
Tss2 CH2 Soft-Start Time Vee=3.7V 4.5 ms
RLXN I—XN ON Resistance VCC=3.7V 600 mQ
|o|:|: LXN LXN Leakage Current VCC=4.8V , VLXN=-6V 5 uA
ILIMLXN LXN Current Limit VCC=3.7V 1.0 1.5 A
IVOUTN VOUTN DiSCharge Current VCC=3-7V , VOUTN='0-3V 50 mA
HInverting DC/DC [ R1285L00xB]
Veen Vegn Voltage tolerance Vee=3.7V -25 0 25 my
IFan Vegn input current Vcc=4.8V , Vegn=0V or 4.8V -0.1 0.1 pA
B 1172 | 1.2 1.228 \Vi
Vrer Vrer Voltage tolerance Vee=3.7V +Vean | +Vesn | +Vesn
AVrer  |Vrer voltage Vec=3.7V +150 pbm
/AT temperature coefficient -40°C=Ta=85°C /°C
AVourn  |Vourn Voltage <y < +6 mV
/AVce Line Regulation 2.9V=Vec=34
AV V Voltage
oo | Load Rtggu|ation Vee=3.7V , 10mA=lour<100mA *£15 mV
AVourn_1r|VouTn Voltage _ o +25 mV
Line Transient Response Vec=2.9V « 3.4V, Tr=Tr=50us
Maxduty2[CH2 Max. Duty Cycle Vee=3.7V 83 90 %
Tss2 CH2 Soft-Start Time Vee=3.7V 4.5 ms
Rixn Lxn ON Resistance VCC=3.7V 600 mQ
|o|:|: LXN LXN Leakage Current VCC=4.8V , VLXN=-6V 5 uA
ILIMLXN LXN Current Limit VCC=3.7V 1.0 1.5 A
IVOUTN VOUTN DiSCharge Current VCC=3-7V , VOUTN='0-3V 50 mA

* In terms of TST pin(TST1 , TST2), connect the GND level or remain it open.
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TYPICAL APPLICATION AND TECHNICAL NOTES

@®R1285LxxxA
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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 Voyrp and GND, and between Voyry and GND for each as
C2 and C3.

@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(Voutp)as the nominal level, the soft start of CH2 starts the operation.

CE

CH1 (Voute)

Soft start CH1 Soft Start CH2

CH2 (Voutn)
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@ Auto Discharge Function
When CE level turns from ‘H’ to ‘L’ level, the R1285 goes into standby mode and switching of the outputs of
Lxpz and Lxy will stop. Then dischage switsh between Voyry and PVec and switch between Voyrp and GND
turn on and discharge the negative output voltage and positive output voltage. When the negative output
voltage is discharged to 0V, the switsh between Voytny and PV¢c turns off and the negative output will be Hi-Z.
Positive output voltage is discharged to 0V In standby mode.
If Vcc voltage became lower than UVLO detect voltage , discharge switches also turn on and discharge
OUtpUt VOItaQE(VOUTN and VOUTF’) .
In case of timer latch protection,discharge switches will keep off .

CE |

Hi-Z (Voutn)
Discharge oV (V,
< g > < (Voute)

@ Short protection circuit timer

In case that the voltage of Vourp drops, the error amplifier of CH1 outputs "H". In case that the voltage of
Voutn rises, the error amplifier of CH2 outputs "L". The built-in short protection circuit makes the internal
timer operate with detecting the output of the error amplifier of CH1 as "H", or the output of the error
amplifier of CH2 as "L". After the setting time will pass, the switching of Lyp, and Lxy will stop and shutdown
switch will turn off and both of discharge switches will keep off .

To release the latch operation, make the Vcc set equal or less than UVLO level and restart or set the CE pin
as "L" and make it "H" again.

During the softstart operation of CH1and CH2, the timer operates independently from the outputs of the
error amplifiers. Therefore, even if the softstart cannot finish correctly because of the short circuit, the
protection timer function will be able to work correctly.

Amp.ouiput.for. Bogst

N e Amp.quiputforlinverting. _ _.

| Normal state l Short state I Latch state I

o Timer function (Typ. 50ms) »Shutdown

During a timer function, currentis  After shutdown
restricted by current limit protection drivers and shutdown
or maxduty function until shutdown . switch turn off
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@Inverting DC/DC converter output voltage setting [ R1285L00xB ]

The output voltage Voury of the inverting DC/DC converter is controlled with maintaining the Vegy as OV.
Voutn €an be set with adjusting the values of R1 and R2 as in the next formula.

Vourn = Vesn - (Vrer-Vesn) X R2 / R1

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 atability will be worse. Therefore, the pahse must be
gaind.
A pole will be formed by external components, L and C.

Fpole ~1/{2x 1 x 4 (L2xC2)}
Zero will be formed with R2 and C4.

Frero~1/(2x 7 xR2x C4)
Set the cutt-off frequency of the Zero close to the cutt-off frequency of the pole by L and C.

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 1kQ to 5kQ.

@Set a ceramic 1uF to 2.2uF capacitor between Vger and GND as C5. [ R1285L00xB ]

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

<Basic Circuit>
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There are two operation modes for the PWM control step-up 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;
| B AN Gl SN L TSR Formula1

When the Lx transistor turns off, power will supply continuously. The inductor current at off (IL2) will be;

IL2 = (VouT-VIN) X TH /L ettt ettt e e e e e et e e e e nbe e e e enreas 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.

In the continuous mode, the current variation of IL1 and IL2 are same, therefore
VINX Ton /L= (VouT-VIN) X Toff /L oottt Formula3

In the continuous mode, the duty cycle will be
DUTY = Ton / (Ton+Toﬁ) = (VOUT'VIN) / VOUT ........................................................................ Formula4

If the input power equals to output power,
louT = VINZ X Ton/ (2 XL X VOUT)  woveeeeeeeeeeeeee e st en e Formula5
When loyt becomes more then Formula5, 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 F VINX Ton /(2 X L) e Formula6
ILxmax = IOUTX VOUT / V|N + V|N x Tx (VOUT'VIN) /(2 xLx VOUT) ....................................... Formula7

Therefore, peak current is more than loyr. 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 50% and 80% 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.
As for Vout, Vi(as much as 0.3V)of the diode should be considered.

Operation of Inverting DC/DC Converter and Output Current

<Basic Circuit>

Lx Tr Diode < lour

VOUT

Inductor

RICOH
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<Current through L>

Discontinuous Mode Continuous Mode
ILxmax
IL IL
1
1
ILxmax '
! |
1
| ILxmin :
1
ILxmin : T / :
1
1 1
/ : P ! :
T VAR 1
| > ot : ! ot
K< ral K< Sl ral
: Ton ! Toff ! I Ton Toff o
1 1
1 1 1 1

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;
| B VN Gl SN B TR Formula8

Inverting circuit saves energy during on time of Lx 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;
| T Gl I i A TR Formula9

(The above formula and after, the absolute value of the negative output voltage is assumed to be
Vourt. : Output voltage= -10V , Vour=10)
In terms of the PWM control, when the T=T, the inductor current will be continuous, the operation of the
switching regulator will be continuous mode.

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

VINX Ton /L o VoUT X Tt £ L ettt e e e e e e e e e e e e Formula10
In the continuous mode, the duty cycle will be:
DUTY = Ton / (Ton+Toﬁ) = VOUT / (VOUT + V|N ) ........................................................................ Formula11

If the input power equals to output power,
louT = VINZ X Ton 7 (2 X L X VOUT) crvvrereeeieeeeeeeee e eees e eees et Formula12
When louT becomes more then Formula12 , it will be continuous mode.

In this moment ,the peak current, ILxmax flowing through the inductor is described as follows:
”—xmax = IOUTX VOUT / V|N + V|N X Ton/ (2 X L) ........................................................................... Formula13
”—xmax = IOUTX VOUT / V|N + V|N X VOUTX T/ { 2xLx (VOUT + V|N ) } ......................................... Formula14

Therefore, peak current is more than loyr. 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 50% and 80% of the calculation.

Especially, when the IL is large, or V|y is low, the loss of V| is generated with on resistance of the switch. As
for Vout, Ve(as much as 0.3V)of the diode should be considered.
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