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Features

Small Outline Transistor
5V fixed output voltage

Max. output current: 80mA@ V\>3.2V

Power conversion efficiency: 81.8%@V =3V, loyt=60mA
Input voltage range : 2.8V to 5V

Built-in internal soft-start function

Over-current protection

Short-circuit protection

Thermal shutdown GST: SOT-23-6L

RoHS compliant and lead (Pb)-free

Product Description

The MBI6501 is a high performance charge pump DC/DC converter that produces a regulated 5V output. No
external inductor is required for operation. The operating voltage range is 2.8V to 5V. Internal soft-start circuitry
effectively reduces the in-rush current both while start-up and mode change.

The MBI6501 features very low quiescent current, over-current protection, thermal shutdown and short-circuit
protection. The MBI6501 is available in SOT-23-6 package.

Applications

® LED backlight for mobile phone, smart phone
®  Camera flash white LED

®  Power supply for LCD modules
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MBI16501 Regulated Charge Pump

Typical Application Circuit
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MBI16501

Regulated Charge Pump

Pin Configuration

O
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ENL 113 4 [TICN

Pin Description

Pin Name Function
VOUT Output voltage terminal
GND Ground terminal for control logic and current sink
EN Chip enable terminal (high active)
CN Flying capacitor negative terminal
VIN Supply voltage terminal
CP Flying capacitor positive terminal

Maximum Ratings

Characteristics Symbol Rating Unit
Supply Voltage Vin -0.3~6V V
Other I/O Pin Voltage - 0~6 \Y,
Power Dissipation
(By simulation) Po 0.51 W
Thermal Resistance o
(By simulation) Ring) 244 CIw
Operating Junction Temperature T max 150 °C
Operating Temperature Topr -40~+85 °C
Storage Temperature Tetg -55~+150 °C

May 2007, V1.00



MBI16501

Regulated Charge Pump

Electrical Characteristics

(Vin=3.7V, Ta=25°C, unless otherwise specified)

Characteristics Symbol Condition Min. | Typ. Max. Unit
Supply Voltage Vin Vout=5V 2.8 - Vout \
OUtpUt Voltage Vout Vin>3.2V, 4.8 5 5.2 V
lour<80mA
Quiescent Current lg lout=0mA, no load - 2.2 4 mA
Shutdown Current IsHp Vin=4.5V, Vgn<0.4V - 0.5 1 uA
Maximum Output Current lout Vin>3.2V 80 - - mA
Over-Current Threshold I4 As Fig. 3 - 150 - mA
Short-Circuit Current Threshold I As Fig. 4 - 60 - mA
. - |0UT=60mA, - 30 - mV
Output Ripple Cour=10uF
Operation Frequency Fosc - 0.9 1.1 1.6 MHz
High -
Input Voltage of EN pin Level Vi 15 ) ) v
(Digital) Low A - ) ) 04 Vv
Level
Thermal Shutdown Junction T When T, approaches ) 160 ) °C
Temperature Threshold SHD Tsup.”
*T; means junction temperature.
Test Circuit for Electrical Characteristics
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MBI16501

Regulated Charge Pump

Typical Operating Characteristics

(Cin=Cout=10uF, Cry=1uF, Ta=25°C, unless otherwise specified)
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Fig. 5 Output Voltage vs. Output Current (Cin=Cour=10uF, Cry=1uF)

Fig. 6 Output Voltage vs. Output Current (Cin=Cour=1uF, Cey=0.1uF)
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Fig. 11 Output Voltage vs. Temperature (V|y=3.3V)

Fig. 12 Operating Frequency vs. Temperature (Vin=3.7V)
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MBI16501 Regulated Charge Pump
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MBI16501

Regulated

Charge Pump

Switching Characteristics

(Cin=Cout=10uF, Cry=1uF, Ta=25°C, unless otherwise specified)

Tek (=15 i e = !
VlN ..............
13 PR O s S A PO S
VOLH'\ *
VENB.__.._..___..:
IIN IOUT=60mA
@\Chﬂ 2.0 Cha[ 200V M[20.0ms A Chi £ 213V

ov
WiE 2.00V

Ch4| 50.0mAS

i+~ [59.6800ms |
Fig. 18 Inrush Current

Tek (=L | [ ﬁ ]
: : :
e . L . b " i "y
VlN A M o o o o L
H | on A
Teut=oUmA~
> "
VEN [
| 3.2
ﬁ\Chﬂ 2.00V Ch2[ 2.00V M| 400ns A| Ch3 - 2.12V
OiE 2.00V Ch4[ 50.0mAG
ig+»+[0.00000 s
Fig. 20 Normal Operation
Tek (Z1£ | [ i |
VIN ‘.n .JF-.HI' - IL.rL_I I“_\ , I|J‘_‘L“|’ Ll
Vouhp : :
_V|N=3.7V_ :
Elou'r'—'somA' E
Ven : +
[3 Foiiiineiopirinisnd aiptrsimis o
Chi[ 2.00V Ch2[ 2.00V M| 100ps A| Ch3 - 2.10V
ch3[ 5.00V EE 100mAL

-+~ [0.000005 |
Fig. 22 Dimming Operation

Tek (gl | u 1
u " " T "
Vin : -
[
Vour :
=1 ¥
VE@""‘"‘:""‘“‘? : :
' 8 V|N=5.0V
In | loyr=60mA
ﬁ\Ch1| 2.00V Ch2\ 2.00V IVI|2().0|1‘|5 A\ Ch3 -5 212V
EiE 200V Ch4[ 50.0mAS
Wi+v[59.6800ms
Fig. 19 Inrush Current (Vin=5.0V, lout=60mA)
TelkfEk | & 3
b e e e . L " |
Vin £ 'i e nE s L
Vou%\ i
V|N=5.0V
bteteinoins e B O A
VENn
B-
lour
Chi[ 2.00V Cchz[ 2.00V M 400ns| Al Ch3 -~ 212V
EE 2.00V Cha[ 50.0mAQ
i+~ [0.00000 s
Fig. 21 Normal Operation
Tek gk | —4 1 :
s u : :
V|N e - s ] Jr ngﬁfr'. I!.I - v ”JY Ir "
Voypb— S o i
V|N=3.7V
Z1 pm——— .
Ven | ? . : K
IOUT:.. aladad i DMRARRARRE . . . MaadebedAN . ]
@\’Eﬁll 2.00V ch2[ 2.00Vv M 100ps| A Ch3 & 2,10V
Ch3| v Cha[ 50.0mAC

i+ [0.00000 s

Fig. 23 Dimming Operation

May 2007, V1.00



MBI16501 Regulated Charge Pump
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MBI16501 Regulated Charge Pump

Application Information

The MBI6501 uses a switched capacitor charge pump to boost V |y to a regulated output voltage. Regulation is
achieved by sensing the output voltage through a voltage divider and modulating the charge pump output current
according to the error signal. A 2-phase non-overlapping clock activates the charge pump switches. The flying
capacitor is charged from Vy on the first phase of the clock. On the second phase of the clock, the flying capacitor
is stacked in series with V|y and connected to Voyr. This sequence of charging and discharging the flying capacitor
continues at a free running frequency of 1.1MHz (typ.).

Shutdown Mode

The MBI6501 is in the shutdown mode when a logic “0” is applied to the EN pin. In the shutdown mode, all circuitry
is turned off and the MBI6501 draws only leakage current from the V,y supply. Furthermore, Voyr is disconnected
from V. The EN pin is a CMOS input with a threshold voltage of approximately 0.4V. Since the EN pin is a very
high impedance CMOS input, it should never be allowed to float. To ensure that its state is defined, it must always
be driven with a valid voltage level.

Soft-Start Protection

The MBI6501 has built in soft-start circuitry to prevent excessive current flow during start-up. The soft-start is
achieved by charging an internal capacitor with a very weak current source. The voltage on this capacitor, in turn,
slowly ramps the amount of current available to the output storage capacitor from zero to a value of 300mA over a
period of approximately 0.75ms. The soft-start circuit is reset in the event of a commanded shutdown or thermal
shutdown.

Over-Current Protection

In normal operation, the charging of the pump and output capacitors usually leads to relatively high peak input currents
which can be much higher than that of the average load current. The MBI6501 has built in over-current circuit to limit the
input peak current, lowering the total EMI production of the device and lowering output voltage ripple and input current
ripple. Input capacitor (CIN) supplies most of the charge required by input current peaks.

Short-Circuit Protection

The MBI6501 has built in short-circuit current protection to prevent output voltage can’t reach 5V at short-circuit
condition. During a short-circuit condition, the MBI16501 will automatically limit its output current to 60mA.
Thermal Shutdown

At higher temperatures, or if the input voltage is high enough to cause excessive self-heating of the part, the
thermal shutdown circuitry will shut down the charge pump once the junction temperature exceeds 160°C (typ.).
The charge pump resumes working once the junction temperature is below 140°C (typ.). The MBI6501 will cycle in
and out of thermal shutdown indefinitely without latch-up or damage.

Power Conversion Efficiency

The power conversion efficiency of the MBI6501 is similar to that of a linear regulator with an effective input voltage
of twice the actual input voltage. This occurs because the input current for a voltage doubling charge pump is
approximately twice the output current. In an ideal regulating voltage doubling the power efficiency would be given
by:

Efficiency (%)=Pour/Pin=Vout*lout/Vin*lout*2=Vout/(2*VN)

At moderate to high output power, the switching losses and the quiescent current of the MBI6501 are negligible and
the expression above is valid. For example, with V\=3V, loyt=60mA and Vgyr regulating to 5V, the measured

efficiency is 81.8% which is in close agreement with the theoretical 83.3% calculation.
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MBI16501 Regulated Charge Pump

External Capacitor Selection
Three external capacitors, Cy, Cour and Crry, determine the MBI6501 performances. Optimum performance can

be obtained by using a low-ESR ceramic capacitors. Due to high ESR, tantalum and aluminum capacitors are not
recommended for charge pump application. To reduce noise and ripple, a low-ESR ceramic capacitor is
recommended for C\y and Coyr. The value of Coyt determines the amount of output ripple voltage. An output
capacitor with larger value results in smaller ripple. Cg_y is critical for the charge pump. The larger Ceg.y is, the larger
output current and smaller ripple voltage obtain. However, large C\y and Coyr are required when large CgLy is
applied. Cy : Cry and Cour : CrLy should be approximately 10:1.

Layout Considerations

Due to the switching frequency and high transient current of the MBI6501, careful consideration of PCB layout is
necessary. To achieve the best performance of the MBI6501, minimize the distance between every two

components and also minimize every connection length with a maximum trace width.

Package Heat Dissipation (PD)

The maximum package heat dissipation, Pp(max)=(Tj—Ta)/R-a), decreases as the ambient temperature increases.

MBI6501 Maximum Heat Dissipation at Various Ambient Temperature
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Fig. 25
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Outline Drawing
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MBI6501GST Outline Drawing

Note: The unit for the outline drawing is mm.
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MBI16501 Regulated Charge Pump

Product Top Mark Information

The first row of printing —— Part Number
— The second row of printing
MBIXXXX o ID Number
. ] o
MBIXXXX o o i l
Manufacture
Code Device Version Code

Product No. Package Code

Process Code
G: Green and Pb-free

Product Revision History

Datasheet Version Device Version Code

V1.00 A

Product Ordering Information

Product Number Green Package Type Weight (g)

MBI6501GST SOT-23-6L 0.000016
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MBI16501 Regulated Charge Pump

Disclaimer

Macroblock reserves the right to make changes, corrections, modifications, and improvements to their products and
documents or discontinue any product or service without notice. Customers are advised to consult their sales
representative for the latest product information before ordering. All products are sold subject to the terms and
conditions supplied at the time of order acknowledgement, including those pertaining to warranty, patent
infringement, and limitation of liability.

Macroblock’s products are not designed to be used as components in device intended to support or sustain life or
in military applications. Use of Macroblock’s products in components intended for surgical implant into the body, or
other applications in which failure of Macroblock’s products could create a situation where personal death or injury
may occur, is not authorized without the express written approval of the Managing Director of Macroblock.
Macroblock will not be held liable for any damages or claims resulting from the use of its products in medical and
military applications.

All text, images, logos and information contained on this document is the intellectual property of Macroblock.
Unauthorized reproduction, duplication, extraction, use or disclosure of the above mentioned intellectual property

will be deemed as infringement.
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