RICHTEK

RT9919

7 Channel DC/DC Converters

General Description

The RT9919 is a complete power supply solution for digital
still cameras and other hand held devices. The RT9919is
a multi-channel DC/DC converter including two step-up
DC/DC converters, two step-down DC/DC converters, one
selectable step-up/step-down DC/DC converter, one
inverting DC/DC converter and one WLED driver.

The RT9919 is designed to fulffill the applications for DSC
just as follows :

CH1 is a synchronous step-up output for motor or DSC
system 1/O power

CH2 is a selectable synchronous step-up/step-down
output for motor or DSC system 1/0 power

CH3 and CH4 are synchronous step-down outputs for DSP
core and memory power supply

CHb5 is a high voltage step-up output for CCD bias power
supply

CHE6 is an inverting output for negative CCD bias power
supply

CHY is a high voltage step-up output for driving WLED

For the selectable step-up/step-down converter, the Boost/
Buck can be selected by the SEL pin. Among all channels,
there are 5 channels with the built-in internal
compensation. The RT9919 also provides a
transformerless inverting converter for supplying the CCD
power. For the synchronous step-up and step down
converters, the efficiency can be up to 95%. The IC provides
load disconnection for channel 1 and channel 5. The IC
has selectable RTC_LDO/SW1 that can be determined
by the CN pin.

The RT9919 is able to support Li+ and 2AA battery
applications. The RT9919 provides WLED open protection,
current limit, thermal shutdown protection, over voltage
and under voltage protection to achieve complete
protection. The RT9919 is available in WQFN-40L 5x5
package.

Features

« 1 Channel Syn Boost/Buck Selectable
e 2AA/Li Application Topologies Set by SEL Pin
o Preset On/Off Sequence
« 5 Channels with Internal Compensation
¢ All Power Switches Integrated
o Syn Step-Down DC/DC Converter :
» Up to 95% Efficiency
» 100% (max) Duty Cycle
e Syn Step-Up DC/DC Converter :
» Adjustable Output Voltage
» Up to 95% Efficiency
o Open LED Protection
o Transformerless Inverting Converter for CCD
o Fixed 2MHz Switching Frequency at CH1 to CH4
o Fixed 1MHz Switching Frequency at CH5 to CH7
e RTC_LDO/SW1 Selectable by CN Pin
¢ 40-Lead WQFN Package
« RoHS Compliant and Halogen Free

Applications

« Digital Still Camera
« PDA
o Portable Device

Ordering Information

RT9919 T
Package Type

QW : WQFN-40L 5x5 (W-Type)

Lead Plating System

G : Green (Halogen Free and Pb Free)
Note :

Richtek products are :
» RoHS compliant and compatible with the current require-
ments of IPC/JEDEC J-STD-020.
» Suitable for use in SnPb or Pb-free soldering processes.
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Pin Configurations
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Typical Application Circuit
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Note : =
(1) SEL = High, CH2 is Boost, CN Connect to CAP
(2) VBar=1.8Vto 3.2V

Timing Diagram

Power On Sequence : CH1 Boost 3.3V—>CH3 Buck 2.5V—CH4 Buck 1.8V—(CH2 Boost 5V and SW1 3.3V)
Power Off Sequence : (CH2 Boost 5V and SW1 3.3V)— CH4 Buck 1.8V — CH3 Buck 2.5V — CH1 Boost 3.3V

VDDM I User define

EN1234 |3.5ms :
CH1 Vout 3.3V 7 35ms e IC shutdown
CH3 Vour 2.5V |_~35ms \ - \JWail until FB3 < 0.1V
CH4 Vour 1.8V i 7i3.5ms ,\1\_Nait until FB4 < 0.1V

VouTt1 3.3V L{ﬁms N Wait until Voytq < 0.4V
CH2 Voyr 5V J “} Depends on loading
ouT
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For Li-ion W 3 Vear
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27, Exposed Pad (41)| GND

Note : =
(1) SEL = Low, CH2 is Buck, CN Pull High
(2) VBaTr=2.7V1t04.2V

Timing Diagram
Power On Sequence : CH1 Boost 5V—CH3 Buck 2.5V—CH4 Buck 1.8V—>CH2 Buck 3.3V
Power Off Sequence : CH2 Buck 3.3V—CH4 Buck 1.8V— CH3 Buck 2.5V—>CH1 Boost 5V

VDDM [ User define
EN1234 350
CH1 Vgoyt 5V _~, 3.5ms ‘o—?wlc shutdown
CH3 VouT 2.5V i~ 35ms Waitun il FB3 < 0.1V
CH4 Vour 1.8V I~ 3.5ms I Wait until FB4 < 0.1V
CH2 Vour 33V L dWait until FB2 < 0.1V
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RICHTEK RT9919

Table 1
Channel CH3
Formula Vout = (1+R7/R8) x 0.8
Vour (V) 25 1.8 15 13 1.2 1.0
L3 (uH) 22 22 22 22 22 22
R7 (kQ) 768 470 330 237 187 23.2
R8 (kQ) 360 374 374 374 374 93.1
C10 (pF) 22 33 47 68 82 47
Court (uF) 10 10 10 10 10 10
Channel CH4
Application Vour = (1+*R9/R10) x 0.8
Vour (V) 25 1.8 1.5 1.3 1.2 1.0
L4 (uH) 22 22 22 2.2 2.2 22
R9 (kQ) 768 470 330 237 187 23.2
R10 (kQ) 360 374 374 374 374 93.1
C13 (pF) 22 33 47 68 82 47
Cour (uF) 10 10 10 10 10 10
Channel CH5
Formula Vour =(1+R11/R12) x 1.25
VouT (V) 12 13 14 15 15.5 16
L5 (uH) 10 10 10 10 10 10
R11 (kQ) 820 820 953 1000 820 887
R12 (kQ) 95.3 86.6 93.1 90.9 71.5 75
C15 (pF) 1000 1000 1000 1000 1000 1000
Cour (uF) 10/16V 10/16V 10/25V 10/25V 10/25V 10/25V
Channel CH6
Formula Vour = (R13/R14) x (-1.25) *R13+R14 <90k
Vour (V) -6 6.3 -7 7.5 -8
L6 (uH) 10 10 10 10 10
R13 (kQ) 57.6 69.8 63.4 68 68
R14 (kQ) 12 13.7 1.3 1.3 105
C17 (pF) 1000 1000 1000 1000 1000
Court (uF) 10 x2pcs | 10 x2pcs | 10 x 2pcs | 10 x 2pcs | 10 x 2pes
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Functional Pin Description

Pin No. Pin Name Pin Function

1 PVDD1 Power Input pin of CH1.

2 LX6 Switch Node of CH6. High impedance in shutdown.

3 PVDDG6 Power Input Pin of CHB6.

4 CP Charge Pump External Driver Pin.

5 CN Charge Pump External Driver Pin.

6 PNEG Negative Output Pin of Charge Pump.

7 FB6 Feedback Input Pin of CH6. High impedance in shutdown.

8 FB4 Feedback Input Pin of CH4. High impedance in shutdown.

9 EN6 Enable Pin of CH6.

10 LX4 Switch Node of CH4. High impedance in shutdown.

11 PVDD4 Power Input Pin of CH4.

12 ENS Enable Pin of CHS5.

13 SW50 Output Pin of CH5 Load Disconnect.

14 SW5I Input Pin of CH5 Load Disconnect.

15 FB5 Feedback Input Pin of CH5. High impedance in shutdown.

16 VREF 1.25V Reference Output Pin.

17 SEL Li or 2AA Select Pin. Logic state can not be changed during operation.

18 RTC R RTC Reset Output Pin.

19 RTC_PWR | Power Input Pin of RTC-Reset.

20 PVDD3 Power Input Pin of CH3

21 LX3 Switch Node of CH3. High impedance in shutdown.

22 EN7 Enable Pin of CH7.

23 FB3 Feedback Input Pin of CH3. High impedance in shutdown.

24 VOUT7 Sense Pin for CH7 Output Voltage.

25 LX5 Switch Node of CH5. High impedance in shutdown.

26 LX7 Switch Node of CH7. High impedance in shutdown.

27, GND Ground Pin. Thg exposed pad mu§t bfe soldered to a large PCB and connected
41 (Exposed Pad) to GND for maximum thermal dissipation.

28 CFB7 Feedback Input Pin of CH7.

29 VDDM IC analog Input Power Pin.

30 PVDD2 Power Input Pin of CH2.

31 LX2 Switch Node of CH2. High impedance in shutdown.

32 EN1234 Enable Pin of CH1, CH2, CH3 and CH4.

33 COMP2 Compensation Pin of CH2.

34 FB2 Feedback input pin of CH2. High impedance in shutdown.

35 VOUT1 Sense Pin for CH1 Output Voltage. High impedance in shutdown.

36 OK External Switch Control Pin. High impedance in shutdown.

37 FB1 Feedback Input Pin of CH1. High impedance in shutdown.

38 COMP1 Compensation Pin of CH1. Pull to GND in shutdown.

39 SYS_ R System Reset Output Pin.

40 LX1 Switch Node of CH1. High impedance in shutdown.

www.richtek.com
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Function Block Diagram
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CH6 Vout N
/Depends on loading
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Absolute Maximum Ratings

(Note 1)

o Supply Voltage, Vopm 0.3Vto 7V
o Power Switch :
LX1,LX2, LX4 —-0.3Vt0 6.5V
LX5, LX7, SW5I, SW50, VOUT7 —0.3V to 21V
LX6 (PVDD6 — 14V) to (PVDD6 + 0.3V)

e The Other Pins

—0.3Vto 6.5V

o Power Dissipation, Pp @ Ta =25°C

WQFN 40L 5x5
o Package Thermal Resistance (Note 2)
WQFN 40L 5x5, 6,4

2.778W

36°C/W

7°CIW

WQFN 40L 5x5, 0,¢c
o Junction Temperature

150°C

o Lead Temperature (Soldering, 10 sec.)

260°C

—65°C to 150°C

« Storage Temperature Range
o ESD Susceptibility (Note 3)

HBM (Human Body Mode)
MM (Machine Mode)

2kV
200V

Recommended Operating Conditions

¢ Junction Temperature Range

(Note 4)

—40°Cto 125°C

o Ambient Temperature Range

Electrical Characteristics

(Voom = 3.3V, Ta= 25 C, unless otherwise specified)

—40°C to 85°C

Parameter ‘ Symbol ‘ Test Condition | Min | Typ | Max | Units
Supply Voltage
VDDM Operating Voltage Vbpm 27 -- 5.5 \Y,
VDDM Minimum Startup Voltage Vst 1.5 -- -- V
VDDM Over Voltage Protection 5.6 6 6.5 \Y,
Supply Current
Shutdown Supply Current into VDDM | Ioff AllEN =0,CN =3.3V -- 1 10 uA
CH1 (Syn-Boost) : Supply Currentinto o - . -
VDDM lQ1 Non Switching, EN1234 = 3.3V 800 UA
CH2 (Syn-Boost or Syn-Buck) : Supply o _
Current into VD DM lQ2 Non Switching, EN1234 = 3.3V| -- -- 800 UuA
CH3 (Syn-Buck) : - _
Supply Current into VDDM lQ3 Non Switching, EN1234 = 3.3V -- -- 800 uA
CH4 (Syn-Buck) : T = - -
Supply Current into VDDM lQa Non Switching, EN1234 = 3.3V 800 UuA
CH5 (Asyn-Boost) : - - _ _
Supply Current into VDDM las Non Switching, EN5 = 3.3V 800 uA
CH®6 (Inverting) + Charge pump : | Non Switching, EN6 = 3.3V 800 A
Supply Current into VDDM Q6 PVDDG6 = 3.3V B - u
CH7 (WLED): L _ _ _
Supply Current into VDDM lq7 Non Switching, EN7 = 3.3V 800 uA

To be continued
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RICHTEKK RT9919
Parameter Symbol Test Condition | Min \ Typ \ Max | Units
Oscillator
CH1,2,3,4 Operating Frequency fosc 1800 | 2000 | 2200 kHz
CHS5, 6, 7 Operating Frequency fosco 900 1000 | 1100 kHz
CH1 Maximum Duty Cycle (Boost) VFB1 = 0.7V 80 83 86 %
CH2 Maximum Duty Cycle (Boost) Vg = 0.7V 80 83 86 %
CH2 Maximum Duty Cycdle (Buck) VrB2= 0.7V -- -- 100 %
CH3 Maximum Duty Cycle (Buck) Veg3 = 0.7V -- -- 100 %
CH4 Maximum Duty Cycle (Buck) VEgg = 0.7V -- -- 100 %
CH5 Maximum Duty Cycle (Boost) VFBs = 1.15V 91 94 97 %
CH6 Maximum Duty Cycle (Inverting) Veges = 0.1V 91 94 97 %
CH7 Maximum Duty Cycle (WLED) Crg7=0.15V 91 94 97 %
Feedback Regulation Voltage
Feedback Regulation Voltage @ FB1
Foo. B3 i ge @ FB1, 0788 | 0.8 | 0812 | V
Feedback Regulation Voltage @ FB5 1.237 | 1.25 | 1.263 V
Feedbgck Regulation Voltage @ FB6 15 0 15 mv
(Inverting)
Ele:e;7back Regulation Voltage @ 0237 | 025 | 0263 v
OK Sink Current OK=1V 60 -- - uA
Reference
VREF Output Voltage VREF 1.237 | 1.25 | 1.263 \Y
VREF Load Regulation OuA < IRer < 200uA -- -- 10 mV
Negative Charge Pump
PVDD6 High Threshold to Stop Pump 3.9 4 4.2 V
PVDD6 Low Threshold to Stop Pump 3.4 3.6 3.8 V
(PVDD6 — PNEG) Clamped Voltage PVDD6 = 3.3V 4.1 4.5 4.9 V
Power Switch
) P-MOSFET, PVDD1 = 3.3V -- 150 -- mQ
CH1 On Resistance of MOSFET Rps(on) N-MOSFET, PVDD1 = 3.3V — 150 — v
CH1 Current Limitation (Boost) -- 3 -- A
CH2 On Resistance of MOSFET RDS(ON) P-MOSFET, PVDD2 = 3.3V — 150 — me
N-MOSFET, PVDD2 = 3.3V -- 150 -- mQ
CH2 Current Limitation (Buck) -- 1.5 -- A
CH2 Current Limitation (Boost) -- 3 -- A
CH3 On Resistance of MOSFET R bs(oN) P-MOSFET, PVDD3 = 3.3V = 200, - me2
N-MOSFET, PVDD3 = 3.3V -- 200 -- mQ
CH3 Current Limitation (Buck) -- 1.5 -- A
) P-MOSFET, PVDD4 = 3.3V -- 200 -- mQ
CH4 On Resistance of MOSFET R DS(ON) N-MOSFET, PVDD4 = 3.3V ~ 200 ~ no
CH4 Current Limitation (Buck) -- 1.5 -- A
CHS5 Load Disconnect MOSFET P-MOSFET, SW5I =3.3V -- 0.5 -- Q
CH5 On Resistance of MOSFET N-MOSFET -- 0.5 - Q
CHS5 Current Limitation N-MOSFET -- 1.2 -- A

To be continued
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Parameter Symbol Test Condition Min Typ Max | Units
CH6 On Resistance of MOSFET P-MOSFET, PVDD6 = 3.3V - 1 - Q
CH6 Current Limitation P-MOSFET - 1.5 -- A
CH7 On Resistance of MOSFET N-MOSFET - 0.5 -- Q
CH7 Current Limitation N-MOSFET - 0.8 -- A
|Protection
Over Voltage Protection of PYDD1 and
5\DD2 55 6 6.5 \Y
Over Voltage Protection Hysteresis of _ _ 0.6 y
PVDD1 and PVDD2
Under Voltage Protection of VOUT1 - 1.75 - V
Over Voltage Protection of SW5I 18 - 21 \%
Over Voltage Protection of VOUT7 12 — 16 V
CHS5 Load Disconnect UVP of SW50 0.35 04 0.45 V
Under Voltage Protection of FB2 - 0.4 -- V
Under Voltage Protection of FB3 - 0.4 - V
Under Voltage Protection of FB4 - 0.4 -- V
Protection Fault Delay - 100 - ms
|Control
EN1234, EN5, EN6, EN7 Input High 13 _ . Vv
Level Threshold
EN1234, EN5, EN6, EN7 Input Low _ _ 0.4 Vv
Level Threshold
EN1234, EN5, EN6, EN7 Sink Current - 2 6 uA
SEL Input High Level Threshold 1.3 — -- \
SEL Input Low Level Threshold - - 0.4 V
SEL Sink Current SEL =33V - 3 9 uA
SEL Sink Current AllEN =0 - 0 - UA
Thermal Protection
Thermal Shutdown TsD 125 160 - °C
Thermal Shutdown Hysteresis ATgp - 20 - °C
System Reset
FB2 Regulation Threshold CN = 3.3V 0.709 | 0.72 | 0.731 \
Hysteresis - 40 - mV
FB3 Regulation Threshold 0.709 | 0.72 | 0.731 V
Hysteresis -- 40 - mV
VOUT1 Regulation Threshold 2.95 3.0 3.05 V
Hysteresis -- 0.15 -- V
SYS_R Rising Delay Time - 10 - ms
SYS_R Sink Capability SYS R =0.5V 4 - -- mA

To be continued
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Parameter | Symbol | Test Condition | Min | Typ | Max | Units
RTC Reset
RTC_PWR Reset Threshold 1.57 16 1.63 V
Hysteresis -- 16 -- mV
Standby Current RTC PWR =3V -- 2 4 uA
RTC_R Rising Delay Time 35 55 75 ms
RTC_R Sink Capability i;g:gm-/lgi\? 6V 4 - - mA
RTC LDO, CN =High
Input Voltage Range VIN -- -- 5.5 V
Standby Current Vin=4.2V -- 5 8 uA
Output Voltage VouTt louT = 0mA - 3.05 - \Y
Maximum Output Current Vin =4.2V 60 - -- mA
Dropout Voltage Vprop  |lout = 20mA - - 200 mV

Note 1. Stresses listed as the above " Absolute Maximum Ratings” may cause permanent damage to the device. These
are for stress ratings. Functional operation of the device at these or any other conditions beyond those indicated
in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions
for extended periods may remain possibility to affect device reliability.

Note 2. 6,5 is measured in the natural convection at Ta=25°C on a high effective four layers thermal conductivity test
board of JEDEC 51-7 thermal measurement standard. The case point of 6.c is on the expose pad for the
package.

Note 3. Devices are ESD sensitive. Handling precaution is recommended.

Note 4. The device is not guaranteed to function outside its operating conditions.
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Typical Operating Characteristics
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CH5 Boost Efficiency vs. Output Current CH6 Inverting Efficiency vs. Output Current
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CH4 Buck Output Voltage vs. Output Current
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CH1, CH2, CH3 and CH4 Power Off

" TT YII T l!ll LELELELEN B L Illl T T llI LINLEL LI L I L LB I TT l“
Vout_cH1 — —f ]
(5V/Div) ,.)_____'_____'______\.. I - 3
VouT_cH2 S T ]
(BVIDiv) 22p - E
VouT_cH3 ¥ P ]
(2V/Div) 3>prrre i PR
VouTt_cH4 — o \l_ . ]

(1V/Div) ¢} N PRI

Vourswid G idE oo
(2V/D) % Lo B VBAT 3v SEL= H.ghf
fl | PETS EEETET TS AT A AT IS Y 3

Time (2.

5ms/Div)

CH2 Output Voltage Rlpple

LX2

VouT_ac
(5mV/DiV]mW“’A Wmfﬂ

L 1uH COUT

(2V/Div)1->E f T J’ : U

Mwwf' w &

2 Vear = 4.2V, Vout = 3.3V, lout = 300mA, 5

10uF

Time (250ns/Div)

CH4 Output Voltage Rlpple

LELIUL BLELL AL LR EURLELIL N B B ] R L Ll L3 B R EE
RN
LX4 k J el \J / ]

(VD)1 et ittt S u
VouT_ac 5} - -
(5mV/DIV)n_¢"‘MW""""\rW W uww\}.lw*wd/\u/ “"‘u\,ﬂw’“
Eo sieads Vear = 3.6V, Vout = 1V, lout = 300mA-

3 L 22uH Cour 10uF
1 | Lo s b oy 1 Lag ool il

Time (250ns/Div)

CH1 Output Voltage Ripple

I I I L P 1 T T I [ ]
e (““"_Sff"f“ffm r) (’“
NIV
LX1 _\ j b K ] K i \ [
(QV/DIV) 15tk kh_ : w) : ‘*J;
Vourt_
(10mV/5Tv)m:\ \,-/ ‘w’“w Ww/
AAAAA - Vear = 3.6V, Vour = 5V, lout = 300mA—
L=1.2uH, Cour = 10uF x2
Time (250ns/Div)
CH3 Output Voltage Ripple
UL LR IR LR AL LR R B R
L
ilmalentasiaals
LX3 j: : | f | | | : \
(QVIDIV) 1> bbbl e
v L N
B i VBAT 3.6V, Vour = 25V, lout = 300mA,-
L =2.2uH, Cour = 10uF ]
Time (250ns/Div)
CH5 Output Voltage Ripple
R RN B A RS RS RRR A ERARN R RRES RASEA LR RN
__f.ml‘ Hremoethe - /I
o BEREE
(5V/Div) 1> fer Ta—— . | e
Vour. - : i ¥
(10mV/6?V)WMW¢ _M{’/f
.. Vear = 3.6V, Vour = 16V, lout = 30mA,
L 10uH Cour 10uF 1

Time (250ns/Div)

DS9919-01 April 2011

www _richtek.com
15



RT9919

RICHTEK

CH6 Output Voltage Ripple

LX6
(5V/Div)1->

T

- "

Vout_ac

;“Tii B '\"m-l v

M""ﬁ«‘»\n FYON

(5mV/E)w)W”‘WM-M NN’ 'M“:

VBAT—36VVOUT— 8V|ou1 30mA-
—10uH COUT—10qu2

Time (250ns/Div)

CH1 Load Transient Response

ILoAD
(200mA/Div)1-5[-

0 am ]

TR 5 (BTSN RRAAY REARARA AR RAA AN RARSABRTRS
Veat = 3.7V, Vout = 5V, lout = 50mA to 300mA, |
-L=1.2uH, Cout = 10uF x 2 4

[

ESETY

Time (1

ms/Div)

CH5 Load Transient Response

ILoAD
(20mA/Div) 15[

LELELELE B NN

w.m-;m'.w*w—rm" 3 1

L B L L

VouT_ac ] : M
(50mV/D|V)w'T A s g R -
- VBAT—37VVOUT—1€

sl

= 10uH COUT 10uF

V, lout = 10mA to 30mA,

Time (1

ms/Div)

LX7

(5V/Div) ,_>E

VouT_ac

ILoAD
(200mA/Div)1-

VouT_ac

(50mV/D|v)m=----r-«-----]r“"‘“"‘“":

ILoAD
(20mA/Div)1-»

Vout_ac

(50mV/D|v)ﬂ"“‘“"“’“‘““ “WWM“

--Vear = 3.7V, Vour = 8
—10uH CoUT—10qu2

CH7 Output Voltage Ripple

\IVIIYIIYIII‘YYII!

L B e

(20mV/Duv)m\/ “*«.‘1\

-Vpar =3V, V

L— 10uH Cour— 1uF

out = 10V, lour = 3LEDs 3

Time (250ns/Div)

CH3 Load Transient Response

L L i

Veat = 3.7V, Vout = 2. 5V lout = 50mA to 300mA,

T

T

L =2.2uH, Cout = 10uF

T LB

Time (1ms/Div)

CH6 Load Transient Response

L L L B

L BB B B

MW«J"""“"

V, lout = 15mA to 50mA,

Time (1ms/Div)

www richtek.com

16

DS9919-01 April 2011



RICHTEK

RT9919

Application information

The RT9919 includes the following seven DC/DC converter
channels to build a multiple-output power-supply system.

CH1 : Step-up synchronous current mode DC/DC converter
with internal power MOSFETs. The output voltage could
be load disconnected by a switch controller and an
external P-MOSFET.

CH2 : Selectable step-up or step-down synchronous
current mode DC/DC converter with internal power
MOSFETs.

CH3 : Step-down synchronous current mode DC/DC
converter with internal power MOSFETs and internal
compensation network.

CH4 : Step-down synchronous current mode DC/DC
converter with internal power MOSFETs and internal
compensation network.

CHS : Step-up asynchronous current mode DC/DC
converter with internal power MOSFET and internal
compensation network. The output voltage could be load
disconnected by an internal P-MOSFET.

CHG6 : Inverting current mode DC/DC converter with internal
power MOSFET and internal compensation network.

CH7 : Current mode WLED driver with internal power
MOSFET and internal compensation network. This channel
also provides open LED protection.

SW1 : Load disconnect controller.
SWS5 : Load disconnect switch for CH5
CH1 to CH4 operate in PWM mode with 2MHz and CH5

to CH7 operate in PWM mode with 1MHz constant
frequency under moderate to heavy loading.

RTC_LDO : Low quiescent current, high output voltage
accuracy LDO for Real Time Clock.

RTC_Reset : Accurate voltage detector for RTC LDO.

System_Reset : Accurate voltage detector for power
sequence.

CH1 : Step-Up Converter

Step-up : The converter operates at fixed frequency PWM
mode, continuous current mode (CCM), and discontinuous
current mode (DCM) with internal MOSFET and
synchronous rectifier for up to 95% efficiency.

CH2 : Selectable Step-Up or Step-Down Converter

Step-up : The converter operates at fixed frequency PWM
mode, continuous current mode (CCM), and discontinuous
current mode (DCM) with internal MOSFET and
synchronous rectifier for up to 95% efficiency.

Step-down : The converter operates at fixed frequency
PWM mode and continuous current mode (CCM) with
internal MOSFET and synchronous rectifier for up to 95%
efficiency.

While the input voltage is close to the output voltage, the
converter enters low dropout mode. The duty could be as
long as 100% to extend battery life.

CH3 : Step-Down DC/DC Converter

The converter operates at fixed frequency PWM mode,
CCM and integrated internal compensation. While the
input voltage is close to the output voltage, the converter
could enter low dropout mode with low output ripple. The
duty could be as long as 100% to extend battery life.

CH4 : Step-Down DC/DC Converter

The converter operates at fixed frequency PWM mode,
CCM and integrated internal compensation. While the
input voltage is close to the output voltage, the converter
could enter low dropout mode with low output ripple. The
duty could be as long as 100% to extend battery life.

CHS5 : Step-Up DC/DC Converter

It integrates asynchronous boost with an internal
MOSFET, internal compensation and an external schottky
diode to provide CCD positive power supply. The converter
is inactive until the SW5 soft start procedure is finished.
This feature provides load disconnect function and
effectively limits inrush current at start up.

CH®6 : INV DC/DC Controller

This controller integrates an internal P-MOSFET and an
external schottky diode to provide CCD negative power
supply. The output voltage is set as

VOUT = (R13/R14) X (—VREF)

where R13 and R14 are the feedback resisters connected
to FB6, Vrer equals to 1.25V in typical.
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CH7 : WLED Driver

It is an asynchronous DC/DC converter with an internal
MOSFET, internal compensation and an external schottky
diode to drive up to 3 WLED. This channel also features
PWM dimming control from EN7 pin and open diode
protection. The current through WLED is set as

I (mA) =[250mV/R(Q)] x Duty (%)
R : Current sense resistor from CFB7 to GND.

Duty: PWM dimming by EN7 pin. Dimming frequency
range is from 30kHz to 100kHz.

Hold EN7 low for more than 64us will turn off CH7.

SWi1

SW1 is an open drain controller to drive an external
P-MOSFET and then functions as a load disconnect
switch for CH1. This switch features soft start, Power On/
Off Sequence and under voltage protection functions. OK
is an open drain control pin. Once CH1, CH3, CH4 and
CH2's soft start finish, SW1 is on. The OK pin is slowly
pulled low and controlled with soft start to suppress the
inrush current. VOUT1 is used for SW1 soft start and
under voltage protection.

SW5

SWS5 is an internal switch enabled by EN5 and functions
as a load disconnection for CH5. This switch features soft
start, Powe On Sequence, over voltage (for SW5I) and
under voltage (for SW50) protection functions.

Charge Pumps

The charge pump function is enabled while the PVDD6
voltage is lower than 3.6V. This channel provides pump
voltage to enhance MOSFET gate driving capability. This
function is not necessary while battery is Li-ion type.

Reference Voltage

The RT9919 provides a precise 1.25V reference voltage
with souring capability of 100uA. Connect a 0.1uF ceramic
capacitor from VREF pin to GND. Reference voltage is
enabled by connecting EN6 to logic high. Furthermore,
this reference voltage is internally pulled to GND at
shutdown.

RTCLDO

The RT9919 provides a LDO for real time clock. LDO
function has features of low quiescent current (5uA) and
high output voltage accuracy since this LDO is running all
the time, even when the system is shutdown. In addition,
LDO share "OK"” and “*VOUT1" pin with SW1 and function
is decided by "CN” pin. Following table is used to select
LDO or SW1.

Table1. RTC LDO Setting

CN Function
High RTC LDO
Low SW1

RTC Reset

The RT9919 provides an accurate voltage detector for RTC
LDO voltage detection. It is used to detect whether RTC
LDO output voltage is ready or not. Its power pin is
RTC_PWR and output pinis RTC_R. The output pinis an
open drain N-MOSFET and the sink capability is above
4mA. Once the RTC_PWR pin reach 1.6V, it will count
about 55ms, then the RTC_R go high.

System Reset

The RT9919 provides an accurate voltage detector. Itis
enabled by EN1234 and used to detect whether VOUT1
(SW1)/VOUT2 and VOUT3 output voltage are ready or
not. Its output pin (SYS_R) is an open drain N-MOSFET
and the sink capability is above 4mA.

Once Vout1 (SW1) voltage reaches 3V and FB3 voltage

reaches 0.72V (90% of 0.8V), it will count about 10ms,
then SYS_R go high for alkaline battery application.

Once the FB2 and FB3 voltage reach 0.72V, it will count
about 10ms, then the SYS_R go high for Li-lon battery
application.

Mode Setting
Please refer to “Electrical Characteristics” for level of
logic high or low.

Table 3. Mode Setting
SEL CH2

High Boost
Low Buck

www_richtek_com
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Mode setting is decided by the “SEL"” pin. The CH2 of
RT9919 features flexible boost or buck topology setting
for either 1 x Li-ion or 2 x AA application by one pin. Please
note that the logic state can not be changed during
operation.

Power on/off sequence

The Power On Sequence is:

While EN1234 goes high, CH1 will be turned on to wait
for the completion of CH1's soft start. After that, CH3 will
be turned on to wait for the completion of CH3's soft start.
And then, CH4 will be turned on to wait for the completion
of CH4's soft start. Then, SW1 and CH2 will be turned on
at the same time. Finally, SW1's soft start will be
completed.

The Power-Off Sequenceis :

At first, while EN1234 goes low, SW1 and CH2 (note 1)
will be shutdown. After that, CH4 will be turned off and
internally pulled low to wait for the completion of CH4's
shutdown. And then, CH3 will be turned off and internally
pulled low to wait for CH3's shutdown completion. Then,
CH?1 will be turned off and internally pulled low (note 2) to
wait for CH1's shutdown completion. Finally, the whole IC
will be shutdown (if EN5, EN6 and EN7 already go low).

Note 1 : If CH2 is configured as a Boost, then the CH2 will
not be intemnally pulled low and the completion of shutdown
will not be checked.

Note 2 : CH1 is configured as a Boost, so the CH1 will

not be intemnally pulled low and the completion of shutdown
will not be checked.

Table 4. Power On/Off Sequence

Power Sequence

On CH1 - CH3 —» CH4 — (SW1and CH2)

Off (SW1 and CH2) > CH4 — CH3 — CH1

Thermal Considerations

For continuous operation, do not exceed absolute
maximum operation junction temperature. The maximum
power dissipation depends on the thermal resistance of
IC package, PCB layout, the rate of surroundings airflow
and temperature difference between junction to ambient.
The maximum power dissipation can be calculated by
following formula :

Pomax) = (Tymax)—Ta )/ 6ua

Where Tymax) is the maximum operation junction
temperature, Ta is the ambient temperature and the 6,ais
the junction to ambient thermal resistance.

For recommended operating conditions specification of
RT9919, The maximum junction temperature is 125°C.
The junction to ambient thermal resistance 6, is layout
dependent. For WQFN-40L 5x5 packages, the thermal
resistance 0,4 is 36°C/W on the standard JEDEC 51-7
four layers thermal test board. The maximum power
dissipation at Tp= 25°C can be calculated by following
formula :

Ppmax) = (125°C — 25°C) / (36°C/W) = 2.778W for
WQFN-40L 5x5 packages

The maximum power dissipation depends on operating
ambient temperature for fixed Tymax) and thermal
resistance 6)a. For RT9919 packages, the Figure 1 of
derating curves allows the designer to see the effect of
rising ambient temperature on the maximum power
allowed.

30 T
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26
24 AN

. <
22
20 \\ WQFN-40L 5x5
18 N
16
14
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10 \\
08
06 ™
04 \\
02

0.0

Maximum Power Dissipation (W)
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Ambient Temperature (°C)

Figure 1. Derating Curves for RT9919 Packages
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Layout Considerations

For the best performance of the RT9919, the following
PCB layout guidelines must be strictly followed.

» Place the input and output capacitors as close as
possible to the input and output pins respectively for
good filtering.

» Keep the main power traces as wide and short as
possible.

» The switching node area connected to LX and inductor
should be minimized for lower EMI.

LX should be connected to inductor by
wide and short trace, keep sensitive
components away from this trace.

» Place the feedback components as close as possible
to the FB pin and keep these components away from
the noisy devices.

» Place the compensative components as close as
possible to the COMP pin and keep these components
away from the noisy devices.

» Connect the GND and Exposed Pad to a strong ground
plane for maximum thermal dissipation and noise

protection.

Place the feedback and compensation
components as close as possible to the FB and
COMP pin and keep away from noisy devices.
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Ti TiL
% %RZ c21
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Icr;pmlputpm c22 u ~IE
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ipuOuiput pins. T [ EHEEEEHEEE o % ks
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00 | —Fn . 1x6 [3] %] voom .—"—.(;23 201
:i; D4 PVDD6 [3} o WLED+
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o Cie o= vear CPL =l VeaT ==c1o
8 = il mesls oo I T
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Figure 2. PCB Layout Guideline for Li-ion Application
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Table 5. Protection Items

Protection Threshold (typical) Protection methods lic Shutqownl Reset method
type Refer to Electrical spec Delay time
Over Voltage Automatic reset at
\VDDM Protection \/ppm > 6V VDQM <54V 100ms Vppm power reset
NMOS off, PMOS off,
Current Limit |[NMOS current > 3A Automatic reset at next 100ms V Dpm power reset
CH1 clock cycle
Boost NMOS off, PMOS off,
PVDD1 OVP |PVDD1 > 6V Automatic reset at PVDD1 |100ms VDpm power reset
<54V
NMOS off, PMOS off,
Current Limit [NMOS current > 3A Automatic reset at next 100ms VDpm power reset
CH2 clock cycle
Boost NMOS off, PMOS off,
PvDD2 OVP |PVDD2 > 6V Automatic reset at PVDD2 |100ms VDpMm power reset
<54V
oHD NMOS off, PMOS off,
Buck Current Limit |PMOS current > 1.5A Automatic reset at next 100ms V Dpm power reset
clock cycle
CH3 NMOS off, PMOS off,
Buck Current Limit |PMOS current > 1.5A Automatic reset at next 100ms V ppm power reset
clock cycle
CH4 NMOS off, PMOS off,
Buck Current Limit |PMOS current > 1.5A Automatic reset at next 100ms VDpm power reset
ue clock cycle
CH5 NMOS off
Asyn Boost Current Limit [NMOS current > 1.2A Automatic reset at next 100ms VDpm power reset
clock cycle
CH6 PMOS off
. Current Limit |PMOS current > 1.5A Automatic reset at next 100ms V ppm power reset
|Inverting
clock cycle
NMOS off .
Current Limit |[NMOS current > 0.8A Automatic reset at next Not . [Automatic reset at
CH7 Applicable  next clock cycle
WLED clock cycle
Not Reset by toggling
OVP VOUT7 > 14V Shutdown CH7 Applicable  |EN7
VOUT1 < 1.75V after Automatic reset at
swi uvP SW1 soft start end VOUT1 > 1.75V 100ms Dom power reset
NMOS off
OVP SW5I > 18V Automatic reset at 100ms V Dpm power reset
SW5 SW5I| < 18V
SW50 <04V after Automatic reset at
uve SW5 soft start end SW50 > 0.4V 100ms  [Voowpowerreset
Thermal o o Temperature <
Themal shutdown Temperature > 160°C All channels stop switching|No-delay 140°C
NMOS off, PMOS off,
e UVP B2 < 0.4V aiter CH2 sokt Automatic reset at FB2> |100ms VDpm power reset
Buck |start 0.4V
NMOS off, PMOS off,
i UVP Dbl A h Automatic reset at FB3> |100ms VDpm power reset
Buck start 0.4V
NMOS off, PMOS off,
CHa UVP FB4 <04V after CH4 soft Automatic reset at FB4> [100ms Vppm power reset
Buck start 0.4V

DS9919-01 April 2011

www _richtek.com
21



RT9919

RICHTEK

Outline Dimension
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DETAILA

Pin #1 ID and Tie Bar Mark Options

i } Note : The configuration of the Pin #1 identifier is optional,
but must be located within the zone indicated.
Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 0.700 0.800 0.028 0.031
A1 0.000 0.050 0.000 0.002
A3 0.175 0.250 0.007 0.010
b 0.150 0.250 0.006 0.010
D 4.950 5.050 0.195 0.199
D2 3.250 3.500 0.128 0.138
E 4.950 5.050 0.195 0.199
E2 3.250 3.500 0.128 0.138
e 0.400 0.016
L 0.350 0.450 0.014 0.018

W-Type 40L QFN 5x5 Package

Richtek Technology Corporation

Headquarter

5F, No. 20, Taiyuen Street, Chupei City
Hsinchu, Taiwan, R.O.C.

Tel: (8863)5526789 Fax: (8863)5526611

Richtek Technology Corporation
Taipei Office (Marketing)
5F, No. 95, Minchiuan Road, Hsintien City
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Tel: (8862)86672399 Fax: (8862)86672377
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Informa ion that is provided by Richtek Technology Corporation is believed to be accurate and reliable. Richtek reserves the right to make any change in circuit

design, specification or other related things if necessary without notice at any time. No third party intellectual property infringement of the applications should be

guaranteed by users when integrating Richtek products into any application. No legal responsibility for any said applica ions is assumed by Richtek.

www richtek_com
22

DS9919-01 April 2011





