RICHTEK

RTO9971A

7-CH Power Management IC

General Description

The RT9971A is a complete power supply solution for
digital still cameras and other hand held devices. The
RT9971A is a multi-channel power management IC
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
WLEDdriver.

The RT9971A s designed to fulfill the applications for DSC
just as follows :

CHL1 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/O power

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

CHb5is a high voltage step-up output for CCD bias power
supply

CHE6 is an inverting output for negative CCD bias power
supply

CH7 is a high voltage step-up output for driving WLED

For the CH2, the step-up or step-down converter, operation
mode can be selected by the SEL pin. Among all channels,
there are 5 channels with the built-in internal
compensation. The RT9971A 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 RT9971A is able to support Li-ion and 2AA battery
applications. The RT9971A provides WLED open
protection, current limit, thermal shutdown protection, over
voltage and under voltage protection to achieve complete
protection. The RT9971A s available in WQFN-40L 5x5
package.

Features

1 One Synchronous Step-Up or Step-Down
Selectable Convertor

Support 2AA or Li-ion Battery Applications
Preset On/Off Sequence

5 Channels with Internal Compensation

All Power Switches Integrated

Up to 95% Efficiency

100% (max) Duty Cycle for Step-Down Converter
Adjustable Output Voltage

LED PWM Dimming Control

LED Open Protection

Transformerless Inverting Converter for CCD
Fixed 1MHz Switching Frequency at CH1to CH7
RTC_LDO/SW1 Selectable by CN Pin

40-Lead WQFN Package

1 RoHS Compliant and Halogen Free

Applications

1 Digital Still Camera
1 PDA

1 Portable Device

Ordering Information
RT9971A I_'EI

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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RICHTEK

Pin Configurations
(TOP VIEW)

PVDD1{| 1 PVDD2
LX6 9| vDDM

PVDD6{3} sl cFB7
CPi4 {27] GND
CN 6] LX7

PNEG S1LX5
FB6 il vouT?
FB4 FB3
EN6 5 > IEN7
LX4 [10 ijLX3

WQFN-40L 5x5
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Typical Application Circuit
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Note :

(1) SEL = High, CH2 is Step -Up, CN Connect to CAP

(2) Vear=1.8Vt0 3.2V

Timing Diagram

Power On Sequence : CH1 Step -Up 3.3V® CH3 Step -Down 2.5V® CH4 Step -Down 1.8\® (CH2 Step -Up 5V and

SW13.3V)
Power Off Sequence : (CH2 Step -Up 5V and SW1 3.3V)® CH4 Step -Down 1.8V® CH3 Step -Down 2.5V® CH1
Step-Up 3.3V
VDDM LUSGI’ define
EN2, EN134 3 5ms
Vour ch1 3.3V /3 5ms , » IC shutdown
VOUT7CH3 25V i /3 5ms y N\ Wait until FB3 < 0.1V
VOUT7CH4 1.8V 5‘/_13.5n]s ; fWait until FB4 < 0.1V
VOUT7$W1 33V géms i Wait until VoyT1 <0.4V
y = o / \’iDepends on loading
OUT_CH2 :
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For Li-ion
VBAT 23 VBaT
? 1uF
—”__L c24
= 1uF
L 29 s LW
o3 10pH
20H VDDM
VBaTo YN, 40 | %1 25
fczz LX5 DSH 1
10pF c14
Vout cgi\} _L 1 pvDD1 " IOpF/ZSV v
Cl SW50 lé)\l/JT_CHS
IlOPsz %470 F Sws! 44 J_ 15V %lOUFIZSV
37
= FB1 c15 <Ri1
5&%3pF S 5 TinF <1000k =
B B COMPL 799714 FBS
= = R12
Vearo—238 ok PVDD6 SwOVBAT 90 9k
RTC 3.25Vo 1 35 vour1 T Wk 6 =
v IE):.ZZ%F = 10uH
BAT o = 30 pvpD2
or5v L2 2 VouT_cHs
v LX6 o
OUT_CH2 4.7uH 31 7V
ca 33Vo LX2 R13 C18
_L 10uF/16V x 2
IlOpF J_ C6 63.4k T I
1 lOpFI 470 T 10pF FB6 |-L
R6 0.1pF
RS 2200pF 3¢ 16 il
150k —{}—AA—33 comp2 VREF
) = = 20 lOpH =
VBT © 3 PVDD3 _L 26 OVBAT
l VouT_cHs 4.7pH 21 T 10F
c8 25V LX3 2% L
10pF . o
¥ co LX7 o l WLED
- lOPFI FB3 vout? 1 F/lGV
CFB7 |28 I
18 RI5 ~
Vgat © l PVDD4 RTC_R RTC Reset 10
Vout _cH4 4.7uH R16 L
ci1 1.8vo R [ fre PwR 11 10k N
ST ! |
I H c12 RO g3
= lOpFI 470k T P cPH—o g
== 8 Fe4 10k
R10 o 39 £ CNP—— AA—o0Vgar
ON o— 32| EN134 PNEG |6
= OFF 0—12 EN5
o—9 Ene =
17 seL GND |27, Exposed Pad (41)
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Note :

(1) SEL = Low, CH2 is Step -Down, CN Pull High

(2) Vear=2.7Vt0 4.2V

Timing Diagram

Power On Sequence : CH1 Step -Up 5V® CH3 Step -Down 2.5V® CH4 Step -Down 1.8V® CH2 Step -Down 3.3V
Power Off Sequence : CH2 Step -Down 3.3V® CH4 Step -Down 1.8V® CH3 Step -Down 2.5V® CH1 Step -Up 5V

VDDM [ User define
EN2, EN134 _Js5ms .

Vout_cH1 5V i~ 35ms < : »IC shutdown
Vout cHz 2.5V P, 3.5ms s\ Wait until FB3 < 0.1V
VouT cha 1.8V L35S . *Wait until FB4 < 0.1V
VouT cHz 3.3V P i Wait until FB2 < 0.1V
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RICHTEK RT9971A
Table 1. Recommended Components for the Typical Application Circuit
Channel CH3
Formula VouT_cH3 = (1+R7/R8) x 0.8
Vout_chs (V) 2.5 1.8 1.5 1.3 1.2 1
L3 (mH) 4.7 4.7 4.7 4.7 4.7 4.7
R7 (kW) 768 470 330 237 187 23.2
R8 (kW) 360 374 374 374 374 93.1
C10 (pF) 22 33 47 68 82 47
C9 (nF) 10 10 10 10 10 10
Channel CH4
Application Vout_cH4 = (1+R9/R10) x 0.8
Vout cha (V) 25 1.8 1.5 1.3 1.2 1
L4 (mH) 4.7 4.7 4.7 4.7 4.7 4.7
R9 (kW) 768 470 330 237 187 23.2
R10 (kW) 360 374 374 374 374 93.1
C13 (pF) 22 33 47 68 82 47
C12 (nF) 10 10 10 10 10 10
Channel CH5
Formula Vout_cHs = (1+R11/R12) x 1.25
VouT_cHs (V) 12 13 14 15 15.5 16
L5 (mH) 10 10 10 10 10 10
R11 (kW) 820 820 953 1000 820 886
R12 (kW) 95.3 86.6 93.1 90.9 715 75
C15 (pF) 1000 1000 1000 1000 1000 1000
C16 (n¥F) 10/16V 10/16V 10/25Vv 10/25V 10/25V 10/25Vv
Channel CH6
Formula Vout_che = (R13/R14) x (-1.25)  * R13+R14 <90k
VouT che (V) -6 -6.3 -7 -75 -8
L6 (mH) 10 10 10 10 10
R13 (kW) 57.6 69.8 63.4 68 68
R14 (kW) 12 13.7 11.3 11.3 10.5
C17 (pF) 1000 1000 1000 1000 1000
C18 (nF) 10x 2pcs. | 10 x 2pcs. | 10 x2pcs. | 10 x 2pcs. | 10 x 2pcs.
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RT9971A RICHTEK

Functional Pin Description

Pin No. Pin Name Pin Function

1 PVDD1 Power Output of CH1.

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

3 PVDD6 Power Input of CH®6.

4 CP Charge Pump External Driver.

5 CN Charge Pump External Driver.

6 PNEG Negative Output of Charge Pump.

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

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

9 EN6 Enable Control Input of CH6.

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

11 PVDD4 Power Input of CH4.

12 EN5 Enable Control Input of CH5.

13 SW50 Output of CH5 Load Disconnect.

14 SW5I Input of CH5 Load Disconnect.

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

16 VREF 1.25V Reference Output.

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

18 RTC R RTC_Reset Output.

19 RTC_PWR | Power Input of RTC_Reset.

20 PVDD3 Power Input of CH3.

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

22 EN7 Enable Control Input of CH7.

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

24 VOUTY7 Sense Input for CH7 Output Voltage.

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

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

27, GND Ground. The exposed pad must be soldered to a large PCB and connected to

41 (Exposed Pad) GND for maximum thermal dissipation.

28 CFB7 Feedback Input of CH7.

29 VDDM IC Analog Power Input.
Power Input of CH2 step-down converter, or power output of CH2 step-up

30 PVDD2
converter.

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

32 EN134 Enable Control Input of CH1, CH3 and CH4.

33 COMP2 Compensation of CH2. Pull to GND in shutdown mode.

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

35 VOUT1 _CN is set to low o_r floating :_ Sense Pin fqr CH1 Output Voltage. High impedance
in shutdown. CN is setto High: Output pin of RTC_LDO.

% OK CN is set to low or floating : External Switch Control. High impedance in
shutdown. CN is setto High : Power input pin of RTC_LDO.

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

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

39 EN2 Enable Control Input of CH2.

40 LX1 Switch Node of CH1. High impedance in shutdown mode.
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Function Block Diagram

VDDM
LXSO_—L. CHE :ﬂ——o PVDD1
C-Mode —|
EI Step-Up CH1
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FB50 >_l _hﬁ_
+
—
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| CH6 —o PVDD2
|—‘ C-Mode H
| Inverting CH2 —l
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| - o FB2
| CH7 N
_E: C-Mode o
= Step-U .8V
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Mode Step-Down I
VREF & lézES';/ Sequence i
EN2o | =
EN1340 { OFB3
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EN6 O 0.8V
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oNo Charge o PVDD4
PNEGoO Pump —|
CH4
RTC ) L o
OK© SW1 DO C-Mode } LX4
VOUT10o l | Step-Down
— 51
RTC_PWRo— i — OFB4
RTC_RO— +
_I—| RTC
El Reset 0.8V
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GND
Timing Diagram
CH5 and CH6 Timing Diagram
EN5 [ 1oms |
swsl —  Depends on loading
SW50 < Depends on loading
(to CCD +)
EN6 | 10ms |
VouT_cHe —
(to CCD -) /Depends on loading
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Absolute Maximum Ratings (Note

1)

Supply Voltage, Vopm
Power Switch :
LX1, LX2, LX3, LX4

LX5, LX7, SW5I, SW50, VOUT7
LX6

The Other Pins

Power Dissipation, Ppb @ Ta =25°C
WOQFN 40L 5x5

Package Thermal Resistance (Note 2)

WQFN 40L 5x5, q3a

WQFN 40L 5x5, qic

Junction Temperature
Lead Temperature (Soldering, 10 sec.)

Storage Temperature Range
ESD Susceptibility (Note 3)

HBM (Human Body Mode)

MM (Machine Mode)

Recommended Operating Conditions (Note 4)

1 Junction Temperature Range
1 Ambient Temperature Range

Electrical Characteristics

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

-0.3Vto 7V

-0.3V 10 6.5V
-0.3Vto 21V

(PVDD6 - 14V) to (PVDD6 + 0.3V)
-0.3V 10 6.5V

2.778W

36°C/W
7°CIW
150°C
260°C

- 65°Ct0 150°C

2kv
200V

-40°Cto 125°C
-40°Ct085°C

Parameter | Symbol | Test Conditions ‘ Min | Typ ‘ Max | Unit
Supply Voltage
VDDM Operating Voltage VbpMm 2.7 -- 5.5 \%
VDDM Startup Voltage Vst 15 -- -- \%
VDDM Over Voltage Protection 6 6.25 6.5 \%
Supply Current
Shutdown Supply Currentinto VDDM | logr AIlEN=0,CN =3.3V -- 5 10 mA
CH1 (Syn-Step-Up) : Supply Current _ _ __ B
into VDDM lQ1 Non Switching, EN134 =3.3V 800 mA
CH2 (Syn-Step-Up or Syn-Step-Down) o _ __ B
. Supply Current into VDDM lg2 Non Switching, EN2 = 3.3V 800 mA
CH3 (Syn-Step-Down) : o _ __ B
Supply Curent into VDDM lo3 Non Switching, EN134 = 3.3V 800 mA
CH4 (Syn-Step-Down) : Y _ __ B
Supply Current into VDDM Q4 Non Switching, EN134 = 3.3V 800 mA
CH5 (Asyn-Step-Up) : . _ _ _
Supply Current into VDDM los Non Switching, EN5 = 3.3V 800 mA
CHB6 (Inverting) + Charge pump : | Non Switching, EN6 = 3.3V __ _ 800 mA
Supply Current into VDDM Q6 PVDDS6 = 3.3V
CH7 (WLED): Y _
Supply Current into VDDM Q7 Non Switching, EN7 = 3.3V -- - 800 mA

To be continued
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RICHTEK RT9971A

Parameter | Symbol \ Test Conditions \ Min \ Typ \ Max | Unit
Oscillator
CH1,2,3/4, 5, 6, 7 Operating Frequency |[fosc 900 | 1000 | 1100 | kHz
CH1 Maximum Duty Cycle (Step-Up) VEB1 =0.7V 80 83 86 %
CH2 Maximum Duty Cycle (Step-Up) ViEg2 =0.7V 80 83 86 %
CH2 Maximum Duty Cycle (Step-Down) VeEg2 = 0.7V - - 100 %
CH3 Maximum Duty Cycle (Step-Down) Vgps =0.7V - - 100 %
CH4 Maximum Duty Cycle (Step-Down) Vgps =0.7V -- -- 100 %
CH5 Maximum Duty Cycle (Step-Up) Veps =1.15V 91 94 97 %
CH6 Maximum Duty Cycle (Inverting) Vegs =0.1V 91 94 97 %
CH7 Maximum Duty Cycle (WLED) Vg7 = 0.15V 91 94 97 %

Feedback Regulation Voltage

F kR lation Vol FB1
eedback Regulation Voltage @ , 0788 | 08 | 0812 Vv

FB2, FB3, FB4

Feedback Regulation Voltage @ FB5 1237 | 1.25 | 1.263 \%

Feedback Regulation Voltage @ FB6

(Inverting) ’ Qe 15 0 15 mv

Feedback Regulation Voltage @ CFB7 0.237 | 0.25 | 0.263 \%

OK Sink Current OK=1Vv 50 - -- mA

Reference

VREF Output Voltage VREE 1.237 | 1.25 | 1.263 Vv

VREF Load Regulation OnmA < Irgg < 200nMA -- -- 10 mV

Negative Charge Pump

PVDD6 Low Threshold to Start Pump 34 36 3.8 \%

PVDD6 Hysteresis Gap to Stop Pump 0.1 03 05 \%

(PVDD6 - PNEG) Clamped Voltage PVDD6 = 3.3V 41 45 49 \%

Power Switch

CH1 On Resistance of MOSFET RpS(ON) P-MOSFET, PVDDL1 = 3.3V . 150 - mw
N-MOSFET, PVDD1 = 3.3V -- 150 --

CH1 Current Limitation (Step-Up) -- 3 -- A

. P-MOSFET, PVDD2 = 3.3V -- 150 --

CH2 On Resistance of MOSFET Rpsoon) N-MOSFET, PVDD2 = 3.3V — 150 — mwW

CH2 Current Limitation (Step-Down) - 15 - A

CH2 Current Limitation (Step-Up) - 3 - A

CH3 On Resistance of MOSFET R bs(ON) P-MOSFET, PVDD3 =33V | - 200 | - mw
N-MOSFET, PVDD3 = 3.3V -- 200 --

CH3 Current Limitation (Step-Down) - 15 - A

CH4 On Resistance of MOSFET R bs(oN) P-MOSFET, PVDD4=3.3V_| - 200 — mw
N-MOSFET, PVDD4 = 3.3V -- 200 --

CH4 Current Limitation (Step-Down) - 15 - A

CH5 Load Disconnect MOSFET P-MOSFET, SW5I = 3.3V - 05 - W

CH5 On Resistance of MOSFET N-MOSFET - 05 - W

CH5 Current Limitation N-MOSFET - 12 -- A

To be continued
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Parameter Symbol Test Conditions Min Typ Max Unit
CH6 On Resistance of MOSFET P-MOSFET, PVvDD6 =3.3V -- 0.5 -- W
CH6 Current Limitation P-MOSFET -- 15 -- A
CH7 On Resistance of MOSFET N-MOSFET -- 1 -- W
CH7 Current Limitation N-MOSFET -- 0.8 -- A
Protection
Over Voltage Protection of PVYDD1
and PVDD2 6 6.25 6.5 Y,
Under Voltage Protection of VOUT1 -- 1.75 -- \%
Over Voltage Protection of SW5I 18 - 21 \%
Over Voltage Protection of VOUT7 12 - 16 \%
CHS5 Load Disconnect UVP of SW50 0.35 0.4 0.45 \%
Under Voltage Protection of FB2 B 04 B v
(Step-Down)
Under Voltage Protection of FB3 -- 0.4 -- \%
Under Voltage Protection of FB4 -- 0.4 -- \%
Under Voltage Protection of FB5 -- 0.8 -- \%
Under Voltage Protection of FB6 -- 0.4 -- \%
Protection Fault Delay -- 100 -- ms
Control
EN134, EN2, EN5, EN6, EN7 Input 13 B B Vv
High Level Threshold
EN134, EN2, EN5, EN6, EN7 Input B ~ 0.4 v
Low Level Threshold
EN134, EN2, EN5, EN6, EN7 Sink
Current B 2 ° m
SEL Input High Level Threshold 1.3 - -- \Y
SEL Input Low Level Threshold -- - 0.4 \%
SEL Sink Current SEL =3.3V -- 2 6 mA
Thermal Protection
Thermal Shutdown TsD 125 160 -- °C
Thermal Shutdown Hysteresis ATgp -- 20 -- °C
RTC Reset
RTC_PWR Reset Threshold 1.57 1.6 1.63 \%
Hysteresis -- 16 -- mV
Standby Current RTC_PWR = 3V -- 2 4 mA
RTC_R Rising Delay Time 35 55 75 ms
RTC_R Sink Capability RTC_R=05V. 4 - - mA

RTC PWR = 1.5V
To be continued
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Parameter Symbol Test Conditions | Min | Typ | Max | Unit
RTC LDO, CN = High
Input Voltage Range VIN -- -- 5.5 \%
Standby Current VIN=4.2V -- 5 8 mA
Output Voltage VouT loutr = OMA -- 3.25 3.3 \%
Maximum Output Current VN = 4.2V 60 -- -- mA
Dropout Voltage Vprop | louTt = 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. q;a 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 qic is on the exposed pad for the WQFN

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

CH1 Step-Up Efficiency vs. Output Current CHL1 Step-Up Efficiency vs. Output Current
100 100
90 90 ‘\_
Vear = 4.5V \s
80 80 Vear = 4.2V | ||
70 — 70 Vear = 3.9V +——
< Vear = 2.7V < Vear = 3.6V
< 60 Vpar = 2.5V H < 60 B N
> Vear = 3.3V
3 . Vear = 2.2V a 50 Vear =3V | |||
S Vear = 2V S
O 40 Vear = 1.8V o 40
b= =
W 30 W 30
20 20
10 Voom = 3V, Vout_cH1 = 3.3V, 10 Vboom = 5V, Vout_cH1 = 5V,
L1=2.2nH, C1 = 10nFx2 L1=2.2nH, C1 = 10nFx2
0 e 0 . e
10 100 1000 10 100 1000
Output Current (mA) Output Current (mA)
CH2 Step-Up Efficiency vs. Output Current CH2 Step-Down Efficiency vs. Output Current
100 100
— — -.-..
90 - 90 —
SN
80 _ ™ 80 =
Vear = 3V Vear = 3.4V
~ 10 BAT = —~ 10 Vear = 3.6V
< Vear = 2.7V < Vi B 3'9\/
< 60 VBar = 2.5V < 60 BAT = 2.
a Vear = 2.2V a Vear = 4.2V
c 50 _ c 50 Vear = 4.5V
o Vear = 1.8V ] -
S 40 'S 40 | Vear =5V
E E
W30 W30
20 20
10 Vboom = 3V, Vout_cHz = 5V, | 10 Vobom = 5V, Vout_cHz2 = 3.3V, |
L2 = 2.2nH, C5 = 10nFx2 L2 = 4.7mH, C5 = 10nF
o 11 1 1 1 1 111 o 11 1 1 1 1 1o
10 100 1000 10 100 1000
Output Current (mA) Output Current (mA)
CH3 Step-Down Efficiency vs. Output Current CH4 Step-Down Efficiency vs. Output Current
100 100
. = “*UJ o ] I |
60 — w0 = \
7 Vear = 2.7V | B
~ 10 Vear = 3V .10 Vear = 1.8V
(= -
5 60 Vear = 3.3V S 60 [ Vear - 2.5V
> Vear = 3.6V a VBar = 3V
S 50 Vear = 3.9V g 50 \\;BAT = gg\\;
G) = =
= Vear = 4.2V 'S BAT = .
g 40 Vear = 4.5V g 0 Vear = 4.5V
T W 30
20 20
10 Voom = 5V, Vourt_cHs = 2.5V, 10 Voom = 3V, Vour_cha = 1V,
L3 =4.7mH, C9 = 10nF L4 = 4.7mH, C12 = 10nF
0 o : L 0
10 100 1000 10 100 1000
Output Current (mA) Output Current (mA)
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CH5 Step-Up Efficiency vs. Output Current
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CH2 Step-Up Output Voltage vs. Output Current
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Application information

The RT9971A includes the following seven DC/DC converter
channels to build a multiple-output power-supply system.

CHL1: Step-up synchronous current mode DC/DC converter
with internal power MOSFETSs. 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.

CHS3 : 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.

CHS5 : 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.

CH®6: Inverting current mode DC/DC converter with internal
power P-MOSFET and internal compensation network.

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

SW1 : Load disconnect controller.
SWS5 : Load disconnect switch for CH5

CH1 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.

CH1: Synchronous Step-Up DC/DC Converter

The CHL1 is a synchronous step-up converter for motor or
DSC system I/O power. The converter operates at fixed
frequency and PWM Current Mode. The CH1 converter
integrates internal MOSFETS, compensation network and
synchronous rectifier for up to 95% efficiency.

The output voltage can be set by the following equation :
Vout _ch1 = (1+R1/R2) X Va1

Where Veg:is 0.8V typically.

SW1

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, and CH4's
soft-start are finished, SW1 will be turned 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.

CH2: Synchronous Step-Up or Step-Down
Selectable DC/DC Converter

The CH2 is a synchronous step-up or step-down
selectable converter for motor or DSC system /O power.

Mode setting

The CH2 of the RT9971A features flexible Step-up or Step-
down topology setting for either 1 x Li-ion or 2 x AA
application by the SEL pin. Please refer to “Electrical
Characteristics” for level of Logic-High or Logic-Low. When
the CH2 operates as a Step-up converter, the SEL must
be set at Logic-High. If the CH2 operates at Step-down
mode, the SEL must be set at Logic-Low. In addition,
please note that the logic state can not be changed during
operation.

Table 2. CH2 Mode Setting

CH2 Operating Mode SEL
Step-up Logic-High
Step-down Logic-Low
Step-Up :

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

The converter operates at fixed frequency PWM mode
and continuous current mode (CCM) with internal
MOSFETSs, compensation network and synchronous
rectifier for up to 95% efficiency. The CH2 step-down
converter can be operated at 100% maximum duty cycle
to extend the input operating voltage range. While the
input voltage is close to the output voltage, the converter
enters low dropout mode.

The output voltage can be set by the following equation :
Vout chz = (1+R4/R5) X VEg2

Where Vegzis 0.8V typically.

CH3: Synchronous Step-Down DC/DC Converter

The converter operates at fixed frequency PWM mode,
CCM, integrated internal MOSFETs and compensation
network. The CH3 step-down converter can be operated
at 100% maximum duty cycle to extend the battery
operating voltage range. When the input voltage is close
to the output voltage, the converter could enter low dropout
mode with low output ripple.

The output voltage can be set by the following equation :
Vour_cHs = (1+R7/R8) X Vg3

Where Vegzis 0.8V typically.

CH4: Synchronous Step-Down DC/DC Converter

The converter operates at fixed frequency PWM mode,
CCM, integrated internal MOSFETs and compensation
network. The CH4 step-down converter can be operated
at 100% maximum duty cycle to extend battery operating
voltage range. When the input voltage is close to the output
voltage, the converter could enter low dropout mode with
low output ripple.

The output voltage can be set by the following equation :
VOUT_CH4 = (1+R9/R10) X VEega

Where Vegsis 0.8V typically.

CH5 : Step-Up DC/DC Converter

It integrates asynchronous step-up converter with an
internal N-MOSFET, internal compensation and an external
schottky diode to provide CCD positive power supply. The

converter isinactive until the SW5 soft-start procedure is
finished. This feature provides load disconnect function
and effectively limits inrush current at start up.

The output voltage can be set by the following equation :
Vout _chs= (1+R11/R12) X Vess

Where Vegsis 1.25V typically.

SW5

SW5 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.

CH6 : INV DC/DC Converter

This converter integrates an internal P-MOSFET and an
external schottky diode to provide CCD negative power
supply.

The output voltage can be set by the following equation :
VOUT_CHG = (Rl3/R14) X ('VREF)

Where R13 and R14 are the feedback resisters connected
to FB6, Vger equals to 1.25V in typical.

Charge Pumps

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

Reference Voltage

The RT9971A provides a precise 1.25V reference voltage
with souring capability of 200mA. Connect a 0.1n# ceramic
capacitor from the VREF pin to GND. Reference voltage
is enabled by connecting ENG to logic high. Furthermore,
this reference voltage is internally pulled to GND at
shutdown.

CH7 : WLED Driver

It is an asynchronous step-up 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. In addition, CH7 will be turned on until the
CH4 soft-start is finished.

www.richtek.com
18

DS9971A-01 April 2011



RICHTEK

RT9971A

The current flows through WLED can be set by the following
equation :

I (mA) =[250mV/R(W)] 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 64ns will turn off CH7.

RTC_Reset

The RT9971A 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 pinisan
open drain N-MOSFET and the sink capability is above
4mA. Once the RTC_PWR pinreaches 1.6V, it will count
for about 55ms, then the RTC_R will go high.

RTC_LDO

The RT9971A provides a LDO for real time clock. The
LDO function has features of low quiescent current (5nA)
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 the function is decided by “CN” pin. Following table
is used to select LDO or SW1.

Table 3. RTC_LDO and SW1 Setting

Function CN
RTC_LDO Logic-High
SwWi1 Logic-Low

Power On/Off Sequence

The Power On Sequence is:

While EN134 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 will be turn on and CH2 is
allowed to be turn on by EN2 at any time. Finally, SW1
soft-start will be completed.

The Power-Off Sequenceis :

At first, while EN134 goes low, (SW1 is shutdown and
internally pull low, CH2 must be turned off by EN2) SW1

and CH2 (Note A) 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, CH1 will be turned off. Because CH1
is a step-up converter, CH1 will not be internally pulled
low and the completion of shutdown will not be checked.
Hence, after CH1 is turned off, the whole IC is shutdown
if EN5, EN6, and EN7 also go low.

Some DSC system may exist other conduction path
among CH1 to 4 output node so that the power off
sequence can not normally proceed because one channel
output voltage can not be pulled low. In this case, RT9971A
will force the whole IC to shutdown state if power off
sequence can not finish in about 15ms. And the rising
edge of the external enable signal can reset the shutdown
state and re-start the power on sequence.

Note A : If CH2 is configured as a step -up, then the CH2
will not be internally pulled low and the completion of
shutdown will not be checked.

Table 4. Power On/Off Sequence

PowerOn | ~ 1 S CcH3->CH4 > (SW1landCH2)
Sequence
Power Off (SW1 and CH2) -> CH4 -> CH3 -> CH1
Sequence

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 :

Pomaxy = (Tamaxy - Ta)/ qua

Where Tjwmax) is the maximum operation junction
temperature, Tais the ambient temperature and the gjais
the junction to ambient thermal resistance.

For recommended operating conditions specification of
RT9971A, The maximum junction temperature is 125°C.
The junction to ambient thermal resistance qa is layout
dependent. For WQFN-40L 5x5 packages, the thermal
resistance ga is 36°C/W on the standard JEDEC 51-7
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four layers thermal test board. The maximum power
dissipation at Ta= 25°C can be calculated by following
formula:

Pomax = (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 Tjmax) and thermal
resistance qsa. For RT9971A packages, the Figure 1 of
derating curves allows the designer to see the effect of
rising ambient temperature on the maximum power
allowed.

3.0
— 2.8

s N

2.2 AN
2.0 SN WOQFN-40L 5x5
18 \\
16

14
12

1.0 \\
038

N
0.6 =
0.4 \\
0.2

0.0

Four Léyers PCB |

Maximum Power Dissipation

0 25 50 75 100 125
Ambient Temperature (°C)

Figure 1. Derating Curves for RT9971A Packages

Layout Considerations

For the best performance of the RT9971A, 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.

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

} 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.

3 Connect the GND and Exposed Pad to a strong ground
plane for maximum thermal dissipation and noise
protection.
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LX should be connected to inductor by Place the feedback and compensation
wide and short trace, keep sensitive components as close as possible to the FB and
components away from this trace. COMP pin and keep away from noisy devices.
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Figure 2. PCB Layout Guide
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Table 5. Protection Items

Protection Threshold (typical) IC
tvpe Refer to Electrical Protection methods Shutdown Reset method
yp Spec. Delay time
VpbMm OVP Vbpm > 6.25V Automatic reset at Vppy < 6V | 100ms YeZDe'\tA power
Current N-MOSFET current > | N-MOSFET off, P-MOSFET off. Vppm power
o Automatic reset at next clock 100ms
CH1 Limit 3A cycle reset
Step-Up - T5UbDp1 VbDM power
PVDD1 > 6.25V N-MOSFET off, P-MOSFET off.| No-delay DDM P
OVP reset
Current N-MOSFET current > | N-MOSFET off, P-MOSFET off. Vppwm power
o Automatic reset at next clock 100ms
CH2 Limit 3A reset
cycle
Step-Up - 5unp2 v r
PVDD2 > 6.25V N-MOSFET off, P-MOSFET off.| No-delay DDM powe
OVP reset
CH2 Current P-MOSFET current > | N MOSFET off, P-MOSFET off. Vppwm power
. Automatic reset at next clock 100ms
Step-Down| Limit 1.5A cycle reset
CH3 Current P-MOSFET current > Eult\g%?;f :ezf;t zt I\rﬁlgx?EIEIKOﬁ. 100ms V ower reset
Step-Down| Limit 1.5A bom P
cycle
N-MOSFET off, P-MOSFET off.
CH4 Current | P-MOSFET current > | 5 ;o matic reset at next clock | 100ms Vbowm power
Step-Down| Limit 1.5A reset
cycle
CH5 .
Current N-MOSFET current > | N-MOSFET off. Automatic reset Vbpm power
Asyn L 100ms
Limit 1.2A at next clock cycle reset
Step-Up
CH6 Current P-MOSFET current > | P-MOSFET off. Automatic reset 100ms Vppm power
Inverting | Limit 15A at next clock cycle reset
Current | N-MOSFET cument> | N-MOSFET off. Automatic reset| Not Automaltic reset
. . at next clock
CH7 Limit 0.8A at next clock cycle Applicable
cycle
WLED Not Reset by togglin
OVP VOUT7 > 14V Shutdown CH7 . ytogging
Applicable EN7
VOUT1 < 1.75V after | Automatic reset at Vppm power
SWi uvp SW1 soft start end VOUT1 > 1.75V 100ms reset
OVP SW5I > 18V N-MOSFET off No-delay ?’e%De“t" power
SW5 UVP SW50 < 0.4V after Automatic reset at 100ms Vppm power
SWS5 soft start end SW50 > 0.4V reset
Thermal o o Temperature <
Thermal shutdown Temperature > 160°C | All channels stop switching No-delay 140°C
CH2 UVP FB2 < 0.4V after CH2 | N-MOSFET off, P-MOSFET off. 100m Vbpm power
Step-Down soft start end Automatic reset at FB2 > 0.4V s reset
CH3 UVP FB3 < 0.4V after CH3 | N-MOSFET off, P-MOSFET off. 100ms Vbpm power
Step-Down soft start end Automatic reset at FB3 > 0.4V reset
CH4 UVP FB4 < 0.4V after CH4 | N-MOSFET off, P-MOSFET off. 100ms Vbpm power
Step-Down soft start end Automatic reset at FB4 > 0.4V reset
CH5 UVP FB5 <0.8V after CHS |\ \iosFET off. No-delay | /DDM power
soft start end reset
CH6 UVP FB6 > 0.4V P-MOSFET off. No-delay ?’e%De“t" power
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Outline Dimension
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b DETAILA
| Pin #1 1D and Tie Bar Mark Options
,4FA3
Al 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
Al 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
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