RICHTEK

RT9992

5+2 CH DC/DC Converters for DV

General Description

Thisis a 5+2 CH integrated PMIC for DV application. There
are 5 DC/DC converters : one synchronous step-up, one
selectable synchronous step-up/step-down, two
synchronous step-downs, and one WLED driver in either
asynchronous step-up or current source mode, selectable
by VOUTS6 initial voltage. In addition, there are 2 LDO
regulators : one RTC LDO and one generic LDO. The
generic LDO can choose internal feedback loop for fixed
output 2.5V or external feedback loop for customized
output voltage. Both low voltage synchronous step-up
converters are with load disconnect function. All power
MOSFETs and compensation networks are integrated.
There is a power good indicator to monitor FB2, FB3, and
FB4 voltage status. CH1 to CH5 enabling can be controlled
flexibly : enabled independently or in preset sequences.

Ordering Information

RT9992 DL
Package Type

QW : WQFN-32L 4x4 (W-Type)

Lead Plating System

Z : ECO (Ecological Element with

Features

o All Power MOSFETSs Integrated
e 5 Channels with Internal Compensation
e Flexible Enabling Control
» Enabled Independently or in Preset Power On/
Off Sequences
e CH2 Synchronous Converter in Step-Up or Step-
Down Mode Selectable by SEL Pin
e Synchronous Step-Down DC/DC Converter
» Up to 95% Efficiency
» 100% (max) Duty Cycle
e Synchronous Step-Up DC/DC Converter
» Adjustable Output Voltage

» Up to 95% Efficiencg
e Asynchronous St p verter to Drive WLED,
Selectable B %—Up or Current Source
» LED Op otectfon (OVP6) in Step-Up Mode

» PWM Rimmi ontrol
elLO Dis ect Function for CH1 and CH2
nous Step-Up Converter

ch
%2 Hz Switching Frequency for CH1, CH2,
yand CH4
o e

d 1MHz Switching Frequency for CH6

Halogen Free and Pb free) % )
Note : (b Generic LDO (CH5)

Richtek products are :
» RoHS compliant and compatible with the current requise-

ments of IPC/JEDEC J-STD-020.

» Suitable for use in SnPb or Pb-free soldering processes.

Pin Configurations
(TOP VIEW)

EN1
PVDD1
RTCPW
PVDD6
VDDM
FB6

0=
<
X2 &

PVDD2 [:

WQFN-32L 4x4

» Output Voltage : Fixed 2.5V or Set by External
Feedback Network, Determined by FB5 Initial
Voltage

e RTC LDO : Fixed Output Voltage 3.1V

e Power Good Indicator to Monitor Output Voltage
Status of CH2, CH3, and CH4

e 32-Lead Package

e ROHS Compliant and Halogen Free

Applications

¢ CMOSDV
¢ Gaming

Marking Information
ES : Product Code
YMDNN : Date Code

ES YM
DNN
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Typical Application Circuit
For 2AA:
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For above circuit, the power sequence is CH1— CH3 - CH4 —CH2, while CH5 remains independent.

For other power sequence combinations, refer to the power on/off sequence section in application information.
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For Li+ :
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For above circuit, all channels are independently enabled/disabled.

For other power sequence combinations, refer to the power on/off sequence section in application information.
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Table 1. Recommended Components for the Typical Application Circuit

Channel CH3

Calculation VouTt cH3 = (1 + R5/R6) x 0.8V
VouTt(V) 2.5 1.8 1.5 1.3 1.2 1
L3 (uH) 2.2 2.2 2.2 2.2 2.2 2.2
R5 (kQ) 768 470 330 237 187 23.2
R6 (kQ) 360 374 374 374 374 93.1
C9 (uF) 10 10 10 10 10 10
C10 (pF) 22 33 47 68 82 47
Channel CH4

Calculation Vout cHsa = (1 + R7/R8) x 0.8V
Vout (V) 2.5 1.8 1.5 1.3 1.2 1
L4 (uH) 2.2 2.2 2.2 2.2 2.2 2.2
R7 (kQ) 768 470 330 237 187 23.2
R8 (kQ) 360 374 374 374 374 93.1
C12 (uF) 10 10 10 10 10
C13 (pF) 22 33 47 68 47

Where C9, C12 are Cour,

C10, C13 are feedforward cap between output and FB

R5, R7 are the feedback resistor between output and FB
R6, R8 are the feedback resistor between GND and FB

%
Qv
N

NV

3
@
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Functional Pin Description

Pin No. Pin Name Pin Function

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

2 PGOOD Power Good Indicator Output Pin (Open Drain).

3 FB5 Feedback Input Pin of CH5. High Impedance in Shutdown.

4 VOUT5 Output Pin for CH5. High Impedance in Shutdown.

5 PVDD5 Power Input Pin of CH5.

6 EN5 Enable Pin of CH5.

7 SEQ SEQ = H to use preset power on/off sequence. SEQ =L to independently
enable CH1 to 5. Logic state can't be changed during operation.

8 LX2 Switch Node of CH2. High Impedance in Shutdown.

9 PVDD?2 g?ev;(-aLrJF:.nput Pin of CH2 in Step-Down or Power Output Pin of CH2 in

10 VIN2 Power Input Node of CH2 in Step-Up.

1 EN2 Enable Pin of CH2 or Enable Pin of Preset On/Off Sequence.

12 FB2 Feedback Input Pin of CH2. High Impedance in Shutdown.
Select Pin to Define CH2 in Step-Down (SEL zH) or Step-Up (SEL = L)

13 SEL Mode. Logic state can't be changed during oper%

14 PVDD4 Power Input Pin of CH4. N

15 LX4 Switch Node of CH4. High Impedance i utd(w

16 EN4 Enable Pin of CH4 or Select which PgesettOn erequence.

17 FB4 Feedback Input Pin of CH4. High mﬁedlnge in Shutdown.

18 FB3 Feedback Input Pin of CH3. High'lmge afice in Shutdown.

19 EN3 Enable Pin of CH3 or Selectﬁh\h Preset On/Off Sequence.

20 LX3 Switch Node of CH3. Higlf Itheedance in Shutdown.

21 PVDD3 Power Input Pin of CH3.

22 EN6

23 LX6

24 VOUT6

o5 FB6 Feedback Ianin of CH6 in Step-Up Mode or Current Sink Pin of CH6 in
Current Source Mode.
Internal Control Circuit Power Pin. That must connect to a bypass capacitor

26 VDDM for better noise rejection.

27 PVDD6 Power Input Pin of CH6 N-MOSFET Driver.

28 RTCPWR RTC Power Output Pin.

29 BAT Battery Power Input Pin and CH1 Step-Up Power Input Node.

30 PVDD1 Power Output Pin of CH1.

31 LX1 Switch Node of CH1. High Impedance in Shutdown.

32 EN1 Enable Pin of CH1.

33 GND Ground. The _exposed pad must bg soldered to a large PCB and connected to

(Exposed pad) GND for maximum power dissipation.
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Function Block Diagram
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Absolute Maximum Ratings (Note 1)
e Supply Input Voltage, VDDM -0.3Vto 7V
o LX1,LX2,LX3,LX4 -0.3Vto 7V
< 20ns —-0.3Vto 10V
e LX6,VOUT6 -0.3Vto 21V
< 20ns -8V to 24V
e Other Pins -0.3Vto 7V
e Power Dissipation, Pp @ Ta =25°C
WQFN-32L 4x4 3.59W
e Package Thermal Resistance (Note 2)
WQFN-32L 4x4, 04 27.8°C/W
WQFN-32L 4x4, 0,c 7°CIW
¢ Junction Temperature 150°C
e Lead Temperature (Soldering, 10 sec.) 260°C
e Storage Temperature Range —65°C to 150°C
e ESD Susceptibility (Note 3)
HBM (Human Body Mode) % 2kV
MM (Machine Mode) SRy 200V
Recommended Operating Conditions (Note 4) q<,)
e Supply Input Voltage VDDM NVI 2.7V to 5.5V
« Junction Temperature Range ,A -40°Ct0 125°C
o Ambient Temperature Range (b\‘ —-40°C to 85°C
Electrical Characteristics
(Voom = 3.3V, Ta = 25°C, unless otherwise specified)
Parameter Symbol % onditions Min Typ Max | Unit
Supply Voltage N
VDDM Startup Voltage Vst ‘ For Mstrap, First Rising | 15 | -- -- ‘ \%
Supply Current
Shutdown Supply Current into
BAT (including RTC LDO VeaT = 4.2V, Vpypps = 3V -- 7 12 pA
guiescent current)
g(]/lljjtg%wn Supply Current into Vear = 4.2V, Vevoos < VeaT N B 1 uA
Shlown Supply Currentin® . ENX =0, Vsgq = OV, SEL = OV - 1 | 10 | pA
CH1 (Synchronpus Step-Up) lo1 Non Switching, Ven1 = 3.3V, N B 800 uA
Supply Current into VDDM VEg1 = 0.9V, Vsgg =0V
CH2 (Synchronous Step-Up or o
_Step-é)gwn) Supply Curpren? lo2 \N/ggzs:mgg\]/ms'szz'\f;v&3v’ - -- 800 pA
into VDDM '
CH3 (Synchronous o
Step-é)gwn) lo3 \N/on S=V\(/|)tgr\1/|n\g/ VEN:3 0:V3'3V’ - -- 800 pA
Supply Current into VDDM FB3 = =¥ YSEQ

To be continued
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Parameter Symbol Test Conditions Min Typ Max | Unit

Non Switching, Veng = 3.3V,
lQa VEps = 0.9V, Vsgo = OV - - 800 | wA

CH4 (Synchronous Step-Down)
Supply Current into VDDM

CHG6 (WLED) in Current Source Mode
Supply Current into VDDM

CH6 (WLED) in Asynchronous Non switching, Vg = 3.3V,

Step-Up Mode Supply Current into losb Vg = 0.35V, VOUT6 = 1V - - 800 uA

lQ6c VENs = 3.3V, VouTts = 0V -- - 600 pA

VDDM
Oscillator
CH1, 2, 3, 4 Operation Frequency fosc 1800 | 2000 | 2200 | kHz
CH6 Operation Frequency foscs 900 1000 | 1100 | kHz
CH1 Maximum Duty Cycle (Step-Up) VFB1=0.7V 80 83.5 87 %
CH2 Maximum Duty Cycle (Step-Up) VEg2 = 0.7V 80 83.5 87 %
CH2 Maximum Duty Cycle _ 0
(Step-Down) VEB2 =0.7V -- - 100 %%
CH3 Maximum Duty Cycle _ 0
(Step-Down) VrB3 =0.7V -- -- 100 %
CH4 Maximum Duty Cycle _ 0
(Step-Down) VEB4 =0.7V -- -- 100 %
CH6 Maximum Duty Cycle (Step-Up) Vegs = 0.15V, Voyte = 1V 91" 93 97 %
Feedback and output Regulation Voltage R 7
Feedback Regulation Voltage @ FB1, v J
FB2, FB3, and FB4 0.788 | 0.8 | 0.812 Y
Sink Current into FB6 (CS mode) VouTs = 0V, Cutren e 28.5 30 315 | mA
Voute= 0V, Vp 3V, _ _
Dropout Voltage @ FB6 (CS mode) Current S6u 0.6
Feedback Regulation Voltage @ FB6 |VEgg VOUTﬁ V. -Up 0.237 | 0.25 | 0.263
Power Switch /
‘ M ET, VpvpD1 = 3.3V -- 200 300
CH1 On Resistance of MOSFET Rps(oN mQ
k -MOSFET, Vpvpp1 = 3.3V - 130 250
CH1 Current Limitation (Step-Up) ILime 2.2 3 4 A
P-MOSFET, Vpypp2 = 3.3V - 400 550
CH2 On Resistance of MOSFET Rps(on) mQ
N-MOSFET, Vpvpp2 = 3.3V - 260 400
CH2 Current Limitation (Step-Down)  [ILim2_D 1 15 2 A
CH2 Current Limitation (Step-Up) ILim2_u 15 2.1 3 A
. P-MOSFET, VPVDD3 =3.3V - 370 500
CH3 On Resistance of MOSFET Rps(on) mQ
N-MOSFET, VPVDD3: 3.3V - 300 400
CHS3 Current Limitation (Step-Down) | Iim3 1 15 2 A
P-MOSFET, VPVDD4 =3.3V - 240 400
CH4 On Resistance of MOSFET Rps(on) mQ
N-MOSFET, Vpvbps = 3.3V - 140 250
CH4 Current Limitation (Step-Down) |l jva 1.5 2 2.4 A
CH6 On Resistance of MOSFET Rpsion)  [N-MOSFET - 075 | 11 Q
CH6 Current Limitation ILime N-MOSFET 0.6 0.8 1 A

To be continued
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Parameter Symbol Test Conditions Min Typ Max | Unit
Protection
Over Voltage Protection
PVDD1,PVDD2 (CH2 in Step-Up) 59 | 615 | 6.4 v
Over Voltage Protection @ VOUT6 |Vovps Step-Up 18 19.5 21 \%
Under Voltage Protection @ FB1,
FB2, FB3, FB4 Vuvp1234 - 04 | - |V
Under Voltage Protection @ FB5 Vuvps -- 0.3 -- \Y
VDDM Over Voltage Protection 5.9 6.15 6.4 \%
VDDM Rising 2.4 2.7
VDDM UVLO Threshold - \Y
VDDM Falling 17 2.1 2.4
BAT Rising 13 1.4 15
BAT UVLO Threshold - Vv
BAT Falling 12 1.3 1.4
Protection Fault Delay Except OVP1/2 -- 100 -- ms
Control
EN1 to 6, Logic-High Vig - -
SEL,SEQ : [N v
Threshold Voltage |Logic-Low ViL - 04
ENL1 to 5, SEL, SEQ Sink Current 1 6 pA
ENG6 Sink Current -- 4 20 pA
ENG6 Low Time for Shutdown tSHDN 'S N -- 32.7 -- ms
EN6 High Time for CH6 Enable A - |12 | 5 | ps
Thermal Protection - \
o>
Thermal Shutdown Tsp o 125 | 160 | - | °c
Thermal Shutdown Hysteresis ATsp A‘ ’v -- 20 -- °C
CH5 LDO (Coyur = 1uF for Better Stability) AV
Input Voltage Range (PVDD5) VpVDDS5 ﬁ\v 27 —- | s5 | v
Output Voltage Range VouTs BMernaI feedback 15 -- 33
E;(;dback Regulation Voltage @ VEBs sing external feedback loop 0.493 05 |0.507
Regulated Output Voltage @ VREGS Using internal feedback loop 2.45 25 2.55 Y
VOUT5
FB5 Threshold to Select Internal (Note : before enabled, Vres >
0.8V. Then CH5 uses internal 0.8 -- -- Y
Feedback Network
feedback)
Max Current Limit ILivs VpvDDs5 = 3.3V 300 380 500 mA
Dropout Voltage lout = 100mA 60 100 120 mV
Soft-Start Time tsss VEgs = 0 to 0.5V -- 24 -- ms
IOUT = 10mA, VPVDD5 = 33V,
PSRR* Vour = 2.5V, 1kHz S e I

To be continued
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Parameter Symbol Test Conditions Min Typ Max Unit
RTC LDO for RTCPWR (Keep On Once Bat Connect)
Input Voltage Range VppI Max of BAT and PVDD6 -- -- 5.5 \%
Quiescent Current lo Vpp| = 4.2V -- 5 8 pA
Eﬁ%ués\t,e; Output Voltage @ louT = OmA 30 | 31 | 32| v
'(\Aciﬁrce)ﬁf‘?_ﬁ‘;q%”rem VoDI = 4.2V 60 | 105 | 200 | mA

louT = 50mA - 740 | 1000
Dropout Voltage VDROP louT = 10MA - 110 200 mV
lout = 3mA - 60 100

Power Good Indicator
FB2 Regulation Threshold For PGOOD Go Low 0.6 0.66 | 0.74 Y
FB2 Hysteresis -- mV
FB3 Regulation Threshold For PGOOD Go Low 0.74 \%
FB3 Hysteresis - mV
FB4 Regulation Threshold For PGOOD Go Low 0.74 V
FB4 Hysteresis -- mV
PGOOD Rising Delay Time 15.9 ms
PGOOD Sink Capability Vppm = 3.3V, VpcooD - mA
Soft-Start Time i
CH1 Soft-Start Time tesy Vep1=01t008YA 28 | 35 | 42 | ms
CH2 Soft-Start Time tss2 VEg2 =0 to 08V 2.8 35 4.2 ms
CH3 Soft-Start Time tss3 Vg = 910,0.8V 28 | 35 | 42 | ms
CH4 Soft-Start Time tssa V=0 t008V 28 | 35 | 42 | ms

Note 1. Stresses listed as the above “Absolute Maxim i may cause permanent damage to the device. These are for
stress ratings. Functional operation of théhdevic these or any other conditions beyond those indicated in the

operational sections of the specifications is not lied. Exposure to absolute maximum rating conditions for extended
periods may remain possibility to affect device reliability.

Note 2. 8;a is measured in natural convection at Ta= 25°C on a high-effective thermal conductivity four-layer test board of
JEDEC 51-7 thermal measurement standard. The measurement case position of 6;c is on the exposed pad of 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.

www.richtek.com
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Typical Operating Characteristics

CH1 Step-Up Efficiency vs. Output Current
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CH2 Step-Down Efficiency vs. Output Current
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CH4 Step-Down Efficiency vs. Output Current
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CHL1 Step-Up Output Voltage vs. Output Current CH2 Step-Dwon Output Voltage vs. Output Current
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CH5 LDO Output Voltage vs. Output Current Power On Sequence Independently
3.070 AR IR IR IS DU SUS LA DL RS R
Vour2 _4{ : : : E
3.085 1 Gevoiv)E | _
< 3060 ¢ R U U PO S
< Vours of 1 L E
> 3055 Vear = 3.4V (2V/Div)@& T ]
= Vear = 4.5V :
o L i i
< 3.050 ! _ i
5 Vouta | .0 . 0.
g 3045 (AV/Div) T B
o 3.040 B ]
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3.035 |- (2VIDiv)> : oo ]
ADJ 3V, Vour = 3V : Vear = 3.7V, SEL = SEQ = Low ]
3030 L ) | P I IO AN R S ATAN USSR A O S A A A A S AR AR
0 50 100 150 200 Time (50ms/Div)
Output Current (mA)
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Power Off Sequence Independently

vour f - Lo 1o E
(5V/D|v) : : : 1
VouTs : L E i E ]
@vV. /Div)a_ .......... e SR R =
VouTa \ 5 .
(AVIDiv)F ST R

VouTs
(2VIDiv)-»

N it o PENPRIRE NP

VBAT =
el by v b b b by

3.7V, SEL = SEQ = Low ]

Time (50ms/Div)

Power Off Sequence 1

A ANERNERERE T ]
Vourz .} - . o T 4
(5V/Div) ]
Vouts S - I _
(2V/D|V)a:_ ........ g ......
VouTs . . :

@V/Div)*|

Vourts :
@VIDV)>E vgsr =

3.7V,
SEL = SEQ = EN3 = High, EN4 = Low, Turn on

Time (1

ms/Div)

Power Off Sequence 2

ARAARERRARERERES SIRRE RS RS RN BRI
VOUT2_>_........:. ..... W
(5V/Div) : : : : 1
Vours --E‘-k&—. L
(ZV/DIV)E_ ........... C e -

Vours El""w%._‘_d.. - w DA
avbivy’F o T Lo e :

L. .. T & S, VBAT=3-7V,{
Vours ; . SEL = SEQ = High, ]
(2VIDiv)->E : 1

EN3=EN4 =

ENS = Low, Turn on EN2

Time (1

ms/Div)

VouT2
(5V/D|v)

Vourts

(VD) _‘

VouTa
(1Vv/Div)”?

Vouts
(2VIDiv)-»

VouT2
(5VIDiv)”

4
AVIDiv)”

Vouts
(2VIDiv).s

VouTt1
(5VIDiv)>

Vourts

(2vIDiv)” [~

Vours
(1V/Div)>

Power On Sequence 1

"""" LR L I 1 T 1 ]
: VA r : ]
/-----VB'AT-37V,—

SEL = SEQ = EN3 = High, EN4 = Low, Turn on EN2

Time (5ms/Div)

VouTs v @ ¥
oV, v‘)%'

Vear = 3.7V, SEL = SEQ = High ]

EN3 EN4 EN5 Low TurnonEN2

Time (5ms/Div)

Power On Sequence 3

R I I I I T T T T
: f) - ]
o L -
S i T
(5V/Div)a_ ........ RS S -
':::I::::é::::!::::!""_ )
/ . . . ]
""" VBar = 3.7V,
: SEL SEQ EN3 EN4 ngh Turnon EN2

vl L 1

Time (5ms/D|v)
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Power Off Sequence 3

Power On Sequence 4

T T R I I I S R I T T T
R ......__....:M‘:.: ......... e Fr'_,,u.—ah.ﬁm- —um--nl--l ..... S
Vout1 : : H”“mﬂh_ﬂh Vout1 i : 3
(5V/D|v)_)7 : €1 : B (5V/DIV)_> ........... T B
X . T AT T
VOUTZE_ .......... et Vourz of = - S S
(5VIDiv) : (5V/Div)= : T b
Vours : - Vours £ i1 /
(2V/Div),)7 i _— ] (2V/DIV)_>:_ T — : : T P _:
Vourta o \‘a., Vear = 3. 7V Voura | . o rf N
(AVIDIV)>F [ (1V/Div)- > e ensanmed L] Lo VBaT = 3.7V
: SEL SEQ EN3 EN4 ngh Turn on EN2 [ SEL SEQ EN4 ngh EN3 LOW Turn on EN2
i1 L
Time (1ms/D|v) Time (5ms/D|v)
Power Off Sequence 4 CHK‘ VoItage Rlpple
Vout1 : : LL"L“"“-M.H m
GVDVPE SEIEE SRREEERREEEEERE R =
Vourz ef 0 Tt ]
(5VIDiv) : ; _
VouTs : o F /
(2VIDiv)> o /\v L\N/\\M/ .....
Vourta S S
(AVIDIV)> e e T DO IERERREE VBat = 3.7V, VOUT =5V, lout = 400mA .
SEL = SEQ = EN4 = High, EN3 = Low, Turp on : . L 2 2uH COUT = lOuF X 2
M I BT R A il
Time (1ms/Div) Time (500ns/D|v)
CH2 Output Voltage Ripple CHS3 Output Voltage Ripple
A A L RS S R LA A A R AR AR AN AR IARERRRRE RRRES
LX2 LX3 :
(2VvIDiv)> - (2VIDiv)>f -+ -
Vourt2ac VouTsac |
(5mV/Div) (5mV/Dw)MWMW_

VeaT = 3.7V, VouT =
lout = 400mA, L = 2.2uH, Cout = 10uF 1
TR 3

sl T by by by Ly

3.3V, VDDM = PVDD6 = Vout1 = 5V, Vear = 3.7V,
[Vout = 1.8V, lout = 400mA, L = 2.2uH, Cout = 10uF]

ol by b b T b b b s by

Time (500ns/Div)

Time (500ns/Div)

www.richtek.com
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CH4 Output Voltage Ripple CH6 Output Voltage Ripple

LX4
(2V/Div)>
VouT4ac :

(5mV/Div)MWWWWWW

L. VDDM = PVDD6 = Vouri = 5V, Vear = 3.7V,] L]
=10pH, Cour = 1pF]
T NS NS N

Vout = 1V, lout = 400mA, L = 2.2uH, Cout = 10uF1 Vear = l.SV, louT = 4WLE“DS, L
s by by | coa by b v b b v b by T T T T T T T T I SO N B
Time (500ns/Div) Time (500ns/Div)

CH1 Load Transient Response
AR RAREN RAREN RARES LLARS LAREN LRSS IR I

lout : :
(200mA/DIV)>F

VouT1ac

(50mV/Div)a’W; I

T
_?**M*#‘*‘J.WW 1

ORI L. Vear = 3.7V, Vour = 3.3V, lour = OMAA
to 250mA, L = 2.2uH, Cout = 10uF x : to 300mA, L = 2.2uH, Court = 10pF]
FENEN I IR N R IS T A e

Time (1ms/Div) Time (1ms/Div)

CH2 Load Transient Response CH3 Load Transient Response

louT : : : : : ] lout
(200mADIV)>E g . (200mA/Div)>
VouTzac : : ; : : ] VouT3ac

(50MV/Div) Brersnmersrstrsimem et et (50mV/Div)

L Vear = 1.8V, Vour = 3.3V, lout = 50mAd L. Vear = 3.7V, Vour = 1.8V, lour = OmA]
: to 250mA, L = 2.2uH, Cout = 10puF x 21 : : to 300mA, L = 2.2uH, Cout = 10uF ]
co b v by b b B b b v b by cov o b by b v by B b b v b by g

Time (1ms/Div) Time (1ms/Div)

DS9992-03 May 2011 www.richtek.com
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lout
(200mA/Div) >

CH4 Load Transient Response

CH5 Load Transient Response

lout F
(200mA/Div)~F

VouTaac S | Voutsac _| S
(50mV/Div) B~ (50MV/DIvBE - 7
L Vear=3.7V, Vour = 1V, lour = OmA to- L "....1.ADJ = 3V, Vear = 3.7V, Vour = 3V,
: 300mA, L = 2.2uH, Court = 10pF ] © lout = OMA to 200mA, Cout = 1uF ]
po b by b b b b b v b v by a Low v b v by v B v b v by b ban g
Time (1ms/Div) Time (1ms/Div)
www.richtek.com DS9992-03 May 2011

16



RICHTEK

RT9992

Application Information

The RT9992 includes the following four DC/DC converter
channels, two LDOs, and one WLED driver to build a
multiple-output power-supply system.

CHL1 : Step-up synchronous current mode DC/DC converter
with internal power MOSFETs and compensation network.
The P-MOSFET body can be controlled to disconnect the
load.

CH2 : Selectable step-up or step-down synchronous
current mode DC/DC converter with internal power
MOSFETs and compensation network. The P-MOSFET
body can be controlled to disconnect the load.

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.

CH5: Generic LDO that provides either fixed 2.5V output
or adjustable output voltage via external feedback network,
depending on initial by FB5 voltage prior to becoming
enabled.

CH6 : WLED driver operable in either current source mode

(%/(e‘pbp\

The output voltage can be set by the following equation :
Vout cH1 = (1+R1/R2) X VEB1

where Veg; is 0.8V typically.

CH2: Synchronous Step-Up / Step-Down

Selectable DC/DC Converter

CH2 is a synchronous step-up / step-down selectable
converter for system 1/O power.

Mode Setting

CH2 of the RT9992 features flexible step-up/step-down
topology setting for 2AA/ Li-ion battery. If CH2 operates
in step-up mode, the SEL pin should be connected to
GND. If CH2 operates in step-down mode, the SEL pin

should be connected to V addition, please note that
d during operation.

the logic state can notghe
ode Setting

Connection

V" | connectthe SEL pin to GND.
Connect the SEL pin to VBaT.

or asynchronous step-up mode with internal IOOWE% e converter operates in fixed frequency PWM Mode,

MOSFET and compensation network.

CH1 to CH4 operate in PWM mode with 2MHzN\whi
CH6 operates in step-up mode with 1IMHz switclathg
frequency under moderate to heavy loading.

RTC_LDO : 3.1V output LDO with low quiescent current
and high output voltage accuracy.

Power Good Indicator : Monitors FB2, FB3, and FB4
status.

CH1: Synchronous Step-Up DC/DC Converter

CH1 is a synchronous step-up converter for motor driver
power in DSC system. The converter operates at fixed
frequency and under PWM Current Mode. The converter
integrates internal MOSFETs, compensation network and

synchronous rectifier for up to 95% efficiency. It also
disconnects the load when CHL1 is turned off. Connect
BAT to the power input node in front of CH1 inductor.

Continuous Current Mode (CCM), and Discontinuous
Current Mode (DCM) with internal MOSFETSs,
compensation network and synchronous rectifier for up
to 95% efficiency. In step-up mode, CH2 also disconnects
the load when it is turned off. Connect VINZ2 to the power
input node in front of CH2 inductor.

Step-Down

The converter operates in 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. When the
input voltage is close to the output voltage, the converter
enters low dropout mode. In step-down mode, connect
the VIN2 pin to GND via a 470kQ pull-down resistor.

DS9992-03 May 2011
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The output voltage can be set by the following equation :
Vout _cH2 = (1+R3/R4) X Vg2

where Vegz is 0.8V typically

CH3: Synchronous Step-Down DC/DC Converter

CH3 is suitable for DRAM power in DSC system. The
converter operates in fixed frequency PWM mode and
CCM with integrated internal MOSFETs and compensation
network. The CH3 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 enters low dropout mode with low
output ripple.

The output voltage can be set by the following equation :
VOUT_CH3 = (1 +R5/ RG) X VEB3
where Vg3 is 0.8V typically.

CH4: Synchronous Step-Down DC/DC Converter

CH4 is suitable for processor core power in DSC system.
The converter operates in fixed frequency PWM mode
and CCM with integrated internal MOSFETs and
compensation network. The CH4 step-down converter can
be operated at 100% maximum duty cycle to extend

is close to the output voltage, the converter enters
dropout mode with low output ripple.

The output voltage can be set by the following ew.

VOUT_CH4 = (1+R7/R8) X V|:B4

battery operating voltage range. When the inputvoltage:‘ fall

Where Vg4 is 0.8V typically.

CH5 : Generic LDO

The RT9992 provides a generic LDO with high output voltage
accuracy. The LDO outputs either a fixed 2.5V voltage or
an adjustable voltage with external feedback network,
depending on the initial FB5 voltage. The CH5 adjustable
output voltage can be set by the following equation :

Vout _chs = (1+R11/R12) X VEgs

Where Vegs is 0.5V typically.

CH6: WLED Driver

CH6 is a WLED driver that can operate in either current
source mode or asynchronous step-up mode, depending

on the initial VOUT®6 voltage level. In addition, if CH4 soft-
start does not finish, CH6 can not be turned on.
Table 3. CH6 WLED Setting

CHG6 Operating Mode VOUT6
Current Source <0.3V
Asynchronous

Step-Up >0.7V

When CH6 works in current source mode, it sinks an
accurate LED current modulated by EN6 high duty such
that it is easily dimmed from OmA to 30mA. If CH6 works
in asynchronous step-up mode, it integrates asynchronous
step-up mode with an internal MOSFET and internal
compensation, and requires an external schottky diode
to output a voltage up to 19V. The LED current is set via
an external resistor and controlled via the PWM duty on

the ENG6 pin. Regardless githe mode, holding EN6 low
for more than 32.7ms will CH6.
CH6 WLED Cur im

If CH6 is in async step—up mode, the WLED current
is set by al resistor. And the dimming is
contr uty of pulse width modulated signal on

g Control

e av age current through WLED can be set by the
ing equations :

ep (MA) = [250mV/R(Q)] x Duty (%) ......for step-up mode

Or Itep (MA) = 30mA x Duty (%)....... for current source
mode

R : Current sense resistor from FB6 to GND.

Duty : PWM dimming via the EN6 pin. Dimming frequency
range is from 1kHz to 100kHz but 2kHz to 20kHz should
be avoided to prevent audio noise distraction.

VDDM Power Path

To support bootstrap function, the RT9992 includes a
power selection circuit which selects between BAT and
PVDD6 for the higher voltage to be used as the internal
node, VDDI, that connects to the external decoupling
capacitor at the VDDM pin. VDDM is the main power for
the RT9992 control circuit. VDDI is the power input for the
RTC LDO. To bootstrap VDDM, PVDD6 must connect to
the output of the first enabled low voltage synchronous
step-up channel (CH1 or CH2). Furthermore, PVDD6 also

www.richtek.com
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provides power to the N-MOSFET driver in CH6. The
RT9992 includes UVLO circuits to check VDDM and BAT
voltage status.

RTCLDO

The RT9992 provides a 3.1V output LDO for real time clock.
The LDO features low quiescent current (5pA) and high
output voltage accuracy. The RTC LDO is always on, even
when the system is shut down. For better stability, it is
recommended to connect a 0.1uF capacitor to the
RTCPWR pin. The RTC LDO includes pass transistor body

Power On/Off Sequence

diode control to avoid the RTCPWR node from back
charging into the input node VDDI.

Power Good

The RT9992 provides a power good indicator to monitor
FB2, FB3, and FB4 voltage status. After CH2, CH3, and
CH4 are turned on, if any one of them becomes lower
than 0.66V (typically), PGOOD will be pulled low. If all are
higher than 0.7V (typically), PGOOD will be released and
pulled high after 10ms.

SEQ =0: CH1to 5 are independently enabled by EN1 to EN5
SEQ=1:CH2to5, or CH1 to 4 is enabled in preset on/off sequence. The order is chosen by EN3 and EN4

SEQ EN2 EN3 EN4 ENS EN1

Power On Sequence

0 indept | indept | indept | indept | indept independent

1 EN2345 1 0 X indept CH2 CH4 CH5
1 EN2345 0 0 0 indept CH2 CH3 CH4
1 EN1234 1 1 indept X CH1 ¢ ChHi3 CH4 CH2
1 EN1234 0 1 indept X Cﬂ% CH4 CH3 CH2

X :don't care but suggested to be LOW (0).

Power On/Off Sequence Example for CH2 to CH5
Sequence 1: SEQ is high, EN3 is high, EN4 is low.

EN2 will turn on/off CH2 to CH5 in preset sequence.
will be turned on by EN1 independently.

CH2 to CH5 Power On Sequence is :

When EN2 goes high, CH2 will be turned on . 7ms after
CH2 s turned on, CH3 will be turned on. 7ms after CH3 is
turned on, CH4 will be turned on. 7ms after CH4 is turned
on, CH5 will be turned on.

CH2 to CH5 Power-Off Sequence s :

When EN2 goes low, CH5 will be turned off and VOUT5
will be internally discharged. When VOUTS5 discharging
finishes, CH4 will turn off and internally discharge output
via LX4 pin. When FB4 < 0.1V, CH3 will turn off and
internally discharge output via LX3 pin. Likewise when
FB3 < 0.1V, CH2 will turn off and discharge output via LX2
pin. After FB2 < 0.1V, CH2 to 5 shutdown sequence will
be completed.

\ "’

% ce 2 : SEQ is high, EN3 is low, EN4 is low, EN5
oM

N2 will turn on/off CH2 to CH5 in preset sequence. CH1
will be turned on by EN1 independently.

CH2 to CH5 Power On Sequence is ;

When EN2 goes high, CH2 will be turned on . 7ms after
CH2 is turned on, CH5 will be turned on. About 1ms after
Ch5is turned on, CH3 will be turned on. 7ms after CH3 is
turned on, CH4 will be turned on.

CH2 to CH5 Power-Off Sequence s :

When EN2 goes low, CH4 will turn off first and internally
discharge output via LX4 pin. When FB4 < 0.1V, CH3 will
turn off and internally discharge output via LX3 pin. Likewise,
when FB3 < 0.1V, CH5 will turn off and VOUTS5S will be
internally discharged. When VOUTS5 discharging finishes,
CH2 will turn off and discharge output via LX2 pin. After
FB2 < 0.1V, CH2 to 5 shut down sequence will be
completed.

DS9992-03 May 2011
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Table 4. CH2 to CH5 Power On/Off Sequence

EN3to EN5 Setting Power On Sequence
EN3=H,EN4=1L, EN5 =X CH2—CH3—-CH4—-CH5
EN3=L,EN4 =L, EN5=L CH2—CH5—CH3—CH4

EN3 to EN5 Setting Power Off Sequence
EN3=H,EN4=1L, EN5 =X CH5—~CH4—CH3—-CH2
EN3=L,EN4 =L, EN5=L CH4—CH3—-CH5—-CH2

Timing Diagram for CH2 to CH5

Power On Sequence : CH2 Step-Down 3.3V—>CH3 Step-Down 1.8V—>CH4 Step-Down 1.2V—>CH5 LDO 2.5V

Power Off Sequence : CH5 LDO 2.5V—CH4 Step-Down 1.2V—CH3 Step-Down 1.8V—>CH2 Step-Down 3.3V

SEL=H,SEQ=H,EN3=H,EN4 =L

Wait until
B2 <0.1V

VDDM .
— | ‘Usel Define
EN2
3.5ms
/
CH2 Vour 3.3V s 3:5m3

<

CH3 Vpyt 1.8V
ms

A

3.5ms > it until FB3 < 0.1V

h 4

CH4 Vouyt 1.2V

Wait until FB4 < 0.1V

CH5 Vouyt 2.5V

7ms
Wait until FBS < 0.1V

Power On Sequence : CH2 Step-Down 3.3V—>C%(Lb.5v—>CH3 Step-Down 1.8V— CH4 Step-Down 1.2V

Power Off Sequence : CH4 Step-Down 1.2V—CH3&tep-Down 1.8V—CH5 LDO 2.5V—>CH2 Step-Down 3.3V

SEL=H,SEQ=H,EN3=L,EN4A=L,EN5=L

Wait until
> B2 <0.1V

A

\Vgit until FB5 < 0.1V

A
Y.

Wait until FB3 < 0.1V

3.5ms >

VDDM .
— User Define
EN2
3.5ms
—>,
2.4ms
CH2 VouTt 3.3V—‘ 7ms —>
CH5 LDO 2.5V
8ms
CH3 VouyTt 1.8V
CH4 Vout 1.2V

7ms

Wait yntil FB4 < 0.1V

www.richtek.com
20

DS9992-03 May 2011



RICHTEK

RT9992

Power on/off sequence for CH1 to CH4
Sequence 3 : SEQ is high, EN3 is high, EN4 is high.

EN2 will turn on/off CH1 to CH4 in preset sequence. CH5
will be turned on by EN5 independently.

CH1 to CH4 Power On Sequence is :

When EN2 goes high, CH1 will be turned on. 7ms after
CH1 is turned on, CH3 will be turned on. 7ms after CH3 is
turned on, CH4 will be turned on. 7ms after CH4 is turned
on, CH2 will be turned on.

CH1 to CH4 Power-Off Sequence is :

When EN2 goes low, CH2 will turn off first and internally
discharge output. When FB2 < 0.1V, CH4 will turn off and
also internally discharge output via LX4 pin. When FB4 <
0.1V, CH3 will turn off and internally discharge output via
LX3 pin. Likewise, when FB3 < 0.1V, CH1 will turn off and
discharge output via LX1 pin. After FB1 < 0.1V, CH1to 4
shutdown sequence will be completed.

Table 5. CH1 to CH4 Power On/Off Se

Sequence 4 : SEQ is high, EN3 is low, EN4 is high.

EN2 will turn on/off CH1 to CH4 in preset sequence. CH5
will be turned on by EN5 independently.

CH1 to CH4 Power On Sequence is :

When EN2 goes high, CH1 will be turned on first. 7ms
after CH1 is turned on, CH4 will be turned on. 7ms after
CH4 is turned on, CH3 will be turned on. 7ms after CH3 is
turned on, CH2 will be turned on.

CH1 to CH4 Power Off Sequence is :

When EN2 goes low, CH2 will turn off first and internally
discharge output. When FB2 < 0.1V, CH3 will turn off and
internally discharge output via LX3 pin. When FB3 < 0.1V,
CH4 will turn off and internally discharge output via LX4
pin. Likewise when FB4 < 0.1V, CH1 will turn off and

internally discharge outpuftia LX1 pin. After FB1 < 0.1V,
Chl to 4 shutdown s & completed.

W&

Enable Setting

EN3=H,EN4=H, EN1 =X

EN3=L,EN4 =H, EN5 =X

Enable Setting

EN3=H,EN4=H, EN5 =X

EN3=L,EN4 =H, EN5 =X

C

Power Off Sequence
2— CH4— CH3—-CH1
C CH3— CH4—-CH1

Timing Diagram for CH1 to CH4

Power On Sequence : CH1 Step-Up 5V—>CH3 %(bn

1.8V—>CH4 Step-Down 1.2V ->CH2 Step-Up 3.3V

Power Off Sequence : CH2 Step-Up 3.3V—>CH4 Stép-Down 1.2V—>CH3 Step-Down 1.8V—CH1 Step-Up 5V

SEL=L,SEQ=H,EN3=H,EN4=H

Wait until
- =: B1<0.1V

VDDM User Define
EN2
3.5ms :
| / |
| |
13.5ms
CH1 Vouyt 5V 1 7ms a—
(™

N\ |
|
— ] it until FB3 < 0.1V

CH3 Voyrt 1.8V

CH4 Vout 1.2V

CH2 Vout 3.3V

T | I
| | I
> : I Wait uhtll FB4 < 0.1V

|

Wait u|m| FB2 < 0.1V
|
|
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Power On Sequence : CH1 Step-Up 5V > CH4 Step-Down 1.2V—>CHS3 Step-Down 1.8V —~>CH2 Step-Up 3.3V

Power Off Sequence : CH2 Step-Up 3.3V—>CH3 Step-Down 1.8V—CH4 Step-Down 1.2V -CH1 Step-Up 5V
SEL=L,SEQ=H,EN3=L,EN4=H

VDDM
— User Define
EN2
3.5ms :
4 : Wait until
| B1<0.1V
13.5ms I —
CH1 Vout 5V { ms !
l | I ' I‘ il FB4 < 0.1V
| [ ————] t unti <0.
CH4 Vour 1.2V | { ALY , I , |
l e /ms | | [ [
! ! [ l I | Wait uhtil FB3 < 0.1V
CH3 Vourt 1.8V ] } t 3.5ms <—>I " ' .
: : I 7ms | : | :
CH2 Vour 3.3V I | - ’ it uhtil FB2/< 0.1V
T I | | | |
' | I [ [ I I
Thermal Considerations The maximu %ipaﬂon depends on the operating
For continuous operation, do not exceed absolute ambient pefegdire for fixed Tywmax) and thermal

maximum junction temperature. The maximum power resistafice, 0 or the RT9992 package, the derating
dissipation depends on the thermal resistance of the IC in Rigure 1 allows the designer to see the effect of

package, PCB layout, rate of surrounding airflow, and bient temperature on the maximum power
difference between junction and ambient temperature. The d

maximum power dissipation can be calculated by th% 2.80

following formula : ﬂ Four Layer PCB
PD(MAX) = (TJ(MA)() - TA) /03a N 3.04
where Tjwmax) is the maximum junction temperature, Tais
the ambient temperature, and 6;4is the junction to ambient
thermal resistance.

N

N

[ee]
T

=

u1

N
T

For recommended operating condition specifications of
the RT9992, the maximum junction temperature is 125°C
and Ta is the ambient temperature. The junction to ambient
thermal resistance, 0,4, is layout dependent. For WQFN- 0.00
32L 4x4 packages, the thermal resistance, 05, is 27.8°C/ 0 25 50 75 100 125
W on a standard JEDEC 51-7 four-layer thermal test board. Ambient Temperature (°C)

The maximum power dissipation at Ta = 25°C can be
calculated by the following formula :

Maximum Power Dissipation (W)
o
3
[«

Figure 1. Derating Curve for the RT9992 Package

Pomaxy = (125°C — 25°C ) / (27.8°C/W) = 3.59W for
WQFN-32L 4x4 package
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Layout Considerations » Place the feedback components as close as possible
For the best performance of the RT9992, the following to the FB pin and keep these components away from
PCB layout guidelines must be strictly followed. the noisy devices.

» Place the input and output capacitors as close as » Connect the GND and Exposed Pad to a strong ground
possible to the input and output pins respectively for plane for maximum thermal dissipation and noise
good filtering. protection.

» Keep the main power traces as wide and short as » Directly connect the output capacitors to the feedback
possible. network of each channel to avoid bouncing caused by

L . arasitic resistance and inductance from the PCB trace.
» The switching node area connected to LX and inductor P

should be minimized for lower EMI.

LX should be connected to Inductor by wide and short
trace, keep sensitive compontents away from this trace

VOUT_CH1 1 GND
C1
I Sy 1] R13
[a]
o

GND C5 VBAT [ 52 TCZ D3

VOUT_CH5
R12

1

R11
"1618
%017 e

Ci6

_L GND
Input/Output capacitors must c7
be placed as close as possible ] L2
to the Input/Output pins.

S [
6 VOUT CHZ_' —
i T VOUT_CH4 c13

11
C20 ES GND
VOUT_CH2 R4
—~/ \\——-"\\— Connect the Exposed Pad to a
VBAT ground plane.

Place the feedback components as close as possible
to the FB pin and keep away from noisy devices.
Figure 2. PCB Layout Guide
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Table 6. Protection Action
. Threshold(typical) Refer . Protection
Protection Type to Electrical spec Delay Time Methods
Vi UVLO VDDM < 2.1V No delay Disable all channels
DDM oVP VDDM > 6.15V 100ms IC shutdown
BAT UvVLO VeaT < 1.3V No delay Disable all channels
Current Limit N-MOSFET current > 3A 100ms IC shutdown
CH1 : VEe1 < 0.4V, or
B ) PVDD1 UVP VpvpD1 < VeaT-0.8V or 100ms IC shutdown
oost
VpvbDp1 < 1.3V
PVDD1 OVP VpvDD1 > 6.15V No delay IC shutdown
Current Limit N-MOSFET current > 2.1A 100ms IC shutdown
CH2 : Veg2 < 0.4V, or
Boosi PVDD2 UVP VpvpD2 < Vin2 — 0.8V or 100ms IC shutdown
Vpvpp2 < 1.3V
PVDD2 OVP VpvpD2 > 6.15V No delay IC shutdown
OCP P-MOSFET current > 1.5A 100ms ~ IC shutdown
CH2 : Buck
UVP Veg2 < 0.4V 100ms IC shutdown
OCP P-MOSFET current > 1.5A 100ms Pr IC shutdown
CH3: Buck
UvP VER3 < 0.4V 100ms IC shutdown
OCP P-MOSFET current > 2A 100ms IC shutdown
CH4 : Buck —
UVP VEpa < 0.4V 100ms IC shutdown
CHS Current Limit P-MOSFET current >0.38 00 IC shutdown
UVP Vpgs < 0.3V 1Q0ms IC shutdown
CH6 Asyn Current Limit N-MOSFET current MA Reset each cycle
Boost OVP VouTs > 19.5V %V No delay Shut down CH®6 only
Thermal All channels stop
Thermal shutdown Temperaturem No delay switching

I»J
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A I Pin #1 1D and Tie Bar Mark Options
T:{"‘j Note : The configuration of the Pin #1 identifier is optional,
but must be located within the zone indicated.
Dimensions In Millimeters Dimension hes
Symbol
Min Max M'p Max
A 0.700 0.800 00.028 0.031
q
Al 0.000 0.050 0. 0.002
A3 0.010
b 0.010
D 0.161
D2 0.108
E 0.161
E2 0.108
e 0.016
L 0.300 0.400 0.012 0.016
W-Type 32L QFN 4x4 Package
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