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General Description

The MAX77675 is a highly efficient, complete power sup-
ply for low-power, ultra-compact applications. It provides
four programmable buck-boost switching outputs using
only one inductor. Operating from a single lithium-ion or Li-
ion battery, the MAX77675 delivers a total of 700mA out-
put current (3.7V)N, 1.8VouT) in less than 40mm?2 solution
size.

An integrated sequencer controls full startup while an 12C
interface allows the MAX77675 to be dynamically config-
ured and monitored.

This device is part of the single-inductor multiple-output
(SIMO) product family.

Applications

o TWS Bluetooth™ Headphones/Hearables

Fitness, Health, Activity Monitors, and Smart Watches
Portable Devices

Sensor Nodes and Consumer Internet of Things or loT

Bluetooth is a trademark of Bluetooth SIG, Inc.

Benefits and Features

4x Buck/Buck-Boost/Boost Regulators, 1x Inductor

2.5V to 5.5V Input Voltage Range

0.5V to 5.5V Output Voltage Range

700mA Total Output Current (3.7V|N, 1.8VouT)

SIMO

Up to 90% Efficiency

» 6.9pA Typical I with Two Outputs Enabled in Low-
Power Mode

I2C Interface and Dedicated Enable Pin

Flexible Power Sequencer (FPS)

e 1.99mm x 1.99mm, 16-Bump, 0.5mm Pitch Wafer-
Level Package (WLP)

+ < 40mm?2 Solution Size
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Absolute Maximum Ratings

NENtOGND ..o -0.3Vto V|y + 0.3V BSTHOLXB ... -0.3V to +6V
SCL, SDATOGND ... -0.3V to +6V SBBO0, SBB1, SBB2, SBB3 Short-Circuit Duration...... Continuous

IN, NIRQ 10 GND. ...t -0.3V to +6V PGND t0 GND. ..ottt -0.3V to +0.3V
PVDD, Vpp t0 GND......oeiiiiiiiiiiieecieeeee ... -0.3V to +2.2V Operating Temperature Range -40°C to +85°C
SDA Continous CUurrent.........cceeeeceeeerriiee e +20mA Junction Temperature ...........oocccveviceeeeniee e +150°C
IN Continuous Current...........cccccerevvneenene ... 1.2ARMS Storage Temperature Range................ -65°C to +150°C
LXA Continuous Current (Note 1) .... .. 1.2ARMS Soldering Temperature (reflow) ............cccoccoiiiiiiiiiine +260°C
LXB Continuous Current (Nofe 1) ....cccceeeecvieeeiieeeaenen. 1.2ARMS Continuous Power Dissipation (Multilayer Board, Tp = +70°C,
SBBO, SBB1, SBB2, SBB3 to PGND ..........cceenuee. -0.3V to +6V derate 20.4mW/°C above +70°C) .......cccceveereenieenieeeenne 1632mwW
BSTHO IN .o -0.3V to +6V

Note 1: Do not externally bias LXA or LXB. LXA has internal clamping diodes to PGND and IN. LXB has an internal low-side clamping
diode to PGND and an internal high-side clamping diode that dynamically connects to a selected SIMO output. It is normal
for these diodes to briefly conduct during switching events. When the SIMO regulator is disabled, the LXB to PGND absolute
maximum voltage is -0.3V to Vggpy + 0.3V.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and 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 affect device reliability.

Recommended Operating Conditions

TYPICAL
PARAMETER SYMBOL CONDITION RANGE UNIT
IN Voltage VIN 2.5-55 \%
CNFG_SBB_TOP.STEP_SZ_SBBx =0 0.5-5.5
SBB0/1/2/3 Output Voltage VsBBx \Y,
CNFG_SBB_TOP.STEP_SZ_SBBx = 1 0.5000-3.6875
SBB0/1/2/3 Maximum IsBo * IsBB1 +
Combined Output Current IseB2 * IsBB3 Note 4 700 mA
Vpp Voltage Vpp 1.8 \%

Note: These limits are not guaranteed.

Package Information

16 WLP 0.5mm Pitch

Package Code W161N1+1

Outline Number 21-100374

Land Pattern Number Refer to Application Note 1891
Thermal Resistance, Four-Layer Board:

Junction to Ambient (64) 49°C/W (2s2p board)

Junction to Case (6,¢c) N/A

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note that a “+”, “#’, or “-” in the package code indicates
RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board. For detailed information on package thermal
considerations, refer to www.maximintegrated.com/thermal-tutorial.

www.analog.com Analog Devices | 7
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MAX77675

Electrical Characteristics

(VIN = 3.7V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range (Tp = -40°C to +85°C) and relevant
supply voltage range are guaranteed by design and characterization, unless otherwise noted. Specifications marked "GBD" are
guaranteed by design and not production tested.)

Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
INPUT CURRENT
All SBBx channels
Shutdown Current ISHDN are disabled, V|y = | Ta = +25°C 0.3 pA
3.7V, Vixa = 0V
All channels
disabled, bias in 3.8
Quiescent Supply B LPM
| Ta = +25°C A
Current Q A All channels H
disabled, bias in 10
NPM
VOLTAGE MONITORS
Input Voltage Range I VIN | | 2.5 55 | Vv
POWER-ON RESET (POR)
POR Threshold | Vpor | Vinfalling | 1.8 | v
UNDERVOLTAGE LOCKOUT (UVLO)
UVLO Threshold ViINuvLo | VN falling, UVLO_F[1:0] = Ox4 23 %
UVLO Threshold
Hysteresis VINUVLO_HYs | UVLO_H[1:0] = 0x5 (Note 2) 300 mV
OVERVOLTAGE LOCKOUT (OVLO)
OVLO Threshold | Vinovio | Vinrising 5.70 5.85 6.00 v
THERMAL MONITORS
Overtemperature . o
Lockout Threshold ToTLo Ty rising 145 C
Thermal Alarm o o
Temperature 1 TuAL1 Ty rising 90 C
Thermal Alarm -
Temperature 2 TuaL2 Ty rising 120 °C
ENABLE INPUT (nEN)
nEN Input Leakage | \C/;r,‘\jEFNGz é%/II_NBt i\sl\al TA=+25°C 1 £0.001 gl uA
Current nEN_LKG u D|S—= 1 - TA =+85°C +0.01
nEN Input Fallin .
Threshgl p 9 VTH nEN F | NEN falling ViN-16 ViN-12 Vv
nEN Input Risin .
Threshzld g VTH_nEN_R | NEN rising VIN-1.1 V|N-0.6 \Y;
CNFG_GLBL_A.DBEN_nEN =0 100 us
Debounce Time tDBNC_nEN | CNFG_GLBL_A.DBEN_nEN = 1 30 ms
(Note 5)

www.analog.com
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Electrical Characteristics (continued)

(VIN = 3.7V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range (Tp = -40°C to +85°C) and relevant
supply voltage range are guaranteed by design and characterization, unless otherwise noted. Specifications marked "GBD" are
guaranteed by design and not production tested.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
CNFG_GLBL_A.M
RT[1:0] = Ox0 3.75 4.00 5.25
CNFG_GLBL_A.M
- — 7.55 8.00 9.45
) (Note 3 and Note RT[1:0] = 0x1
Manual Reset Time tMRST s
5) CNFG_GLBL_A.M 1135 12.00 13.65
RT[1:0] = 0x2 ' ‘ '
CNFG_GLBL_A.M
RT[1:0] = Ox3 15.15 16.00 17.85
nEN Pullup Roen pU | Pullup to Viy SNgg—f(';BL—A'P 200 kQ
OPEN-DRAIN INTERRUPT OUTPUT (nIRQ)
Output Low Voltage Sinking 2mA 0.4 V
.(I?.UtpUt Falling Edge tf nIRQ Cirq = 25pF (Note 5) 1.5 ns
ime _|
ViN = 5.5V, nIRQ Ta = +25°C -1 +0.001 +1
set to high
Leak I ; A
eakage Current nlRQ_LKG impedance, Vairq | T = +85°C +0.01 M
=0V or 5.5V

FLEXIBLE POWER SEQUENCER

Power-Up Event Periods tEN See Figure 7. (Note 5) 1.28 ms
power Down Event bIs See Figure 7. (Note 5) 2.56 ms
BIAS

Enable Delay tBIAS EN ! ms
PVDD Output Voltage VpvDD 1.8 \%
Vpp Input Voltage Vpb 1.8 Vv

Note 2: Programmed at Analog Devices factory.
Note 3: The error in manual reset period is the same percentage-wise for all options.

www.analog.com Analog Devices | 9
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Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

Electrical Characteristics—SIMO Buck-Boost

(VIN = 3.7V, Csppx = 22uF, L = 1.5uH, Limits are 100% tested at Ta = +25°C. Limits over the operating temperature range (Ta =-40°C
to +85°C) and relevant supply voltage range are guaranteed by design and characterization, unless otherwise noted. Specifications
marked "GBD" are guaranteed by design and not production tested.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS
GENERAL CHARACTERISTICS
Total current for the
. first channel at 4.0
Ta= +25°C, bias | 1 8y output
in LPM
(Note 5) Currgnt for each
additional channel 0.2
SIMO Quiescent Supply at 1.8V output
I A
Current Q_SIMO Current for the first H
. channel at 1.8V 230
Ta = +25°C, bias output
in NPM
(Note 5) Cur_re_nt for each
additional channel 61
at 1.8V output
OUTPUT VOLTAGE RANGE (SBB0/1/2/3)
CNFG_SBB_TOP_A.STEP_SZ_SBBx = 05 55
Programmable Output 0 ' ' Vv
Voltage Range =
g 9 ?NFG_SBB_TOP_A.STEP_SZ_SBBX 05 3.6875
Output DAC Bits 8 bits
CNFG_SBB_TOP_A.STEP_SZ SBBx = o5
0
Output DAC LSB Size mV
CNFG_SBB_TOP_A.STEP_SZ_SBBx = 125
1 .
OUTPUT VOLTAGE ACCURACY
IseBx = TMA, Ta =+25°C -3.0 +3.0
typical is based on
an average over Ta = -40°C to
100ms, Vpp = +85°C -4.0 +4.0
Output Voltage 1.8V, Vsppx = 1.8V %
Accuracy IseBx = 300mA, Ta=+25°C -2.0 +2.0
typical is based on
an average over Ta = -40°C to
100ms, Vpp = +85°C -4.0 +4.0
1.8V, Vgppx = 1.8V
TIMING CHARACTERISTICS
Delay time from the SIMO receiving its
first enable signal to when it begins to 450
switch in order to service that output.
Enable Delay tSIMO_EN | After the first SIMO channel has been us
enabled, subsequent enable signals
” . A 150
cause their outputs to begin switching
after this delay time.

www.analog.com
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MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

Electrical Characteristics—SIMO Buck-Boost (continued)

(VIN = 3.7V, Csppx = 22uF, L = 1.5uH, Limits are 100% tested at Ta = +25°C. Limits over the operating temperature range (Ta =-40°C
to +85°C) and relevant supply voltage range are guaranteed by design and characterization, unless otherwise noted. Specifications
marked "GBD" are guaranteed by design and not production tested.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

CNFG_SBB_TOP_
B.SR_SBBx =0

1.0 2.0 3.0

Soft-Start Slew Rate dV/dtgs CNFG_SBB_TOP_ CNFG_SBB_TOP_ 5.0 mV/us

B.DVS_SLEW =0
B.SR_SBBx = 1 =

(Note 5) CNFG_SBB_TOP_
— B.DVS_SLEW = 1

10

POWER STAGE CHARACTERISTICS

All SBB channels Ta=+25°C -1 £0.01 +1
are disabled, V|N =
5.5V, Vixa =0V, or | T5 =+85°C +0.1
5.5V
All SBB channels Ta=+25°C -1 +0.01 +1
are disabled, V| =
LXB Leakage Current 5.5V, Vi xa=0Vor . pA
5.5V, all Vggpy = Ta=+85°C 0.1
4.0V

All SBB channels
are disabled, active
discharge disabled
(ADE_SBBx = 0), Ta=+25°C 0.05 1
VspBx = 4.0V,
Vixg =0V, V|N =
Disabled Output VpsT = 5.5V

Leakage Current All SBB channels
are disabled, active
discharge disabled
(ADE_SBBx=0), |Ta=+85°C 0.1
Vsgpx = 4.0V,
Vixg =0V, V|y =
VgsT = 5.5V

LXA Leakage Current MA

uA

Active-Discharge All SBB channels are disabled, active

Impedance RAD_SBBx | gischarge enabled (ADE_SBBx = 1) 80 140 260 Q

Note 4: See the SIMO Supported Output Current section for more information.

Electrical Characteristics—I2C Serial Interface

(VIN = 3.7V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range (Tp = -40°C to +85°C) and relevant
supply voltage range are guaranteed by design and characterization, unless otherwise noted. Specifications marked "GBD" are
guaranteed by design and not production tested.)

PARAMETER | sSYmBOL | CONDITIONS | MmN TYP  MAX | UNITS
SDA AND SCL I/0 STAGE
SCL, SDA Input High _ _ o 0.7 x
Voltage ViH VIN =3.7V, Tp = +25°C Vob \%
SCL, SDA Input Low _ 0.3x
Voltage ViL Ta=+25°C Vpbp v
www.analog.com Analog Devices | 11

Downloaded from AFFOW.Com.


http://www.arrow.com

MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs

Delivering Up to 700mA Total Output Current

Electrical Characteristics—I2C Serial Interface (continued)

(VIN = 3.7V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range (Tp = -40°C to +85°C) and relevant
supply voltage range are guaranteed by design and characterization, unless otherwise noted. Specifications marked "GBD" are

guaranteed by design and not production tested.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SCL, SDA Input _ o 0.05x
Hysteresis VHys Ta=+25°C Vpbp v
SCL, SDA Input _ _
Leakage Current h VscL = Vspa =VbD - +1 KA
SDA Output Low s
Voltage VoL Sinking 20mA 0.4 \%
SCL, SDA Pin
Capacitance Ci (Mote 9) 10 pF
Output Fall Time from
Vin to Vi tor (Note 5) 120 ns
I12C-COMPATIBLE INTERFACE TIMING (STANDARD, FAST, AND FAST-MODE PLUS) (Note 5)
Clock Frequency fscL 0 1000 kHz
Hold Time (REPEATED)
START Condition tHD_STA 0.26 us
SCL Low Period tLow 0.5 us
SCL High Period tHIGH 0.26 us
Setup Time REPEATED
START Condition tsU_STA 0.26 us
Data Hold Time tHD DAT 0 us
Data Setup Time tsu DAT 50 ns
Setup Time for STOP
Condition tsu_sTo 0.26 Hs
Bus Free Time between
STOP and START tBUF 0.5 ys
Condition
Pulse Width of t Maximum pulse width of spikes that must 50 ns
Suppressed Spikes SP be suppressed by the input filter
I12C-COMPATIBLE INTERFACE TIMING (HIGH-SPEED MODE, CB = 100pF) (Note 5)
Clock Frequency fscL 34 MHz
Setup Time REPEATED t 160 ns
START Condition SU_STA
Hold Time (REPEATED) t 160 ns
START Condition HD_STA
SCL Low Period tLow 160 ns
SCL High Period tHIGH 60 ns
Data Setup Time tsu DAT 10 ns
Data Hold Time tHD DAT 0 70 ns
SCL Rise Time troL Ta =+25°C 10 40 ns
Rise Time of SCL Signal
After REPEATED _ o
START Condition and oL Ta=+25°C 10 80 ns
After Acknowledge Bit

www.analog.com
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MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs

Delivering Up to 700mA Total Output Current

Electrical Characteristics—I2C Serial Interface (continued)

(VIN = 3.7V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range (Tp = -40°C to +85°C) and relevant
supply voltage range are guaranteed by design and characterization, unless otherwise noted. Specifications marked "GBD" are
guaranteed by design and not production tested.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SCL Fall Time trcL Ta =+25°C 10 40 ns
SDA Rise Time trDA Ta=+25°C 10 80 ns
SDA Fall Time tpA Ta=+25°C 10 80 ns
Bus Capacitance Cg 100 pF
gulse Width of . tsp Maximum pulse width pf spiKes that must 10 ns
uppressed Spikes be suppressed by the input filter
I12C-COMPATIBLE INTERFACE TIMING (HIGH-SPEED MODE, CB = 400pF) (Note 5)
Clock Frequency fscL 1.7 MHz
2_?_%2_:—'&“6 R.E.PEATED tsu sTA 160 ns
ondition -
g?ERT'Ii'mCe (R!E.PEATED) tHD STA 160 ns
ondition —
SCL Low Period tLow 320 ns
SCL High Period tHIGH 120 ns
Data Setup Time tsu DAT 10 ns
Data Hold Time tHD DAT 0 150 ns
SCL Rise Time trcL Ta=+25°C 20 80 ns
Rise Time of SCL Signal
START Conditonand | oLt | TA=+25%C 20 160 | s
After Acknowledge Bit
SCL Fall Time tFcL Ta =+25°C 20 80 ns
SDA Rise Time tRDA Ta =+25°C 20 160 ns
SDA Fall Time tFDA Ta =+25°C 20 160 ns
Bus Capacitance Cs 400 pF
gulse Width of _ tsp Maximum pulse width _of spik_es that must 10 ns
uppressed Spikes be suppressed by the input filter

Note 5: Design guidance only. Not production tested.
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MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs

Delivering Up to 700mA Total Output Current

Typical Operating Characteristics

(Typical Applications Circuit. VN = 3.7V, Csppx = 22uF, L = 1.5uH, Tp = +25°C, Vgggo = 1.8V, Vspg1 = 1.1V, Vggp2 = 0.7V, VggB3 =
3.3V, unless otherwise noted.)

SHUTDOWN CURRENT BIAS QUIESCENT CURRENT BIAS QUIESCENT CURRENT
vs. vs. vs.
INPUT VOLTAGE INPUT VOLTAGE INPUT VOLTAGE
1000 12 19202 40 —————
Ty = +85°C 11 | LOW-POWER MODE T, = +85°C Ty =+85°C NORMAL-POWER MODE
900 [ 1, = 450°C T, = 450°C 35 | T,=450C
800 | Ta=+25C 10 T, = +25°C T, =+25°C
— 40° 9 |1 — 4n° 30 = _40°
700 | TazH40C s N 1 Ty=-40°C _ Th=-40°C
B il 3 [P W
e BB 27 e z
E | Z E
500 EEra = 6 =g 20
et i | 5
400 B . S 15 | =
300 = = an O B o e e
fr =" A -y ——
|t L 3 e o — 10
200 | —— T — | ST
T 2
100 1 |INTERNAL SUPPLY 5
o LCHANGING MODES 0
23 27 31 35 39 43 47 51 55 23 27 31 35 39 43 47 51 55 23 27 31 35 39 43 47 51 55
Vin (V) Vin (V) Vin (V)
QUIESCENT CURRENT QUIESCENT CURRENT QUIESCENT CURRENT
vs. vs. vs.
INPUT VOLTAGE INPUT VOLTAGE AMBIENT TEMPERATURE
12 — L0004 700 Locos 12 e
” AL REGULATORS LPM 650 | ALLREGULATORS ENABLED | NPM 11 | ALLREGULATORSENABLED | | | * | puM
ENABLED Ta=+25°C 600 | SBBO.SBB1, SBB2 ENABLED Tp=+25°C SBBO, SBB1, SBB2 ENABLED IN=3.7V
10 | SBBO, SBB1, SBB2 SBBO, SBB1 ENABLED 10 | sBBO, SBB1 ENABLED
g | ENABLED 550 | sBBO ENABLED 9 | SBBOENABLED
SBBO, SBB1 ENABLED 500 | BIAS ONLY BIAS ONLY
= 8 | SBBOENABLED = 450 =z 8}
El BIAS ONLY E E
=z 7 [ Z 400 z 7
6 350 |- 6
5 300 - 5 %/
4 250 4 =
3 200 3
5 | |INTERNAL SUPPLY 150 2
;| |crancing wooes 100 ;
50
N EEEEEEEE ° .
23 27 31 35 39 43 47 51 55 23 27 31 35 39 43 47 51 55 40 -15 10 35 60 85
Vin (V) Vin (V) Ta(°C)
POWER-UP SEQUENCE POWER-DOWN SEQUENCE IMMEDIATE SHUTDOWN
toc07 toc08 toc09
V, L)
nEN == Vsggs, SLOT 3 N
BIAS STARTUP UVLO EVENT
| Vidiv
Ve I
" Vseey, SLOT3 | 4y 80
1Vidiv
Vspgo, SLOT 2 Widv Vgago, SLOT 2 Vegat
Vseg, SLOT 1) Wi Vg2
Vsaga, SLOTO 1 1Vidiv Vsgg1, SLOT 1 Vsges \
; Vsgpz, SLOT 0 N 800mVidiv
Lol | Vevoo
I ) },JM 20mAvdiv
» 'w/ bl “ A | i 500mVi/div 1Vidiv
2ms/div 4ms/div 20ms/div
www.analog.com Analog Devices | 14
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MAX77675

Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

Typical Operating Characteristics (continued)

(Typical Applications Circuit. VN = 3.7V, Csppx = 22uF, L = 1.5uH, Tp = +25°C, Vgggo = 1.8V, Vspg1 = 1.1V, Vggp2 = 0.7V, VggB3 =
3.3V, unless otherwise noted.)

Vsago

Vsgs1

OVERLOAD DETECTION

toct

VSBBZ [~

Vsge3

nlRQ

EFFICIENCY (%)

EFFICIENCY (%)

IsgBos1/2/3 = 50MA

HARD SHORT

500mVidiv
RS s 200mVidiv

~{200mV/div
200mV/div

SBBO_F UNMASKED
(INTM_GLBL.SBB0_FM = 0)

1Vidiv

40us/div

Vgaay = 0.7V, 1-CH EFFICIENCY

VS,
OUTPUT CURRENT et
9% o0
Vi =30V
0 | vy=37v
a5 | Vw=42v
Vi, 5,0M
80 A
B
75 Z i 71 h
1%
70 i
65 N
60
55
50
00001 0.001 0.01 04 1
Isgex (A)
Vgay = 3.3V, 1-CH EFFICIENCY
VS,
OUTPUT CURRENT -
9% o0
" I
85 po]
80
75
70
65
60 | Vin=30v
V=37V
55 | Viy=4.2v
50 L7 PO
00001 0.001 0.01 04 1
Isgex (A)

www.analog.com
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IsgBo

EFFICIENCY (%)

EFFICIENCY (%)

INDUCTOR CURRENT

NPM

A SBB1213

/ DISABLED
./

500mA/div

500mA/div

~{50mV/div

1.8V
| g o ————————
400ps/div
Vsgay = 1.2V, 1-CH EFFICIENCY
vs.
OUTPUT CURRENT
95 toc14
90 g
& T
S
80
I/
75
70
65
Vi = 3.0
60 Vin=3.7V
55 Viy=4.2V
Vi = 5.0V
50
0.0001 0.001 0.01 0.1 1
Isgax (A)
Vsgay = 4.0V, 1-CH EFFICIENCY
vs.
OUTPUTCURRENT
. 2
/
% i
85
80
75
70
65
Vi =3.0V
80 Fyy=37v
55 | Vin=42V
Vi = 5.0V
50
0.0001 0.001 0.01 0.1 1
Isgax (A)

EFFICIENCY (%)

EFFICIENCY (%)

EFFICIENCY (%)

Vsaay = 0.5V, 1-CH EFFICIENCY

VS.
OUTPUT CURRENT
95 toc12
Viy=3.0V
N [ vy=37v
V=42V
8 Vi = 5.0V
80
75 e f;
70 IE‘/ ATl J
V]
65
60 |—
55
50
00001 0.001 0.01 04 1
Isgex (A)
Vsgax = 1.8V, 1-CH EFFICIENCY
VS.
OUTPUT CURRENT
95 HH toc1
N
90 TN
8 k
80
75
70
65
=30
B0 | vy=37v
55 | V=42V
Vi =50V
50 LMoy
00001 0.001 0.01 04 1
Isgex (A)
Vsgay = 5.0V, 1-CH EFFICIENCY
VS.
OUTPUT CURRENT
95 toc1
0 e ]
L
85 P
80
75
70
65
Viy=3.0V
B0 [ vy=37v
55 Viy=4.2V
Vi =50V
50
00001 0.001 0.01 04 1
Ispex (A)

Analog Devices | 15


http://www.arrow.com

MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs

Delivering Up to 700mA Total Output Current

Typical Operating Characteristics (continued)

(Typical Applications Circuit. VN = 3.7V, Csppx = 22uF, L = 1.5uH, Tp = +25°C, Vgggo = 1.8V, Vspg1 = 1.1V, Vggp2 = 0.7V, VggB3 =
3.3V, unless otherwise noted.)

SYSTEM EFFICIENCY SYSTEM EFFICIENCY
vs. vs. 1-CH LOAD REGULATION
SBBOOUTPUT CURRENT SBB3 OUTPUTCURRENT (Vsgax = 0.5V) o
100 = 100 = 0508 o2l
I = 50mA I = 50mA | || LPMTONPM NPM
o SBB1/23 o |52 0506 L LPM
0504 =Ry .,Z
o
90 i 90 0502 B N
< =~ <9 — N = i
s ® U\ gl N ~ 0900 H, DM TO CeM
o] N o) \ 3 0498
\ a
& 80 & 80 S \
=) =) :
=75 =75 0494 N
70 | Viy=3.0V 70 | V=30V 0.492 N
V=37V V=37V 0.490
65 | vy=42v 65 | V=42V 0488
go Lw=50Y g0 LUn=50 0486 X
0.001 0.01 0.1 1 0.001 0.01 0.1 1 0.001 0.01 0.4 1
Issgo (A) Isse3 (A) Isgex (A)
1-CH LOAD REGULATION 1-CH LOAD REGULATION 1-CH LOAD REGULATION
0706 (Vsex = 0.7V) o 08 (Vseax=1.2V) o0 808 (Vseax=1.8V) t:;:v'
LPM TO NPM NPM
0704 ] 7 PV 1206 == LPM 1806 | LPM
0702 i 1204 i 1804 [T i
T o ™ l NN DCMTO CCM
0700 DCMTOCCM RV N 1802 =
s N s A DCM TO CCM s Myl
% 0.698 | % 1200 \ N % 1.800 {
=’ 0.696 \ l = 1198 \ = 1798 i \\
0694 S 1196 | —LPMTONPM v 1796 1LpMTO NPM /
0692 - 1194 M 1794
N N N
0,690 1192 1792 \
v
0.688 N 1190 \ 1790 -
0,686 1.188 1788
0.001 0.01 01 1 0.001 0.01 0.1 1 0.001 0.01 0.4 1
Isgex (A) Isgex (A) Isgex (A)
1-CH LOAD REGULATION 1-CH LOAD REGULATION 1-CH LOAD REGULATION
SBBx = 9- SBBx = 4 SBBx = V-
(Vsaex=33V) (Vssex = 4.0V) (Vsgex = 50V)
3320 rr——t los26_ 4020 foc26. 5.020 foc2l
LPM TO NPM NPM LPM TO NPM NPM LPM TO NPM NPM
\ LPM sots Ty LPM o | LPM
3315 — . 7'\ 5015 =P 17
| \
S 3310 k— = 4010 = \
< < N <
F AT 2 T g0 vEmA
= 3305 B =7 4,005 B JA-DCMTO CCM ] = i,||| bemTOCCM
I ’ NI\ bcmTo com J \ ) 5005 |1/ L
3.300 Y | 4000 |
J d
N 5.000 /
3295 J] 3.995 V \ N
3290 3.990 4995
0.001 0.01 0.1 1 0.001 0.01 0.1 1 0.001 0.01 0.1 1
Isgex (A) Isgex (A) Isgex (A)
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MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

Typical Operating Characteristics (continued)

(Typical Applications Circuit. VN = 3.7V, Csppx = 22uF, L = 1.5uH, Tp = +25°C, Vgggo = 1.8V, Vspg1 = 1.1V, Vggp2 = 0.7V, VggB3 =
3.3V, unless otherwise noted.)

SYSTEM LOAD REGULATION SYSTEM LOAD REGULATION SYSTEM LOAD REGULATION
VS. VS. VS.
SBB0 LOAD CURRENT SBB1 LOAD CURRENT SBB2 LOAD CURRENT
toc28 toc29
1.815 T—T—TTTT] 1.106 T 0.708 T—T—TTTTT]
DCM TO CCM DCM TO CCM 0706 DCMTO CCM ||
1.104 T
1810 T SN 0704 T
™ NN Ny
NI 1102 N 0.702 ™~
s 1805 N / s \\ s
g "Ny | |4 2 1.100 N . 5 0700 i
= 1.800 = )y = 0698
N 1098 \\ 0696 N
1795
\\‘ 1,096 0.694 N
1790 b 0.692
' IsBg1/213 = 50MA 1094 1= Ispao3 = 50mA 0690 | lsseoz=50mA
1785 IspB1/23 = 100mA 1092 IsBorr3 = 100mA 05688 IspBor13 = 100mA
0.001 0.01 0.1 1 0.001 0.01 0.1 1 0.001 0.01 0.1 1
Issgo (A) Issa1 (A) Issg2 (A)
SYSTEM LOAD REGULATION
vs. 1-CH LINE REGULATION 1-CH LINE REGULATION
SBB3 LOAD CURRENT (Vsgay = 0.5V) (Vsgay = 0.7V)
3320 LS 0.510 foc32 0.706 o33
— LPM, 10mA LPM, 10mA
3315 \\\ I peMTO Ceu 0.508 | LPM, 300mA = 0704 | LPM, 300mA
U NPM, 10mA AT NPM, 10mA | AV
3310 \-\\ 0506 I \bwi 300mA T 0702 | NPM. 300mA el
_ N . 0504 T _ AT N
< 3305 = sl < o700 ]
g ¥ g 0 I g L
= 3300 { = 0500 f = 0698
i 0498 NPM TO LPM
3.2% NPMTO LPM 0.6%
1 0.496
3.290 0404 0.694
) N
3285 |— lspso2=50mA 0492 u 0.692 =
3280 Loz 100 0490 0690
0.001 0.01 0.1 1 23 33 43 53 23 33 43 53
Issg3 (A) Vin (V) Vin (V)
1-CH LINE REGULATION 1-CH LINE REGULATION 1-CH LINE REGULATION
1212 (Vsgax=1.2V) st o820 (Vsax=1.8V) oo - (Vsax=3.3V) oot
| LPM, 10mA 1818 | LPM. 10mA ’ LPM, 10mA
1210 | LPM, 300mA = 1'816 LPM, 300mA 3.325 | LPM, 300mA >
1 : NPM, 10mA
1208 | zgm ;gomﬁA = 1814 | Nont 300mA 3320 mm ESS?A
1206 ~ A 1812 NPM TO LPM IPM, 300m P%
= B A = < 3315 [-NPMTOLPM
E u = N S 1810 ] = | A A
g I > & 1808 = 2 3310
2100 ] ol < 1806 i 1 fr ] &4 ;‘ e r
1.804 A 3305 |~
1200 o =T AR = N.‘V/N
1.198 1800 Y I~ 3300 L4
06 [ TOLM 1798 3295 - !
1% L] 1796 2290 —
: 1794 - -
1192 1792 3.285
23 33 43 53 23 33 43 53 23 33 43 53
Vin (V) Vin (V) Vin (V)
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MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

Typical Operating Characteristics (continued)

(Typical Applications Circuit. VN = 3.7V, Csppx = 22uF, L = 1.5uH, Tp = +25°C, Vgggo = 1.8V, Vspg1 = 1.1V, Vggp2 = 0.7V, VggB3 =
3.3V, unless otherwise noted.)

SYSTEM LINE REGULATION
1-CH LINE REGULATION 1-CH LINE REGULATION VS.
- (Vsaax = 4.0V) . s (Vsgax = 5.0V) s - INPUT VOLTAGE s
’ LPM, 10mA ’ LPM, 10mA '
4030 | LPM, 300mA 5035 F LPM, 300mA
NPM, 10mA ' 5030 | NPM, 10mA 1825
4025 [ NP, 300mA } NPM, 300mA A
s 400 o s 05 b < 1820 rar
= - = =
F] || NPMTOLPM apd < s [NMTOLM = 2
8 4015 } f 2 ™ U 2 ml
B - L] 2 5015 = 1815 j i
4010 o TN W
L4 s 5010 Ll " W
4.005 5005 ot W 1.810 Y
ol : '
4000 h
5,000
ot ™~ 180
3995 = 49% N 805 [ 1ggey = 50mA EACH
dl I, = 100mA EACH
3.990 4,990 1800
23 33 43 53 23 33 43 53 23 33 43 53
Vin (V) Vin (V) Vin (V)
SYSTEM LINE REGULATION SYSTEM LINE REGULATION SYSTEM LINE REGULATION
VS, VS, VS,
INPUT VOLTAGE INPUT VOLTAGE INPUT VOLTAGE
1.110 ociD 0.705 focd! 3320 002
1108 0703 3315
1.106 /|
3310 /
1104 oo - _ Vg
= = =
Z 1102 < A = 3305 L
g 2 0699 g A
=’ 1.100 = = 3300 A
- 7
1008 = 0.697
: | Y 3.295
1096 1
06%5 3290
1094
1002 | 'sBx=50mAEACH 0693 | ggg, = 50mA EACH 3285 | Isge, = 50mA EACH
Isgzy = 100mA EACH Isgex = 100mA EACH Isgg = 100mA EACH
1000 LR T 0691 LB 3280 L
23 33 43 53 23 33 43 53 23 33 43 53
Vin (V) Vin (V) Vin (V)
LINE TRANSIENT LINE TRANSIENT SBB0 LOAD TRANSIENT
ALL CHANNELS ENABLED oot ALL CHANNELS ENABLED oot ALL CHANNELS ENABLED oots
42V Cin = 220F 42V Cin = 22uF
Vi [32v / \ 1Vidiv Vin g_z_\/_/m\________ 1Vidiv 300mA \
L W N |200mard
SBBO i
Isggo = 100mA, Cspg1_grr = 150F 5880 = 50MA, Csgp1 grr = 150F v
Vsaao ', 50mVidiv Vspao 50mVidiv Veago C§§o\_ e = 15uF ] L |somvidiv
Isga1 = S0mA, Csap1_err = 3THF Isgg1 = 10mA, Cspg1_grr = 37HF
Vst |an A\ A W W\ ‘\\\\\‘\w\\ | 20mVidiv Vsgs1 \\\\\\\\\\\\ 20mVidiv Isgp1 = 50mA, Csas_grr = 374F
| o _\50 AC N 4\2 r ‘ Vsagt WAV \‘\\‘\\~\\A‘\-,\\‘\\\\'\\5\' 20mVidi
5882 = IMA, Lspen gFF = 921 Isg2 = 100mA, Csppp grr = 42uF Isg2 = 50MA, Cagy grr = 420F mvidl
v, ; ‘
sBB2 20mV/div Vsgg2 " 20mVidiv Vegm | 20mVidiv
Isag3 = 100mA, Cgggs grr = QUF Isgzs = 30MA, Csags grr = F IsBB3 = 50mA, Cspgs rr = 9F
Vsags 100mVidiv Vsaga 100mVidiv Vsees < 100mVidiv
20ps/div 20ps/div 20ps/div
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MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

Typical Operating Characteristics (continued)

(Typical Applications Circuit. VN = 3.7V, Csppx = 22uF, L = 1.5uH, Tp = +25°C, Vgggo = 1.8V, Vspg1 = 1.1V, Vggp2 = 0.7V, VggB3 =
3.3V, unless otherwise noted.)

SBB3 LOAD TRANSIENT SBB0 LOAD TRANSIENT SBB0 LOAD TRANSIENT
ALL CHANNELS ENABLED oot THREE CHANNELS ENABLED oot? THREE CHANNELS ENABLED oot
v NPM LPM
/~300mA \ USSR SUU FR —. PO N R
/ \ 350mA \ / \
5mA \ / \ / 350mA \
Isgps |2mA/ N 200mAVdiv L . 5mA \
Isgso = 50mA, Ceggo ¢ = 154F —L \___ 200mA/div Ispeo [T/ N |ooomaiv
Viggag |V AR I AN VA G AN 50mVidiv Cspro_Err = 150 Csgo_err = 150F '
Ispa1 = 50mA, Cepg_grr = 37HF Vspgo [ i ST somvidiv Vsggo | T AN N | S0mV/div
Vgat [N WA AR S WA AAN 20mVidiv LA
lsgp2 = 50MA, Cepg £rr = 424F Isga1 = 50mA, Csgps_grr = 374F Isgg1 = 50mA, Cspp1_grr = 37HF
H f ; AAAN ANAAAW N
Vegss WAAMAMAARN A A\ 20mVidiv Vsgp1 \,\\«\«'\\‘\—\'\\\\\\\\N\\‘\\,\\\‘\,\'\v\\‘\«'\\ 20mV/div Vsgg1 ;\\\\\~\'\'\\\'\.\\\\ AW AN 20mVidiv
Coses_err = 9uF . Isgas = 50mA, Csas err = OUF IsgBs = 50mA, Cspps grr = 9uF
V, ~1100mVidiv - V, X
88 Vsgss|. . ‘ S0mVidiv sge3 ; S0mVidiv
20ps/div 20psidiv 20ps/div
SBB0 AND SBB3 LOAD TRANSIENTS SBB0 LOAD TRANSIENT SBB3 LOAD TRANSIENT
THREE CHANNELS ENABLED oot TWO CHANNELS ENABLED s TWO CHANNELS ENABLED st
M
P i . ——— P e —_————
5mA 200mA / 350mA \ / 350mA \
IsgBo i 100mA/div \ / \
Ispgs [T S| 200mAVdiv Isgizo [T N |200mAvdiv Issas sma_/ N |200mArdiv
Cspgo_FF = 150F
VB0 [ ‘ S| 50mV/div Csgeo_grF = 150F A Isgo = 100mA, Csggo grr = 154F
Vsago | IR ) 50mVidiv Vsggo 50mVidiv
Ispp1 = 50mA, Cspp1_grr = 374F ) " [ ) :
V381 A WA AN WA WA 20mVidiv ‘ Cogs.crr = O4F ‘
Cogaa.err = 0F Vggs 100mV/div Vegrs 100mV/div
Vsgas | 100mV/div
Isago = 100mA, Cspgg err = OuF
20ps/div 20ps/div 20ps/div
RIPPLE RIPPLE RIPPLE
(10mA PER CHANNEL) (100mA PER CHANNEL) (MIXED LOAD CURRENTS)
toc52 toc53 toc54
IL \ i 1w 1, romeE gl AR 1 Avdiv I | Ao e ahiabnutiathabissl Avtiv
Cspao_err = 150F Csago_err = 154F 50mA, Cspao_grr = 15HF
VB0 [~ e e e SOmVidiv ] L Ay 111 BOmViidiv VBB [\ \ \ | B0mVidiv
Cspp1_grr = 37UF Cosp1.erF = 37&: 10mA, Cspa1 g = 37HF
VBB [ e S S S TS 20mVidiv Vst it i Mg g Y 20m v VBBt [Nl o S o | 20m Vi
N -
Csagp gr = 420F Csgpy_err = 424F 100mA, Csgpy grr = 424F
VB2 | e e e e e e 20mVIiY VsgB2 Mg \ Wit ;x“ U o f 20mVidiv Vegga |. / ; H 20mVidiv
Csgps_err = 9UF Csas_err = 9F 30mA, Cspgs_grr = 9HF
Vsgas : ) 100mVidiv Vsgas 100mV/div Vsgas | } ] N " ]100mVidiv
20ps/div 20ps/div 20ps/div
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MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

Typical Operating Characteristics (continued)

(Typical Applications Circuit. VN = 3.7V, Csppx = 22uF, L = 1.5uH, Tp = +25°C, Vgggo = 1.8V, Vspg1 = 1.1V, Vggp2 = 0.7V, VggB3 =
3.3V, unless otherwise noted.)

DYNAMIC VOLTAGE CHANGE
RIPPLE DYNAMIC VOLTAGE CHANGE BY I2C
(MIXED LOAD CURRENTS) BY12C s INCREASED SLEWRATE 1005
scL| i i SCL )
w TN iy [ e SRS R DEVICE ACK | VAV
50mA, CsBBOiEFF: 15pF i ——— e b =
Vgro ; \ L L] somvidiv SDA /DEVICEACK 1V/div SDA 1Vidiv
10mA, Csggy_gre = 374F ' —— v R
= ; ‘ VSBBO [ s | 50mvidiv VBB R R R R AR o] 50mV/div
Vgt [ s s T e e 20midiv VsaBs ' [somvidv  Vsass 50mVidiv
200mA, Csgpy g = 420F Pty £ 1.4V
Vsgg2 W O B AR Y| 20mvidiv 50mVidiv , 50mVidiv
30mA, Csggs_grr = 9uF /
o = » ) 0.8V 0.8V | =10mA
V, 4 _ 'SBBO/1/3
5883 100mV/div Viggg | lgpB0p173 = 10MA V8BB1 [ SR _SBBA = 1
20ps/div 100ps/div 100ps/div
DYNAMIC VOLTAGE CHANGE
BY I2C
LOW LATENCY s
sCL ; » 1Vidiv
soa| i filNmd DEVICEACK |1vidi
/ v
- - — v
VSBRO [rrs s e s S| 50mVidiv
Vsgs3 50mV/div
1.1V
50mV/div
0.8V " Isaagitia = 10mA
VBB1 s | AT MODE = 1
100ps/div
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MAX77675

Pin Configuration

MAX77675

Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

TOP VIEW

(BUMP SIDE DOWN) ~ MAXT7675
1 2 3 4

.

SRR
G veo  sme0  seei
INGEOReRS
S Wra BT s
c 1 ] l ]
-
D ’: ) ’: ) v\'\ \/‘, ,\’ )
W G ea wp

WLP

(1.99mm x 1.99mm x 0.64mm, 0.5mm PITCH)

Pin Description

PIN | NAME FUNCTION TYPE
TOP LEVEL
Active-Low Enable Input. EN supports push-button, slide-switch, or logic -
2 nEN configurations. If not used, connect nEN to IN. Digital Input
B2 nIRQ Active-Low, Open-Drain Interrupt Pin. Connect a 100kQ pull-up resistor to nIRQ. Digital Output
B1 SCL I2C Clock Digital Input
C1 SDA I2C Data Digital 1/0
D1 IN Input Voltage Connection Power Input
A1 GND Quiet Ground. Connect GND to PGND and the low-impedance ground plane of Ground
the PCB.
A2 Vpp Device Power Input. Connect to PVDD. Bypass to GND with a 10uF capacitor. Power Input
1.8V Internal Supply. Bypass this pin with a 10pF capacitor and connect to Vpp.
Do not connect anything else to this pin. If pullup resistors must be connected to
D4 PVDD PVDD, ensure on the layout the connection points are as close as possible to the Power Output
capacitor and not the pin. See the PCB Layout Guide section for more details.
SIMO BUCK-BOOST
SIMO Buck-Boost Output 0. SBBO is the power output for Channel 0 of the SIMO
A3 SBBO buck-boost. If not used, see the Unused Outputs section. Power Output
SIMO Buck-Boost Output 1. SBB1 is the power output for Channel 1 of the SIMO
A4 SBB1 buck-boost. If not used, see the Unused Outputs section. Power Output
SIMO Buck-Boost Output 2. SBB2 is the power output for Channel 2 of the SIMO
B4 SBB2 buck-boost. If not used, see the Unused Outputs section. Power Output
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Pin Description (continued)

PIN NAME FUNCTION TYPE
SIMO Buck-Boost Output 3. SBB3 is the power output for Channel 3 of the SIMO
C4 SBB3 buck-boost. If not used, see the Unused Ouiputs section. Power Output
SIMO Power Input for the High-Side Output NMOS Drivers. Connect a 10nF
B3 BST ceramic capacitor between BST and LXB. Power Input
c3 LXB Switching Node B. LXB is driven between PGND and SBBx when SBBx is Power 1/0
enabled. LXB is driven to PGND when all SIMO channels are disabled.
Switching Node A. LXA is driven between PGND and IN when any SIMO channel
D2 LXA is enabled. LXA is driven to PGND when all SIMO channels are disabled. Power I/0
D3 PGND _Power Ground for the SIMO Low-Side FETs. Connect PGND to GND and the low- Ground
impedance ground plane of the PCB.
Functional Diagrams
Top Level Interconnect
MAX77675
—{ VRer
SBBx
] SIMO
IN —{ INUVLO EN_SBBx
BIAS —  INOVLO
TOP-LEVEL
DIGITAL
CONTROL niRQ
|%7
1
100ps/30ms
] DEBOUNCE SDA
TIMER
toBNC_nEN ke SCL
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Detailed Description
The MAX77675 provides a power management solution for low-power applications. A SIMO buck-boost regulator
efficiently provides four independently programmable power rails.

A bidirectional 12C serial interface allows for configuring and checking the status of the device. An internal on/off controller
provides power sequencing and supervisory functionality for the device.

Part Number Decoding

The MAX77675 has different one-time programmable (OTP) options and variants to support a variety of applications. The
OTP options set default settings such as output voltage. See Figure 1 for how to identify these. Table 1 lists all available
OTP options. Refer to Product Naming Convention for more details.

MAXT77675 X E w E + T
BASE PART NUMBER TAPE AND REEL
OTP OPTION LEAD-FREE (RoHS)
OPERATING TEMP. RANGE

PACKAGE TYPE

NUMBER OF PINS

Figure 1. Part Number Decode
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Table 1. OTP Options Table

OTP LETTER AND SETTINGS
BLOCK BIT FIELD NAME SETTING NAME A C
CID[7:0] OTP Identifier 0x3 0xC
PU_DIS Pullup Disable Disabled Enabled (200kQ)
BIAS_LPM Bias Power Mode LPM LPM
MRT Manual Reset Time 8s 8s
Global nEN_MODE nEN Mode Logic Logic
DBEN_nEN nEN Debounce Time 100ps 100ps
ADDR I2C Address (7-bit) 0x44 0x40
OVLO_R OVLO Rising Threshold 5.85V 5.65V
UVLO_F UVLO Falling Threshold 2.30V 2.30V
UVLO_H UVLO Threshold Hysteresis 0.30V 0.30V
TV_SBBO0[7:0] SBBO VouT 1.800V 3.300V
ADE_SBBO Active-Discharge Resistor Enable Enabled Enabled
EN_SBBO0[2:0] SBBO0 Enable Control FPS Slot 2 FPS Slot 1
TV_SBB1[7:0] SBB1 VouT 1.100V 4.000V
ADE_SBB1 Active-Discharge Resistor Enable Enabled Enabled
SIMO EN_SBB1[2:0] SBB1 Enable Control FPS Slot 1 FPS Slot 0
TV_SBB2[7:0] SBB2 VouT 0.700V 1.500V
ADE_SBB2 Active-Discharge Resistor Enable Enabled Enabled
EN_SBB2[2:0] SBB2 Enable Control FPS Slot 0 FPS Slot 3
TV_SBB3[7:0] SBB3 VouT 3.300V 1.800V
ADE_SBB3 Active-Discharge Resistor Enable Enabled Enabled
EN_SBB3[2:0] SBB3 Enable Control FPS Slot 3 FPS Slot 2

Support Materials
The following support materials are available for this device:

o MAXT77675 Register Map: Full table of registers that can be read from or written to by I2C.

o MAX77675 Programmer's Guide: Basic software implementation guide. (Note: The guide applies to both the
MAX77655 and MAX77675.)

o MAX77675 SIMO Calculator: Tool to determine if a given set of voltages and currents are supported. The tool can be
found under Design Resources in the product web page.

Voltage Monitors

The device monitors the input voltage (V|N) to ensure proper operation using three comparators (POR, UVLO, and
OVLO). These comparators include hysteresis to prevent their outputs from toggling between states during noisy system
transitions.

IN POR Comparator

The IN POR comparator monitors VN and generates a power-on reset signal (POR). When V|y is below VpgoR, the
device is held in reset (RST = 1, POR = 1). When V) rises above VpoR, the device enters shutdown state (RST = 1,
POR = 0). See Figure 5 and Table 2 for more details.

IN Undervoltage Lockout Comparator
The IN UVLO comparator monitors V|y and generates an INUVLO signal when the V| falls below the UVLO threshold.
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The INUVLO signal is provided to the top-level digital controller. See Figure 5 and Table 2 for additional information
regarding the UVLO comparator:

e \When the device is in the Shutdown state, the UVLO comparator is disabled.

e When ftransitioning out of the Shutdown state, the UVLO comparator is enabled allowing the device to check for
sufficient input voltage. If V| is above the UVLO rising threshold and a wake-up signal is received, the device can
transition to the Resource On state; otherwise, the device transitions back to the Shutdown state.

IN Overvoltage Lockout Comparator

The device is rated for 5.5V maximum operating voltage (VN) with an absolute maximum input voltage of 6.0V. An OVLO
monitor increases the robustness of the device by inhibiting operation when the supply voltage is greater than V|NovLo-
See Figure 5 and Table 2 for additional information regarding the OVLO comparator:

e \When the device is in the Shutdown state, the OVLO comparator is disabled.

Thermal Monitors
The MAX77675 has three global on-chip thermal sensors:

e Junction Temperature Alarm 1 — 90°C
e Junction Temperature Alarm 2 — 120°C
e Junction Temperature Shutdown — 145°C

The junction temperature alarms have maskable rising interrupts as well as status bits (see the Register Map section
for more information). Unmasking these thermal alarms is recommended for all systems. If the first alarm is triggered,
the system software should attempt to lower system power dissipation. If the second alarm is triggered, then attempts
to lower the power dissipation were unsuccessful and the system software should turn the device off. Finally, if the
junction temperature rises to junction temperature shutdown, then the MAX77675 sets the ERCFLAG.TOVLD bit and
automatically turns itself off.

After a junction temperature shutdown event, the system can be enabled again. The system software can read the
ERCFLAG register during initialization to see ERCFLAG.TOVLD = 1 and log that an extreme thermal event has occurred.

Thermal Shutdown

The MAX77675 has on-chip thermal sensors to monitor thermal overloads. The thermal overload alarm generates a
TOVLD signal when the junction temperature exceeds +145°C (T joyLp). The on/off controller provides TOVLD. When
TOVLD is asserted, the on/off controller forces system reset which disables all functions of the MAX77675. Once all
functions are disabled, a wake-up event is required to turn the MAX77675 on again. In the case that a wake-up event
turns the MAX77675 on when the junction temperature is still above +145°C, the MAX77675’s on/off controller promptly
forces system reset which disables all functions again. The thermal monitoring function is sampled in low-power mode to
save quiescent current. The host can check if a temperature overload occurred by reading the ERCFLAG.TOLVD flag.

Chip Identification

Different OTP variants of the MAX77675 offer different settings such as settings for default output voltages or power
sequencing. These OTP variants are identified by the Chip Identification number, which can be read in the CID register.

nEN Enable Input

The nEN is an active-low, internally debounced digital input that typically comes from the system’s on-key. The
debounce time is programmable with CNFG_GLBL_A.DBEN_nEN. The primary purpose of this input is to generate
a wake-up signal for the PMIC, turning on the regulators. Maskable rising/falling interrupts are available for nEN
(INTM_GLBL.nEN_R and INTM_GLBL.nEN_F) for alternate functionality.

The nEN input can be configured to work with a push-button (CNFG_GLBL_A.nEN_MODE[1:0] = 0x0), a slide-switch
(CNFG_GLBL_A.nEN_MODE[1:0] = 0x1), or a logic output of an external device (CNFG_GLBL_A.nEN_MODEJ[1:0] =
0x2). See Figure 2 for more information. In both push-button and slide-switch modes, the on/off controller looks for a
falling edge on the nEN input to initiate a power-up sequence. In logic mode, the on/off controller initiates a power-up or
power-down sequence depending on the nEN value. There is no debouncing for logic mode.
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nEN Manual Reset

The nEN pin works as a manual reset input when the on/off controller is in the Resource On state. The manual reset
function is useful for forcing a power-down in case communication with the processor fails. When nEN is configured for
push-button mode and the input is asserted (nEN = LOW) for an extended period (t\jrsT), the on/off controller initiates
a power-down sequence and goes to shutdown mode. When nEN is configured for slide-switch mode and the input is
deasserted (NEN = HIGH) for an extended period (tyyrsT), the on/off controller initiates a power-down sequence and
goes to shutdown mode. Logic mode does not depend on a manual reset time (t{\jrsT), S0 when nEN is pulled high, the
on/off controller initiates a power-down sequence and goes to shutdown mode. In all modes, the ERCFLAG.MRST flag
sets to indicate a reset occurred.

nEN Triple Functionality: Push-Button vs. Slide-Switch vs. Logic
The nEN digital input can be configured to work with a push-button switch, a slide-switch, or a logic output. Figure 2
shows nEN's triple functionality for power-on sequencing and manual reset.

NOT DRAWN TO SCALE
STATE ‘ SHUTDOWN ‘ POWER-ON SEQUENCE ‘ RESOURCE ON | POWER-DOWN SEQUENCE

INPUT VOLTAGE
APPLIED

— toencnen

? & 2
H [nEN>
“— tosnc_nen toec_nen 4" —
—_— tirs _

PUSH-BUTTON MODE

|
> oo =

.: _ 4/—?2 Z(T ){ ?EJ -
097 |

turst —_—*
| ¢ losncoen

SLIDE-SWITCH MODE

DRIVEN BY LOGIC SIGNAL 2 &

I ’
NEN (i

LOGIC MODE

Figure 2. nEN Usage Timing Diagram
Debounced Input
The nEN is debounced on both rising and falling edges to reject undesired transitions. The input must be at a stable logic

level for the entire debounce period for the output to change its logic state. Figure 3 shows an example timing diagram
for the nEN debounce.
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NOT DRAWN TO SCALE STABLE STABLE
BOUNCING IS SIGNAL IS BOUNCING IS SIGNAL IS
REJECTED ACCEPTED REJECTED ACCEPTED
nEN
—» — topur —» l— topur
DBEN toBNC_nEN — -— toBNC_nEN — P -—
(INTERNAL)

Figure 3. Debounced Input

nEN Internal Pullup Resistors to V|N

The nEN logic thresholds are referenced to V|N. There is an internal pullup resistor between nEN and V|N (RhEN PU),
which can be enabled by setting CNFG_GLBL_A.PU_DIS = 0. See Figure 4. While enabled, the pullup value is
approximately 200kQ. While PU_DIS = 1, the nEN node has high impedance.

Applications using a slide-switch on-key or push-pull digital output connected to nEN can reduce quiescent current
consumption by disabling the pullup resistor. Applications using normally-open, momentary, and push-button on-keys (as
shown in Figure 4) can use the internal resistor to avoid external components.

VIN
o] SWITCH CONTROL
PU_DIS | SWITCH | Reen U
00 | CLOSED | ~200kQ
2000 b1 OPEN | OPEN
ON-KEY nEN
EIoJ

Figure 4. nEN Pullup Resistor Configuration

Interrupts (nIRQ)

Several status, interrupt, and interrupt mask registers monitor key information and update when an interrupt event has
occurred. See the Register Map section for a comprehensive list of all interrupt bits and status registers.

Depending on OTP, some or all interrupts are masked by default. Initialization software should unmask interrupts of
interest.

www.analog.com Analog Devices | 27

Downloaded from AFFOW.Com.


http://www.arrow.com

MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

The nIRQ is an active-low, open-drain output typically routed to a processor's interrupt input for triggering off interrupt
events. When any unmasked interrupt occurs, this pin is asserted (LOW). A pullup resistor is required for this signal, and
is typically found inside the host processor. If one is unavailable, a board-mounted pullup resistor is required.

On/Off Controller

The on/off controller monitors multiple power-up (wake-up) and power-down (shutdown) conditions to enable or disable
resources that are necessary for the system and its processor to move between its operating modes.

Many systems have one power management controller and one processor and rely on the on/off controller to be the
master controller. In this case, the on/off controller receives the wake-up events and enables some or all of the regulators
in order to power up a processor. This processor then manages the system. To conceptualize this operation, see Figure
5 and Table 2. A typical path through the on/off controller during power-up is as follows:

1. Apply power to IN and start in the Shutdown state.

2. Press the system's on-key (nEN = LOW) and follow transitions 2, 3A, and 4 to the Resource On state.

3. The device performs its desired functions in the Resource On state. When a manual reset occurs, the device follows
transitions 5A, 6, and 10 to the Shutdown state.

Some systems have several power management blocks, a main processor, and subprocessors. These systems can
use this device as a subpower management block for a peripheral portion of circuitry as long as there is an I2C port
available from a higher level processor. To conceptualize this slave operation, see Figure 5 and Table 2. Optionally, to
avoid delay from debouncing the nEN pin, systems should use the MAX77675 with nEN configured to be in logic mode
(CNFG_GLBL_A.nEN_MODE[1:0] = 0b10) by OTP. A typical path through the on/off controller used in this way is as
follows:

1. Apply power to IN and start in the Shutdown state.

2. When the higher level processor wants to turn on this device's resources, it pulls nEN LOW to follow transitions 2,
3A, and 4 to the Resource On state.

3. The higher level processor can control this device's resources with I2C commands (e.g., turn on/off regulators).

4. When the higher level processor is ready to turn this device off, it turns off everything through the 12C either with a
software command (CNFG_GLBL_B.SFT_CTRL[1:0]) or pulling nEN high to transition along paths 5A, 6, and 10 to
the Shutdown state.

5. If the higher level processor wants to power down outputs on the FPS but keep the bias enabled (for 12C
communication), it sends a SFT_STBY command (CNFG_GLBL_B.SFT_CTRL][1:0] = 0x3) to transition along paths
5B and 6 to the Standby state.

6. Afterward, to exit standby state, the processor sends a SFT_EXIT_STBY command
(CNFG_GLBL_B.SFT_CTRL[1:0] = 0x4) to transition along path 7 back to the wake-up action, eventually going back
to the Resource On state.
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Top Level On/Off Controller

ACTION
SEQUENCE IMMEDIATE
SHUTDOWN
@ SHUTDOWN (BIAS OFF
ALL RESOURCES OFF
TRANSITION NAME 12C DISABLED
SEE ON/OFF CONTROLLER In = lsHon DISABLE BIAS
TRANSITION/STATE TABLE
WAKE-UP
STANDBY (BIAS ON) @
CAN ENABLE/DISABLE RESOURCES
[2C ENABLED FPS POWER-UP FPS POWER-DOWN

In (QUIESCENT) = I + la_simo

RESOURCE ON (BIAS ON)
FPS DONE

CAN ENABLE/DISABLE RESOURCES
12C ENABLED

In (QUIESCENT) = Iq + la_simo

FPS POWER-DOWN

Figure 5. On/Off Controller State Diagram

Table 2. On/Off Controller Transition/State

TRANSITION/STATE CONDITION
0 IN voltage is below the POR threshold (VN < VpOR)-
1 IN voltage is above the POR threshold (V|N > VpOR).

The device is waiting for a wake-up signal to enable the main bias circuits.
e This is the lowest current state of the device (Iq ~ 0.3pA)

e Main bias circuits and 12C are off. POR comparator is on

o The ERCFLAG register value is preserved

SHUTDOWN

A wake-up signal is received.

o A debounced on-key (nEN) falling edge is detected (push-button or slide-switch mode) OR
2 e nEN is LOW (logic mode) OR

e Internal wake-up flag is set due to cold reset command

3 No faults detected. In the ERCFLAG register: UVLO =0, OVLO =0, TOVLD = 0.
4 Power-up sequence is complete.
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Table 2. On/Off Controller Transition/State (continued)

TRANSITION/STATE CONDITION

RESOURCE ON Flexible power sequencer went through power-up and 12C is on. The main bias circuits are enabled.

Request to power-down is received.

e Software cold reset (CNFG_GLBL_B.SFT_CTRL[1:0] = 0b01) occurred OR
5A e Software power off (CNFG_GLBL_B.SFT_CTRL[1:0] = 0b10) occurred OR
e Manual reset occurred

5B I2C command SFT_STBY received to enter standby mode

The device is waiting for a wake-up signal to restart.
SIMO channels on the FPS are off.

STANDBY e SIMO channels that were forced on (CNFG_SBBx_B.EN_SBBx[2:0] = 0x6 or 0x7) stay on
e The main bias circuits are enabled, and I2C is on.
e Main bias circuits are in low-power mode if CNFG_GLBL_A.BIAS_LPM = 1.
6 Power-down sequence is finished.
Wake-up signal received.
7 e A debounced on-key (nEN) falling edge is detected (push-button mode) OR

e 12C wake-up command SFT_EXIT_STBY received OR
e Manual reset occurred

e System overtemperature lockout (Ty > ToTLo) OR
8 e System undervoltage lockout (V|N < VinuvLO) OR
e System overvoltage lockout (V|N > VINOVLO)

9 Immediate shutdown is finished.
10 Bias is disabled.
1 nEN is HIGH (logic mode).

Internal Wake-Up Flags

After transitioning to the Shutdown state because of a reset, to allow the device to power-up again, internal wake-up flags
are set to remember the wake-up request. In Figure 5 and Table 2, these internal wake-up flags trigger transition 2. The
internal wake-up flags are set when any of the following happens:

e While in push-button or slide-switch mode, nEN is debounced (see the nEN Enable Input section)
» For example, after a push button is pressed or a slide-switch is switched to HIGH

e While in logic mode, nEN is LOW (see the nEN Enable Input section)
e Software Cold Reset command sent (CNFG_GLBL.SFT_CTRL[1:0] = 0b01)
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WAKE-UP ACTIONS
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ENABLE BIAS

!

LOAD OTP TRIM

'
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¢

FPS POWER-UP ACTIONS

WAKE-UP FLAGS
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Figure 6. On/Off Controller Actions

Flexible Power Sequencer

The FPS allows resources to power up under hardware or software control. Additionally, each resource can power up
independently or among a group of other regulators with adjustable power-up and power-down slots (sequencing). Figure
7 shows four resources powering up under the control of the FPS.

The flexible sequencing structure consists of one master sequencing timer and four slave resources (SBB0, SBB1, SBB2,
and SBB3). When the FPS is enabled, a master timer generates four sequencing events for device power-up and power-
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down.

Therefore, the power-down sequence has a total delay up to 195.24ms (60ms + 4 x 2.56ms power-down slot delays +
125ms output discharge delay). If issuing the Software Cold Reset (CNFG_GLBL_A.SFT_CTRL[1:0]), then wait more
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than 200ms before issuing additional commands through the 12C.

NOT DRAWN TO SCALE
ENFP!
s J ten SAME FOR ALL FPS
- & ENABLE PULSES. > - g\lss i/grzlg FfSLRS éIéL FPS
PLSFPS 0 1 2 3 Y 3 | Y 2 | ¥1 | Y 0t = 2x fen ’
FPS
RESOURCES / / / / \ \ \ \
SBBO , \
SBB1 , |\
SBB2 , |\
SBB3 /| \
Figure 7. Flexible Power Sequencer Basic Timing Diagram
Startup Timing Diagram Due to nEN
NOT DRAWN TO SCALE
STATE ’ NO POWER \ POR SHUTDOWN POWER-UP SEQUENCE RESOURCE ON
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REGULATORS / / / /
- L »
tSIMO_EN

NOTES: 1-nEN LOGIC INPUT IS CONFIGURED TO LOGIC MODE
2 -nEN ASSERTION RESULTS IN A WAKE-UP

Figure 8. Startup Timing Diagram Due to nEN (Logic Mode)
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NOT DRAWN TO SCALE
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3—IF IN < ViNuvLo, THERE MAY BE AN ADDITIONAL 125ms DELAY

Figure 9. Startup Timing Diagram Due to nEN (Logic Mode; nEN Connected to Ground)
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Figure 10. Startup Timing Diagram Due to nEN (Push-Button Mode)

Low-Power Mode

To request the device to enter low-power mode, set CNFG_GLBL_A.BIAS_LPM = 1. This sets both the bias and the
SIMO regulator to a lower-power state, reducing quiescent current through signal sampling techniques. The sampling
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technique reduces quiescent current but increases output voltage ripple and slows down transient response.

Detailed Description—SIMO Buck-Boost

The SIMO buck-boost DC-to-DC converter is designed for applications emphasizing low quiescent current and small
solution size. A single inductor is used to regulate four separate outputs, saving board space while delivering total system
efficiency better than equivalent power solutions using one buck and linear regulators.

For battery applications, the SIMO configuration utilizes the entire battery voltage range due to its ability to create output
voltages that are above, below, or equal to the input voltage.

Benefits and Features

e Four Output Channels

e |deal for Low-Power Designs
* Delivers > 700mA at 1.8V Output from a 3.7V Input
* 12% Accurate Output Voltage

e Small Solution Size
+ Multiple Outputs from a Single Inductor

e Flexible and Easy to Use
+ Automatic Transitions Between Buck, Buck-Boost, and Boost Operating Modes
* Programmable, On-Chip Active Discharge

e Long Battery Life
+ High Efficiency, 90% Efficiency at 1.8V Output
+ Better Total System Efficiency than a Discrete Buck + LDOs Solution
* Low Quiescent Current: 0.2uA Typical for Each Additional Output in Low-Power Mode
* Low Input Operating Voltage: 2.5V Minimum

Inductor Valley Current

The MAX77675 regulates inductor valley current or the lowest point in an inductor current cycle. Under light loads,
in which inductor valley current is OA, the SIMO regulator operates in discontinuous conduction mode (DCM). If DCM
delivers insufficient energy to maintain any output voltage, the regulator switches to continuous conduction mode,
raising valley current above OA. As load current increases, the valley current also increases in discrete steps. Figure 11
demonstrates how it increases or decreases with changing load current.

A NOT DRAWN TO SCALE
INDUCTOR CURRENT
TOTAL LOAD CURRENT
INDUCTOR VALLEY CURRENT
Figure 11. Valley Current Control with Changing Load Current
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See the Typical Operating Characteristics section for examples.

SIMO Control Scheme

The SIMO buck-boost is designed to service multiple outputs simultaneously. A proprietary controller ensures that all
outputs are serviced in a timely manner, even while multiple outputs are contending for the energy stored in the inductor.
When no regulator needs service and low-power mode is enabled, the state machine rests in a low-power rest state.

Drive Strength

The SIMO regulator's drive strength for its internal power MOSFETs is adjustable using the
CNFG_SBB_TOP.DRV_SBB[1:0] bit field. Faster drive strength results in higher efficiency but requires stricter layout
rules or shielding to avoid additional EMI. Slower settings limit EMI in non-ideal settings (e.g., contained layout, antennae
adjacent to the device) but lower efficiency. Change the drive strength only once during system initialization.

SIMO Channel Operating Mode

Each SIMO channel can individually operate in one of the three modes (buck, buck-boost, or boost) depending on the
output voltage to input voltage ratio. The operating mode is automatically chosen based on the Vggpx/V|N ratio as shown

in Table 3.
Table 3. SIMO Operating Mode Thresholds
OPERATING MODE OUTPUT VOLTAGE TO INPUT VOLTAGE RATIO RANGE
Buck Mode VseBx/VIN < 0.6
Buck-Boost Mode 0.6 <VsBBx/VIN < 1.25
Boost Mode 1.25 < VgBBx/VIN
Examples

Given IN = 3.1V, SBBO = 1.8V, SBB1 = 5.0V, SBB2 = 0.7V, and SBB3 = 3.3V, the operating mode for each channel is
shown in Table 4.

Table 4. Operating Mode Examples

VOLTAGE (V) SBBx/IN RATIO OPERATING MODE
SBBO 1.8 0.581 Buck
SBB1 5.0 1.351 Boost
SBB2 0.7 0.226 Buck
SBB3 3.3 1.064 Buck-Boost

Buck Mode

When an output needs service, switch M3_x remains closed and M4 remains open (see [[SIMO Simple Block Diagram]]).
M1 and M2 are toggled as in a traditional buck converter. That is, M1 is closed and M2 is open to both deliver energy
to the output and charge the inductor. Then, M1 is open and M2 is closed to deliver energy stored in the inductor to the
output.

Buck-Boost Mode

Unlike traditional buck-boost regulators, the SIMO regulator uses a three-state buck-boost control scheme. First, M1 and
M4 are closed to charge the inductor. Then, M4 is open and M3_x is closed. This is similar to a buck regulator state,
delivering energy to the output while continuing to charge the inductor. Finally, M1 is open and M2 is closed delivering
energy stored in the inductor to the output.

The second state improves efficiency in buck-boost mode compared to traditional control schemes.

Boost Mode
When an output needs service, switch M1 remains closed and M2 remains open. M3_x and M4 are toggled as in a
traditional boost converter. That is, M3_x is open and M4 is closed to charge the inductor. Then, M3_x is closed and M4
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is open to deliver energy to the output from both the input and the charged inductor.

Channel-to-Channel Switching

To lower output voltage ripple, the regulator might switch directly from one channel to another using a proprietary
algorithm. During the transition from one channel to another, the LXB node is temporarily connected to ground.

SIMO Soft-Start

The soft-start feature of the SIMO limits inrush current during startup, achieved by limiting the slew rate of the output
voltage during startup (dV/dtgs).

More output capacitance results in higher input current surges during startup. The following example and set of equations
describe this phenomenon during startup.

The current into the output capacitor (Icggg) during soft-start is as follows:
dv .
lcses = CsBBatgg (Equation 1)

where:

e Cgpgp is the capacitance on the output of the regulator
e dV/dtgg is the voltage change rate of the output

The input current (I;y) during soft-start is as follows:

V.
SBBx
[} +
( csBB *LoaD )—VlN

In= £ (Equation 2)

where:

IcsgB is from Equation 1

ILoaD is the current consumed from the external load
VsBBx is the output voltage

V|N is the input voltage

¢ is the efficiency of the regulator

For example, given the following conditions, the peak input current (l;N) during soft-start is ~71mA.

Given:
o V|y=3.5V
e Vgppo =3.3V
e Cgspp2 = 22uF
e dV/dtgs = 2mV/us
o R oap2 = 330Q (ILoap2 = 3.3V/330Q = 10mA)
o {=86%
Calculation:

e |csep = 22uF x 2mV/ps (from Equation 1)
e |cspg =44mA

(44mA + 10mA) 2
® N= 086 (from Equation 1)
e ||N~59.2mA

Rising Slew Rate

The rising slew rate while output voltage is increasing to a higher target output voltage is controlled by the
CNFG_SBB_TOP_B.SR_SBBx and CNFG_SBB_TOP_B.DVS_SLEW bits. Table 5 shows which slew rate options are
available.

e This only applies to rising slew rates. Falling slew rates are mainly determined by load current.
e Actual rising slew rate may be lower depending on output capacitance and load current.
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Table 5. Output Voltage Rising Slew Rates

SR_SBBx DVS_SLEW SLEW RATE
0 Don't Care 2mV/us
1 0 5mV/us
1 1 10mV/us

Delay in Changing Output Voltage

When an 12C command is sent to increase output voltage, there is a delay between the command and the output
voltage changing. This delay is around 100us but can be reduced by setting CNFG_SBB_TOP_B.LAT_MODE = 1, which
reduces the delay to around 10us. While LAT_MODE = 1, the bias is in normal power mode.

When LAT_MODE = 1, also set CNFG_SBB_TOP_B.SR_SBBx = 1. If SR_SBBx = 0, LAT_MODE is ignored.

SIMO Registers

The CNFG_SBB_TOP registers control all SIMO channels, modifying parameters such as drive strength and output
voltage step size. Each SIMO buck-boost channel has a dedicated register to program its target output voltage
(CNFG_SBBx_A.TV_SBBx[7:0]). Additional controls are available in the CNFG_SBBx_B register for enabling/disabling
the active discharge resistors (ADE_SBBXx) and enabling/disabling the SIMO buck-boost channels (EN_SBBx[2:0]). To
monitor each channel in real time for overload, read the STAT_GLBL.SBBx_S bits. To check if a channel was overloaded
in the past, read the INT_GLBL.SBBx_F flags. Note that the interrupt flags are cleared upon reading.

For a full description of bits, registers, default values, and reset conditions, see the Register Map section.

SIMO Active Discharge Resistance

Each SIMO buck-boost channel has an active-discharge resistor (Rap sppx) that is automatically enabled/disabled
based on a CNFG_SBBx_B.ADE_SBBx and the status of the SIMO regulator. The active discharge feature may be
enabled (CNFG_SBBx_B.ADE_SBBx = 1) or disabled (CNFG_SBBx_B.ADE_SBBx = 0) independently for each SIMO
channel. Enabling the active discharge feature helps ensure a complete and timely power down of all system peripherals.
If the active-discharge resistor is enabled, then it is enabled whenever the respective channel is disabled.

Bootstrap Refresh

The bootstrap capacitor (connected between the BST and LXB pins) is refreshed when one of the following conditions is
true:

e The capacitor has not been refreshed for a predetermined amount of time.
o While switching among three channels to service each one, none of those switching states connected LXB to ground.

Detailed Description—I2C Serial Interface

This device features a revision 3.0 12C-compatible, two-wire serial interface consisting of a bidirectional serial data line
(SDA) and a serial clock line (SCL). This device acts as a slave-only device and depends on the master to generate
the clock signal. The SCL clock rates from OHz to 3.4MHz are supported. The 12C serial communication is an open-
drain bus and therefore, SDA and SCL require pullups. Optional resistors (24Q) in series with SDA and SCL protect the
device inputs from high-voltage spikes on the bus lines. Series resistors also minimize crosstalk and undershoot on bus
signals. [[I2C Simplified Block Diagram]] shows the functional diagram for the 12C-based communications controller. For
additional information on I2C, refer to the 12C bus specification and user manual, which is available for free through the
internet.

Benefits and Features

e 12C Revision 3.0 Compatible Serial Communications Channel
OHz to 100kHz (Standard Mode)

OHz to 400kHz (Fast Mode)

OHz to 1MHz (Fast-Mode Plus)

OHz to 3.4MHz (High-Speed Mode)
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I2C System Configuration
The 12C bus is a multimaster bus. The maximum number of devices that can attach to the bus is only limited by bus
capacitance.

A device on the I2C bus that sends data to the bus is called a transmitter. A device that receives data from the bus
is called a receiver. The device that initiates a data transfer and generates the SCL clock signals to control the data
transfer is a master. Any device that is being addressed by the master is considered a slave. The I2C-compatible interface
operates as a slave on the I2C bus with transmit and receive capabilities.

o ) 3 1
| ] ] |

—e

MASTER SLAVE MASTER
TRANSMITTER/ RES (I:JE\?\//EER ey AZLS/:XIETER TRANSMITTER/ TRANSMITTER/
RECEIVER RECEIVER RECEIVER

Figure 12. 12c System Configuration

I2C Interface Power
The 12C interface derives its power from Vpp. Bypass the Vpp pin with a local 1uF ceramic capacitor to ground.

I2C Data Transfer

One data bit is transferred during each SCL clock cycle. The data on SDA must remain stable during the high period
of the SCL clock pulse. Changes in SDA while SCL is high are control signals. See the /2C Start and Stop Conditions
section. Each transmit sequence is framed by a START (S) condition and a STOP (P) condition. Each data packet is nine
bits long: eight bits of data followed by the acknowledge bit. Data is transferred with the MSB first.

I2C Start and Stop Conditions

When the serial interface is inactive, SDA and SCL idle high. A master device initiates communication by issuing a
START condition. A START condition is a high-to-low transition on SDA with SCL high. A STOP condition is a low-to-high
transition on SDA, while SCL is high. See Figure 13.

A START condition from the master signals the beginning of a transmission to a slave. The master terminates
transmission by issuing a not acknowledge followed by a STOP condition (see the /2C Acknowledge Bit section for
information on not acknowledge). The STOP condition frees the bus. To issue a series of commands to the slave, the
master can issue repeated start (Sr) commands instead of a STOP command to maintain control of the bus. In general,
a repeated start command is functionally equivalent to a regular start command.

o\ SO SN T

> gy gTa > gy g0
AT
- = sTA > =t sTA

Figure 13. 12C Start and Stop Conditions

I2C Acknowledge Bit

Both the 12C bus master and this device generate acknowledge bits when receiving data. The acknowledge bit is the
last bit of each nine-bit data packet. To generate an acknowledge (A), the receiving device must pull SDA low before the
rising edge of the acknowledge-related clock pulse (ninth pulse) and keep it low during the high period of the clock pulse.
See Figure 14. To generate a not acknowledge (nA), the receiving device allows SDA to be pulled high before the rising
edge of the acknowledge-related clock pulse and leaves it high during the high period of the clock pulse.
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Monitoring the acknowledge bits allows for detection of unsuccessful data transfers. An unsuccessful data transfer occurs
if a receiving device is busy or if a system fault has occurred. In the event of an unsuccessful data transfer, the bus
master should reattempt communication at a later time.

This device issues an ACK for all register addresses in the possible address space even if the particular register does
not exist.

S NOT ACKNOWLEDGE (NACK)
o ACKNOWLEDGE (ACK)

LI WA S 0 B

- &ty par
e aWaWalas

Figure 14. Acknowledge Bit

I2C Slave Address

The 12C controller implements seven-bit slave addressing. An 12C bus master initiates communication with the slave by
issuing a START condition followed by the slave address. See Figure 15. The address is factory-programmable. See
Table 6. All slave addresses not mentioned in Table 6 are not acknowledged.

Table 6. 12C Slave Address Options

ADDRESS 7-BIT SLAVE ADDRESS 8-BIT WRITE ADDRESS 8-BIT READ ADDRESS

Main Address
(ADDRL 0] = 00y 0x40, Ob 100 0000 0x80, Ob 1000 0000 0x81, 0b 1000 0001

Main Address Ox44, Ob 100 0100 0x88, Ob 1000 1000 0x89, Ob 1000 1001
(ADDR[1:0] = 0x1)* ’ ’ :

Main Address 0x48, 0b 100 1000 0x90, 0b 1001 0000 0x91, Ob 1001 0001
(ADDR[1:0] = 0x2)* ’ ’ :

Main Address 0x52, 0b 101 0010 OxA4, Ob 1010 0100 OxAS5, Ob 1010 0101
(ADDR[1:0] = 0x3)* ’ ’ '

Test Mode** 0x49, Ob 100 1001 0x92, Ob 1001 0010 0x93, Ob 1001 0011

*Perform all reads and writes on the Main Address. The ADDR is a factory OTP option, allowing for address changes in
the event of a bus conflict. Contact support for more information.

**When test mode is unlocked, the additional address is acknowledged. Test mode details are confidential. If possible,
leave the test mode address unallocated to allow for the rare event that debugging needs to be performed in cooperation
with Analog Devices.

s
SDA\/1\000/1\00R/W A

ACKNOWLEDGE —

SCL 1 2 3 4 5 6 7 8 9

Figure 15. Slave Address Example

I2C Clock Stretching

In general, the clock signal generation for the 12C bus is the responsibility of the master device. The 12C specification
allows slow slave devices to alter the clock signal by holding down the clock line. The process in which a slave device
holds down the clock line is typically called clock stretching. This device does not use any form of clock stretching to hold
down the clock line.
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I2C General Call Address

This device does not implement the 12C specifications general call address and does not issue an acknowledge for a
general call address (0b0000 0000).

I2C Device ID
This device does not support the I2C Device ID feature.

I2C Communication Speed
This device is compatible with all four communication speed ranges as defined by the I2C Revision 3.0 specification:

e (OHz to 100kHz (Standard Mode)

e (OHz to 400kHz (Fast Mode)

e (OHz to 1MHz (Fast-Mode Plus)

e OHz to 3.4MHz (High-Speed Mode)

Operating in standard mode, fast mode, and fast-mode plus does not require any special protocols. The main
consideration when changing the bus speed through this range is the combination of bus capacitance and pullup
resistors. Larger values of bus capacitance and pullup resistance increase the time constant (C x R), slowing bus
operation. Therefore, when increasing bus speeds, the pullup resistance must be decreased to maintain a reasonable
time constant. Refer to the Pullup Resistor Sizing section of the 12C bus specification and user manual for detailed
guidance on the pullup resistor selection. In general for bus capacitances of 200pF, a 100kHz bus needs 5.6kQ pullup
resistors, a 400kHz bus needs about 1.5kQ pullup resistors, and a 1MHz bus needs 680Q pullup resistors. Note that
wh2en the open-drain bus is low, the pullup resistor is dissipating power, lower value pullup resistors dissipate more power
(V4/R).

Operating in high-speed mode requires some special considerations. For a full list of considerations, refer to the publicly
available I2C bus specification and user manual. Major considerations with respect to this device are as follows:

e The I2C bus master uses current source pullups to shorten the signal rise.
e The I2C slave must use a different set of input filters on its SDA and SCL lines to accommodate for the higher bus.
e The communication protocols need to utilize the high-speed master code.

At power-up and after each stop condition, the I2C input filters are set for standard mode, fast mode, and fast-mode plus
(i.e., OHz to 1MHz). To switch the input filters for high-speed mode, use the high-speed master code protocols that are
described in the /2C Communication Protocols section.

I2C Communication Protocols
This device supports both writing and reading from its registers.

Writing to a Single Register
Figure 16 shows the protocol for the 12C master device to write one byte of data. This protocol is the same as the SMBus
specification’s write byte protocol.

The write byte protocol is as follows:

1. The master sends a start command (S). .

2. The master sends the 7-bit slave address followed by a write bit (R/W = 0).

3. The addressed slave asserts an acknowledge (A) by pulling SDA low.

4. The master sends an 8-bit register pointer.

5. The slave acknowledges the register pointer.

6. The master sends a data byte.

7. The slave updates with the new data.

8. The slave asserts an acknowledge or a not acknowledge for the data byte. The next rising edge on SDA loads the
data byte into its target register and the data becomes active.

9. The master sends a stop condition (P) or a repeated start condition (Sr). Issuing a P ensures that the bus input filters
are set for 1MHz or slower operation. Issuing an Sr leaves the bus input filters in their current state.
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Figure 16. Writing to a Single Register with the Write Byte Protocol

Writing Multiple Bytes to Sequential Registers

Figure 17 shows the protocol for writing to sequential registers. This protocol is similar to the write byte protocol described
in the Writing to a Single Register section except that the master continues to write after it receives the first byte of data.
When the master is done writing, it issues a stop or repeated start.

The protocol for writing to sequential registers is as follows:
1. The master sends a start command (S).

2. The master sends the 7-bit slave address followed by a write bit (R/W = 0).

3. The addressed slave asserts an acknowledge (A) by pulling SDA low.

4. The master sends an 8-bit register pointer.

5. The slave issues an acknowledge for the register pointer.

6. The master sends a data byte.

7. The slave issues an acknowledge for the data byte. The next rising edge on SDA loads the data byte into its target
register and the data becomes active.

8. Steps 6 to 7 are repeated as many times as the master requires.

9. During the last issued acknowledge-related clock pulse, the master can issue an acknowledge or a not

acknowledge.
10. The master sends a stop condition (P) or a repeated start condition (Sr). Issuing a P ensures that the bus input filters
are set for TMHz or slower operation. Issuing an Sr leaves the bus input filters in their current state.
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Figure 17. Writing to Sequential Registers X to N

Reading from a Single Register

Figure 18 shows the protocol for the I2C master device to read one byte of data. This protocol is the same as the SMBus
specification’s read byte protocol.

The read byte protocol is as follows:

1. The master sends a start command (S). .

The master sends the 7-bit slave address followed by a write bit (R/W = 0).

The addressed slave asserts an acknowledge (A) by pulling SDA low.

The master sends an 8-bit register pointer.

The slave issues an acknowledge for the register pointer.

The master sends a repeated start command (Sr). -

The master sends the 7-bit slave address followed by a read bit (R/W = 1).

The addressed slave asserts an acknowledge by pulling SDA low.

The addressed slave places 8 bits of data on the bus from the location specified by the register pointer.
The master issues a not acknowledge (nA).

The master sends a stop condition (P) or a repeated start condition (Sr). Issuing a P ensures that the bus input filters

oL NOOTRAWN
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are set for 1IMHz or slower operation. Issuing an Sr leaves the bus input filters in their current state.

Note that when this device receives a stop, the register pointer is not modified. Therefore, if the master wants to reread
the same register, it can start at Step 7 in the read byte protocol.

LEGEND
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SR LEAVES THE BUS FILTERS IN

THEIR CURRENT STATE.

NUMBER

v % oFBims

R s |

RW RIW

Figure 18. Reading from a Single Register with the Read Byte Protocol

Reading from Sequential Registers

Figure 19 shows the protocol for reading from sequential registers. This protocol is similar to the read byte protocol except
that the master issues an acknowledge to signal the slave that it wants more data: when the master has all the data it

requires it issues a not acknowledge (nA) and a stop (P) to end the transmission.

The protocol for continuous read from sequential registers is as follows:

1.

_

—
N

S,V NOOOTRWN

The master sends a start command (S). .

The master sends the 7-bit slave address followed by a write bit (R/W = 0).
The addressed slave asserts an acknowledge (A) by pulling SDA low.

The master sends an 8-bit register pointer.

The slave issues an acknowledge for the register pointer.

The master sends a repeated start command (Sr). .

The master sends the 7-bit slave address followed by a read bit (R/W = 1).
The addressed slave asserts an acknowledge by pulling SDA low.

The addressed slave places 8 bits of data on the bus from the location specified by the register pointer.
The master issues an acknowledge (A) signaling the slave that it wishes to receive more data.
Steps 9 and 10 are repeated as many times as the master requires. Following the last byte of data, the master must

issue a not acknowledge (nA) to signal that it wishes to stop receiving data.

The master sends a stop condition (P) or a repeated start condition (Sr). Issuing a stop (P) ensures that the bus
input filters are set for 1MHz or slower operation. Issuing an Sr leaves the bus input filters in their current state.

Note that when this device receives a stop, the register pointer is not modified. Therefore, if the master wants to re-read
the same register, it can start at Step 7 in the read byte protocol.

www.analog.com

Downloaded from AFFOW.Com.

Analog Devices | 43



http://www.arrow.com

MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

*P FORCES THE BUS FILTERS TO

LEGEND SWITCH TO THEIR < 1MHz MODE.
MASTER TO SLAVETO SR LEAVES THE BUS FILTERS IN
SLAVE MASTER THEIR CURRENT STATE.
1 7 11 8 11 7 11 8 1 g‘;“g‘fg
|s| SLAVE ADDRESS |0|A| REGISTER POINTER X |A|SR| SLAVE ADDRESS |1|A| " DATAX |A|oooo
RIW RIW
NUMBER
s T T < orams
ceoe | DATA X+1 |A| DATA X+2 |A| DATA X+3 |A| coee
REGISTER POINTER =X + 1 REGISTER POINTER =X + 2 REGISTER POINTER = X + 3
8 1 8 1 8 1 1 - '(“)LF’“E";?TESR
....| " DATAN2 |A| " " DATANA |A| " " DATAN |NA| PORSR‘|

REGISTER POINTER =N-2  REGISTER POINTER=N-1  REGISTER POINTER =N

Figure 19. Reading Continuously from Sequential Registers X to N

Engaging HS Mode for Operation Up to 3.4MHz

Figure 20 shows the protocol for engaging HS mode operation. The HS mode operation allows for a bus operating speed
up to 3.4MHz.

The engaging HS mode protocol is as follows:

Begin the protocol while operating at a bus speed of 1MHz or lower.

The master sends a start command (S).

The master sends the 8-bit master code of 0b0000 1XXX where ObXXX are don’t care bits.
The addressed slave issues a not acknowledge (nA).

The master may increase its bus speed up to 3.4MHz and issue any read/write operation.

aorwN~

The master may continue to issue high-speed read/write operations until a stop (P) is issued. To continue operations in
high-speed mode, use repeated start (Sr).

LEGEND
MASTER TO SLAVE TO
SLAVE MASTER
1 8 L1
N aTED A ANY R/W PROTOCOL ANY R/W PROTOCOL ANY READ/WRITE
S| HSMASTERCODE ARl “ro owepsysr [N Folowensysr [N PROTOCOL Pleoee
-———FAST MODE > HS MODE > FAST MODE——»
Figure 20. Engaging HS Mode
www.analog.com Analog Devices | 44

Downloaded from AFFOW.Com.


http://www.arrow.com

MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
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Register Map

MAX77675
ADDRESS | NAME | msB | | | | LsB
Configuration
SIMO_IN
0x00 | CNFG_GLBL_A[7:0] MRT[1:0] pu_bis | BASLP T cHDl | nEn_mopE[to) | PBEN-"
s
0x01 | CNFG_GLBL B[7.0] - - - - - SFT_CTRL[2:0]
0x02 | INT_GLBL[7:0] SBB3_F | SBB2_F | SBB1_F | SBBO_F | TJAL2 R | TJAL1 R | nEN_R | nEN_F
SBB3_F | SBB2_F | SBB1_F | SBBO_F | TJAL2Z R | TJAL1 R
: - - - - - - — —
0x03 | INTM_GLBL[7:0] > ¥ > ¥ v 1R | nEN_RM | nEN_FM
_ STAT E
0x04 | STAT_GLBL[7:0] SBB3_ S | SBB2_S | SBB1_S | SBBO_S - |mazs | TiaLts | STAT-
0x05 | ERCFLAGI7:0] - - SQ—ER SFFT—FOF MRST | UVLO | ovLo | TowLD
0x06 | CID[7:0] - - - CID[4:0]
CNFG_SBB_TOP_A[T: STEP S | STEP_S | STEP_S | STEP_S _
X071 g - - 7 SBB3 | 2z sBB2 | 2 SBB1 | z sBBo | DPRV-SBB[1:0]
0x08 | CNFG_SBBO_A[7:0] TV_SBBO[7:0]
0x09 | CNFG_SBBO_B[7:0] - - - - ADEESB EN_SBBO[2:0]
Ox0A | CNFG_SBB1_A[7:0] TV_SBBA[7:0]
0x0B | CNFG_SBB1_BI[7:0] - - - - | APESE EN_SBB1[2:0]
0x0C | CNFG_SBB2_A[7:0] TV_SBB2[7:0]
0x0D | CNFG_SBB2 B[7:0] - - - N EN_SBB2[2:0]
OXx0E | CNFG_SBB3_A[7:0] TV_SBB3[7:0]
O0XxOF | CNFG_SBB3_BI7:0] - - - - ADE§SB EN_SBB3[2:0]
010 | CNFG_SBB_TOP_BIT: ~ B DVS_SL | LAT MO | SR_SBB | SR_SBB | SR_SBB | SR_SBB
al EW DE 3 2 1 0
Register Details
CNFG GLBL A (0x00)

BIT 7 | s 5 4 3 2 | 1 0
Field MRT[1:0] PU DIS | BIAS_LPM S'g",fl)—t')'l“ST - nEN_MODE[1:0] DBEN_nEN
Reset 0x0 0x0 0x0 0x0 0x0 0x0
Access . . . . . .

Type Write, Read Write, Read | Write, Read | Write, Read Write, Read Write, Read
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BITFIELD BITS DESCRIPTION DECODE
Manual Reset Time Configuration. 8?1) gz
MRT 7:6 See the nEN Manual Reset section for more 0x2: 12s
detais. 0x3: 168
Enable or disable an internal pullup resistor at | 0x0: Enable internal nEN pullup (200kQ)
PU_DIS 5 . : ;
- the nEN pin. 0x1: Internal pullup disabled

0x0: Main Bias forced to be in Normal-Power Mode
by software.
I 0x1: Main Bias request to be in Low-Power Mode
BIAS_LPM 4 Main Bias Low-Power Mode Software by software.
Request . . .
If at least one channel is serviced more than twice
in 15ps, the regulator automatically enters normal-
power mode.

0x0: Normal operation (SIMO internal channel
3 supplies 1.8V in LPM mode)
0x1: Internal LDO always supplies 1.8V

0x0: Push-Button Mode
0x1: Slide-Switch Mode
0x2: Logic Mode

0x3: Reserved

0x0: 100us Debounce
0x1: 30ms Debounce

SIMO_INT_C
H_DIS

nEN_MODE 2:1 nEN Mode

DBEN_nEN 0 Debounce Timer Enable for the nEN Pin

CNFG_GLBL_B (0x01)

BIT 7 6 5 4 3 2 1. [ o
Field - - - - - SFT_CTRL[2:0]
Reset - - - - - 0x0
?ccess _ _ _ - - Write, Read, Ext
ype

BITFIELD BITS DESCRIPTION DECODE

0x0: No Action

0x1: Software Cold Reset (SFT_CRST). The
device powers down, resets, and then powers up
again.

0x2: Software Off (SFT_OFF). The device powers
Software Control Functions. See the On/Off down, resets, and then remains off until a wake-up
SFT_CTRL 2:0 Controller section for more information about | event.

what each command does. 0x3: Software Standby (SFT_STBY). The device
powers down and goes to standby mode.

0x4: Software Exit Standby (SFT_EXIT_STBY).
The device exits standby mode and powers up
again.

0x5 - 0x7: Reserved

INT_GLBL (0x02)

BIT 7 6 5 4 3 2 1 0
Field SBB3_F SBB2_F SBB1_F SBBO_F TJAL2_R TJAL1_R nEN_R nEN_F
Reset 0x0 0x0 0x0 0x0 0x0 0x0 0x0 0x0
Access Read Read Read Read Read Read Read Read
Type Clears All Clears All Clears All Clears All Clears All Clears All Clears All Clears All
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Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
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BITFIELD

BITS

DESCRIPTION

DECODE

SBB3_F

SBB3 Channel Fault Interrupt

0x0: SBB3 was not overloaded since the last time
this bit was read.

0x1: SBB3 was overloaded since the last time this
bit was read.

SBB2_F

SBB2 Channel Fault Interrupt

0x0: SBB2 was not overloaded since the last time
this bit was read.

0x1: SBB2 was overloaded since the last time this
bit was read.

SBB1_F

SBB1 Channel Fault Interrupt

0x0: SBB1 was not overloaded since the last time
this bit was read.

0x1: SBB1 was overloaded since the last time this
bit was read.

SBBO_F

SBBO0 Channel Fault Interrupt

0x0: SBBO was not overloaded since the last time
this bit was read.

0x1: SBBO was overloaded since the last time this
bit was read.

TJAL2 R

Thermal Alarm 2 Rising Interrupt

0x0: The junction temperature has not risen above
TJALZ2 since the last time this bit was read.

0x1: The junction temperature has risen above
TAJL2 since the last time this bit was read.

TJAL1 R

Thermal Alarm 1 Rising Interrupt

0x0: The junction temperature has not risen above
TJAL1 since the last time this bit was read.

0x1: The junction temperature has risen above
TAJL1 since the last time this bit was read.

nEN_R

nEN Rising Interrupt

0x0: No nEN rising edges have occurred since the
last time this bit was read.

0x1: An nEN rising edge has occurred since the
last time this bit was read.

nEN_F

nEN Falling Interrupt

0x0: No nEN falling edges have occurred since the
last time this bit was read.

0x1: An nEN falling edge has occurred since the
last time this bit was read.

INTM_GLBL (0x03)

BIT 7 6 5 4 3 2 1 0
Field SBB3_FM SBB2_FM SBB1_FM SBBO_FM | TJAL2_RM | TJAL1_RM nEN_RM nEN_FM
Reset Ob1 0b1 0b1 0b1 Ob1 0b1 0b1 0b1
?;:;:ss Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read

BITFIELD BITS DESCRIPTION

SBB3_FM 7 SBB3 Channel Fault Interrupt Mask

SBB2_FM 6 SBB2 Channel Fault Interrupt Mask

SBB1_FM 5 SBB1 Channel Fault Interrupt Mask

SBB0_FM 4 SBBO0 Channel Fault Interrupt Mask
TJAL2_RM 3 Thermal Alarm 2 Rising Interrupt Mask
TJAL1_RM 2 Thermal Alarm 1 Rising Interrupt Mask
nEN_RM 1 nEN Rising Interrupt Mask

nEN_FM 0 nEN Falling Interrupt Mask
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STAT_GLBL (0x04)

BIT 7 6 5 4 3 2 1 0
Field SBB3_S SBB2_S SBB1_S SBBO_S - TJAL2_S TJAL1_S STAT_EN
Reset 0x0 0x0 0x0 0x0 - 0x0 0x0 0x0
Access
Type Read Only Read Only Read Only Read Only - Read Only Read Only Read Only

BITFIELD BITS DESCRIPTION DECODE
. 0x0: SBB3 is overloaded or disabled
SBB3_S 7 SBB3 Channel Regulation Status Ox1: SBB3 is not overloaded
. 0x0: SBB2 is overloaded or disabled
SBB2_S 6 SBB2 Channel Regulation Status 0x1- SBB2 is not overloaded
. 0x0: SBB1 is overloaded or disabled
SBB1_S 5 SBB1 Channel Regulation Status 0x1: SBB1 is not overloaded
. 0x0: SBBO is overloaded or disabled
SBB0_S 4 SBBO0 Channel Regulation Status Ox1: SBBO is not overloaded
0x0: The junction temperature is less than TJAL2
TJAL2_S 2 Thermal Alarm 2 Status 0x1: The junction temperature is greater than
TJAL2
0x0: The junction temperature is less than TJAL1
TJAL1_S 1 Thermal Alarm 1 Status 0x1: The junction temperature is greater than
TJAL1
. 0x0: nEN is not asserted (logic HIGH)
STAT_EN 0 Debounced Status for the nEN input. 0x1: nEN is asserted (logic LOW)

ERCFLAG (0x05)

BIT 7 6 5 4 3 2 1 0
Field - - SFTCRST | SFTOFF_ | wmRrsT UVLO OVLO TOVLD
Reset - - 0x0 0x0 0x0 0x0 0x0 0x0
Access _ _ Read Read Read Read Read Read
Type Clears All Clears All Clears All Clears All Clears All Clears All

BITFIELD BITS DESCRIPTION DECODE

0x0: The software cold reset has not occurred
since the last read of this register.

5 Software Cold Reset Flag 0x1: The software cold reset has occurred since
the last read of this register. This indicates that
software has set SFT_CTRL[1:0] = 0b01.

0x0: The SFT_OFF function has not occurred
since the last read of this register.

SFT_OFF_F 4 Software Off Flag 0x1: The SFT_OFF function has occurred since
the last read of this register. This indicates that
software has set SFT_CTRL[1:0] = 0b10.

0x0: A manual reset has not occurred since this
last read of this register.

0x1: A manual reset has occurred since this last
read of this register.

SFT_CRST_
F

MRST 3 Manual Reset Timer
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BITFIELD BITS DESCRIPTION DECODE
0x0: The undervoltage lockout has not occurred
since this last read of this register.

UVLO 2 Undervoltage Lockout 0x1: The undervoltage lockout has occurred since
the last read of this register. This indicates that the
V|N voltage fell below UVLO (~2.4V)
0x0: The overvoltage lockout has not occurred
since this last read of this register.

OVLO 1 Overvoltage Lockout 0x1: The overvoltage lockout has occurred since
the last read of this register. This indicates that the
V|N voltage rose above OVLO (~5.85V)
0x0: The thermal overload has not occurred since
the last read of this register.

TOVLD 0 Thermal Overload 0x1: The thermal overload has occurred since the
last read of this register. This indicates that the
junction temperature exceeded +145°C.

CID (0x06)
BIT 7 6 5 4 3 | 2 | 1 0

Field - - - CID[4:0]

Reset - - - 0x0

Access

Type - - - Read Only

BITFIELD BITS DESCRIPTION
CID 4:0 Chip Identification Code. These bits track the OTP configuration.
CNFG_SBB_TOP_A (0x07)
BIT 7 6 5 4 3 2 1. | o
. STEP_SZ_ | STEP_SZ_ | STEP_SZ_ | STEP_SZ_ .

Field - - SBB3 SBB2 SBBA SBBO DRV_SBBI[1:0]

Reset - - 0x0 0x0 0x0 0x0 0x0

¢;:):eess - - Write, Read | Write, Read | Write, Read | Write, Read Write, Read

BITFIELD BITS DESCRIPTION DECODE
Selects the output voltage step size for SBB3.
Changing step size also affects the maximum
programmable output voltage.
New step size setting takes effect only after SBB3 Output Voltage Step Size

STEP_SZ S 5 TV_SBBx update.

BB3 0b0 = 25.0mV,

If set to Ob0, the programmable range 0b1=12.5mV
becomes 0.500V - 5.500V.

If set to Ob1, the programmable range

becomes 0.5000V - 3.6875V.
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BITFIELD BITS DESCRIPTION DECODE
Selects the output voltage step size for SBB2.
Changing step size also affects the maximum
programmable output voltage.
New step size setting takes effect only after SBB2 Output Voltage Step Size
STEP_SZ S 4 TV_SBBx update.
BB2 0b0 = 25.0mV,
If set to Ob0, the programmable range Ob1=12.5mV
becomes 0.500V - 5.500V.
If set to Ob1, the programmable range
becomes 0.5000V - 3.6875V.
Selects the output voltage step size for SBB1.
Changing step size also affects the maximum
programmable output voltage.
New step size setting takes effect only after SBB1 Output Voltage Step Size
STEP_SZ_S 3 TV_SBBx update.
BB1 0b0 = 25.0mV,
If set to Ob0, the programmable range 0b1=12.5mV
becomes 0.500V - 5.500V.
If set to Ob1, the programmable range
becomes 0.5000V - 3.6875V.
Selects the output voltage step size for SBBO.
Changing step size also affects the maximum
programmable output voltage.
New step size setting takes effect only after SBBO0 Output Voltage Step Size
STEP_SZ S 5 TV_SBBx update.
BBO 0b0 = 25.0mV,
If set to Ob0, the programmable range 0b1=12.5mV
becomes 0.500V - 5.500V.
If set to Ob1, the programmable range
becomes 0.5000V - 3.6875V.
SIMO Buck-Boost (All Channels) Drive 0x0: Fastest transition time (~0.6ns)
DRV SBB 10 Strength Trim. 0x1: A little slower than 0b00 (~1.2ns)
- ) See the Drive Strength section for more 0x2: A little slower than 0b01 (~1.8ns)
details. 0x3: A little slower than 0b10 (~8ns)
CNFG_SBBO0_A (0x08)
BIT 7 6 5 4 | 3 | 2 | 1 |
Field TV_SBBO0[7:0]
Reset 0x0
Access Write, Read
Type

www.analog.com

Downloaded from AFFOW.Com.

Analog Devices | 50



http://www.arrow.com

MAX77675

Low Iq SIMO PMIC with 0.5V to 5.5V Outputs
Delivering Up to 700mA Total Output Current

BITFIELD BITS DESCRIPTION DECODE
SBBO Target Output Voltage
When CNFG_SBB0_C.STEP_SZ_SBBO0 = 0b0,
SIMO Buck-Boost Channel 0 Target Output 0x0 = 0.500V,
Voltage. 0x1=0.525V,
0x2 = 0.550V,
When STEP_SZ_SBBO0 = 0b0, the 0x3 - 0xC6 = 0.5 + (TV_SBBO0 x 0.025)V,
programmable range is 0.5V to 5.5V in 0xC7 =5.475V,
. 25.0mV increments. 0xC8 = 5.500V,
TV_SBBO 7.0 VsBRo = 0.5V + 0.0250V x TV_SBBO[7:0] 0XC9 - OxFF = Reserved
When STEP_SZ_SBBO0 = 0bf1, the When CNFG_SBB0_C.STEP_SZ_SBBO0 = 0b1,
programmable range is 0.5000V to 3.6875V 0x0 = 0.5000V,
in 12.5mV increments. 0x1 =0.5125V,
Vsggo = 0.5V + 0.0125V x TV_SBBO0[7:0] 0x2 = 0.5250V,
0x3 - OxFD = 0.5 + (TV_SBBO0 x 0.0125)V,
OxFE = 3.6750V,
OxFF = 3.6875V
CNFG_SBBO0_B (0x09)
BIT 7 6 5 4 3 2 | 1 | o
Field - - - - ADE_SBBO0 EN_SBBO0[2:0]
Reset - - - - 0x0 0x0
?ccess - - - - Write, Read Write, Read
ype
BITFIELD BITS DESCRIPTION DECODE
0x0: The active discharge function is disabled.
When SBBO is disabled, its discharge rate is a
function of the output capacitance and the external
load.
. 0x1: The active discharge function is enabled.
ADE_SBBO 3 S:g"cga?“gkéﬁggf; Channel 0 Active- When SBBO is disabled, an internal resistor
9 (RAD sBBo) is activated from SBBO to PGND to
help the output voltage discharge. The output
voltage discharge rate is a function of the output
capacitance, the external loading, and the internal
Rab_sBBo load.
Enable Control for SIMO Buck-Boost Channel | 0x0: FPS slot 0
0. Select an FPS slot that the channel powers | 0x1: FPS slot 1
up and powers down in or whether the 0x2: FPS slot 2
. channel is forced on or off. 0x3: FPS slot 3
EN_SBBO 20 After the SIMO is enabled, the bias circuits 0x4: Off
may be programmed back to low-power 0x5: Same as 0x4
mode (CNFG_GLBL_A.BIAS_LPM = 1) to 0x6: On
decrease quiescent current. 0x7: Same as 0x6
CNFG_SBB1_A (0x0A)
BIT 7 6 5 4 | 3 | 2 1 0
Field TV_SBB1[7:0]
Reset 0x0
Access Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE
SBB1 Target Output Voltage
When CNFG_SBB1_C.STEP_SZ_SBB1 = 0b0,
SIMO Buck-Boost Channel 1 Target Output 0x0 = 0.500V,
Voltage. 0x1=0.525V,
0x2 = 0.550V,
When STEP_SZ_SBB1 = 0b0, the 0x3 - 0xC6 = 0.5 + (TV_SBB1 x 0.025)V,
programmable range is 0.5V to 5.5V in 0xC7 =5.475V,
TV SBB1 7:0 25.0mV increments. 0xC8 = 5.500V,
- ) Vspg1 = 0.5V + 0.0250V x TV_SBB1[7:0] 0xC9 - OxFF = Reserved
When STEP_SZ_SBB1 = 0b1, the When CNFG_SBB1_C.STEP_SZ_SBB1 = 0b1,
programmable range is 0.5000V to 3.6875V 0x0 = 0.5000V,
in 12.5mV increments. 0x1 =0.5125V,
Vggg1 = 0.5V + 0.0125V x TV_SBB1[7:0] 0x2 = 0.5250V,
0x3 - OxFD = 0.5 + (TV_SBB1 x 0.0125)V,
OxFE = 3.6750V,
OxFF = 3.6875V
CNFG_SBB1_B (0x0B)
BIT 7 6 5 4 3 2 | 1 | o
Field - - - - ADE_SBB1 EN_SBB1[2:0]
Reset - - - - 0x0 0x0
?ccess - - - - Write, Read Write, Read
ype
BITFIELD BITS DESCRIPTION DECODE
0x0: The active discharge function is disabled.
When SBB1 is disabled, its discharge rate is a
function of the output capacitance and the external
load.
. 0x1: The active discharge function is enabled.
ADE_SBB1 3 S:g"cga?“gkéﬁggf; Channel 1 Active- When SBBH is disabled, an internal resistor
9 (RaD sBB1) is activated from SBB1 to PGND to
help the output voltage discharge. The output
voltage discharge rate is a function of the output
capacitance, the external loading, and the internal
Rabp_sBB1 load.
Enable Control for SIMO Buck-Boost Channel | 0x0: FPS slot 0
1. Select an FPS slot that the channel powers | Ox1: FPS slot 1
up and powers down in or whether the 0x2: FPS slot 2
. channel is forced on or off. 0x3: FPS slot 3
EN_SBB1 20 After the SIMO is enabled, the bias circuits 0x4: Off
may be programmed back to low-power 0x5: Same as 0x4
mode (CNFG_GLBL_A.BIAS_LPM = 1) to 0x6: On
decrease quiescent current. 0x7: Same as 0x6
CNFG_SBB2_A (0x0C)
BIT 7 6 5 4 | 3 | 2 1 0
Field TV_SBB2[7:0]
Reset 0x0
Access Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE
SBB2 Target Output Voltage
When CNFG_SBB2_C.STEP_SZ_SBB2 = 0b0,
SIMO Buck-Boost Channel 2 Target Output 0x0 = 0.500V,
Voltage. 0x1=0.525V,
0x2 = 0.550V,
When STEP_SZ_SBB2 = 0b0, the 0x3 - 0xC6 = 0.5 + (TV_SBB2 x 0.025)V,
programmable range is 0.5V to 5.5V in 0xC7 =5.475V,
. 25.0mV increments. 0xC8 = 5.500V,
TV_SBB2 7.0 Vsgga2 = 0.5V + 0.0250V x TV_SBB2[7:0] 0XC9 - OxFF = Reserved
When STEP_SZ_SBB2 = 0bf1, the When CNFG_SBB2_C.STEP_SZ_SBB2 = 0b1,
programmable range is 0.5000V to 3.6875V 0x0 = 0.5000V,
in 12.5mV increments. 0x1 =0.5125V,
Vgpg2 = 0.5V + 0.0125V x TV_SBB2[7:0] 0x2 = 0.5250V,
0x3 - OxFD = 0.5 + (TV_SBB2 x 0.0125)V,
OxFE = 3.6750V,
OxFF = 3.6875V
CNFG_SBB2_B (0x0D)
BIT 7 6 5 4 3 2 | 1 | o
Field - - - - ADE_SBB2 EN_SBB2[2:0]
Reset - - - - 0x0 0x0
?ccess - - - - Write, Read Write, Read
ype
BITFIELD BITS DESCRIPTION DECODE
0x0: The active discharge function is disabled.
When SBB2 is disabled, its discharge rate is a
function of the output capacitance and the external
load.
. 0x1: The active discharge function is enabled.
ADE_SBB2 3 S:g"cga?“gkéﬁggf; Channel 2 Active- When SBB2 is disabled, an internal resistor
9 (RaD sBB2) is activated from SBB2 to PGND to
help the output voltage discharge. The output
voltage discharge rate is a function of the output
capacitance, the external loading, and the internal
Rabp_sBB2 load.
Enable Control for SIMO Buck-Boost Channel | 0x0: FPS slot 0
2. Select an FPS slot that the channel powers | Ox1: FPS slot 1
up and powers down in or whether the 0x2: FPS slot 2
. channel is forced on or off. 0x3: FPS slot 3
EN_SBB2 20 After the SIMO is enabled, the bias circuits 0x4: Off
may be programmed back to low-power 0x5: Same as 0x4
mode (CNFG_GLBL_A.BIAS_LPM = 1) to 0x6: On
decrease quiescent current. 0x7: Same as 0x6
CNFG_SBB3_A (0x0E)
BIT 7 6 5 4 | 3 | 2 1 0
Field TV_SBB3[7:0]
Reset 0x0
Access Write, Read
Type
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BITFIELD BITS DESCRIPTION DECODE
SBB3 Target Output Voltage
When CNFG_SBB3_C.STEP_SZ_SBB3 = 0b0,
SIMO Buck-Boost Channel 3 Target Output 0x0 = 0.500V,
Voltage. 0x1=0.525V,
0x2 = 0.550V,
When STEP_SZ_SBB3 = 0b0, the 0x3 - 0xC6 = 0.5 + (TV_SBB3 x 0.025)V,
programmable range is 0.5V to 5.5V in 0xC7 =5.475V,
. 25.0mV increments. 0xC8 = 5.500V,
TV_SBB3 7.0 VsgR3 = 0.5V + 0.0250V x TV_SBB3[7:0] 0XC9 - OxFF = Reserved
When STEP_SZ_SBB3 = 0bf1, the When CNFG_SBB3_C.STEP_SZ_SBB3 = 0b1,
programmable range is 0.5000V to 3.6875V 0x0 = 0.5000V,
in 12.5mV increments. 0x1 =0.5125V,
Vgggp3 = 0.5V + 0.0125V x TV_SBB3[7:0] 0x2 = 0.5250V,
0x3 - OxFD = 0.5 + (TV_SBB3 x 0.0125)V,
OxFE = 3.6750V,
OxFF = 3.6875V
CNFG_SBB3_B (0x0F)
BIT 7 6 5 4 3 2 | 1 | o
Field - - - - ADE_SBB3 EN_SBB3[2:0]
Reset - - - - 0x0 0x0
Access - - - - Write, Read Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
0x0: The active discharge function is disabled.
When SBB3 is disabled, its discharge rate is a
function of the output capacitance and the external
load.
. 0x1: The active discharge function is enabled.
ADE_SBB3 3 S:g"cga?“gkéﬁggf; Channel 3 Active- When SBB3 is disabled, an internal resistor
9 (RaD sBB3) is activated from SBB3 to PGND to
help the output voltage discharge. The output
voltage discharge rate is a function of the output
capacitance, the external loading, and the internal
Rabp_sBB3 load.
Enable Control for SIMO Buck-Boost Channel | 0x0: FPS slot 0
3. Select an FPS slot that the channel powers | 0x1: FPS slot 1
up and powers down in or whether the 0x2: FPS slot 2
. channel is forced on or off. 0x3: FPS slot 3
EN_SBB3 20 After the SIMO is enabled, the bias circuits 0x4: Off
may be programmed back to low-power 0x5: Same as 0x4
mode (CNFG_GLBL_A.BIAS_LPM = 1) to 0x6: On
decrease quiescent current. 0x7: Same as 0x6
CNFG_SBB_TOP_B (0x10)

BIT 7 6 5 4 3 2 1 0
Field - - DVS_SLEW | LAT_MODE | SR_SBB3 SR_SBB2 SR_SBB1 SR_SBBO
Reset - - 0x0 0x0 0x0 0x0 0x0 0x0
Access . . . . . .

Type - - Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
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BITFIELD BITS DESCRIPTION DECODE

DVS_SLEW 5 Select DVS slew rate o o
If set, reduces the latency between changing
output voltage

LAT MODE 4 (CNFG_SBBx_A.TV_SBBx[7:0]) and the start | 0x0: Low quiescent current, high latency (~100us)

- of SBBx voltage ramp. Low-power mode not | Ox1: High quiescent current, low latency (~10pus)

supported while this bit is set to 1.
This bit is ignored if SR_SBBx = 0.
Controls the rising slew rate when SBB3 0x0: 2mV/us

SR_SBB3 3 ramps from one voltage setting to a higher 0x1: See El)JVS SLEW
setting. ' -
Controls the rising slew rate when SBB2 0x0: 2mV/us

SR_SBB2 2 ramps from one voltage setting to a higher 0x1: See I:l)JVS SLEW
setting. ' -
Controls the rising slew rate when SBB1 0x0: 2mV/yis

SR_SBB1 1 ramps from one voltage setting to a higher 0x1: See DVS_SLEW
setting.
Controls the rising slew rate when SBB0O 0x0: 2mV/us

SR_SBBO0 0 ramps from one voltage setting to a higher 0x1: See SVS SLEW
setting. ' -

www.analog.com Analog Devices | 55

Downloaded from AFFOW.Com.


http://www.arrow.com

MAX77675 Low Iq SIMO PMIC with 0.5V to 5.5V Outputs

Delivering Up to 700mA Total Output Current

Applications Information

Configuring Power Modes

The MAX77675's power mode is configurable through CNFG_GLBL_A.BIAS_LPM and
CNFG_GLBL_A.SIMO_INT_CH_DIS to meet requirements depending on whether quiescent current or performance is
more important.

After configuring these bits, avoid changing them in real time while the system is operating and drawing load current.

If the system enters a state with low current draw (e.g., <5mA per channel) and low quiescent current is needed, configure
the MAX77675 to be in low-power mode as described in Table 7. If there is >5mA per channel, use normal-power mode
and set SIMO_INT_CH_DIS = 1 if low-quiescent current is still required.

Table 7. Power Mode Configuration

BIAS_LPM | SIMO_INT_CH_DIS DESCRIPTION BENEFITS TRADE-OFFS
e Lower ripple
0 Don't Care Normal-Power Mode e Faster transient e Highest quiescent current state
response
e Lowest quiescent e Higher ripple
1 0 Low-Power Mode

current state e Slower transient response

e Slower transient response

e Quiescent current increased by about
10pA (typical) compared to low-power
mode

e Higher ripple compared to normal-
power mode

Everything except for the | ® Lower ripple

bias is in low-power compared to low-
mode power mode

Applications Information—SIMO Buck-Boost

SIMO-Supported Output Current

The maximum supported output current is limited by inductor valley current (see the Inductor Valley Current section).
When the valley current is at its maximum value, channels enter overload condition, triggering their respective fault
interrupt flags. While the absolute maximum valley current is 1.2A (eight valley steps), stay below 900mA (six valley
steps) to avoid valley current occasionally reaching the absolute maximum.

In addition, if the average inductor current is above 700mA, ripple on the output channels can increase out of
specifications.

To predict if a given set of conditions is supported, estimate the average inductor current and maximum valley current the
regulator experiences. A calculator tool is provided (see the Support Materials section) for convenience. Table 8 shows
some example results using the calculator.

Table 8. SIMO-Supported Output Current for Common Applications

PARAMETERS EXAMPLE 1 EXAMPLE 2 EXAMPLE 3 EXAMPLE 4 EXAMPLE 5
VIN 2.7V 4.0V 3.7V 3.7V 5.0V
SBBO 1.8V at 100mA 1.8V at 30mA 1.8V at 100mA 1.8V at 300mA 1.8V at 150mA
SBB1 3.3V at 200mA 3.3V at 200mA 1.1V at 120mA 1.2V at 100mA 1.2V at 70mA
SBB2 0.5V at 250mA 5.0V at 100mA 0.7V at 200mA 3.2V at 20mA 0.85V at 100mA
SBB3 5.0V at 50mA 5.0V at 100mA 3.3V at 80mA 2.85V at 100mA 2.0V at 80mA
Maximum I average 864mA 696mA 550mA 597mA 400mA
Maximum I|_ valley 750mA 600mA 450mA 450mA 300mA
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Table 8. SIMO-Supported Output Current for Common Applications (continued)

PARAMETERS EXAMPLE 1 EXAMPLE 2 EXAMPLE 3 EXAMPLE 4 EXAMPLE 5
Overloaded No No No No No
Higher ripple Yes No No No No
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To manually estimate average inductor current, first estimate the average inductor current for each channel using the
following equations:

V.
Iout , ?/?NBX <0.6 (Buck Mode)
V.
ILavg=] 5 X lout ,0.6 s%s 1.25 (Buck-Boost Mode) (Equation3)

Ly VsBBx  YsBBx
ot * Viyxn ' Vy

>1.25 (Boost Mode)

where n is efficiency (see the Typical Operating Characteristics section for efficiency values). The sum of the average
currents is the expected maximum, average inductor current. Then, using the total average inductor current, estimate the
number of valley current steps with the following equation:

1
I—L—a—VQ— (Equation 4)
valley_step
where lyaliey step is 150mA. If the number of steps is above the previously mentioned maximum value (8), the regulator
is overloaded. If the average inductor current is above 700mA, expect higher output voltage ripple.

I valley_steps =

Overload
While in overload condition, the output voltage can drop for any channel. A host controller can detect which channels are
"overloaded" by reading either the status bits (STAT_GLBL.SBBx_S) or the interrupt bits (INT_GLBL.SBBx_F), where x
is the channel number. Status bits convey the current state of the channel while interrupt bits indicate if a channel had
entered overload in the past. If the status bit indicates that a channel is overloaded, its output voltage is most likely out of
regulation.

Inductor Selection

Choose an inductance from 1.0pH to 2.2uH; 1.5uH inductors work best for most designs. Larger inductances transfer
more energy to the output for each cycle and typically result in larger output voltage ripple and better efficiency. See the
Output Capacitor Selection section for more information on how to size the output capacitor to control ripple.

Choose an inductor whose saturation current is above the worst case peak inductor current. For example, if the worst
case occurs while drawing 700mA, the worst case peak inductor current is around 1.2A. For systems where the expected
load currents are not well known, use an inductor with saturation current = 2A.

Consider the DC resistance (DCR), AC resistance (ACR), and package size of the inductor. Typically, smaller-sized
inductors have larger DC and AC resistance, reducing efficiency. Note that many inductor manufacturers have inductor
families containing different versions of core material to balance trade-offs between DCR, ACR (i.e., core losses), and
component cost.

Input Capacitor Selection

Choose the input bypass capacitance (Cy) to be at least 10uF. A value of 22uF nominal is recommended to account for
voltage derating. Larger values of Cy improve the decoupling for the SIMO regulator.

The CjN reduces the current peaks drawn from the battery or input power source during SIMO regulator operation and
reduces switching noise in the system. Ceramic capacitors with X5R or X7R dielectric are highly recommended due to
their small size, low ESR, and small temperature coefficients.

To fully utilize the available input voltage range of the device (5.5V max), use a capacitor with a voltage rating of 6.3V at
minimum.

Bootstrap Capacitor Selection

Choose the bootstrap capacitance (Cggt) to be 10nF. Smaller values of CggT result in insufficient gate drive for the
output high-side power FETs. Larger values of CggT (>100nF) have the potential to degrade the startup performance.
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Ceramic capacitors with 0201 or 0402 case size are recommended.

Output Capacitor Selection

Choose each output bypass capacitance (Cggpx) based on the target output voltage ripple (AVsggyx): typical value is
22yF. In addition, consider using at least 44uF for an individual channel if either the channel's output voltage is less than
1.5V or the channel is lightly loaded while another channel is heavily loaded.

Larger values of Cgggy improve the output voltage ripple but increase the input surge currents during soft-start and
output voltage changes. The output voltage ripple is a function of the inductance (L), the output voltage (Vsggx), and
the inductor current ripple (Al ), which is typically 300mA to 500mA. See Equation 5 to estimate the minimum effective
capacitance for a given ripple. However, always have the minimum capacitance at 10uF.

AlZxL

2 x Vgpgx X AVgsppy

Ceramic capacitors with X5R or X7R dielectric are highly recommended due to their small size, low ESR, and small
temperature coefficients.

CspBx = (Equation 5)

A capacitor's effective capacitance decreases with DC bias voltage. This effect is more pronounced with physically
smaller capacitors. Due to this, it is possible for 0603 capacitors to perform well while 0402 capacitors of the same
nominal capacitance perform poorly. Consider the effective output capacitance value after initial tolerance, bias voltage,
aging, and temperature derating.

PVDD and Vpp Capacitors

Always have a minimum of 10uF capacitance near the PVDD pin. If possible, place an additional 1uF to 10uF near the
Vpp pin. If there is not enough room on the PCB, Vpp can share PVDD's capacitor. The tradeoff is an occasional 5mV
(approximate) droop on the output channels while in low-power mode.

If Vpp and PVDD are not connected, place at minimum a 1uF capacitor near the Vpp pin.

Unused Outputs

Do not leave unused outputs unconnected. If an output left unconnected is accidentally enabled, the charged inductor
experiences an open circuit, and the output voltage soars above the absolute maximum rating, damaging the device. If
an output is not used, do one of the following:

1. Disable the output (CNFG_SBBx_B.EN_SBBx[2:0] = 0x4 or 0x5) and connect the output to ground. If an unused
output is enabled by default or can be accidentally enabled, do one of the other recommendations instead.

2. Bypass the unused output with a 1yF capacitor to ground.

3. Connect the unused output to IN or a different output channel if the unused output is programmed to a lower voltage.
Since the output voltage is higher than the unused output, the regulator does not service the unused output even if it
is unintentionally enabled.

e Note that some OTP options have the active-discharge resistors enabled by default. Connecting an unused
output to IN is not recommended if the active discharge is enabled by default. If connecting the unused output
to a different channel, disable the active discharge resistor (CNFG_SBBx_B.ADE_SBBx = 0) of the unused
channel.

Output Voltage Ripple

Ripple is highest when there is heavy load on at least one channel while other channels have less load.

While the regulator is operating in CCM (inductor valley current is greater than OA), the output voltage ripple for one
channel is affected by other channels. For example, channels may droop lower in voltage while waiting for another
channel to be serviced. In addition, while one or more channels are loaded with more than 300mA, other channels may
occasionally have larger spikes in voltage ripple. Ripple also increases with output voltage.

Assuming at least 300mA total load current and 22uF of output capacitance, for channels whose output voltage is 2.5V
or less, the occasional spike in voltage ripple can be up to 200mV while the average ripple is < 100mV. For channels
whose output voltage is greater than 2.5V, the occasional spike in voltage ripple can be up to 300mV while the average
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ripple is < 120mV.
See the Output Capacitor Selection section for recommendations on how much output capacitance to use.

PCB Layout Guide

Capacitors

Place decoupling capacitors as close as possible to the IC such that connections from capacitor pads to pin and from
capacitor pads to ground pins are short. Keeping the connections short lowers parasitic inductance and resistance,
improving performance and shrinking the physical size of hot loops.

If connections to the capacitors are through vias, use multiple vias to minimize parasitics. Also, connect loads to the
capacitor pads rather than the device pins.

Input Capacitor at IN
Minimize the parasitic inductance from PGND to input capacitor to IN to reduce ringing on the LXA voltage.

Output Capacitors at SBBx

The output capacitors experience large changes in current as the regulator charges and discharges the inductor.
Minimize parasitic inductance from SBBx to output capacitor to PGND.

Inductor

Keep the inductor close to the IC to reduce trace resistance. However, prioritize any regulator input/output capacitors
over the inductor. Use the appropriate trace width from LXA to inductor to LXB to support the worst case, peak inductor
current (see the Inductor Selection section). Likewise, if there are vias in the path, use an appropriate number of vias to
support the current.

Ground Connections

As the switching regulator charges and discharges the inductor, current flows from PGND to the input capacitor ground,
from output capacitor ground to PGND, or from output capacitor ground to input capacitor ground. Therefore, use a wide,
continuous copper plane to connect PGND to the capacitor grounds.

When connecting the GND and PGND pins together, ensure noise from the power ground does not enter the analog
ground (where GND is connected). For example, assuming the ground pins are connected through a solid ground plane
on an internal layer, one via connecting GND to the internal ground plane may be sufficient to protect GND from most of
the noise in the power-ground plane. Likewise, if there are other higher current or noisy circuitry near this device, avoid
connecting the GND pin directly to their grounds.

For more guidelines on grounding, refer to the Technical Articles section at htips.//www.analog.com/en/design-center/
packaqging-quality-symbols-footprints/package-resources.html.

Example PCB Layout
Figure 21 shows an example layout.
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Figure 21. PCB Top Layer and Component Placement Example

Typical Application Circuits

Typical Applications Circuit
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PART TEMP RANGE PIN-PACKAGE OPTIONS
MAX77675EWE+T* -40°C to +85°C 16 WLP —
MAX77675AEWE+T -40°C to +85°C 16 WLP See Table 1
MAX77675CEWE+T -40°C to +85°C 16 WLP See Table 1

+Denotes a lead(Pb)-free/RoHS-compliant package.

T = Tape and reel.

*Custom samples only. Not for production or stock. Contact factory for more information.
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REVISION | REVISION PAGES
NUMBER | DATE DESCRIPTION CHANGED
0 3/23 Release for Market Intro —

1 10/23 Updated Table 1 and Ordering Information table 24,63

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is
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