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MAX20362

High Peak Load PMIC for Low-Power-Density Batteries

FEATURES

» Low-Power Energy Buffering and with One Inductor
P Ultra-Low 2.8pA lq
5mA to 50mA Input-Current Limit, 1mA Steps
128mA Max BBOUT Current
Flexible Vcap Storage Voltages from 1.6V to 9.5V
Adjustable Vggour from 1.5V to 5.5V, 50mV Steps
Ultra-Fast DVS with PPG AFE Interoperability
» Up to 70% LED Power Savings in PPG Systems
» Small, Flexible Solution
» 12C MCU Interface
» Proprietary Digital Interface to ADI PPG AFEs
» Tiny Inductor Options

vVvVvVvyyvyy

» 0603 (balance efficiency/size)
P 0402 (smallest size)
» 2.53mm x 1.69mm, 24-Bump 0.4mm Pitch WLP

APPLICATIONS

P Fitness/Wellness Heart Rate Trackers
P Medical Vital Signs Patches

Ordering Information appears at end of data sheet.

SIMPLIFIED APPLICATION DIAGRAM

GENERAL DESCRIPTION

The MAX20362 is a power management IC (PMIC)
designed to facilitate the power requirements of high
peak-load currents in wearable medical and wellness
devices using low-power-density batteries. One such
application is the delivery of high peak LED currents in
photoplethysmography (PPG) subsystems in instances
where low-power-density batteries are in use. The
device features low quiescent current (2.8pA typ), a
high-efficiency multidirectional buck-boost converter,
and a low quiescent current (0.75pA typ) fast transient
response LDO.

The buck-boost converter operates over a wide
input/output voltage range and features a
capacitor/supercapacitor charging mode which uses a
precise switch-mode input-current limiter to prevent
battery current overdraw in systems with weak
batteries. The buffer capacitance is then used to supply
high peak loads on the BBOUT node, thereby protecting
the battery from large peak currents.

The low Iq LDO is optimized for fast transient response
to preserve the highly sensitive PPG analog front end
(AFE) signal-to-noise ratio (SNR).
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ABSOLUTE MAXIMUM RATINGS

Ta=25°C unless otherwise specified.

Table 1. Absolute Maximum Ratings

PARAMETER

RATING

SDA, SCL, DVSIN, CLKIN, SIMO, LIN, EN, BAT,
BBOUT, LXA

-0.3Vto +6.0V

INT, CAP -0.3V to +12.0V

BBIN -0.3V to Min (+6.0, Vgyy + 0.3)V
Voop, Vopa -0.3Vto 2.2V

LXB -0.3V to Min (+12, Vup + 0.3)V
BST Max (Vg - 0.3, Vppp — 0.3)V t0 Vjyg + 2.2V
LOUT -0.3Vto V + 0.3V

GND to GND -0.3Vto +0.3V
Continuous Current into LIN, LOUT, BBOUT +250mA
Continuous Current into CAP, LXA, LXB (10% +16A

utilization for 100k hours)

Continuous Current into Any Other Terminal +100mA
Continuous Power Dissipation (Multilayer Board, 2649mMW
T,=+70°C) (derate 33.11mW/°C above +70°C)

Operating Temperature Range -40°C to +85°C
Storage Temperature Range -65°C to +150°C
Soldering Temperature (reflow) +260°C

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These
are stress ratings only, functional operation of the product at these or any other conditions above those indicated in
the operational section of this specification is not implied. Operation beyond the maximum operating conditions for
extended periods may affect product reliability.

analog.com Rev 0 | 40f73


https://www.analog.com/en/index.html

MAX20362

Thermal Resistance

Thermal performance is directly linked to PCB design and operating environment. Close attention to PCB thermal
design is required.

Table 2. Thermal Resistance

Package Type 0, Unit
W241L2+1 30.2 oC/W

Electrostatic Discharge (ESD)

The following ESD information is provided for handling of ESD-sensitive devices in an ESD protected area only
Human body model (HBM) per ANSI/ESDA/JEDEC JS-001 Field induced charged device model (FICDM) and charged
device model (CDM) per ANSI/ESDA/JEDEC JS-002. International Electrotechnical Commission (IEC)
electromagnetic compatibility: Part 4-2 (IEC) per IEC 61000-4-2. Machine model (MM) per ANSI/ESD STM5.2. MM
voltage values are for characterization only.

ESD Ratings for
Table 3. MAX20362

ESD Model Withstand Threshold (V) Class
HBM +2500 2

ESD Caution

ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can
‘ discharge without detection. Although this product features patented or proprietary
‘m protection circuitry, damage may occur on devices subjected to high energy ESD. Therefore,
proper ESD precautions should be taken to avoid performance degradation or loss of
functionality.
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SPECIFICATIONS

Table 4. Electrical Characteristics

(Vgar = 1.85V to +5.5V, T, = -40°C to +85°C, unless otherwise noted, typical values are at T, = +25°C, Vg = 3.7V,
Vesour = 5V, Verp = 5V, Vi = 3.7V, Viour = 1.8V, Ceap err = >8UF, Canr crr = 1UF, Coan_err = See the BBIN Capacitor

Selection section, Cun_grr = 1PF, Crout err = 1UF, Cagout err = See the BBOUT Capacitor Selection section, Lixa, ixs =
2.2uH, limits are 100% production tested at Ta=+25°C.)

PARAMETER SYMBOL CONDITIONS/COMMENTS MIN TYP MAX UNITS
CURRENT CONSUMPTION
Shutdown Suppl EN=0 01 =2
utdown Su
PPYY lson | Shutdown EN =1, disabled LA
Current . 1.9
by register
LDO enabled 2.65
Buck-boost enabled 2.8
BAT Input Current | A
P Q-BAT Buck-boost enabled and LDO H
3.6
enabled
BUCK-BOOST CONVERTER
Input Voltage Range Ve 1.85 5.5 \
Battery Startup Input
Voltagﬁ pinp Vear_stup 21 \
Output Voltage .
Vasout 50mV step resolution 1.5 5.5 \
Range
BBstStepCap =00b =500mV ste
-p*-ap P~ 2500 9.500
resolution
BBstStepCap = 01b =250mV ste
CAP Voltage Range Vear _p P P 1.600 5.350 Vv
resolution
BBstStepCap = 10b = 125mV step
. 1.650 3.025
resolution
lggout = OMA,
BBstVSetCap = Normal
lo 68 . 0.9
5V, BBstVSet = operating mode
5V
pA
lggout = OHA,
. BBstVSetCap =
uiescent Suppl I FAST mode 150
Q PPY BEFAST | 5V BBstVSet =
Current
5V
lggout = OHA,
BBstVSetCap =
lg ge_rewm | 5V, BBstVSet = FPWM mode 1 mA
5V, current from
BAT
analog.com RevO0 | 60f73
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(Vgar = 1.85V to +5.5V, T, = -40°C to +85°C, unless otherwise noted, typical values are at T, = +25°C, Vg, = 3.7V,
Vesour = 5V, Veap = 5V, Vi = 3.7V, Viour = 1.8V, Ceap e = >8UF, Coar err = 1UF, Caain_err = See the BBIN Capacitor

Selection section, Cun_grr = 1PF, Crout err = 1UF, Cagout err = See the BBOUT Capacitor Selection section, Lixa, ixs =
2.2uH, limits are 100% production tested at Ta=+25°C.)

PARAMETER SYMBOL CONDITIONS/COMMENTS MIN TYP MAX | UNITS
lssour = OHA,
BBstVSetCap =
lo_cap_rrum | 5V, BBstVSet = FPWM mode 8
5V, current from
CAP
Input Current Limit
lesim 1mA steps 5 50 mA
Range
BBIngenDrp =
55
00b
BBIngenDrp =
Input Current Limit 01b 100
Drop Set Range Vesum oror | Veen rising BBIngenDrp = mV
150
10b
BBIngenDrp =
genbrp 200
11b
Input Current Limit | Voo fallin 360 "y
MaX Drop ThreShOld BBLIM_DRP_MAX BBIN g
BBIngenDrp =00b, BBIN V <
Input Current Limit & P RPLE 15
lseLm_acc 30mV %
Accuracy
BBIN Vgippie < 30mV 25
Average BBOUT _ BBstFast=1 -0.5 +2.7
Output Voltage v lasour = 10MA, %
Accuracy BEOUTACC | Capour err = SUF | BBstFast=0 -1.5 +2
Average CAP Output BBstFast=1 -1.5 +1.5
& P Venp_ace Ceap_err = 10pF — %
Voltage Accuracy BBstFast=0 -2 +2
BBOUT Line
. Vineres_ssout | lour = 1ImMA -1 +1 %/V
Regulation Error
BBOUT Line
. Vine tran | Vear from 3.4V 10 2.9V, lggour = 1A 20 mV
Transient Response
BBOUT Load
. Vioaores_seout | Vear = 3.7V, lour = 128mA -2.5 %
Regulation Error
BBOUT Load
. Vioao_tran | Vesour = 5V, lggour = 10pA to 100mA 40 mV
Transient Response
BBOUT Maximum | Vs > 1.5V Load reg<-7.5% | 128 mA
. =-1. (o]
Output Current e &
analog.com Rev 0 | 70of 73
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(Vgar = 1.85V to +5.5V, T, = -40°C to +85°C, unless otherwise noted, typical values are at T, = +25°C, Vg, = 3.7V,

Vegout = 5V, Veap =5V, Vin = 3.7V, Vi our = 1.8V, CCAP_EFF =>8uF, CBAT_EFF = 1pF, Ceain_err = See the BBIN Capacitor

Selection Section, CLIN_EFF = l|JF, CLOUT_EFF = 1“ F, CBBOUT_EFF =See the BBOUT CCIpCICitOf Selection section, LLXA, LXB =
2.2uH, limits are 100% production tested at Ta=+25°C.)

PARAMETER SYMBOL CONDITIONS/COMMENTS MIN TYP MAX | UNITS
Cear_err = 22F, lgsum = 5MA, Vigour
Startup Time tstup from 0 to 5.5V, Vcap from 0 to 9.5V, 300 ms
time from EN rising to BBstOnInt
Nominal Rising DVS BBHalfBW =1 0 550
Valley Inductor lviyum_p 50mA steps mA
Current Limit Range BBHalfBW =0 0 1100
Nominal Falling DVS
Inductor Current Iy Lm 50mA steps 0 1550 mA
Limit Range
Soft-Start Current lge_ss lgeLim mA
Output UVLO Vv Rising edge 1.05 113 1.25
BBOUT_UVLO V
Threshold Falling edge 1.00 110 1.20
VDDA UVLO Vooa uwor | Rising edge 1.685 1.710 1.735 v
Threshold Vooauwo ¢ | Falling edge 1.650 1.675 1.700
V Rising edge 1.05 113 1.25
CAP UVLO Threshold P WOF ng €8 v
Vear o s | Falling edge 1.00 1.10 1.20
V Rising edge 1.50 1.56 1.60
CAP MIN Threshold AP MR ng ede Vv
Ve mn e | Falling edge 145 150 1.55
BBstOvloSel =
2.45 250 2.55
00b
BBstOvloSel =
Y 490 500 5.10
CAP OVLO Threshold V Rising edge 01b v
CAP-OVLOR gece BBstOvloSel =
6.17 630 6.43
10b
BBstOvloSel =
9.80 10.00 10.20
11b
CAP OVLO HyStereSiS VCAP_OVLO_H 2 0/0
LXA Leakage Current Ik BBLXA 2.5 pA
LXB Leakage Current Ik sBixe 2.5 pA
BST Leakage Current Ik gst 2.5 pA
Passive Discharge Resv_cap 2.5 Q
Resistance Resv seout 1.3
Active Discharge
Current BBOU.?_ IACTD?BBOUT VBBOUT = 25V 20 mA
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(VBAT

VBBOUT -

1.85Vto+5.5V, T, =
5V: VCAP - 5V; VLIN

-40°C to +85°C, unless otherwise noted, typical values are at T, = +25°C, Vgar =

3.7V, Viour =

1.8V, Cepp_err = >8UF, Conr_err =

3.7V,

= 1YF, Cgain_err = See the BBIN Capacitor

Selection section, CLIN_EFF = l|JF, CLOUT_EFF = 1“ F, CBBOUT_EFF =See the BBOUT CCIpCICItOf Selection SeCtIOﬂ, LLXA, LXB —
2.2uH, limits are 100% production tested at Ta=+25°C.)

PARAMETER SYMBOL CONDITIONS/COMMENTS MIN TYP MAX UNITS
Active Discharge
Current CAP : herocae | Vewp = 2.5V 20 mA
BBOUT Pulldown
lop geour ¢ | BBOUT enabled, BBstFast =0 40 nA
Current
CAP Pulldown
lop cap £ BBOUT enabled, BBstFast =0 40 nA
Current -
Thermal Shutdown T 140 oC
Threshold SHON-B8
FAST TRANSIENT RESPONSE LDO
Input Operatin
put Operating Vi 171 5.50 v
Voltage
V,,y = max (LDOVset + 0.1V, 1.8V),

) . 0.75 1.50
Quiescent Supply | Ta=25°C A
Current Q0o V,,y = max (LDOVset + 0.1V, 1.8V), H

0.94 11
T,=-40°C to +85°C
=0uA, Vv =2.4V, LDOVSet =

. lLour =0 LIN 392 740
Quiescent Supply | 2.5V uA
Current in Dropout Q-L-DRP = OpA, V= 1.7V, LDOVSet =

p lLour =0 LIN = 374 562
1.8V
Quiescent Supply lLour = OpA, LDOVSet = 1.8V 30
Current at LIN Clip | A
Q_L_DRP_TH Y]
Threshold lLour = OPA, LDOVSet = 2.5V 30
Output Leakage ik Lout V. our = GND, LDO disabled 6 PA
Maximum Output | Vo> 1.8V 100 A
Current LTI Ty = 1.8V 50
Output Voltage .
Viout 100mV step resolution 0.9 4.0 \
Range
Output Voltage Vi = +0.5V) or higher,
p g Vioo ace un = (Viour ) g a4 4 %
Accuracy - lLour = 1MA
Vi = 1.7V, I our = 100mMA, LDOVSet =
Dropout Voltage Vore L 100 mV
1.8V
. . Vi = (Vioyr +0.5V) to 5.5V,
Line Regulation Error ViiNe reG L -0.005 +0.005| %/V
lLour = IMA
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(Vgar = 1.85V to +5.5V, T, = -40°C to +85°C, unless otherwise noted, typical values are at T, = +25°C, Vg, = 3.7V,
Vesour = 5V, Veap = 5V, Vi = 3.7V, Viour = 1.8V, Ceap e = >8UF, Coar err = 1UF, Caain_err = See the BBIN Capacitor
Selection section, Cun_grr = 1PF, Crout err = 1UF, Cagout err = See the BBOUT Capacitor Selection section, Lixa, ixs =
2.2uH, limits are 100% production tested at Ta=+25°C.)

PARAMETER SYMBOL CONDITIONS/COMMENTS MIN TYP MAX UNITS
Load Regulation l.our = 100pA to 100mA, V V,
gHiat P o= (Viour 0.0004 0.0008| %/mA
Error 7 | +0.5V)to 5.5V
Vi = 1.9V to 5V, 200ns rise time, 35
LDOVSet = 1.8V, I o5 = 1IMA -
Vv =1.9Vto 5V, lpsrise time,
. : ViiNe_TRaN_L _ _ +25 mV
Line Transient LDOVSet = 1.8V, | gap = IMA
Vv =1.9Vto 5V, 10psrise time, 45
LDOVSet =1.8V, l,gap = 1MA B
l.our = 0mA to 5mA, 200ns rise time, 18

C = 1uF, LDOVSet = 1.8V
Load Transient Vioap_TRAN_L too_err = 2H mV

l.our = 0MA to 100mA, 200ns rise

105
time, Cpo_grr = 1pF, LDOVSet = 1.8V
l.our = 0mMA to 5mA, 200ns rise time, 37
Load Transient Cioo_err = 1pF, LDOVSet = 1.8V
. tLoap_ TRAN L ps
Recovery Time l.our = OmA to 100mA, 200ns rise 12
time, Cpo_grr = 1pF, LDOVSet = 1.8V
Passive Disch
as§|ve ischarge Rogy . . 10 13 KQ
Resistance -
Active Discharge
Ve & IacTo_L Vin=3.7V 10 16 22 mA
Current -

V,, = 4.5V, LDOVSet = 4V,
Turn-On Time lLour = OMA, time from enable to 8.3 11.5 ms

t
ot 90% of final value
V= 4.5V, LDOVSet = 4V,

Startup Current lstup L Cuvo.ere = 1HF 5.2 10 mA
Soft-Start Output Vss siew 59 V/ms
Slew Rate
Short-Circuit Current

| Vin=2.7V,V =GND 125 250 545 mA
Protection Threshold SHRT-L HN tout
Thermal Shutdown

Tshon L 130 °C

Temperature
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(Vgar = 1.85V to +5.5V, T, = -40°C to +85°C, unless otherwise noted, typical values are at T, = +25°C, Vg, = 3.7V,
Vesour = 5V, Veap = 5V, Vi = 3.7V, Viour = 1.8V, Ceap e = >8UF, Coar err = 1UF, Caain_err = See the BBIN Capacitor
Selection section, Cun_grr = 1PF, Crout err = 1UF, Cagout err = See the BBOUT Capacitor Selection section, Lixa, ixs =
2.2uH, limits are 100% production tested at Ta=+25°C.)

PARAMETER SYMBOL CONDITIONS/COMMENTS MIN TYP MAX | UNITS

Thermal Shutdown
Temperature TsHon_rys L 20 C
Hysteresis

10Hz to 100kHz, V= 5V
LDOVSet =3.3V

10Hz to 100kHz, Vi n =5V 100
Output Noise Voise_L LDOVSet =2.5V uVRMS
10Hz to 100kHz, Vyn =5V 65
LDOVSet =1.2V

10Hz to 100kHz, Vi = 5V

LDOVSet = 0.9V

120

50

DIGITAL INTERFACE

SDA, SCL, INT, EN,
DVSIN, CLKIN, SIMO
Input Leakage
Current

lik 10 -1 +1 pA

SDA, SCL, EN, DVSIN,
CLKIN, SIMO Input Vio_ 1.4 v
Logic High

SDA, SCL, EN, DVSIN,
CLKIN, SIMO Input Vio_iL 0.4 v
Logic Low

INT Output Logic

Vio_ oL int lo. =4mA 0.4 \Y
Low

SDA Output Logic

ViooLsoa | loe=20mA 0.4 v
Low

SCL Clock Frequency fseL 0 1000 kHz

Bus Free Time
Between STOP and taur 0.5 ps
START Condition

START Condition

. t 0.26 S
Repeated Hold Time HP-STA H

Low Period of SCL

Clock tiow 0-5 HS

High Period of SCL

t 2
Clock HiGH 0.26 Hs
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(Vgar = 1.85V to +5.5V, T, = -40°C to +85°C, unless otherwise noted, typical values are at T, = +25°C, Vg, = 3.7V,
Vesour = 5V, Veap = 5V, Vi = 3.7V, Viour = 1.8V, Ceap e = >8UF, Coar err = 1UF, Caain_err = See the BBIN Capacitor
Selection section, Cun_grr = 1PF, Crout err = 1UF, Cagout err = See the BBOUT Capacitor Selection section, Lixa, ixs =
2.2uH, limits are 100% production tested at Ta=+25°C.)

PARAMETER SYMBOL CONDITIONS/COMMENTS MIN TYP MAX | UNITS
Setup Time fora
oSt |t .
Data-Hold Time thp_par 0 ps
Data-Setup Time tsu_par 50 ns
iit]udﬁt-:-; r:e for STOP o 510 0.6 us
Spike Pulse Widths
Suppressed by Input tep 50 ns
Filter
DATAValid Time tvo_par 450 ns
DATA Valid ACK Time tuo ack 450 ns

DVS Interface

CLKIN Frequency felan 20 MHz
DVSIN Setup Time tos 10 ns
DVSIN Hold Time Ton 20 ns
EIC;\P,(VIN Pulse-Width fow oo 20 ns
S;;:N Pulse-Width e oo 20 ns
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TYPICAL PERFORMANCE CHARACTERISTICS

(VBAT: 3.7V, Cgain= Cgrout= ZZHF, Vegout =5V, BBstVSetCap =5V, BBIngenDrop =55mV, L= 22“ H)

BAT CURRENT (pA)

BAT CURRENT (uA)

(mv)

BBLIM_DROP

BAT QUIESCENT SUPPLY CURRENT
vs. BAT VOLTAGE

foc01

50 1 1 1
45 | NOLOAD ONBBOUT

i NO LOAD ON CAP
4.0 | BBstVSet=5V

BBstVsetCap = 9.5V
35 — —
30

2 BBstVsetCap=5v  BBstVsetCap=2.5V
20 I I |
I

15 I~ EN= HIGH, BBstEna =0
|

10 ‘
05 EN=LOW
0.0
20 25 30 35 40 45 50 55
BAT VOLTAGE (V)
BAT SUPPLY CURRENT
vs. TEMPERATURE
10 - - loc04
s L BBstVSet = 5V
NO LOAD ON BBOUT /
8 |- NOLOAD ON CAP
7 BBstVSetCap = 9.5V /
BBstK/SetCa J / /
6 25V, P
5 i Y/ /
4 BBstVSetCap = 5V /
; =/
2 _ A
] EN=1,BBstEna=0
0 | EN3Q | J/
-40 -15 10 35 60 85
TEMPERATURE (°C)
INPUT LIMITER REGULATED VOLTAGE DROP
vs. BBInGenSel
250 1oc07
200
BBIngenDrp = 200mV
[
BBIngenDrp = 150mV
100 ! !
BBIngenDrp = 100mV
50 f !
BBIngenDrp = 55mV
. ||

0 10 20 30 40 50 60
BBIngenSel (mA)

analog.com

BAT CURRENT (1A)

BAT CURRENT (uA)

(mv)

BBLIM_DROP

50
45
4.0
35
3.0
25
20
15
10
05
0.0

AN W A 0 N ® ©

o

250

200

150

100

50

0

BAT QUIESCENT SUPPLY CURRENT
vs. BAT VOLTAGE

tocl;

[e=}

BstVsetCap = 5V BBstVset=35V —
/

BBstVset = 2.5V

NO LOAD ON BBOUT |
NO LOAD ON CAP
BBstVSetCap=5v
BﬁstFasl £ 0 |

20 25 30 35 40 45 50 55

BAT VOLTAGE (V)

BAT SUPPLY CURRENT
vs. TEMPERATURE

toc05

BBstVSet = 5V %
|
I
sastset-3sv 3

BBstVSet=2.5V /

prd

e

BBstVSetCap = 5V
NO LOAD ON BBOUT
NO LOAD ON CAP

-40 -15 10 35 60 85

TEMPERATURE (°C)

INPUT LIMITER REGULATED VOLTAGE DROP
vs. BAT VOLTAGE

foc08

BBIngenDrp = 200mV

T T T
BBIngenDrp = 150mV

1 1
BBIngenDrp = 100mV

i f
BBIngenDrp = 55mV

20 25 30 35 40 45 50 55
BAT VOLTAGE (V)

BAT QUIESCENT SUPPLY CURRENT
vs. BAT VOLTAGE

toc03

250
200 \\
<3 \\ BBstVsetCap =5
= 150 J\
=z
i = —
& BBSVset 235y | AT —
© 100 BBstVset = 2.5
=3
o
50 NO LOAD ON BBOUT |
NO LOAD ON CAP
BBstVSetCap = 5V
BBstrast =1
0 L
20 25 30 35 40 45 50 55
BAT VOLTAGE (V)
INPUT CURRENT LIMIT
vs. BAT VOLTAGE
1oc06
10
9
8
<<
£ 7
=
E
=
g 5
o
x 4
(&}
5 3
o
= 2
1
0 BBIngenSel = 5mA

20 25 30 35 40 45 50 55
BAT VOLTAGE (V)

AVERAGE BAT TO CAP CHARGING EFFICIENCY
vs. BBIngenSel

toc09

100 T T
BBIngenDrp = 55mV,
95 T CAP 1.5V TO 5V—]
BBIngenDrp = 100mV,
90 —  CAP15VTOSV

85

80 T 1
BBIngenDrp = 55mV,
75 / / [T CAP1.5VT0 2.5V
BBIngenDrp = 100mv,

70
| capisvTo25V

65 BBIngenDrp = 55mV,

60 CAP 1.5V TO 9.5V

BBIngenDrp = 100mV,
55 [CAP1.5VT09.5V

50 | |
0 10 20 30 40 50

BBIngenSel (mA)

AVERAGE BAT TO CAP CHARGING EFFICIENCY (%)
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CAP RECHARGE TIME vs. BBIngenSel

18 toc10
16
ool
£ \
g 12 \
w10
&
< 8
N I\AN
) N T
AN —— T
0
0 10 20 30 40 50 60
BBIngenSel (mA)
CAP TO BBOUT EFFICIENCY vs. LOAD s
100 -

Bl
11 R 1wt 1
7] A LA
/| ety [ Vew=sv [l ) (fHf) |

LI Voo 1 |1 Yo =zv 1]
il L A AT
LU LA [1T™ esstvser=2v "
1 A

BBstVSetCap = 1.6V

EFFICIENCY (%)
=

2 BBstIPSet! = 250mA
o LML L] - gastesetzzooms
o LI T (1] =2

0001 001 0.1 1 10 100

LOAD CURRENT (mA)

1000

CAP TO BBOUT EFFICIENCY vs. LOAD

® % il l

0 - |
& Vep = 1.7V
S w0 TR
o Vepp =
E 50 CAP
5]
|
Yoy BBstVSet = 5.5V
BBstVSetCap = 1.6V
20 BBstiPSet! = 400mA
BBStIPSet2 = 400mA
10 BBstlpPadPEnb = 0
0 L=22uH
0001 001 01 1 10 100 1000

LOAD CURRENT (mA)

analog.com

EFFICIENCY (%) MAX BBOUT CURRENT (mA)

LOAD REGULATION ERROR (%)

MAX BBOUT CURRENT vs. CAP VOLTAGE

tocl1

600
550
500 7
450
400
350
300
250 7
200 -
Vgar =37V
150 BBstVSet = 5V
100 BBstVSetCap = 1.6V ]
MAX BBOUT CURRENT IS AT
50 OUTPUT 4.85V (-3% OF VSet) |
0 et
001 2 3 4 5 6 7 8 9 10
CAP VOLTAGE (V)
CAP TO BBOUT EFFICIENCY vs. LOAD
100 toc1d
90
| il
80 l i
70 P Vepp=12v VCAP=5V""¥ Veap =9.5V
60 [ il \! ‘H
Vepp =25V Veap =76V
o il
0 T
30 | BBstVSet = 3.5V
BBstVSetCap = 1.6V
20 |- BBstIPSet! = 250mA
BBstiPSet2 = 400mA
10 |+ BBstlpPadPENb = 0
o L L=22uH
0001 001 01 1 10 100 1000
LOAD CURRENT (mA)
BUCK-BOOST LOAD REGULATION
15
1.0 !
05 VA N VEBouT 25
00 \\ \/ Vegour = 1.5V
o5 PNUAN
Bl I Y x
BBOUT = 9
15 NNy
/\ \
20 Vggour = 4.5V
25 | Vepp=25V _
BHstVSetCap = 1.6V VBBOUT‘ =55V
3.0 ‘
0 50 100 150 200
LOAD CURRENT (mA)

LOAD REGULATION ERROR (%)

EFFICIENCY (%)

EFFICIENCY (%)

M 7
Vagour = 4.5 \
-1.0

CAP TO BBOUT EFFICIENCY vs. LOAD

100 toc12
90
80
70
60 Veap =17V || Vepp=5V Vopp = 9<;5V
50 Vepp=25V Veap =75V
40 ‘
30 BBstVSet= 1.5V
BBstVSetCap = 1.6V
2 BBstIPSet! = 250mA
BBstIPSet2 = 400mA
10 BBstlpPadPEnb = 0
0 L=224H
0001 001 01 1 10 100 1000
LOAD CURRENT (mA)

CAP TO BBOUT EFFICIENCY vs. LOAD

100 toc15
90 H
80
1 5V
Veap=1.7V .
60 cAP
50 Vepp=2.5V
40
30 BBstVSet = 4.5V
BBstVSetCap = 1.6V
2 || BBstiPSet! = 300mA
BBstIPSet2 = 400mA
10 T BBstlpPadPEnb=0
0 L =22uH
0.001  0.01 0.1 1 10 100 1000
LOAD CURRENT (mA)

BUCK-BOOST LOAD REGULATION

’ T
VBBOUTF 2.5V

10 &% \/ByT= 15V
0.5 ‘\

Vegour = 3.5V \
00 }

Vegour =58V )\

0.5 ]

18

<

Vepp =5V
BBstVSetCap = 1.6V
0 50

100 150
LOAD CURRENT (mA)

200
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BUCK-BOOST LOAD REGULATION BUCK-BOOST LOAD REGULATION BUCK-BOOST LOAD REGULATION

20 21

15 15 1.50 T T
‘ Vasour = 5-5V Vggour = 4.5V ‘
Vggour = 5.5V 1.00 / \ - - |
S 1.0 S 1.0 s Vggour = 5.5V
x x x Vggour = 3.5V
2 05 — g 05 \ 2 %% N % |
X ) Vagour = 4.5V & ) Vagour = 1.5V &x & “
& 00 Vggour = 2.5V — 3 o0 - g 00 = |
= . = | =
3 N 3 \ 3 N\
> > = 5 0.50
o o Vggour = 4.5V o Vggour = 1.5V
e 05 Vegour = 3.5V & 05 i i |
S ‘ o Vagour = 35V ERl v Vesoor=25Y  \\
) CAP ~ =
S 0 Vesour = 1.8V 2 0 S 5 | BBsivsetcap=1av | = \
Vap = 7.5V Ve = 95V ’ BBHalfBW = 1
BBstVSetCap = 1.6V BBstVSetCap = 1.6V [@? =10pF
45 p 15 p 2,00 sgout = 1UH
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (mA)
OUTPUT VOLTAGE vs. CAP VOLTAGE OUTPUT VOLTAGE vs. CAP VOLTAGE OUTPUT VOLTAGE vs. CAP VOLTAGE
60 ‘ toc2: 60 toc23 60 ‘ toc2:
55 v, L 55V 55 Vegour = 5.5V 55 VBBOUT=‘ 5.5V
s 5.0 BBOUT | — s 5.0 ‘ s 5.0 ‘
w45 w45 w45
o T o T o} Z
= 40 VBEOUT‘= 48V | = 40 VBB°UT‘_4'5V = 40 Vesour =45V
g 135 ‘ g 135 —— g 135 —
5 V, =35V 5 BBOUT = 3. 5 BBOUT O~
3 30 wour 20 3 30 3 30
8 25 i 8 25 ; 8 25 ‘
20 Vagour = 2.8V 20 Vggour = 2.5V 20 Vegour = 2.5V
15 ‘ 15 ‘ 15 ‘
10 | | Vegour=15v _| 10 } | Vegour=158vV _| 10 | _ | Vegour=18vV _}|
BBstVSetCap = 1.6V \ BBstVSetCap = 1.6V BBstVSetCap = 1.6V
05 I lggour = 5mA ‘ 05 I lggour = 20mA ‘ 05 I lggour = 50mA ‘
00 . . 00 . . 00 . .
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
CAP VOLTAGE (V) CAP VOLTAGE (V) CAP VOLTAGE (V)
BUCK-BOOST SWITCHING BUCK-BOOST SWITCHING
OUTPUT VOLTAGE vs. CAP VOLTAGE FREQUENCY vs. LOAD FREQUENCY vs. LOAD
10025 10c26 toc27
6.0 T 2.00 ‘ v Y=y 1.60
55 | BBOUT ~ 7+ ‘
— 50 Vagour = 5.5V _ 180 T Vygour =55 X 140 - /
s S ) N Vgsour = 4.5V
s \ T 160 e ] '
W45 =3 V\\ = 120 T A4
2 Vagour = 4.5V 5 140 5 Vagour = 2.5V //
3 s Z 120 //v\w =35V g 100
£ v Vigour = 35V 3 Ji'A 2 Vasour = 1.5V )‘/\/
3 30 BBOUT = 3 o 1.00 A o 080
g s | L N/ < ; S
V, =25V : - 0.60 ggouT = 99V |
20 ‘BBOUT = 050 // / ,( Vagour = 2.5V £ / \ |
e v ! = Vgsour = 3.5V
e v =15V g 0.40 // /| Vggour = 1.5V g 040 7. BBOUT = -
10 F BBOUT T !~ > 4 // ‘ B ‘
BBstVSetCap = 1.6V 0.20 Vepo = 2.5V 0.20 Voo = 5V
05 | - . CAP. cap
lagour = 100mA y BBstVSetCap = 1.6V BBstVSetCap = 1.6V
0.0 - - 0.00 . 0.00 .
0 2 4 6 8 10 0 50 100 150 200 0 50 100 150 200
CAP VOLTAGE (V) lesour (MA) lesour (MA)
BUCK-BOOST SWITCHING BUCK-BOOST SWITCHING BUCK-BOOST SWITCHING
FREQUENCY vs. LOAD FREQUENCY vs. LOAD FREQUENCY vs. LOAD
10c28 10c29 10c30
2.50 3.00 1.80 ‘ ‘
1.60
= 200 = 250 I~ ‘Vaeom =25V
£z Vggour = 35V S Vg ERL
S S S Y=
2 Vggour = 4.5V \y g 20 g 12 V, =15V
g k e Vesour =58V > 10 por \I//’/
g Vagoyr = 2.5V / g 1.50 | ” 4 g Vggour = 4.5V \/
3 p < & Vagour = 35V & 080 7 Vagour = 5.5V
o 100 T NTaa o o //A \
(i) /{ BBOTJT =9 (i) 1.00 / /( Vggour = 2.5V (i) 0.60 Vagour = E‘).SV —
S om0 Veaour = 1.5 s / v ! 15V S o040 Vs = 5V
[Z 0 7 | @ 050 sgour T 19V @ BBstVSetCap = 1.6V
Vor =S7,5e/ Vo =39,5e/ 0.20 BBHalfBW = 1
BBstVSetCap = 1.6V BBstVSetCap = 1.6V C, =10uF
0.00 P 0.00 P 0.00 sour =V
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
lssour (MA) lssour (MA) lssour (MA)
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LOAD REGULATION AND RIPPLE

DURING CAP DISCHARGE
- e -
d
Veap 2Vidiv
\‘v
3 50mV/div
Vesout AC-
By COUPLED)
: BBstVSetCap = 9.5V
200ps/div BBstVSet = 5V
LOAD PULSE 50mA
EN PIN ENABLE
toc34
u
VEN [ I 2vidiv
Veaiy J - Vidiv

Veap

VBgout

Vegout

lsgout

Vear

Vegout

BBstEna enabled

10ms/div

LOAD TRANSIENT

toc37

]

10pA TO 100mA

S TN
‘4: BBstVSet = 5.0V
e +++ BBstIPSet1 = 350mA
BBHalfBW = 1
Cagour = 10uF

10ps/div

CAP TO BBOUT BUCK-BOOST
REGULATOR LINE TRANSIENT .

0040

%

BBstVSetCap = 7.5V
BBstVSet = 4.0V
LOAD CURRENT = 10mA
Ceap = 10pF

AL YT
VA

100ps/div

analog.com

5Vidiv

2VIdiv

50mV/div
(AC-
COUPLED)

100mA/div

{| 2vidiv

{[50mvrdiv

with 100mV

Ul OFFSET)

LOAD REGULATION AND RIPPLE

DURING CAP DISCHARGE
4
Veap \ 2V/div
3 50mV/div
Vesout AC-
B} COUPLED)
. BBstVSetCap = 9.5V
200usfdv - gpgjyset =3
LOAD PULSE 50mA
12C ENABLE TIME ozt
Vsoa | 1 Widiv
Vesin | 2VIdi
/ ':
y }
CAP ! i I svrdiv
Vesout 2Vidiv
400ps/div
LOAD TRANSIENT WITH
FAST MODE
toc38
v i
BBstVSet = 5.0V
BBstIPSet1 = 350mA
BBHalfBW = 0
‘ 50mV/div
Vesour i : ‘ @gOPLED)
! i’Fs\'JLf.'\’?;Y:!’!'M\'ﬁ'x‘ﬁf.!!.’.’.’m\‘i
10uATO 100mA
J ‘
lssout AN E——— PP S
10ps/div
PSEUDO-SPI DVS UP TRANSITION »
toc
Vggour FROM 2.0V TO 4.0V ]
14.2ps
Vegout i ggm:ﬁz?ﬁ; 1V/div
Vovsin | 2vrdiv
Verkin e ettt 1 2vidiv
2ps/div

LOAD REGULATION AND RIPPLE

DURING CAP DISCHARGE
T Sa—
i
Veap \ 2Vidiv
N
B 50mV/div
Vegout AC-
2 COUPLED)
. BBstVSetCap = 9.5V
400ps/div BBstVSet = 1.5V
LOAD PULSE 50mA
LOAD TRANSIENT
toc36
u 1
10uA TO 100mA
) i || somvidiv
v, i )
Rl SRS T | (COUPLED)
T BBstvSet= 5.0V
BBstIPSet1 = 350mA
BBHalfBW = 0 |
|
lBBOUT e e — KV V]
10ps/div
LOAD TRANSIENT WITH
FAST MODE
toc39
v 1 ]
BBstVSet = 5.0V
BBstlPSet1 = 350mA
BBHalfBW = 1 ]
Cagour = 104F
seour = K | 50mvidiv
Vegout R e— Q&JPLED)
naamaaea s VTTITNY \ }
..... A ]
10pATO 100mA - ]
4
1BBOUT s s 100mA/div
10ps/div
PSEUDO-SPI DVS DOWN TRANSITION "
toc
Y Vggour FROM 4.0V TO 2.0V
. ;
v BBIMaxP = 1A | P
BBOUT BBIMaxN = -1A ] 1Vidiv
Vovsin | 2vidiv
I N
VeLkin ]

4ps/div
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PSEUDO-SPI DVS TRANSITIONS
IN MULTI-MEASUREMENT

tocd3

[ © Vggoyt FROM

- 37VT022VTO
29V
FNS—

2BURSTS PER "

v FRAME 500mV/div

BBOUT

BBIMaxP = 1A

(
BBIMaxN = -1A OFFSET)

Vovs e | 1V/d

Vowon B i b i 1Vidiv
200ps/div
LXB DOWN TRANSITION
WITH LOW EMI MODE
toc46
(]
i)
(]
| ViugFROMSOVTOOV |
BBstVSet = 5.0V
BBstLowEMIB = 0
Vixe 1V/div
2ns/div
LDO LOAD TRANSIENT
toc49
u
Vi = 3.7V
LDOVSet = 1.8V
pra——| )Y/
Viour - (AC-
i / ! COUPLED)
07O 10mA
i ‘
lLouT JARAAMVARARY | 10mAZdiv
40ps/div
LDO LOAD REGULATION o
3.006
3.005
V= 3.3V
~ 3004
=
= 3003 ‘
3.002 Vin =31V —]
3.001 !
Vgar = 3.7V
LDOVSet = 3V
3.000
0 20 40

LOAD CURRENT (mA)

analog.com

Vegout

Vagour

Viour

ILour

Vi

Viour
ok

w

ROUND-ROBIN DVS TRANSITIONS
IN MULTI-MEASUREMENT

tocd4

v !
Vgout FROM 4.0V TO 2.0V TO 3.0V
NO LOAD i

- (

© BBIMaxP = 1A
| BBIMaxN =-1A

200ps/div

OUTPUT RIPPLE IN LIGHT LOAD ot

u

LOAD CURRENT = 10pA

BBstVSet = 5.0V
BBstIPSet1 = 350mA

10ms/div

LDO LOAD TRANSIENT

oc50

u

V=37V
LDOVSet = 1.8V

07O 100mA

20ps/div

tocs3

LDO LINE TRANSIENT

CO

Vin 2.8V o 5.
Viour = 1.8V
LOAD 100mA

20ps/div

|| 500mvidiv
2V DC
|oFFsET)

50mV/div

NNV

C-

COUPLED)

100mVidiv
. (AC-
[T 1 COUPLED)

100mA/div

‘ J Vidiv

50mV/div (AC-

UPLED)

5V

LXB DOWN TRANSITION
WITHOUT LOW EMI MODE

tocd5

1=
'K
9

Vixg FROM 5.0V TO 0V

BBstVSet = 5.0V
BBstLowEMIB = 1

Vixe 1Vdiv
2ns/div
OUTPUT RIPPLE IN HEAVY LOAD‘ "
o
Iw
LOAD CURRENT = 100mA
20mV/div
Vesout P (AC-
F It COUPLED)
BBstVSet = 5.0V
BBstIPSet1 = 350mA
1ps/div
LDO TURN-ON TIME
toc51
TIME FROM LAST SDA DATA BIT |
f |
8.88ms
(/7T S S I 1vidiv
Vspa 1| 2vrdiv
Vsl b il 1 2vidiv
2ms/div
LDO LINE TRANSIENT
toc54
i .
Vun 1Vidiv
<
v 50mV/div (AC-
Lout COUPLED)
3
20ps/div Vin 28Vt 5.5V
Viour = 1.8V

LOAD 1mA

Rev 0 | 17 of 73


https://www.analog.com/en/index.html

MAX20362

PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

TOP VIEW (BUMP SIDE DOWN)

1 2 3 4 5 6
+

®®A

®®®
@O®®
O®®
O®E
OO

24-BUMP 0.4mm-PITCH WLP
(2.56mm x 1.72mm)

PIN DESCRIPTIONS

PIN NAME DESCRIPTION

Buck-boost regulator switching node A. Connect to LXB through a 1pH or 2.2puH

Al LXA inductor (set BBL2P2Sel accordingly). See the Inductor Selection guide for more
information.

A BBIN Current-limited buck-boost input. Bypass with a capacitor to GND. See the BBIN
Capacitor Selection section for guidance on capacitor selection for this node.

A3,B2 . .

Cl’ cz’ GND Ground. Connect all ground bumps and bypass capacitances together with a low-

C3.c4 impedance plane.

A4 SDA I2C serial data input/output.

A5 BAT Battery input. Bypass with a 1pyF capacitor to GND.
Dedicated DVS interface data input. Connect to compatible PPG AFE. Connect to

A6 DVSIN .
ground if unused.
Buck-boost regulator output. The BBOUT node must be bypassed with sufficient

B1 BBOUT capacitance to guarantee proper operation. See the BBOUT Capacitor Selection section
for capacitance requirements.
SIMO digital input. If pulled high, the arbiter gives inductor preference to BBOUT for
optimal regulation. If tied low, the BBSimoSel bit controls the arbitration mode. See

B3 SIMO the BBIN to CAP and CAP to BBOUT Buck-Boost Interoperation section for more
information. The SIMO pin should not be changed in pseudo-SPI or round-robin DVS
mode.

B4 SCL I2C Serial Clock Input.
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Active-high enable input. For the lowest shutdown current, pull EN low. If shutdown

B5 EN current is unimportant, BBstEna in register 0x01 can be used. The EN pin takes
precedence over the BBstEna setting. When EN is low, all registers are reset.
Dedicated DVS interface clock input. Connect to compatible PPG AFE. Connect to

B6 CLKIN .
ground if unused.

C5 INT Active-low, open-drain interrupt output. Pull-up to logic supply through =1kQ resistor.
LDO Input. Bypass with a 1puF capacitor to GND. To take advantage of the input current
limit function, LIN can be connected to BBIN. If this approach is taken, a current limit

C6 LIN of 10mA or higher must be selected to ensure proper startup of the LDO. The user is
responsible to ensure that the loading on the LDO does not prevent recharge of the
CAP node. If LDO is not used, connect LIN and LOUT to ground.

Storage capacitor output. Connect capacitor between this node and GND. Ensure the
D1 CAP capacitance is sized appropriately for the application. See the CAP Node Tank
Capacitance Selection section for more details on sizing the storage capacitor.
Buck-boost regulator switching node B. Connect to LXA through a 1pH or 2.2puH
D2 LXB inductor (set BBL2P2Sel accordingly). See the Inductor Selection guide for more
information.
D3 BST Bootstrap node. Connect a 100nF capacitor between BST and LXB.
D4 v Internal 1.8V supply bypass node. Connect 1uF between this node and GND. This
boP output is not intended to power any external circuitry.

D5 N Internal analog 1.8V supply output. Connect 1pF between this node and GND. This
DDA output is not intended to power any external circuitry.

D6 LOUT LDO Output. Bypass with 1pF of capacitance to GND.
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THEORY OF OPERATION

System design constraints, such as physical size and battery self-discharge limits, often force designers to select
batteries for their systems that are not capable of providing the instantaneous power required for some peak loads.
In such cases, the first instinct is to place a large capacitance in parallel with the battery to filter some peak currents,
but the current in that case is filtered only by the RC low-pass filter (LPF) formed by the battery impedance and the
bypass capacitance. In many cases, this makes placing a parallel capacitance impractical due to the size/amount of
capacitance required.

Often, the next instinct for designers is to place the storage capacitance on the output of a current-limited supply
(either a linear or switching current limiter). In this case, the theory is that peak loads can be handled by the
capacitor, allowing it to droop during the loading event. The capacitor is subsequently recharged, but the battery is
protected from high currents by the current limiter. This case presents the designer with a conundrum: either the
load being supplied must be tolerant of large voltage ranges and droop during a loading event, or the designer must
drastically oversize the capacitor to minimize the supply droop. However, system constraints often make this a
suboptimal solution.

The MAX20362 architecture resolves this issue by elegantly utilizing a single inductor to provide current-limited
charging of an isolated tank capacitance and to subsequently delivering the charge stored on that tank capacitance
to a low-noise, regulated output. By isolating the capacitor from the load, the MAX20362 can charge the tank
capacitance up to 9.5V, taking advantage of the fact that the energy stored on a capacitor goes with the square of

the voltage (E = %C x V?2). Therefore, the system designer can place a smaller capacitance to store the same

amount of energy. Additionally, by isolating the tank capacitance from the output, droop on the supply during
loading events is eliminated, as the tank capacitance may be drawn down while the BBOUT output voltage remains
steady. This means that the tank capacitance can be sized minimally without sacrificing system performance. The
low minimum CAP voltage of 1.5V ensures that the device can extract maximal stored energy from the capacitor.

In PPG systems, placing the capacitor at a separate node from the load also allows the MAX20362 to dynamically
scale the output voltage at BBOUT by recovering the charge from the BBOUT capacitor and placing it back on the
CAP tank capacitance. This allows for the quick scaling of the voltage at the anode of PPG LEDs to minimize
headroom and improve system efficiency. See the Optical DVS section for more information.

Switching Converter Architectural Description

Conceptually, there are two switching DC-DC regulators implemented in the MAX20362. The first converter, as shown
in Figure 1, is used to provide input current-limited charging from the battery to the CAP node. The second converter
as shown in Figure 2, regulates the output voltage at BBOUT from the reservoir capacitance at the CAP node. At a
high level, it is useful to first consider these regulators and their operation independently, then to consider the
interaction between the two regulators. The independent operation of the converter which is used to charge the CAP
nodeisdescribed inthe Input Current Limiter and BBIN to CAP Buck-Boost Converter section, followed by a description
of the CAP to BBOUT Buck-Boost Converter section. Finally, the joint operation of these converters is described in the
BBIN to CAP and CAP to BBOUT Buck-Boost Interoperation section. Passive component selection and
recommendations are covered in the Applications Information section.
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Figure 1. BBIN to CAP Buck-Boost Converter
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Figure 2. CAP to BBOUT Buck-Boost Converter

Input Current Limiter and BBIN to CAP Buck-Boost Converter

Figure 3 illustrates the basic structure of the MAX20362 BAT to CAP input current-limited switching regulator. The
arrows, labeled 1-4 depict the inductor current flow in each switching phase of the buck-boost regulator and are
described in detail in the Switching Phases section. During regulation, the buck-boost limits the input by modulating its
switching frequency, as described in the Input Current Limiting section. The buck-boost charges the CAP capacitance to
the voltage set by BBstStepCap and BBstVSetCap, allowing the user a wide range of flexibility and high output voltage
regulation accuracy. The voltage at CAP can be set in a range from 1.6V to 9.5V with varying resolution depending on
the range. See the BBstStepCap and BBstVSetCap register descriptions for more details.
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Figure 3. The Buck-Boost Regulator and Switching Phases
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Figure 4. Buck-Boost Inductor Current in Buck-Boost Mode

Switching Phases
Depending on the input and output voltage conditions, the buck-boost executes different sequences of switching
phases to generate the desired output voltage. Only two switches are turned on during each phase.

» Phase 1: MN2 on, MN3 on. Inductor charges.

P Phase 2: MN3 on, MN4 on. Inductor charges when Vgar > Veap, discharges when Vgur < Vepe.
P Phase 3: MN1 on, MN4 on. Inductor discharges.

» Phase 4: MN1 on, MN2 on. Freewheeling.

Buck, Buck-Boost, and Boost Conditions

The regulator operates in buck mode when the input voltage is substantially greater than the output voltage and in
buck-boost mode when the input voltage and output voltage are very close. To minimize discontinuities in the
output-voltage ripple during transitions between buck, buck-boost, and boost modes, the switching sequence
remains always the same between the modes. First, the inductor charges in phase 1 up to BBstIPSetCap1l. The buck-
boost then transitions to phase 2. If Vear > Vcap, BBstIPSetCapl is gradually reduced to 0, and the inductor charges
until either the current reaches BBstIPSetCap2 or after a 500ns delay. When the inductor current reaches zero-
crossing, the regulator freewheels in phase 4 until the next charge phase. When operating in continuous conduction
mode (CCM), the buck-boost enters phase 4 for approximately 30ns. Figure 4 shows the inductor current in each
mode.
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Inductor Peak Current Limit

The buck-boost regulator monitors the maximum and minimum values of the inductor current. Peak currents are
set in the BBstISetCap register. BBstIPSetCapl controls the peak current when Vggiv < Veap and begins the timeout
period for phase 2. BBstIPSetCap2 sets a secondary current limit in buck-boost mode that is reached when Vggiy >
Vear. The total inductor current limit when Vggin > Vear can be as high as BBstIPSetCap1+BBstIPSetCap2. The buck-
boost regulator transitions from phase 2 to phase 3 if the inductor current reaches BBstIPSet2 or if the 500ns timeout
has elapsed. As the buck-boost enters boost mode, eventually there comes a point where the inductor current
reaches 0 before the 500ns timer expires. In this case, phase 3 is skipped to maintain high efficiency.

It is recommended to keep the default BBstIPSetCap1/2 settings (350mA) for optimal efficiency. If the decision is
made to adjust these values, the minimum BBstIPSetCap2 should never be lower than 200mA to avoid unwanted
behavior.

Input Current Limiting

The MAX20362 BAT to CAP buck-boost must protect the battery from excessive currents of downstream loads. In this
architecture, large loads are serviced from the CAP node, but charging the CAP capacitance itself results in large
currents with a regular switching converter. This device features an input current-limiting scheme that protects the
battery while quickly and efficiently charging the CAP node capacitance. The input current limitation is
accomplished using the circuit of Figure 5. A linear current generator, sitting between BAT and BBIN, actively limits
the current to a value between 5mA and 50mA, set by BBIngenSel in 1mA steps. The buck-boost input current is
controlled by modulating the switching frequency of the buck-boost based on the voltage drop between BAT and
BBIN. As the capacitance at BBIN discharges, a comparator watches the difference between BAT and BBIN. When the
difference exceeds the programmable threshold (50mV, 100mV, 150mV, or 200mV) set by BBIngenDrp, the
comparator signals the buck-boost to stop switching activity. When the difference is below the programmable
threshold, the comparator signals the buck-boost to initiate a new switching cycle (assuming Vcae is not already at
regulation value). In this way, not only is the average current from the battery limited, but even the large peak
currents taken by the inductor are filtered by the input current generator. This allows for very precise control over
the maximum current drawn from the battery, which protects the battery from damage and prevents other
components powered by the battery from experiencing unwanted undervoltage conditions. To maintain the highest
efficiency, it is recommended that the BBIngenDrp setting be kept at the lowest setting.

IBB LIl\_/h
BAT @ BBIN Veap
V/BBLIM_DROP

BBIN-CAP BUCK-BOOST

CeBIN Ccap
I+ GO

Figure 5. Input Current Limiter Topology
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Figure 6. Input Current Limit Operation

CAP to BBOUT Buck-Boost Converter

The MAX20362 is an ultra-low quiescent current, non-inverting buck-boost converter with 128mA output current
capability. The converter employs a control algorithm that seamlessly transitions between buck, buck-boost, and
boost modes, minimizing discontinuities and subharmonics in the output-voltage ripple. The low 1.5V input voltage
allows the device to maximize the energy extracted from the CAP storage element. The CAP to BBOUT converter has
been designed to minimize the noise impact of voltage ripple on sensitive downstream subsystems such as PPG
LEDs.

The ultra-fast dynamic voltage scaling (DVS) capability allows the device to transition quickly between output
voltages and enable in-frame scaling of LED supply voltage when used in conjunction with capable PPG AFEs.
Additionally, the low output ripple and fast, predictable transient response maximizes the SNR of high-performance
optical PPG AFEs.

Figure 7 illustrates the basic structure of the MAX20362 switching regulator with arrows depicting the inductor
current flow in each switching phase.

2 -
MN4 L o MN5
I_K]_I LXB L
CAP O ] . o VBBOUT
_‘, Cenp gi 3 1 }‘ _[ CeBout
MN1
4 I ® ® —O

Figure 7. Buck-Boost Regulator and Switching Phases
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Figure 8. Buck-Boost Inductor Current in Buck-Boost Mode

Switching Phases
Depending on the buck-boost configurations, the topology enters different sequences of phases to generate the
desired output voltage. Only two switches are turned on during each phase.

» Phase 1: MN4 on, MN1 on. Inductor charges.

P Phase 2: MN4 on, MN5 on. Inductor charges when Vcap > Vesout, discharges when Veap < Vegour.
P Phase 3: MN2 on, MN5 on. Inductor discharges.

» Phase 4: MN1 on, MN2 on. Freewheeling.

Buck, Buck-Boost, and Boost Conditions

The regulator operates in buck mode when the input voltage is substantially greater than the output voltage and in
buck-boost mode when the input voltage and output voltage are very close. To minimize discontinuities in the
output-voltage ripple during transitions between buck, buck-boost, and boost modes, the switching sequence
remains always the same between the modes. First, the inductor charges in phase 1 up to BBstIPSetl. The buck-
boost then transitions to phase 2. If Vcap > Vegsout, BBstIPSetl is gradually reduced to 0, and the inductor charges until
either the current reaches BBstIPSet2 or after a 500ns delay. When the inductor current reaches the valley-current
crossing threshold or falls below 0, the regulator freewheels in phase 4 until the next charge phase. When operating
in continuous conduction mode (CCM), the buck-boost enters phase 4 for approximately 30ns. Figure 9 shows the
inductor current in each mode.

Inductor Peak and Valley Currents

The buck-boost regulator monitors the maximum and minimum values of the inductor current. If BBstIPAdptDis =1,
the peak currents are fixed to the values in BBstISet and the valley current is fixed to OmA. If BBstAdptDis = 0, the
peak and valley currents are allowed to change based on load requirements.

Peak currents are set in the BBstlSet register. BBstIPSetl controls the peak current when Veap < Vesour and begins the
timeout period for phase 2. BBstIPSet2 sets a secondary current limit in buck-boost mode when Vcap > Vegour. The
buck-boost regulator transitions from phase 2 to phase 3 if the inductor current reaches BBstIPSet2 or if the 500ns
timeout has elapsed. The MAX20362 gradually reduces BBstIPSetl such that, when BBstIPSet2 is reached, the
BBstIPSetlis 0. Minimizing the settings of BBstIPSet1 and BBstIPSet2 reduces output ripple but decreases efficiency.
Care must be taken to optimize the peak current settings to maintain a low output ripple while maximizing efficiency.
The Minimum BBstIPSet2 should never be set lower than 200mA to avoid unwanted behavior. Figure 9 is a graphical
guide for selecting combinations of BBstIPSetl and BBstIPSet2 to balance efficiency for specific BBstVSet values.
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Figure 9. Recommended BBstIPSet1 and BBstIPSet2 Settings

Optical DVS
The MAX20362 utilizes DVS to rapidly change the output voltage on demand. DVS can significantly reduce the power
consumption of PPG systems that use LEDs with highly variable forward voltage drops.

Buck-Boost Operation During Fast Dynamic Voltage Scaling Operations

DVS voltage transitions can be positive (output voltage increasing) or negative (output voltage decreasing). To
accomplish a positive transition, the buck-boost follows the same switching sequence as described in the CAP to
BBOUT Buck-Boost Converter, Switching Phases, Buck, Buck-Boost, and Boost Conditions, and Inductor Peak and Valley
Currents sections, but it regulates the inductor current at a fixed valley current, as shown in Figure 10. The valley
current regulated can be adjusted using the BBIMaxP register to values from 0 to 1.1A in 50mA steps. Higher settings
lead to increased transition speeds but may result in more ohmic losses during the transition. The speed of the

transition should besetbyl = C %to ensure that, for a given BBOUT capacitance, the voltage transition rate is fast
enough for the voltage to reach the target within the time required by the application.

Negative DVS transitions force the inductor current in the opposite direction, regulating a reverse current from
BBOUT to CAP based on the BBIMaxN setting, as shown in Figure 11. By reversing the current in this way, much of the
energy pulled from BBOUT during the downward transitions is recovered and can be used for future regulation and
DVS positive transitions on BBOUT. This greatly improves the efficiency of the system during DVS events. Similar to
a positive transition, BBIMaxP must be set to ensure that the transition occurs within the time allotted by the
application. Special care must also be taken to ensure that a negative DVS transition does not overfill the CAP
capacitor. An OVLO circuit exists on CAP, which disallows further charging if a negative DVS transition overfills the
capacitance. This means that the negative DVS transition is stopped even if the transition to the new regulation
voltage has not been completed.
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Figure 10. Positive and Negative DVS Transitions

Dynamic Voltage Scaling (DVS) Modes
The MAX20362 features three different DVS control modes:

P 12C: In I)C mode, a dedicated register (BBstVset, register 0x02) in the regmap can be written with the voltage
value required.

» Pseudo-SPI: Two dedicated pins (CLKIN, DVSIN) are used to implement a serial digital interface for passing the
DVS voltages and additional information. This mode requires the use of a compatible AFE device that features
DVS capability and a pseudo-SPI controller, such as the Analog Devices MAX86181.

» Round-Robin: Up to 20 FPWM and voltage values are pre-programmed through the I°C interface. These values
are cycled through in succession at each rising/falling edge of the CLKIN pin. This control mode can be utilized
with Analog Devices AFEs that feature multiple interrupt output pins, such as the MAX86180, and the ability to
set the interrupt to trigger on changes in the ‘FIFO Data Ready’ status bit.

Table 5. DVS Mode
DVSSource RREna MODE
0 0 I2C DVS
1 0 Pseudo-SPI
X 1 Round-Robin

X=Don’t care.

I1°C Based DVS Control

If the RREna and DVSSource bits are set to zero, the DVS output voltage is set directly through 12C using bits 6-0 of
register 0x02, BBstVset, and can be used to dynamically program the output voltage value. Use bits 6-0 of register
Ox1E to read back the BBstVset value. Bit 7 of register 0x02, BBstFpwm, enables the FPWM feature, whereas bit 4 of
register 0x01, BbstFast, enables the FAST feature. Note that I12C is the only mode where both of these two features
can be enabled together. Bit FpwmFast of register Ox6E selects the feature for status check (0 = Fast, 1 = FPWM), and
bit 7 of register 0x1E, BB_LOWBP, reads back the feature status (0 = disabled, 1 = enabled). For example, if FpwmFast
=1 and BBstFpwm = 1, then BB_LOWBP reads back 1 regardless of the BBstFast value. On the other hand, if
FpwmFast =1, BBstFpwm =0, and BBstFast =1, then BB_LOWBP reads back 0 even the FAST feature is enabled. Note
that bit FpwmFast has no effect on setting high-performance feature in I’C mode.

In round-robin and in pseudo-SPI, only FPWM or FAST can be enabled. To choose which one, use read-write bit
FpwmFast (register 0x06E, bit 0) (0 = Fast, 1 = FPWM). BB_LOWBP reads back 1 if either of the high-performance
features is enabled. In round-robin mode, use each RRLowPBxx bit to disable/enable the high-performance feature
for that cycle. If RRLowPBxx = 0, neither FPWM nor FAST is enabled. If RRLowPBxx = 1, FPWM or FAST is enabled
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according to FpwmpFast bit, and BB_LOWPB reads back 1. In pseudo-SPI mode, the serial communication protocol
includes a bit (for example, bit DVS_MODE_SEL in MAX86181) that has the same function as RRLowPBxx. If
DVS_MODE_SEL in MAX86181 s low, neither FPWM nor FAST is enabled. If DVS_MODE_SEL in MAX86181 is high, FPWM
or FAST is enabled according to FpwmFast bit.

The BBstVSet register (0x02) features write protection that can be enabled or disabled by writing 0xAA or 0x55 to the
LockUnlock register (0x51). For this write operation to take effect, the BBLck bit in register 0x50 must be 0; otherwise,
the operation on LockUnlock is ignored. The BBstVSet register (0x02) is locked by default.

DVS Target Mode/Pseudo-SPI

When used with a compatible Analog Devices AFE, such as the MAX86181, the MAX20362 output voltage is controlled
by a proprietary serial digital interface on the CLKIN and DVSIN pins. To enable this mode, the register bit DVSSource
should be set to 1. Once enabled, 300us is required until the device is ready to receive a new DVS command from the
AFE controller. The default Vggour in pseudo-SPI mode is 1.5 V.

In DVS target mode, the MAX20362 acts only as a target. All DVS values are programmed in the corresponding
controller AFE. Register 0x19 (Commint) contains the relevant interrupt bits for DVS target mode, indicating
controller requests completion, interface timeout expiration, and parity error.

For additional information on the operation of DVS target mode, refer to the data sheet of the relevant DVS controller
AFE device, such as MAX86181.

DVS Round-Robin Interface

The DVS round-robin mode allows the user to pre-program multiple DVS output voltages, which are cycled through
on the rising/falling edge of the CLKIN signal (see the RRClkPolarity bit in the register map). This mode enables fast
DVS output capability on Analog Devices AFEs that do not feature the DVS controller function.

To utilize round-robin mode:

P The user first programs up to 20 DVS voltage values into registers 0x20-0x33.

P If fewer than 20 registers are utilized, write register 0x55, RRSize to define which register location is the last
one utilized.

» Configure RRWrap bit, in register 0x54, RRWrap, to determine if the round-robin pointer either remains on
the final voltage register or return to location zero after reaching the final voltage value.

» Configure the RRTimeoutRes bit, register 0x55 to determine the device behavior after a timeout.
» Configure the RRClkPolarity bit for high/low-going edge triggering.
» Finally, enable the round-robin mode by writing 1 on the bit RREna (register 0x54, bit 1).

BBIN to CAP and CAP to BBOUT Buck-Boost Interoperation

The two buck-boost converters on MAX20362 share a single inductor. As such, these devices must cooperate to
ensure non-overlap in the inductor utilization. There are multiple conditions to consider, but the built-in arbitration
state machine simplifies the design for the end user and allows the system designer to focus on higher-level
implementation.

Inductor Arbitration

To maintain low noise and keep ripple as consistent as possible on the BBOUT output, it is desirable to give
preferential use of the inductor to the CAP to BBOUT converter. To achieve this preferential servicing of BBOUT, the
arbiter first looks at requests from CAP and BBOUT for use of the inductor. BBOUT gets preferential access to the
inductor, and once BBOUT has been serviced, a timeout must expire before CAP can be serviced. In this way, BBOUT
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has free rein to request service during heavy loading intervals without needing to wait for the servicing of the BBIN
to CAP buck-boost. One exception to this rule is that if CAP reaches the Vup win threshold, the arbiter recognizes that
BBOUT can no longer be sufficiently supported by CAP, and the CAP node gets equal access to the inductor for
service.

Care must be taken to ensure that the BBIN to CAP converter has sufficient time to recharge the CAP node before
subsequent BBOUT loading events.

If this behavior of the arbiter is undesirable, the SIMO pin can be pulled low and BBSimoSel set to 0. In this condition,
the arbiter always serves BBOUT and CAP on a first-come, first-serve basis. Note that due to delays in the servicing
of BBOUT, the voltage ripple does not have a fixed tone and may increase in amplitude.

Soft-Start

The soft-start behavior of MAX20362 requires cooperation of the two buck-boost converters. Since BBOUT is
supported by CAP, the CAP node must be ramped first. Once it has been charged, the BBOUT node is charged from
CAP. Since charging BBOUT discharges CAP, the CAP node must then be recharged before the startup sequence is
complete. Figure 11 graphically illustrates the startup sequence.

INDUCTOR DEDICATED | INDUCTOR DEDICATED | INDUCTOR EQUALLY ! ARBITER CONTROLS
ARBITER BEHAVIOR TO CAP | TO BROUT | SHARED | PER SIMO PIN/
: : : BBSimoSel SETTINGS
STATE DESCRIPTION CAP STARTUP ! CAP CHARGES BBOUT ! CAP AND BBOUT !
I
BBstVsetCap | | CHARGED | NORMAL OPERATION
T i T
|\/l
| |
I | I
Veap ! ! |
| | |
| | | o
: BBOUT STARTUP : CAP AND BBOUT : CAP AND BBOUT
: : CHARGED : CHARGED
BBstVSet : BBOUT STARTUP : :
| 1 !
I | !
VBBOUT : : |
| | |
1 1 | -
] >
I
BBstOnInt

Figure 11. MAX20362 Startup Sequence
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Fast Transient Response LDO

The LDO on the MAX20362 is designed to operate with a minimum of 1pF of effective capacitance on the output.
Capacitance derating with DC voltage bias and other factors should be taken into consideration when selecting the
capacitor. The LDOVSet cannot be changed when the LDO is enabled. LDOVSet voltage change is only effective
after toggling LDOEna bit. Figure 12 shows the recommended LOUT minimum and maximum effective capacitance.

MINIMUM AND MAXIMUM EFFECTIVE
CAPACITANCE
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Figure 12. LOUT Recommended Minimum and Maximum Capacitance
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APPLICATIONS INFORMATION

Component Selection Guide

The MAX20362 is designed to be compatible with small case-size ceramic capacitors and small case-size inductors.
In general, system designers should take care to observe the steep DC bias, AC bias, and temperature derating of
small case-size capacitors. Inductor selection should be done with care. Ferrite core inductors are often appealing
due to their small physical size and apparently sufficient inductance, but in reality, the DC current derating of the
inductance and the excessive core losses make these terrible selections. A good metal alloy core inductor is
recommended.

Inductor Selection

Inductor selection for the MAX20362 should be optimized for the intended application. A 2.2uH is recommended for
full-range operation, and a 1uH can be used for Vcap less than 5.5V. Aside from the inductor value, physical size, DC
resistance (DCR), maximum average current, and saturation current are the primary factors to consider. The
maximum average inductor current is obtained using the following equation:

I}, max = max[—BBIMaxN,BBIMaxP + (0.5 X max[BBstIPSet1, BBstIPSet2])]

The average inductor current calculated above dictates the required maximum average current for temperature rise on
the inductor. In order to determine the required inductor saturation current, the peak current must be calculated. The
peak current for this converter can be calculated as:

I}, peax = max[—BBIMaxN, BBIMaxP + max[BBstIPSet1, BBstIPSet2]]

where BBstIPSetl and BBstIPSet2 are the peak current setting described in register 0x03. BBIMaxN is the negative valley
current described in register 0x04. BBIMaxP is the positive valley current described in register 0x05. When selecting an
inductor, one primary factor in achieving high efficiency is the DCR of the inductor. For maximum efficiency, select an
inductor with the lowest DCR possible in the required package size. Another factor to consider is magnetic losses.
Generally, magnetic losses are lower in inductors with a larger physical size and/or higher saturation current ratings. In
most cases, ferrite core inductors should be avoided, as they tend to exhibit poor AC characteristics, especially in
discontinuous conduction mode (DCM).

Table 6. Recommended Inductor

PART NUMBER MANUFACTURER VALUE SIZE (IMPERIAL) Veap
DFE201610E-2R2M Murata 2.2pH 0806 All range

DFE201210U-1ROM = P2 Murata 1pH 0805 <5.5V

PLEA67TBBA1ROM-1PT00 TDK 1pH 0402 <5.5V
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BBIN Capacitor Selection

The MAX20362 is designed to be compatible with small case-size ceramic capacitors. As such, the device has low
capacitance requirements to accommodate the steep voltage derating of 0603, 0402, and 0201 (imperial) capacitors.
Figure 13 shows the minimum capacitance required at BBIN.

MINIMUM EFFECTIVE CAPACITANCE

25

20

N
AN
RN

0 2 4 6 8
BIAS VOLTAGE (V)

CAPACITANCE (JF)

\_

Figure 13. BBIN Required Minimum Capacitance

Table 7. Recommended BBIN Capacitor

PART NUMBER MANUFACTURER VALUE SIZE (IMPERIAL)
GRM155R60J226ME11D Murata 22pF 0402

BBOUT Capacitor Selection

The MAX20362 is designed to be compatible with small case-size ceramic capacitors. As such, the device has low
capacitance requirements to accommodate the steep voltage derating of 0603, 0402, and 0201 (imperial) capacitors.
Figure 14 presents the minimum capacitance required at BBOUT with BBHalfBW = 0. When BBHalfBW = 1, the
capacitance may be reduced to half of that shown in Figure 14, with the tradeoff of a worse load transient response.

MINIMUM EFFECTIVE CAPACITANCE
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Figure 14. Buck-Boost Required Minimum Output Capacitance
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Table 8. Recommended BBOUT Capacitor

PART NUMBER MANUFACTURER VALUE SIZE (IMPERIAL)
GRM155R60J226ME11D Murata 22pF 0402

CAP Node Tank Capacitance Selection
The MAX20362 is designed to extract nearly all of the energy from the CAP capacitance. Knowing the energy of pulses

on the BBOUT node allows the designer to size the CAP capacitance. Design with the following formula in mind:
1

_ 2
Esrorep = 2 Cpgratep XV

where Cpgratep IS the derated capacitance at the maximum DC voltage. Design with a 20% margin above the actual
energy needed. For example, if BBOUT supports two 100mA pulses of 100us each, and the buck-boost regulates at
4V for each pulse, the total energy needed on BBOUT is 100mA x 100us x 2 pulses x 4V = 80wJ. With a 20% margin, this
becomes 96pJ. Assume that the capacitor charges to 9.5V and discharges to 1.5V. The energy stored in an ideal
capacitor in such a case is:

1 2 2
FXCx (9.5% —1.5%) = 89.125¢ xJ

The minimum capacitance needed in this example is the following amount of derated capacitance:

o6y
89.125

= 1.078pF

Keep in mind that the CAP capacitance recharge is limited by the input current limit. BBOUT pulses must be spaced
such that the average load on BBOUT is less than the average input power, plus ~20% margin for efficiency and other
factors.

I’C Interface
The MAX20362 contains an I)C-compatible interface for data communication with a host controller (SCL and SDA).
The MAX20362 can support IC frequencies up to 1IMHz. SCL and SDA require pull-up resistors connected to a positive

supply.

Peripheral Address

In the MAX20362, the peripheral address is configured at the factory by the i2c_2nd_sid OTP bit to be either
0b1101000 (0x68) plus the Read/Write bit or 0b1101100 (0x6C) plus the Read/Write bit. For versions with the 7-bit
peripheral address 0x68, set the Read/Write bit high to configure the MAX20362 to read mode (0xD1) or set the
Read/Write bit low to configure the MAX20362 to write mode (0xDO0). For versions with the 7-bit peripheral address
0x6C, set the Read/Write bit high to configure the MAX20362 to read mode (0xD8) or set the Read/Write bit low to
configure the MAX20362 to write mode (0xD9). See i2c_2nd_sid in Table 9 for the peripheral address corresponding
to a given part number. The address is the first byte of information sent to the MAX20362 after the START condition.

Start, Stop, and Repeated Start Conditions

When writing to the MAX20362 using I°C, the controller sends a START condition (S) followed by the MAX20362 12C
write address. After the address, the controller sends the register address of the register to be programmed. The
controller then ends communication by issuing a STOP condition (P) to relinquish control of the bus or a REPEATED
START condition (Sr) to communicate to another I2C peripheral. See Figure 15.
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B Il

Figure 15. I°C START, STOP, and REPEATED START Conditions

Bit Transfer

One data bit is transferred on the rising edge of each SCL clock cycle. The data on the SDA must remain stable during
the high period of the SCL clock pulse. Changes in SDA while SCL is high and stable are considered control signals
(seethe Start, Stop, and Repeated Start Conditions section). Both SDA and SCL remain high when the bus is not active.

Single-Byte Write

In this operation, the controller sends an address and two data bytes to the peripheral device (see Figure 16).
The following procedure describes the single byte write operation:

The controller sends a START condition.

The controller sends the 7-bit peripheral address plus a write bit (low).
The addressed peripheral asserts an ACK on the data line.

The controller sends the 8-bit register address.

The peripheral asserts an ACK on the data line.

The controller sends 8 data bits.

The peripheral asserts an ACK on the data line.

The controller generates a STOP condition.

vVvVvVVvVvVVyVYVYYVYY

WRITE SINGLEBYTE

S | —P»| DEVICE PRIPHERAL ADDRESS-W A —p REGISTER ADDRESS A —I
\—b 8 DATABITS A —pf P

FROM CONTROLLER TO PERIPHERAL

L]

FROM PERIPHERAL TO CONTROLLER

Figure 16. Single Byte Write Sequence
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Burst Write

In this operation, the controller sends an address and multiple data bytes to the peripheral device (see Figure 17).
The peripheral device automatically increments the register address after each data byte is sent, unless the register
being accessed is 0x00, in which case the register address remains the same. The following procedure describes the
burst write operation:

» The controller sends a START condition.

The controller sends the 7-bit peripheral address plus a write bit (low).

The addressed peripheral asserts an ACK on the data line.

The controller sends the 8-bit register address.

The peripheral asserts an ACK on the data line.

The controller sends 8 data bits.

The peripheral asserts an ACK on the data line.

Repeat 6 and 7 N-1 times.

The controller generates a STOP condition.

VVvVVvVVyVYVYYVYY

BURST WRITE

| DEVICE PERIPHERAL ADDRESS-W | A }—>| REGISTER ADDRESS | A

s }—>| }_\
L»{ 8 DATABITS - 1 | A |—>| 8 DATABITS - 2 | A }_\
|—> ------------------ 4>| 8 DATABITS -N | A |—>|

|:| FROM CONTROLLER TO PERIPERAL

I:I FROM PERIPHERAL TO CONTROLLER

Figure 17. Burst Write Sequence
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Single-Byte Read

In this operation, the controller sends an address plus two data bytes and receives one data byte from the peripheral
device (see Figure 18). The following procedure describes the single byte read operation:
» The controller sends a START condition.

The controller sends the 7-bit peripheral address plus a write bit (low).

The addressed peripheral asserts an ACK on the data line.

The controller sends the 8-bit register address.

The peripheral asserts an ACK on the data line.

The controller sends a REPEATED START condition.

The controller sends the 7-bit peripheral address plus a read bit (high).

The addressed peripheral asserts an ACK on the data line.

The peripheral sends 8 data bits.

The controller asserts a NACK on the data line.

The controller generates a STOP condition.

VVVVVVVYVYYVYY

READ SINGLEBYTE

S |_p|DEVICE PERIPHERALADDRESSW| A I| REGISTER ADDRESS | A
|—> Sr |—>|DEVICEPERIPHERALADDRESS-R| A |_>| 8 DATABITS | NA |—>| P |

|:| FROM CONTROLLER TO PERIPHERAL

I:I FROM PERIPHERAL TO CONTROLLER

Figure 18. Read Byte Sequence

Burst Read
In this operation, the controller sends an address plus two data bytes and receives multiple data bytes from the
peripheral device (see Figure 19). The following procedure describes the burst byte read operation:

The controller sends a START condition.

The controller sends the 7-bit peripheral address plus a write bit (low).
The addressed peripheral asserts an ACK on the data line.

The controller sends the 8-bit register address.

The peripheral asserts an ACK on the data line.

The controller sends a REPEATED START condition.

The controller sends the 7-bit peripheral address plus a read bit (high).
The peripheral asserts an ACK on the data line.

The peripheral sends 8 data bits.

The controller asserts an ACK on the data line.

Repeat 9 and 10 N-2 times.

The peripheral sends the last 8 data bits.

The controller asserts a NACK on the data line.

The controller generates a STOP condition.

VVVVVVVVVVYVYYVYYVYY
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BURST READ
S p| DEVICE PERIPHERAL ADDRESS-W A > REGISTER ADDRESS A —|
|—> Sr —®| DEVICE PERIPHERAL ADDRESSR A —p 8 DATABITS - 1 A _|
|—> 8 DATABITS -2 A P 8 DATABITS - 3 A _|
|—> ------------------ —p 8 DATABITS -N NA | P
FROM CONTROLLER TO PERIPHERAL
FROM PERIPHERAL TO CONTROLLER

Figure 19. Burst Read Sequence

Acknowledge Bits

Data transfers are acknowledged with an acknowledge bit (ACK) or a not-acknowledge bit (NACK). Both the
controller and the MAX20362 generate ACK bits. To generate an ACK, pull SDA low before the rising edge of the ninth
clock pulse and hold it low during the high period of the ninth clock pulse (see Figure 20). To generate a NACK, leave
SDA high before the rising edge of the ninth clock pulse and leave it high for the duration of the ninth clock pulse.
Monitoring for NACK bits allows for detection of unsuccessful data transfers.

S
|
|
i NOT ACKNOWLEDGE
! C
SO A G - .
ACKNOWLEDGE

Figure 20. Acknowledge Bits
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MAX20362
ADDRE NAME MSB LSB
ss
USER
0x00 | ChipID[7:0] ChipID[7:0]
0x01 BBstCfg0[7:0 BBHalfBW BBStLé)WEMI BBstEna BBstFast - BBFHighSh | BBstActDsc | BBstPsvDsc
0x02 BBstVSet[7:0 BBstFpwm BBstVSet[6:0]
0x03 | BBstlSet[7:0] BBstIPSet2[3:0] BBstIPSet1[3:0]
0x04 | BBstiMaxN[7:0] - - - BBIMaxN[4:0]
0x05 BBstIMaxP[7:0 - - - BBIMaxP[4:0]
BBstIPwpMaxP X
0x06 | - - - BBIPwpMaxP[4:0]
0x08 | BBstCfq1[7:0] - - BBstTmoSel[1:0] BBLzlpzse BBsgﬁEadP BBstOvloSel[1:0]
0x09 BBstCfg2[7:0 - - BBstTankTmoSel[1:0] BBstTmoSellLg[2:0] BBSimoSel
BBstVSetCap[7 | BBstActDsc | BBstPsvDsc . .
0x0A 0] Cap Cap BBstStepCap[1:0] BBstVsetCap[3:0]
0X0B ;BstlSetCa z BBstIPSetCap2[3:0] BBstIPSetCap1[3:0]
0x0C SIBIH enCia0f7 BBIngenDrp[1:0] BBIngenSel[5:0]
0x10 | Status[7:0] BBC;EO"'O BBcatF;UV'OS BBstOnSts | BBStOffSts Vddsatg""’ BB°“t;J"'°St BstSts | ThmFltSts
0x12 IngenSts[7:0 - - - OutTmoSts | DrpMinSts | TnkTmoSts | SimoPinSts BBDTSMaXS
0x13 | LDOStatus[7:0] - - - - LDODivSts | LDOShrSts | LDOThmSts | LDOCIpSts
0x14 | Int[7:0] BBC""nF;O"'O' BBC‘?‘;U"'O' BBstOnint | BBstOffint Vddit""o' BB°“ttU"'°'” BstFltint ThmFltint
0x15 CommInt[7:0 - - ChgModDone | RRTimeout RRInc SPIDone SPITimeout SPIParErr
0x16 | Ingenint[7:0] - - - OutTmolnt B°°Tm°'” TnkTmolnt | SimoPinint BBDrnptMax'
0x17 | LDOInt[7:0] - - - - LDODivInt | LDOShrint | LDOThmint | LDOCIpint
0x18 | Mask(7:0] BBCJZ?"'O BBC@;’EV"’ BBstOnMsk | BBstOffMsk Vdﬁﬂasi""’ BBO“;(JV'OM BstFltMsk | ThmFltMsk
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ADDRE NAME MSB LSB
ss

0x19 CommMski{7:0] _ _ Chgl\'/\l/cljsdeone RR'll;;Ir:keout RRIncMsk SPIDokneMs SPI"I\'/ilr:keout SPIP;:E"M
0x1A | IngenMsk{7:0] - - - OutTmoMsk Boogkmo'v' TnkTmoMsk | SimoPinMsk BBEJELV'""X
0x1B | LDOMSsk{7:0] - - - - "DO':k’i"MS LDOShrMsk "DOTkhmMS LDOCIpMsk
0x1C ESt'MaXPRb ! - - - BBIMaxPRb([4:0]

0x1D JggLBFsmState L - - BBCtriState[5:0]

Ox1E | BBVset[7:0] BB_LOWPB BB_VSET[6:0]

Ox1F RRpoint[7:0 - - - RRPointer{4:0]

0x20 | RRVset00[7:0] RR""(‘)’VPBO RRVset00[6:0]

0x21 | RRVset01[7:0] RR'-01wPBO RRVset01[6:0]

0x22 | RRVset02[7:0] RR"°2"VPB° RRVset02[6:0]

0x23 | RRVset03[7:0] RR'-OawPBO RRVset03[6:0]

0x24 | RRVset04[7:0] RRL04wPBO RRVset04[6:0]

0x25 | RRVset05[7:0] RR"°5WPB° RRVset05[6:0]

0x26 | RRVset06[7:0] RRLO{;\IPBO RRVset06[6:0]

0x27 | RRVset07[7:0] RR"°7WPB° RRVset07[6:0]

0x28 | RRVset08[7:0] RRLoswPBO RRVset08[6:0]

0x29 | RRVset09[7:0] RR"%”PBO RRVset09[6:0]

0x2A | RRVset0A[7:0 RRLOAWPBO RRVset0A[6:0]

0x2B | RRVset0B[7:0] RR"°E‘;”PB° RRVset0B[6:0]

0x2C | RRVset0C[7:0] RRLO&\IPBO RRVset0C[6:0]
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ADDRE NAME MSB LSB
sS
0x2D | RRVset0D[7:0] RR"OE‘)NPBO RRVset0D[6:0]
0x2E | RRVsetOE[7:0 RRLOI;NPBO RRVset0E[6:0]
0x2F | RRVsetOF[7:0] RRLO;” PBO RRVsetOF[6:0]
0x30 | RRVset10[7:0] RR"oa"’ PB1 RRVset10[6:0]
0x31 | RRVset11[7:0] RR"°1WPB1 RRVset11[6:0]
0x32 | RRVset12[7:0] RR"OZW PB1 RRVset12[6:0]
0x33 | RRVset13[7:0] RR"°?""’ PB1 RRVset13[6:0]
0x40 | LDOCfq[7:0] - - LDOBEStS”p LDOZ'OPM LDOLowlq | LDOAct LDOPsv LDOEna
0x41 | LDOVSet[7:0] - - - LDOVSet[4:0]
0x50 | LockMsk[7:0] - - - - - - - BBLck
0x51 ILOCKU”'OC" 0 PASSWDI[7:0]
0x54 DVSCfg[7:0 - - - - 12CLkptDis RRWrap RREna DVSSource
0X55 RRCfg1[7:0] _ RRCIkyPoIarlt RRTlmSeoutRe RRSize[4:0]
0x56 RRCfg2[7:0 - - - - - RRTimeoutLength[2:0]
O0x57 | SPICfq[7:0] - - - - - - - SP'ITE';"ae"“t
Ox6E ConfOtp[7:0 BGDscSkip SSpcEna SSpcFullScale[1:0] SSpcFunc SSpcSize[1:0] FpwmFast
Ox6F FuncDef[7:0 - - - - - - LtchOffFIt LtchOffThm
Register Details
ChiplD (0x0
BIT 7 6 5 4 3 2 1 0
Field ChiplID[7:0]
Reset 0x00
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Access Type Read Only
BITFIELD BITS DESCRIPTION
ChiplD 7:0 ChipID[7:0] indicates the version of the device in use.
BBstCfg0 (0x1)
BIT 7 6 5 4 3 2 1 0
Field BBHalfBW BBstLowEMIB BBstEna BBstFast - BBFHighSh BBstActDsc BBstPsvDsc
Reset 0b00 0b0 0b0 - 0b0 0b0 0b0
Access Type Write, Read Write, Read Write, Read Write, Read - Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Buck-Boost Half Bandwidth Mode 0: Full bandwidth operation (full capacitance required)
BBHalfBW 7 Bit is latched internally and can only be changed 1: Half bandwidth operation (capacitance requirement
when BBstEna = 0. reduced by half)
Buck-Boost Low EMI Mode Disable
Changes the rise/fall time of LXA/LXB. Slowing the
BBstLowEMIB 6 LXA/LXB slope and mcreasn?g r|se/fal! t|lmes can 0: Increase rise/fall time on LXA/LXB by 4x
reduce EMI at the cost of efficiency. Bit is latched 1: Nominal slopes
internally and can only be changed when BBstEna '
=0.
BBstEna 5 Buck-Boost Enable 0: Buck-boost disabled
1: Buck-boost enabled
Buck-Boost Pretrigger Mode Setting 0N Ll . t t i
BBstFast 4 Increases the quiescent current of the buck-boostto | . ormal, low quiescent current operation
) tout lation during load t ent 1: Fast response mode enabled. Quiescent current
improve output regulation during load transients. increased to 150pA (typ).
Buck-Boost fricn Threshold
Selects the switching frequency threshold fuigH. If
the buck-boost switching frequency exceeds the
faicr rising threshold, all the blocks are kept ON (la
BBFHighSh 2 ;Slr'ghfhr ) ”T\t"lghifreq“ﬁnclyt reac'ﬁsrfhe f{'/'G” 0: 50kHz rising/25kHz falling
alling threshold. A small voltage giitch on Vout €an | 4. 400kH; rising/50kHz falling
sometimes be observed at the crossing of the fuicr
crossover.
Bit is latched internally and can only be changed
when BBstEna = 0.
BBstActDsc 1 Buck-Boost Output Active Discharge Control 0: Buck-boost not actively discharged
1: Buck-boost actively discharged for 50ms when disabled
BBstPsvDsc 0 Buck-Boost Output Passive Discharge Control 0: Buck-boost not passively discharged
1: Buck-boost passively discharged when disabled
BBstVSet (0x2)
BIT 7 6 5 4 3 2 1 0
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Field BBstFpwm BBstVSet[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
FPWM control - only valid when I12C mode is
enabled for DVS (DVSSource = 0).
BBstFpwm 7 FPWM mode gives the best load regulation and 0: FPWM is disabled
P voltage ripple but requires a high quiescent and 1: FPWM is enabled
therefore leads to poor efficiency at light loads.
Recommended to use only for loads 270mA.
: 0000000: 1.50V
. Buck-Boost Output Voltage Setting :
BBstVSet 6:0 1.5V to 5.5V, Linear Scale, 50mV increments 00_00001' 1.55V
21010000: 5.50V
BBstlSet (0x3)
BIT 7 6 5 4 3 2 1 0
Field BBstIPSet2[3:0] BBstIPSet1[3:0]
Reset 0x0 0x0
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Buck-Boost Nominal Maximum Peak Current
Setting 2.
Sets the extra peak current in the inductor from
CAP to BBOUT relative to IPSET1 when Vcap >
Vesour.
From 100mA to 475mA, 25mA steps.
Suggested settings for optimal efficiency: 0000: 100mA
BBstIPSet2 7:4 400mA 0001: 125mA
Note1: The values are increased by ~+30% when 1111: 475mA
BBL2P2Sel = 0 is set.
Note2: The actual peak current in the inductor is
higher than the setting here due to delays in the
peak current comparator and the power stage.
See the buck-boost operation section for a
description of the peak current settings.
Buck-Boost Nominal Maximum Peak
Buck-Boost Nominal Peak Current Setting 1
Sets the nominal peak current in the inductor from 0000: 100mA
) CAP to BBOUT when charging inductor between : m
BBstIPSet1 3:0 Veap and GND. 0901. 125mA
) - 1111: 475mA
Suggested values to get optimal efficiency:
BBstVSet < 4V: IPSET1 = 250mA
4V < BBstVSet < 4.5V: IPSET1 = 300mA
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BITFIELD BITS DESCRIPTION DECODE
4.5V < BBstVSet < 5V: IPSET1 = 350mA
BBstVSet > 5V: IPSET1 = 400mA
Note1: The values are increased by ~+30% when
BBL2P2Sel = 0 is set.
Note2: The actual peak current in the inductor is
larger than this setting due to delays in the peak
current comparator and the power stage.
Note 3: Real peak current is automatically reduced
when Vcap > Vesour.
BBstVSet < 4V: IPSET1 = 200mA
4V < BBstVSet < 4.5V: IPSET1 = 250mA
4.5V < BBstVSet < 5V: IPSET1 = 300mA
BBstVSet >5V: IPSET1 = 350mA
See the buck-boost operation section for a
description of the peak current settings.
BBstiMaxN (0x4)
BIT 7 6 5 4 3 2 1 0
Field - - - BBIMaxN[4:0]
Reset - - - 0b000000
Access Type — - - Write, Read
BITFIELD BITS DESCRIPTION DECODE
Maximum absolute inductor negative valley current | 00000: OmA
limit setting when FPWM is enabled. 00001: -50mA
BBIMaxN 4:0 Bit is latched internally and can only be changed | ...: ...
when BBstEna =0 11110: -1.50A
Settings from OmA to -1.55A, -50mA steps 11111: -1.55A
BBstIMaxP (0x5)
BIT 7 6 5 4 3 2 1 0
Field - - - BBIMaxP[4:0]
Reset - - - 0b000000
Access Type - - - Write, Read
BITFIELD BITS DESCRIPTION DECODE
Maximum inductor positive valley current limit 00000: OmA
setting. 00001: 50mA
BBIMaxP 4:0 Bit is latched internally and can only be changed Y
when BBstEna = 0 >10110: 1.1A
Settings from 0 to 1.1A, 50mA steps
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BITFIELD BITS DESCRIPTION DECODE
00000 = OmA
00001 = 50mA
210110 = 1.1A
The value is clamped to 550mA (code 0xB) when
BBHalfBW (address 0x01, bit 7) is 1, and to 1.1A
(code 0x16) when BBHalfBW = 0.
BBstIPwpMaxP (0x6)
BIT 7 6 5 4 3 2 1 0
Field - - - BBIPwpMaxP[4:0]
Reset - - - 0b000000
Access Type - - - Write, Read
BITFIELD BITS DESCRIPTION DECODE
Start-up positive inductor valley current limit.
Latched internally, it can only be changed when
BBstEna = 0.
Settings from 0 to 1.1A, 50mA steps
00000: OmA
00001: 50mA
. 00000 = OmA :
BBIPwpMaxP 4:0 00001 = 50mA 09010. 100mA
"""" 210110: 1.1A
210110 = 1.1A
The value is clamped to 550mA (code 0xB) when
BBHalfBW (address 0x01, bit 7) is 1, and to 1.1A
(code 0x16) when BBHalfBW = 0.
BBstCfg1 (0x8)
BIT 7 6 5 4 3 2 1 0
Field - - BBstTmoSel[1:0] BBL2P2Sel | BBstlpPadPEnb BBstOvloSel[1:0]
Reset - - 0b0 0b0
Access Type - - Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
SIMO "short" timeout, selected when SIMO 00: 1us
. configuration is 0 (equal priority). 01: 6us
BBstTmoSel 5:4 Bit is latched internally and can only be changed 10: 11us
when BBstEna = 0. 11: 16us
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BITFIELD BITS DESCRIPTION DECODE
Inductance selection bit. Note: BBL2P2Sel = 1
shows worse load regulation in continuous
conduction mode.
BBL2P2Sel 3 Thl’s settltr;]g |sflatche(|1 |rt1)ternhally wzenhBBsEt;I;netaE: 1 0: 1uH inductor
zino can therefore only be changed when BBstEna 1: 2.2uH inductor
BBL2P2Sel = 0 : Use it for 1uH inductor
BBL2P2Sel = 1 : Use it for 2.2uH inductor
Adaptive Peak/Valley Current Adjustment Disable
0 = Enabled
1 = Disabled, peak current fixed to the values set by
BBstIPSet1 and BBstIPSet2.
BBstlpPadPEnb 2 Valley current is fixed to OmA. This setting is
equivalent to forcing discontinuous conduction
mode and greatly diminishes the output power
capability of the part. Generally, this is not a
recommended setting.
00: 2.5V
BBstOvloSel 1:0 CAP OVLO threshold 01: 5V
10: 6.3V
11: 10V
BBstCfg2 (0x9)
BIT 7 6 5 4 3 2 1 0
Field - - BBstTankTmoSel[1:0] BBstTmoSellLg[2:0] BBSimoSel
Reset - -
Access Type - - Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Timeout value to charge supercap. 8? 100ms
BBstTankTmoSel 54 Bit is latched internally and can only be changed 10: 135
when BBstEna = 0. 11- 100s
SIMO "long" timeout, selected when SIMO 88(1) g;;gﬁz
BBstTmoSelLg 31 ccl)n.flguratlon is 1 (priority to output). 010- 125us
Bit is latched internally and can only be changed 011: 250ps
when BBstEna = 0. 100: 375us
101: 500us
Controls arbitrator priority either to be equal
BBSimoSel 0 between CAP and BBOUT or to show preference 0: CAP and BBOUT receive equal inductor priority
to BBOUT. Valid only when the SIMO pin is pulled 1: BBOUT receives inductor preference for output
low. regulation
BBstVSetCap (0xA)
BIT 7 6 5 4 3 2 0
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Field BBstActDscCap | BBstPsvDscCap BBstStepCap[1:0] BBstVsetCap[3:0]

Reset

Access Type Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION

Buck-Boost CAP Active Discharge Control
BBstActDscCap 7 0 = Buck-boost not actively discharged
1 = Buck-boost actively discharged when disabled

Buck-Boost CAP Passive Discharge Control
BBstPsvDscCap 6 0 = Buck-boost not passively discharged
1 = Buck-boost passively discharged when disabled

Step width for the voltage regulation of the CAP voltage. Depending on the value of the

bitfield BBstVsetCap, the mapping is:

BBstStepCap = 2'b00
BBstVsetCap = 0 -> 2.5V
BBstVsetCap = 1 -> 3V
BBstVsetCap =2 -> 3.5V
BBstVsetCap = 3 -> 4V
BBstVsetCap =4 -> 4.5V
BBstVsetCap = 5 -> 5V
BBstVsetCap = 6 -> 5.5V
BBstVsetCap =7 -> 6V
BBstVsetCap = 8 -> 6.5V
BBstVsetCap =9 -> 7V
BBstVsetCap = 10 -> 7.5V
BBstVsetCap = 11 -> 8V
BBstVsetCap = 12 -> 8.5V
BBstVsetCap = 13 -> 9V
BBstVsetCap = 14 -> 9.5V
BBstVsetCap = 15 -> 9.5V

BBstStepCap = 2'b01
BBstVsetCap =0 -> 1.6V
BBstVsetCap = 1 -> 1.85V

BBstStepCap 5:4 BBstVsetCap =2 -> 2.1V

BBstVsetCap = 3 -> 2.35V

BBstVsetCap =4 -> 2.6V

BBstVsetCap = 5 -> 2.85V

BBstVsetCap = 6 -> 3.1V

BBstVsetCap = 7 -> 3.35V

BBstVsetCap = 8 -> 3.6V

BBstVsetCap = 9 -> 3.85V

BBstVsetCap = 10 -> 4.1V

BBstVsetCap = 11 -> 4.35V

BBstVsetCap = 12 -> 4.6V

BBstVsetCap = 13 -> 4.85V

BBstVsetCap = 14 -> 5.1V

BBstVsetCap = 15 -> 5.35V

BBstStepCap = 2'b10
BBstVsetCap = 0 -> 1.65V
BBstVsetCap = 1 -> 1.65V
BBstVsetCap = 2 -> 1.65V
BBstVsetCap = 3 -> 1.65V
BBstVsetCap = 4 -> 1.65V
BBstVsetCap = 5 -> 1.775V
BBstVsetCap = 6 -> 1.9V
BBstVsetCap = 7 -> 2.025V
BBstVsetCap = 8 -> 2.15V

analog.com Rev 0 | 46 0f 73


https://www.analog.com/en/index.html

MAX20362

BITFIELD

BITS

DESCRIPTION

BBstVsetCap = 9 -> 2.275V
BBstVsetCap = 10 -> 2.4V
BBstVsetCap = 11 -> 2.525V
BBstVsetCap = 12 -> 2.65V
BBstVsetCap = 13 -> 2.775V
BBstVsetCap = 14 -> 2.9V
BBstVsetCap = 15 -> 3.025V

BBstStepCap = 2'b11 RESERVED

BBstVsetCap

3:0

Step width for the voltage regulation of the CAP voltage. Depending on the value of the

bitfield BBstVsetCap, the mapping is:

BBstStepCap = 2'b00
BBstVsetCap = 0 -> 2.5V
BBstVsetCap = 1 -> 3V
BBstVsetCap =2 -> 3.5V
BBstVsetCap = 3 -> 4V
BBstVsetCap =4 -> 4.5V
BBstVsetCap = 5 -> 5V
BBstVsetCap = 6 -> 5.5V
BBstVsetCap =7 -> 6V
BBstVsetCap = 8 -> 6.5V
BBstVsetCap =9 -> 7V
BBstVsetCap = 10 -> 7.5V
BBstVsetCap = 11 -> 8V
BBstVsetCap = 12 -> 8.5V
BBstVsetCap = 13 -> 9V
BBstVsetCap = 14 -> 9.5V
BBstVsetCap = 15 -> 9.5V

BBstStepCap = 2'b01
BBstVsetCap = 0 -> 1.6V
BBstVsetCap = 1 -> 1.85V
BBstVsetCap =2 -> 2.1V
BBstVsetCap = 3 -> 2.35V
BBstVsetCap =4 -> 2.6V
BBstVsetCap = 5 -> 2.85V
BBstVsetCap = 6 -> 3.1V
BBstVsetCap = 7 -> 3.35V
BBstVsetCap = 8 -> 3.6V
BBstVsetCap = 9 -> 3.85V
BBstVsetCap = 10 -> 4.1V
BBstVsetCap = 11 -> 4.35V
BBstVsetCap = 12 -> 4.6V
BBstVsetCap = 13 -> 4.85V
BBstVsetCap = 14 -> 5.1V
BBstVsetCap = 15 -> 5.35V

BBstStepCap = 2'b10
BBstVsetCap = 0 -> 1.65V
BBstVsetCap = 1 -> 1.65V
BBstVsetCap =2 -> 1.65V
BBstVsetCap = 3 -> 1.65V
BBstVsetCap = 4 -> 1.65V
BBstVsetCap =5 -> 1.775V
BBstVsetCap =6 -> 1.9V
BBstVsetCap = 7 -> 2.025V
BBstVsetCap = 8 -> 2.15V
BBstVsetCap =9 -> 2.275V
BBstVsetCap = 10 -> 2.4V
BBstVsetCap = 11 -> 2.525V
BBstVsetCap = 12 -> 2.65V
BBstVsetCap = 13 -> 2.775V
BBstVsetCap = 14 -> 2.9V
BBstVsetCap = 15 -> 3.025V
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BITFIELD BITS DESCRIPTION

BBstStepCap = 2'b11 RESERVED

BBstiSetCap (0xB)

BIT 7 6 5 4 3 2 1 0
Field BBstIPSetCap2[3:0] BBstIPSetCap1[3:0]
Reset
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION

Buck-Boost Nominal Maximum Peak Current Setting 2.

Sets the extra peak current from BBIN to CAP on top of IPSET1 when Vggin> Veap.
From 100 to 475mA step 25mA.

0000 = 100mA

0001 = 125mA

1111 =475mA
BBstIPSetCap2 7:4
Suggested value 350mA

Note1: The values are increased by ~+30% when BBL2P2Sel = 0 is set.
Note2: Actual peak current in the inductor is larger due to the delay of the peak
comparator and power stage.

See the buck-boost operation section for a description of the peak current settings.

Buck-boost nominal peak current setting 1.

Nominal peak current pulse from BBIN to CAP when charging the inductor between
Veein and GND. See the buck-boost operation section for a description of the peak
current settings.

From 100mA to 475mA step 25mA.
0000 = 100mA
0001 = 125mA
BBstIPSetCap1 3:0
1111 = 475mA

Suggested values to get optimal efficiency: 350mA

Note1: The values are increased by ~+30% when BBL2P2Sel = 0 is set.
Note2: Actual peak current in the inductor is larger due to the delay of the peak
comparator and power stage.

Note 3: Real ipeak current ref is automatically reduced when Vggin > Vear.

BBIngenCfg0 (0xC)

BIT 7 6 5 4 3 2 1 0

Field BBIngenDrp[1:0] BBIngenSel[5:0]

Reset

analog.com Rev 0 | 480f 73


https://www.analog.com/en/index.html

MAX20362

Access Type Write, Read Write, Read

BITFIELD BITS DESCRIPTION

Selects the voltage drop from BAT to BBIN when Buck-Boost operates in current limit.
A bigger drop reduces efficiency.

00 = 55mV

01 =100mV

10 = 150mV

11 =200mV

BBIngenDrp 7:6

Battery Input Current Limit Value.
Controls the maximum current flowing from BAT.
It limits the current flowing to CAP, but not the current flowing from CAP to BBOUT.

BBIngenSel 5:0 From 5mA to 50mA step TmA
000000 = 5mA
000001 = 6mA

2101101 = 50mA

Status (0x10)

BIT 7 6 5 4 3 2 1 0
Field BBCapOvloSts | BBCapUvloSts | BBstOnSts BBstOffSts VddaUvloSts | BBoutUvloSts BstSts ThmFItSts
Reset 0b0 0b0 0b0 0b0 0b0 0b0
Access Type Read Only Read Only Read Only Read Only Read Only Read Only Read Only Read Only
BITFIELD BITS DESCRIPTION
BBCapOvloSts 7 Status bit for CAP Ovlo fault.

Status bit for CAP Uvlo fault. This bit is set when the fault occurs and is reset back to
BBCapUvloSts 6 zero when either BBstEna is written to zero or the autoretry time elapses (if enabled,
depending on OTP bit LtchOffFlt).

Status bit of buck-boost on. This bit goes to 1 when the buck-boost finally turns on, so
BBstOnSts 5 that DVS operations are possible, and goes back to zero when the buck-boost is
disabled or a fault occurs.

BStatus bit of buck-boost off. This bit goes to 1 when the buck-boost finally turns off after
BBstOffSts 4 being disabled and having gone through safe freewheeling and output discharge, and
goes back to zero when the buck-boost is enabled again.

Status bit of Vpopoa UVLO fault. This bit is set when the fault occurs and is reset back to
VddaUvloSts 3 zero when either BBstEna is written to zero or the autoretry time elapses (if enabled,
depending on OTP bit LtchOffFlt).

Status bit of BBOUT UVLO fault. This bit is set when the fault occurs and is reset back
BBoutUvloSts 2 to zero when either BBstEna is written to zero or the autoretry time elapses (if enabled,
depending on OTP bit LtchOffFlt).

Status bit of bootstrap fault. This bit goes to 1 when the fault occurs and goes back to
BstSts 1 zero when either BBstEna is set to zero or the autoretry time elapses (if enabled,
depending on OTP bit LtchOffFlt).
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BITFIELD BITS DESCRIPTION
Status bit of thermal fault. This bit is set when a thermal fault occurs and is reset back to
ThmFItSts 0 zero when either BBstEna is written to zero or the autoretry time elapses (if enabled,
depending on OTP bit LtchOffThm).
IngenSts (0x12)
BIT 6 4 3 2 1 0
Field - OutTmoSts DrpMinSts TnkTmoSts SimoPinSts | BBDrpMaxSts
Reset -
Access Type - Read Only Read Only Read Only Read Only Read Only
BITFIELD BITS DESCRIPTION
Status bit for OUT startup phase charging fault. This bit is set when either CAP or
OutTmoSts 4 BBOUT were not charged within the time set by the BBstTankTmoSel, and is reset back
to zero when either BBstEna is written to zero or the autoretry time elapses (if enabled,
depending on OTP bit LtchOffFlt).
DrpMinSts 3 Status bit for DROPMIN flag. This bit is set if the voltage drop across the INGEN (VgaT -
Veain) exceeds 40mV.
Status bit of the CAP recharging fault. This bit is set when CAP was not recharged within
TnkTmoSts 9 the time set by the BBstTankTmoSel, and is reset back to zero when either BBstEna is
written to zero or the autoretry time elapses (if enabled, depending on OTP bit
LtchOffFIt).
SimoPinSts 1 Status of the pin SIMO (debounced 500ps).
BBDrpMaxSts 0 Status bit for DROPMAX flag. This bit is set if the voltage drop across the INGEN
exceeded the maximum allowed value.
LDOStatus (0x13)
BIT 6 4 3 2 1 0
Field - - LDODivSts LDOShrSts LDOThmSts LDOCIpSts
Reset - -
Access Type - - Read Only Read Only Read Only Read Only
BITFIELD BITS DESCRIPTION
LDODivSts 3 Status b!t for divider fault interrupt (a switch opens in the LDO resistive divider due to
VDD falling).
LDOShrSts 2 Status bit for LDO output shorted to ground fault.
LDOThmSts 1 Status bit for thermal fault interrupt.
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BITFIELD BITS DESCRIPTION
LDOCIpSts 0 rS(::il:]saslltefz:)o::fgt:)te(;,:gpg?pgézrr)upt (the target voltage value for the output is not
Int (0x14)
BIT 7 6 5 4 3 2 1 0
Field BBCapOvloint | BBCapUvloint BBstOnInt BBstOffint VddaUvloint | BBoutUvloint BstFltint ThmFltint
Reset 0b0 0b0 0b0 0b0 0b0 0b0
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION
BBCapOvlolnt 7 glévsszr(gsltobsitefot:it(f‘,igI;.Ovlo fault. If set, CAP voltage exceeded the value set by the
BBCapUvlolnt 6 Interrupt bit for CAP UVLO. Read to clear.
BBstOnInt 5 Interrupt bit for buck-boost on. Read to clear.
BBstOffint 4 Interrupt bit for buck-boost off. Read to clear.
VddaUvlolnt 3 Interrupt bit for Vopa UVLO fault. Read to clear.
BBoutUvlolnt 2 Interrupt bit for BBOUT UVLO fault. Read to clear.
BstFItint 1 Interrupt bit for bootstrap fault. Read to clear.
ThmFltint 0 Interrupt bit for thermal fault. Read to clear.
Commint (0x15)
BIT 7 6 5 4 3 2 1 0
Field - - ChgModDone RRTimeout RRInc SPIDone SPITimeout SPIParErr
Reset - - 0b0 0b0 0b0 0b0 0b0 0bO0
Access Type - - Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION
ChgModDone 5 Change DVS mode done interrupt. Read to clear.
RRTimeout 4 Round-robin timeout expired interrupt. Read to clear.
RRING 3 Round-robin pointer increase intgrrupt. The interrupt is raised when a pulse that moves
the round-robin to the next step is detected. Read to clear.
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BITFIELD BITS DESCRIPTION
SPIDone 2 If 1, the pseudo-SPI operation is completed. Read to clear.
SPITimeout 1 If 1, the pseudo-SPI operation was ended because of timeout expiration. Read to clear.
SPIParErr 0 If 1, a parity error was found, and the DVS operation was not executed. Read to clear.

Ingenint (0x16)

BIT 7 6 5 4 3 2 1 0
Field - - - OutTmolnt BootTmolnt TnkTmolnt SimoPinInt BBDrpMaxInt
Reset - - -
Access Type - - - Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION
OutTmolnt 4 Interrupt bit for OUT startup phase charging fault. If set, either CAP or BBOUT were not
charged within the time set by the BBstTankTmoSel bitfield.
Boot Timeout interrupt. If 1, the BBIN voltage does not reach BAT voltage within 100ms
BootTmolnt 3
from EN = 1.
TnkTmolnt 2 Interrupt bit for CAP recharge phase after BBOUT startup. If set, CAP was not charged

within the time set by the BBstTankTmoSel bitfield.

Simo Pin interrupt. If 1, SIMO pin has been toggled. If round-robin mode or pseudo-SPI
SimoPinInt 1 mode is enabled, this bit sets as soon as the mode changes. If I2C mode is enabled, this
bit is set immediately.

BBDrpMaxInt 0 Interrupt bit for DROPMAX flag. If 1, the BBDrpMaxSts has changed.

LDOInt (0x17)

BIT 7 6 5 4 3 2 1 0
Field - - - - LDODivint LDOShrint LDOThmiInt LDOCIpInt
Reset - - - -
Access Type - - - - Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION
LDODivint 3 Interrupt bit for _LDO divider fault interrupt (a switch opens in the LDO resistive divider
due to VDD falling).
LDOShrInt 2 Interrupt bit for LDO output shorted to ground fault.
LDOThmInt 1 Interrupt bit for thermal fault interrupt.
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BITFIELD BITS DESCRIPTION
Interrupt bit for LDO output clipping fault (the target voltage value for the output is not
LDOCIplInt 0 L o "
reachable, so it is being "clipped").
Mask (0x18)

BIT 7 6 5 4 3 2 1 0
Field BBCapOvloMsk | BBCapUvloMsk | BBstOnMsk BBstOffMsk | VddaUvioMsk | BBoutUvioMsk BstFItMsk ThmFItMsk
Reset Ob1 Ob1 0b0 0b0 0b0 0b0
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION

BBCapOvloMsk 7 Mask bit for BBCapOvlolnt. If 1, BBCapOvlolnt does not cause the assertion (pull down)
of nINT pin.

BBCapUvioMsk 6 Mask bit for BBCapUvlolnt. If 1, BBCapUvlolnt does not cause the assertion (pull down)
of nINT pin.

BBstOnMsk 5 Mask b_lt for BBstOnlnt. If 1, bit BBstOnInt does not cause the assertion (pull down) of
nINT pin.

BBstOffMsk 4 Mask b}t for BBstOffInt. If 1, bit BBstOfflnt does not cause the assertion (pull down) of
nINT pin.

VddaUvioMsk 3 Mask bit for VddaUvlolnt . If 1, bit VddaUvloInt does not cause the assertion (pull down)
of nINT pin.

BBoutUvioMsk 2 Mask bit for BBguthIoInt . If 1, bit BBoutUvloInt does not cause the assertion (pull
down) of nINT pin.

BstFltMsk 1 g/ilra:sk bit for BstFltint. If 1, bit BstFItint does not cause the assertion (pull down) of nINT

ThmFltMsk 0 Mask b.it for ThmFltint. If 1, bit ThmFltint does not cause the assertion (pull down) of
nINT pin.

CommMsk (0x19)

BIT 7 6 5 4 3 2 1 0
Field - - ChgModDoneMsk | RRTimeoutMsk | RRIncMsk | SPIDoneMsk | SPITimeoutMsk | SPIParErrMsk
Reset - - 0b0 0b0 0b0 0b0 0b0 0b0
Access Type - - Write, Read Write, Read Write, Read | Write, Read Write, Read Write, Read

analog.com

Rev0 | 530f73



https://www.analog.com/en/index.html

MAX20362

BITFIELD BITS DESCRIPTION

ChgModDoneMsk 5 Mask bit for CthodDone. If 1, bit ChgModDone does not cause the assertion (pull
down) of nINT pin.

RRTimeoutMsk 4 Mask b_lt for RRTimeout. If 1, bit RRTimeout does not cause the assertion (pull down) of
nINT pin.

RRIncMsk 3 Mask bit for RRInc. If 1, bit RRInc does not cause the assertion (pull down) of nINT pin.

SPIDoneMsk 2 glilra:sk bit for SPIDone. If 1, bit SPIDone does not cause the assertion (pull down) of nINT

SPITimeoutMsk 1 Mask b}t for SPITimeout. If 1, bit SPITimeout does not cause the assertion (pull down) of
nINT pin.

SPIParErMsk 0 Mask b_lt for SpiParErr. If 1, bit SpiParErr does not cause the assertion (pull down) of
nINT pin.

IngenMsk (0x1A)
BIT 6 4 3 2 1 0

Field - OutTmoMsk | BootTmoMsk | TnkTmoMsk | SimoPinMsk | BBDrpMaxMsk

Reset -

Access Type - Write, Read Write, Read Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION

OutTmoMsk 4 glilssk bit for OutTmolnt. If 1, OutTmolnt does not cause the assertion (pull down) of nINT

BootTmoMsk 3 Mask b'it for BootTmolnt. If 1, BootTmolnt does not cause the assertion (pull down) of
nINT pin.

TnkTmoMsk 2 Mask b_lt for TnkTmolnt. If 1, TnkTmolnt does not cause the assertion (pull down) of
nINT pin.

SimoPinMsk 1 Mask b'lt for SImoPinInt. If 1, SimoPinInt does not cause the assertion (pull down) of
nINT pin.

BBDrpMaxMsk 0 Mask bflt for BBDrpMaxint. If 1, BBDrpMaxInt does not cause the assertion (pull down) of
nINT pin.

LDOMsk (0x1B)
BIT 6 4 3 2 1 0

Field - - LDODivMsk LDOShrMsk | LDOThmMsk | LDOCIpMsk

Reset - -

Access Type - - Write, Read Write, Read Write, Read Write, Read
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BITFIELD BITS DESCRIPTION
LDODivMsk 3 g/ilssk bit for LDODivlint. If 1, LDODivInt does not cause the assertion (pull down) of nINT
LDOShrMsk 2 glilra:sk bit for LDOShrint. If 1, LDOShrint does not cause the assertion (pull down) of nINT
LDOThmMsk 1 Mask pit for LDOThmint. If 1, LDOThmint does not cause the assertion (pull down) of
nINT pin.
LDOCIpMsk 0 gliI:sk bit for LDOCIpint. If 1, LDOCIpInt does not cause the assertion (pull down) of nINT
BBstIMaxPRb (0x1C)
BIT 7 6 4 3 2 1 0
Field - - BBIMaxPRb[4:0]
Reset - -
Access Type - - Read Only
BITFIELD BITS DESCRIPTION
BBIMaxPRb 40 Readback for BBIMaxP value (the actual value might be clamped with respect to register
BBstIMaxP).
BBFsmState (0x1D)
BIT 7 6 4 3 2 1 0
Field - - BBCtrIState[5:0]
Reset - - 0b000000
Access Type - - Read Only
BITFIELD BITS DESCRIPTION
Current State of Buck-Boost Control FSM:
000001= Off
000010 = Power-up
BBCtrIState 5:0 000100 = Functional DVS
001000 = Safe Freewheeling
010000 = Active Output Discharge
100000 = Timeout
BBVset (0x1E)
BIT 7 6 4 3 2 1 0
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1.5V to 5.5V, Linear Scale, 50mV increments.

Field BB_LOWPB BB_VSETI[6:0]
Reset 0b0 0b0000000
Access Type Read Only Read Only
BITFIELD BITS DESCRIPTION DECODE
In round-robin or in pseudo-SPI, if FPWM or FAST is
enabled, BB_LOWPB = 1.
N . .
BBstFpwm read back register. In 12C modg_, BB_LOWPB reads 1 in any of the following
BB_LOWPB 7 This is the actual value set to the analog circuiti three conditions.
9 ™. ] 1) FPWM = 1, FAST = 0, FpwmFast = 1
2) FPWM =0, FAST = 1, FpwmFast =0
3) FPWM = 1, FAST = 1, FpwmFast = 0 or 1
BBstVset read back register. 888838? lggx
BB_VSET 6:0 This is the actual value set to the analog circuitry. . T

21010000: 5.50V

RRpoint (0x1F)

BIT 7 6 5 3 2 1 0
Field - - - RRPointer[4:0]
Reset - - - 0b00000
Access Type - - - Read Only
BITFIELD BITS DESCRIPTION
RRPointer 40 Current step of progression for the round-robin. This bitfield displays the number of the
step the round-robin has reached so far.
RRVset00 (0x20)
BIT 7 6 5 3 2 1 0
Field RRLowPB00 RRVset00[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB00 7 DVS Round-Robin Low Power value 0x00
RRVset00 6:0 DVS Round-Robin voltage value 0x00
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RRVset01 (0x21)

BIT 7 6 5 4 3 2 1 0
Field RRLowPB01 RRVset01[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB01 7 DVS Round-Robin Low Power value 0x01
RRVset01 6:0 DVS Round-Robin voltage value 0x01
RRVset02 (0x22)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB02 RRVset02[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB02 7 DVS Round-Robin Low Power value 0x02
RRVset02 6:0 DVS Round-Robin voltage value 0x02
RRVset03 (0x23)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB03 RRVset03[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB03 7 DVS Round-Robin Low Power value 0x03
RRVset03 6:0 DVS Round-Robin voltage value 0x03
RRVset04 (0x24)
BIT 7 6 5 4 3 2 1 0
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Field RRLowPB04 RRVset04[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB04 7 DVS Round-Robin Low Power value 0x04
RRVset04 6:0 DVS Round-Robin voltage value 0x04
RRVset05 (0x25)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB05 RRVset05[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB05 7 DVS Round-Robin Low Power value 0x05
RRVset05 6:0 DVS Round-Robin voltage value 0x05
RRVset06 (0x26)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB06 RRVset06[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB06 7 DVS Round-Robin Low Power value 0x06
RRVset06 6:0 DVS Round-Robin voltage value 0x06
RRVset07 (0x27)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB07 RRVset07[6:0]
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Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPBO07 7 DVS Round-Robin Low Power value 0x07
RRVset07 6:0 DVS Round-Robin voltage value 0x07
RRVset08 (0x28)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB08 RRVset08[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB08 7 DVS Round-Robin Low Power value 0x08
RRVset08 6:0 DVS Round-Robin voltage value 0x08
RRVset09 (0x29)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB09 RRVset09[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB09 7 DVS Round-Robin Low Power value 0x09
RRVset09 6:0 DVS Round-Robin voltage value 0x09
RRVset0A (0x2A)
BIT 7 6 5 4 3 2 1 0
Field RRLowPBOA RRVset0A[6:0]
Reset 0b0 0b0000000
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Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPBOA 7 DVS Round-Robin Low Power value 0x0A
RRVset0A 6:0 DVS Round-Robin voltage value 0x0A
RRVset0B (0x2B)
BIT 7 6 5 4 3 2 1 0
Field RRLowPBO0B RRVset0B[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPBO0OB 7 DVS Round-Robin Low Power value 0x0B
RRVset0B 6:0 DVS Round-Robin voltage value 0x0B
RRVset0C (0x2C)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB0OC RRVset0C[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB0OC 7 DVS Round-Robin Low Power value 0x0C
RRVset0C 6:0 DVS Round-Robin voltage value 0x0C
RRVset0D (0x2D)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB0OD RRVset0D[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
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BITFIELD BITS DESCRIPTION
RRLowPBOD 7 DVS Round-Robin Low Power value 0x0D
RRVsetOD 6:0 DVS Round-Robin voltage value 0x0D
RRVsetOE (0x2E)
BIT 7 6 5 4 3 2 1 0
Field RRLowPBOE RRVset0E[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPBOE 7 DVS Round-Robin Low Power value Ox0E
RRVsetOE 6:0 DVS Round-Robin voltage value 0xOE
RRVsetOF (0x2F)
BIT 7 6 5 4 3 2 1 0
Field RRLowPBOF RRVset0OF[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPBOF 7 DVS Round-Robin Low Power value OxOF
RRVsetOF 6:0 DVS Round-Robin voltage value 0x0F
RRVset10 (0x30)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB10 RRVset10[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
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BITFIELD BITS DESCRIPTION
RRLowPB10 7 DVS Round-Robin Low Power value 0x10
RRVset10 6:0 DVS Round-Robin voltage value 0x10
RRVset11 (0x31)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB11 RRVset11[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB11 7 DVS Round-Robin Low Power value 0x11
RRVset11 6:0 DVS Round-Robin voltage value 0x11
RRVset12 (0x32)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB12 RRVset12[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
BITFIELD BITS DESCRIPTION
RRLowPB12 7 DVS Round-Robin Low Power value 0x12
RRVset12 6:0 DVS Round-Robin voltage value 0x12
RRVset13 (0x33)
BIT 7 6 5 4 3 2 1 0
Field RRLowPB13 RRVset13[6:0]
Reset 0b0 0b0000000
Access Type Write, Read Write, Read
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BITFIELD BITS DESCRIPTION
RRLowPB13 7 DVS Round-Robin Low Power value 0x13
RRVset13 6:0 DVS Round-Robin voltage value 0x13

LDOCfqg (0x40)

BIT 7 6 5 4 3 2 1 0
Field - - LDOBBstSupp | LDOPropMd LDOLowlq LDOAct LDOPsv LDOEna
Reset - -
Access Type — — Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION
If the LDO is powered by the buck-boost, this bit must be written to 1 so that the LDO
LDOBBstSupp 5 control can wait for the buck-boost to turn on before enabling the LDO.
LDOPropMd 4 Enable proportional regulation for general purpose LDO
LDOLowlq 3 Enable low quiescent mode for general purpose LDO
LDOAct 2 Active discharge for general purpose LDO
LDOPsv 1 Passive discharge for general purpose LDO
LDOEna 0 Enable for general purpose LDO
LDOVSet (0x41)
BIT 7 6 5 4 3 2 1 0
Field - - - LDOVSet[4:0]
Reset - - -
Access Type - - - Write, Read
BITFIELD BITS DESCRIPTION

LDO Output Voltage Setting.

Limited by input supply.

LDOVSet cannot be changed when LDO is enabled. LDOVSet change is effective after
toggling LDOEna bit.

0.9V to 4V, linear scale, 100mV increments

000000 = 0.9V

000001 =1V

LDOVSet 4:0

11110 = 3.9V
11111 =4V
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LockMsk (0x50)
BIT 7 6 5 4 3 2 1 0
Field - - - - - - - BBLck
Reset - - - - - - - Ob1
Access Type - - - - - - - Write, Read
BITFIELD BITS DESCRIPTION
Lock Mask for Buck-Boost Registers
BBLck 0 0 = Buck-Boost Registers not masked from locking/unlocking
1 = Buck-Boost Registers masked from locking/unlocking

LockUnlock (0x51)

BIT 7 6 5 4 3 2 1 0
Field PASSWD[7:0]
Reset OxFF
Access Type Write, Read
BITFIELD BITS DESCRIPTION
Lock/Unlock Password
PASSWD 7:0 Write OXAA with BBLck unmasked to lock the BBstVSet register (0x02)
' Write 0x55 with BBLck unmasked to unlock the BBstVSet register (0x02)
All Other Codes: no effect

DVSCfq (0x54)

BIT 7 6 5 4 3 2 1 0
Field - - - - 12CLkptDis RRWrap RREna DVSSource
Reset - - - - 0b0 0b0 0b0 0b0
Access Type - - - - Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE

If 1°C mode is selected for DVS, the look-up table

12CLkptDis 3 for BBstIPSet1 is disabled. This means that the 0: Look-up table enabled for I2C
P value of the current is the one programmed on 1: Look-up table disabled for I2C
bitfield BBstIPSet1 with no further elaboration.
Defines if the round-robin DVS modes stops at the
RRWrap 2 last value (if set to 0) or wraps back to the first one | 0: Round-Robin does not wrap around

(if set to 1). 1: Round-Robin does wrap around
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BITFIELD BITS DESCRIPTION DECODE
DVS Round-Robin enable. After changing this
value, wait at least 300us before trying to send
RREna 1 another DVS command, regardless of the DVS 0: Round-Robin disabled
mode. 1: Round-Robin enabled
DVSSource setting is ignored if this bit is set to 1.
Choose interface for DVS
DVSSource 0 tAft_er c,:(hangngg thfhvallljje\,/gv ait at Ieazt SOOde:)eforef 0: I2C enabled to set DVS
rying to send another command, regaraless of | 4. pegicated pins enabled to set DVS
the DVS mode.
RRCfg1 (0x55)
BIT 7 6 5 4 3 2 1 0
Field - RRCIkPolarity | RRTimeoutRes RRSize[4:0]
Reset - 0b0 0b0 0b00000
Access Type — Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Round-Robin Clock Polarity
If 0, the clock is active low (voltage is updated on its
RRClkPolarity 6 falling edge).; if 1,.the clock is active high (voltage is 0x05 Fgl!lng edge active
updated on its rising edge). 0x1: Rising edge active
This bit should not be changed when round-robin is
enabled.
Round-Robin Timeout Reset
This bit determines if round-robin pointer is reset
RRTimeoutRes 5 after timeout. 0x0: Timeout does not reset Round Robin pointer
This bit should not be changed when round-robin is | 0x1: Timeout resets Round Robin pointer
enabled.
Number of Steps in Round-Robin Mode 0x0: 0 Step (initial voltage)
RRSize 4:0 This bit should not be changed when round-robin is | 0x1: 1 Step
enabled.
0x13: 19 Steps
RRCfq2 (0x56)
BIT 7 6 5 4 3 2 1 0
Field - - - - - RRTimeoutLength[2:0]
Reset - - - - - 0b000
Access Type - - - - - Write, Read
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BITFIELD BITS DESCRIPTION
Round-Robin Timeout Duration
000 = Timeout disabled
001= 500ps
010 = 1ms
) . 011 =2ms
RRTimeoutLength 2:0 100 = 4ms
101 =8ms
110 = 16ms
111 = Reserved
Cannot be written with Round-Robin Enabled.
SPICfq (0x57
BIT 7 6 5 4 3 2 1 0
Field - - - - - - - SPITimeoutEna
Reset - - - - - - - 0b0
Access Type - - - - - - - Write, Read
BITFIELD BITS DESCRIPTION DECODE
) . 0x0: Pseudo-SPI timeout disabled
SPITimeoutEna 0 Pseudo-SPI Timeout Enable 0x1+ Pseudo-SPI timeout enabled
ConfOtp (0x6E)
BIT 7 6 5 4 3 2 1 0
Field BGDscSkip SSpcEna SSpcFullScale[1:0] SSpcFunc SSpcSize[1:0] FpwmFast
Reset 0b0 0b00 0b0 0b00 0b0
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
0x0: When EN is high again, the BBOUT doesn’t get turn
BGDscSki 7 Skip discharge of tank cap if enable is logic high on again until the discharge on CAP is completed.
P again 0x1: When EN is high again, the BBOUT turns on without
waiting the discharge on CAP to be completed.
SSpcEna 6 Spread Spectrum Enable 0x0: Spread Spectrum off
0x1: Spread Spectrum on
Spreading amplitude:
0x00 -> 10%
SSpcFullScale 5:4 0x01 -> 20%
0x10 -> 30%
0x11 ->40%
SSpcFunc 3 Selection between triangular ramp and pseudo- 0x0: Triangular Ramp

random function.

0x1: Pseudo-random Function
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BITFIELD BITS DESCRIPTION DECODE

0x0: 3 bits-wide spread spectrum
SSpcSize 21 Bit width of the spread-spectrum output code. 0x1: 4 bits-wide spread spectrum
0x2: 5 bits-wide spread spectrum
0x3: 6 bits-wide spread spectrum

In round-robin and pseudo-SPI modes, this bit sets
the high-performance feature (0 = Fastand 1 =
FPWM).

In I2C mode, this bit selects the high-performance
FpwmFast 0 feature for status check. BB_LOWPB reads 1 in any
of the following three conditions.

1) FPWM = 1, FAST = 0, FpwmFast = 1

2) FPWM = 0, FAST = 1, FpwmFast = 0

3) FPWM = 1, FAST =1, FpwmFast =0 or 1

FuncDef (0x6F)
BIT 7 6 5 4 3 2 1 0
Field - - - - - - LtchOffFIt LtchOffThm
Reset - - - - - - 0b0 0b0
Access Type - - - - - - Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
Latch Off bit for all faults but the thermal fault: 0x0: Automatic retry after fault
LtchOffFIt 1 0 = fault is cleared at the end of a 1s autoretry time; | Ox1: Operation is only resumed after cycling (writing 0 and
1 = fault is only cleared by writing 0 on bit BBstEna | then 1) bit BBstEna
La_tch Off bit for thermal fault: .| 0x0: Automatic retry after fault
LtchOffThm 0 0 = fault is cleared at the end of a 1s autoretry time; : L . .
_ . e . 0x1: Operation is only resumed after cycling (writing 0 and
1 = fault is only cleared by writing 0 on bit BBstEna then 1) bit BBstEna
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Register Values

The following tables provide the default values for device and register bits for the various available parts.

Table 9. Register Bit Default Values

REGISTER BITS MAX20362A
BBHalfBW Full BW
BBstLowEMIB Nominal Slope
BBstEna Disabled
BBstFast Disabled
BBFHighSh Enabled
BBstActDsc Enabled
BBstPsvDsc Enabled
BBstFpwm Disabled
BBstVSet 3.5V
BBstIPSet2 400mA
BBstIPSetl 400mA
BBIMaxP 1100mA
BBIMaxN -1400mA
BBstOvloSel 10V
BBIPwpMaxP 200mA
BBstTmoSellLg 31.25ps
BBSimoSel equal priority
BBstTmoSel lys
BBL2P2Sel 2.2pH Inductor
BBstlpPadPEnb Enable
BBstStepCap 0.5V
BBstVsetCap 9.5V
BBstTankTmoSel 100ms
BBstIPSetCap2 350mA
BBstIPSetCapl 350mA
BBstActDscCap Disabled
BBstPsvDscCap Disabled
BBIngenSel 5mA
LDOAct Disabled
LDOPsv Disabled
LDOEna Disabled
ChgModDoneMsk Masked
BBstOnMsk Masked
BBIngenDrp 55mV
SPITimeoutEna Disabled
DVSSource 12C
LDOVset 0.9V
LDOBBstSupp Disabled
BGDscSkip Skip
SSpcEna Disabled
SSpcFullScale 10%
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SSpcFunc Triangular
SSpcSize 3 bit
FpwmFast Fast
i2c_2nd_sid 0x68
LtchOffFlt Autoretry Enabled
LtchOffThm Autoretry Enabled

Table 10. Register Default Values

REGISTER NAME MAX20362A
0x00 ChipID 0x01
0x01 BBstCfg0 Ox4F
0x02 BBstVSet 0x28
0x03 BBstlSet 0xCC
0x04 BBstIMaxN 0x1C
0x05 BBstIMaxP 0x16
0x06 BBstIPwpMaxP 0x04
0x08 BBstCfgl 0x0B
0x09 BBstCfg2 0x00
0x0A BBstVSetCap 0x0E
0x0B BBstISetCap OxAA
0x0C BBIngenCfg0 0x00
0x10 Status —
0x12 IngenSts —
0x13 LDOStatus —
0x14 Int 0x00
0x15 Commint 0x00
0x16 Ingenint 0x00
0x17 LDOInt 0x00
0x18 Mask 0x30
0x19 CommMsk 0x20
Ox1A IngenMsk 0x00
0x1B LDOMsk 0x00
0x1C BBstIMaxPRb 0x04
0x1D BBFsmState 0x01
Ox1E BBVset 0x28
Ox1F RRpoint 0x00
0x20 RRVset00 0x00
0x21 RRVset01 0x00
0x22 RRVset02 0x00
0x23 RRVset03 0x00
0x24 RRVset04 0x00
0x25 RRVset05 0x00
0x26 RRVset06 0x00
0x27 RRVset07 0x00
0x28 RRVset08 0x00
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0x29 RRVset09 0x00
0x2A RRVset0A 0x00
0x2B RRVset0B 0x00
0x2C RRVset0C 0x00
0x2D RRVset0D 0x00
0x2E RRVsetOE 0x00
0x2F RRVsetOF 0x00
0x30 RRVset10 0x00
0x31 RRVsetll 0x00
0x32 RRVset12 0x00
0x33 RRVsetl13 0x00
0x40 LDOCfg 0x00
0x41 LDOVSet 0x00
0x50 LockMsk 0x01
0x51 LockUnlock 0x01
0x54 DVSCfg 0x00
0x55 RRCfgl 0x00
0x56 RRCfg2 0x00
0x57 SPICfg 0x00
0x6E ConfOtp 0x80
Ox6F FuncDef 0x00
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OUTLINE DIMENSIONS

Pin 1 COMMON DIMENSIONS
indicator— |7 E /—Marking see Note 7 A | 0.64+005

A Al 0.19 £0.03
/ A2 0.45 REF
AAAA D A3 0.04 BASIC
b | $0.27 +0.03
) 1.688 +0.025
IOP VIEW SIDE VIEW E 2.528 +0.025

A3 — DI 1.20 BASIC
El 2.00 BASIC

e 0.40 BASIC

Al
A A2 | | r sD | 0.20 BASIC
r?—kA_AJAJ U SE 0.20 BASIC
FRONT VIEW (Joos]s] DEPOPULATED BUMPS:

NONE

El
NOTES:
SE *1 € r=— 1. Terminal pitch is defined by ferminal center to center value.
5 @ @ - SD % l(ilx‘Jge_r dimension is A‘cleeﬁnTed by center lines between scribe lines.
, o 28 @) 8 e é L ’ 4. Morimgzﬂg%%r@r@&%ge orientation reference only.
> T D & Nl Gmereions Seply 1o Pomes (1] pukaas codes onl
i 8 8 8|8 8_%—*7 & 7. Front - side ﬁn)ishpcpoym be either Blogk or Clgeor. v
1 2 3[4 5 6 Db
(A4 ANALOG
DEVICES
BOTTOM VIEW "™ pACKAGE OUTLINE 24 BUMPS
WLP PKG. 0.4 mm PITCH, W241L2+1
- DRAWING NOT TO SCALE - e DOCUM:NTCO§IT<—)L1N(())O741 REVA %
ORDERING INFORMATION
MODEL TEMPERATURE RANGE PACKAGE DESCRIPTION PACKAGE OPTION
+ - to+ .53mm x 1.69mm +
MAX20362AEWG 40°C 85°C 24 WLP (2.53 1.69 ) W2411L2+1
+ - to+ .53mm x 1.69mm +
MAX20362AEWG+T 40°C 85°C 24 WLP (2.53 1.69 ) W2411L2+1

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

T =Tape and reel.
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REVISION HISTORY

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 7/26 Initial release —
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ALL INFORMATION CONTAINED HEREIN IS PROVIDED “AS IS” WITHOUT REPRESENTATION OR WARRANTY. NO RESPONSIBILITY IS
ASSUMED BY ANALOG DEVICES FOR ITS USE, NOR FOR ANY INFRINGEMENTS OF PATENTS OR OTHER RIGHTS OF THIRD PARTIES THAT
MAY RESULT FROM ITS USE. SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE. NO LICENCE, EITHER EXPRESSED OR
IMPLIED, IS GRANTED UNDER ANY ADI PATENT RIGHT, COPYRIGHT, MASK WORK RIGHT, OR ANY OTHER ADI INTELLECTUAL PROPERTY
RIGHT RELATING TO ANY COMBINATION, MACHINE, OR PROCESS, IN WHICH ADI PRODUCTS OR SERVICES ARE USED. TRADEMARKS AND
REGISTERED TRADEMARKS ARE THE PROPERTY OF THEIR RESPECTIVE OWNERS. ALL ANALOG DEVICES PRODUCTS CONTAINED HEREIN
ARE SUBJECT TO RELEASE AND AVAILABILITY.
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