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MP8865

High-Efficiency, 6A, 21V, Synchronous
Step-Down Converter with I12C Interface

The Future of Analog IC Technology®

DESCRIPTION

The MP8865 is a high-frequency, synchronous,
rectified, step-down, switch-mode converter
with an I?C control interface. It offers a very
compact solution to achieve a 6A continuous
output current with excellent load and line
regulation over a wide input supply range. The
MP8865 has synchronous-mode operation for
higher efficiency over the output load range.

The reference voltage level can be controlled
on-the-fly through the 3.4Mbps I°C serial
interface. The voltage range can be adjusted
from 0.6V to 1.87V in 10mV steps. Also, the
voltage slew rate, switching frequency, enable,
and power-saving mode are selectable through
the I1°C interface.

Current-mode operation provides fast transient
response and eases loop stabilization. Full
protection features include over-current
protection (OCP), over-voltage protection
(OVP), and thermal shutdown (TSD).

The MP8865 requires a minimal number of
readily available, standard, external
components and is available in a QFN-15
3mm x 3mm package.

FEATURES

e Wide 4.5V to 21V Operation Input Range

e 45mQ/18mQ Low Ropsony Internal Power
MOSFETs

e 1% VOUT Accuracy

e |2C Programmable Reference Voltage
Range from 0.6V to 1.87V in 10mV Steps
with Slew Rate Control

e |2C Selectable Switching Frequency. Default

600kHz Switching Frequency.

Programmable Output Voltage

Power-Saving Mode, OTP, and OCP via I°C

Power Good Indication

1-Bit I°C Address Set

OCP Protection in Hiccup Mode

External Soft Start

Available in a QFN-15 3mm x 3mm

Package

APPLICATIONS

e SoC and Media Processors
e General Consumers
e Distributed Power Systems

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive. For
MPS green status, please visit the MPS website under Quality Assurance.

“MPS” and “The Future of Analog IC Technology” are registered trademarks of
Monolithic Power Systems, Inc.

TYPICAL APPLICATION
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mps MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

ORDERING INFORMATION

Part Number Package Top Marking
MP8865GQ* QFN-15 (3mmx3mm) See Below
EVKT-8865 Evaluation Kit

*For Tape & Reel, add suffix —Z (e.g. MP8865GQ-2);

TOP MARKING

AGLY
LLL
AGL: Product code of MP8865GQ

Y: Year code
LLL: Lot number

EVALUATION KIT EVKT-8865
EVKT-8865 Kit contents: (Items can be ordered separately).

# Part Number Item Quantity

1 EV8865-Q-00A MP8865GQ evaluation board 1

2 EVKT-USBI2C-02 Includes one USB to 12C dongle, one USB cable, and one 1
ribbon cable

3 Tdrive-8865 USB flash drive that stores the GUI installation file and 1
supplemental documents

Order direct from MonolithicPower.com or our distributors

Input Power
Supply

USB Cable Ribbon Cable
| M USB to 12C Dongle EV8865-Q-00A

Output

Figure 1: EVKT-8865 Evaluation Kit Set-Up

y ]
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mps MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

PACKAGE REFERENCE

TOP VIEW
AGND VCC SS FB VOUT
15 14 13 12 11

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _1q BST

VIN |1

PGND

PGND

3

EN/SYNC PG SDA SCL ADD

QFN-15 (3mmx3mm)

ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance ® @4 6ic
VN e e e, -0.3V to 22V QFN-15 (3mmx3mm)........... ... 50...12...°C/W
NV SW e o
- - otes:
0.3V (5V for <10n3) o Vin+0.3V (27\/ for 1) Exceeding these ratings may damage the device.
<25n3) 2) Please refer to the “Enable/SYNC” control section on page 15
VBST e Vsw+5.5V 3 fTOrf] the absolute TaXirE:Jm fatingdf_lf E_N-t_ < & function of th
. _ %) e maximum allowable power dissipation is a function of the
All O_ther Pins......... e s 0.3Vto 5.4V maximum  junction temperature T, (MAX), the junction-to-
Continuous Power Dissipation (Ta = +25°C) @ ambient thermal resistance 84, and the ambient temperature
2 5W Ta. The maximum allowable continuous power dissipation at
R P PP PP L PP R PP ERP PP > any ambient temperature is calculated by Py (MAX) = (T,
Junction Temperature................c.coevves 150°C (MAX)-Ta)/B,. Exceeding the maximum allowable power
Lead Temperature.................cocoeenenne. 260°C dissipation produces an excessive die temperature, causing
Storage Temperature -65°C to 150°C the regulator to go into thermal shutdown. Internal thermal
g perature............... shutdown circuitry protects the device from permanent
. . 4 damage.
Recommended Operating Conditions @ 4) The device is not guaranteed to function outside of its
Supply Voltage ViN...oecvveeiniieinn.l. 4.5V to 21V operating conditions.
Output Voltage Vour 5) The output voltage CANNOT exceed the 5.2V absolute

maximum value at any input condition.
........................... 0.6V to Vin X Duax or 5.2V® 6) Measured on JESD51-7, 4-layer PCB.

Operating Junction Temp. (T;). -40°C to +125°C
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MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

ELECTRICAL CHARACTERISTICS
Vin =12V, T; =-40°C to 125°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
Supply Current (Shutdown) IN Ven = 0V, T3=25°C 5 MA
Supply Current (Quiescent) lq \FflE:Nle\igaé\lo Switching, 500 760 HA
HS Switch-On Resistance HSrps-on | VBsT-sw=5V 45 mQ
LS Switch-On Resistance LSrps-on | Vee =5V 18 mQ
Switch Leakage SWike |Ven =0V, Vsw =12V 1 MA
Current Limit @ lLmi Under 40% Duty Cycle 7.5 95 A
Default Oscillator Frequency faw Vrs=500mV 480 600 680 kHz
Foldback Frequency fre Ves=250mV 0.5 fsw
Maximum Duty Cycle Dwmax Ves=500mV 90 95 %
Minimum On Time® ton_MIN 60 ns

VREF Ty =25°C 594 600 606 mV
Feedback Voltage

VREF Ty =-40°C to 125°C 588 600 612 mV
VOUT Vour=1.2V | Ty = 25°C 1188 1200 1212 mV

Vout=1.2V | T3 = -40°C to 125°C 1182 1200 1218 mV

FB Current lout Vre=620mV 10 50 nA
EN Rising Threshold VEN_Rise 1.2 14 1.6 Y,
EN Hysteresis VEN_HYS 150 mV
EN Input Current len Ven=2V 2 MA
SYNC Frequency Range fsyne 0.3 2 MHz
ADD High Level VaDpD_H 2 \%
ADD Low Level Vabp_L 0.4 \%
\T’L'fegr?glzr_%’ig:%ge Lockout INUVivin 3.8 4 4.25 v
R m
VCC Regulator Vce 5 \%
VCC Load Regulation lcc=bmA 15 %
Power Good Threshold Rising PGVth-Hi | Vrer=600mV 0.9 VOUT
Power Good Threshold Falling PGVth-Lo | Vrer=600mV 0.7 VOUT
Power Good Deglitch time (V PGTd 80 VIS
Soft-Start Current Iss 6 12 18 MA
Thermal Shutdown ) Trsp 160 °C
Thermal Hysteresis () T1sp_Hvs 20 °C
DAC Resolution” DAC 7 Bits
Notes:
7) Guaranteed by design and characterization test.
MP8865 Rev. 1.03 www.MonolithicPower.com 4
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MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

I/0 Level Characteristics

. HS-Mode LS-Mode .
Parameter Symbol | Condition - - Units
Min Max Min Max
\L/‘;‘l’;’;;‘;"e' Input ViL 05 0.3Vaus 0.5 0.3Vews | V
\Hlfl’tha'é‘:"e' Input Vit 0.7Veuis | Vewt05 | 0.7Ves | Veuwt05 | V
HySteI’eSIS Of SChmItt VHYS VBUS>2V 0.0SVBUS - 0.0SVBUS = V
Trigger Inputs Veus<2V 0.1Veus - 0.1Veus -
Low-Level Output VBus>2V 0 0.4 0 0.4
Voltage(Open drain) VoL \%
at 3mA Sink Current VBus<2V 0 0.2Vaus 0 0.2VBus
Low-Level Output
Current lo ) 3 i 3 mA
Transfer Gate On
Resistance for
Currents between RonL ?g?_l‘_;;\fl - 50 - 50 Q
SDA and SCAH, or B
SCL and SCLH
Transfer Gate On Both Signals (SDA
Resistance between and SDAH, or SCL
SDA and SCAH, or Ronk | and SCLH) at Veus 50 i 50 i kQ
SCL and SCLH Level
Pull-Up Current of SCLH Output
the SCLH Current les Levels between 2 6 2 6 mA
Source 0.3Veus and 0.7Vaus
Output Rise Time
(Current Source
Enabled) with an
External Pull-Up
) ] Current Source of
Rise Time of the e, |3MA
. r
SCLH or SCL Signal Capacitive Load
from 10pF to 10 40 ns
100pF
Capacitive Load of
A00pF 20 80 ns
Output Fall Time
(Current Source
Enabled) with an
External Pull-Up
) Current Source of
Fall Time of the teL 3mA
SCLH or SCL Signal Capacitive Load
from 10pF to 10 40 ns
100pF
Capacitive Load of
400pF 20 80 20 250 ns
MP8865 Rev. 1.03 www.MonolithicPower.com 5
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mps MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

I/O Level Characteristics (continued)

Parameter Symbol | Condition HS-Mode LS-Mode Units
y Min Max Min Max
Capacitive Load from
o , 10pF to 100pF 10 80 - | ns
Rise Time of SDAH Signal troa Capacitive Load of
A400pF 20 160 20 250 ns
Capacitive Load from
, _ 10pF to 100pF 10 80 ) ) ns
Fall Time of SDAH Signal tioa Capacitive Load of
400pF 20 160 20 250 ns
Pulse Width of Spikes that
must be Suppressed by the tsp 0 10 0 50 ns
Input Filter
Input Current for each 1/0 . Input Voltage between i i
Pin b 0.1V and 0.9Vaus 10 101 +10 1 A
C_apamtance for each 110 C i 10 i 10 OF
Pin
MP8865 Rev. 1.03 www.MonolithicPower.com 6
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mps MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

I2C Port Signal Characteristics

. Cb=100pF Cb=400pF .
Parameter Symbol |Condition . : Units
Min Max Min Max
SCLH and SCL Clock fsch 0 3.4 0 04 |MHz
Frequency
Set-Up Time for a Repeated
Start Condition Tsusta 160 ) 600 ) ns
Hold Time (repeated) Start
Condition Thpista 160 - 600 - ns
Low Period of the SCL Clock tLow 160 - 1300 - ns
High Period of the SCL Clock tHiGH 60 - 600 - ns
Data Set-Up Time Tsu.pat 10 - 100 - ns
Data Hold Time THD;pAT 0 70 0 - ns
Rise Time of SCLH Signal treL 10 40 |20*0.1Cb| 300 ns
Rise Time of SCLH Signal
after a Repeated Start "
Condition and after an ticLa 10 80 |[20*0.1Cb| 300 ns
Acknowledge Bit
Fall Time of SCLH Signal TicL 10 40 |20*0.1Cb| 300 ns
Rise Time of SDAH Signal tioa 10 80 |[20*0.1Cb| 300 ns
Fall Time of SDAH Signal Tipa 10 80 |[20*0.1Cb| 300 ns
Set-Up Time for Stop
Condition Tsu:sto 160 - 600 - ns
Bus Free Time between a
Stop and Start Condition Teur 160 i 1300 i ns
Data Valid Time Tvo;pAT - 16 - 90 ns
Data Valid Acknowledge
Time Tvb:ack - 160 - 900 ns
. SDAH and SCLH Line - 100 - 400 pF
Capacitive Load for each Bus Co SDAH+SDA Line and
Line - -
SCLH+SCL Line 400 400 | pF
Noise Margin at the Low _ For each Connected
LeveI CI Device = 0.1VBUS O.lVBuS - V
Noise Margin at the High For each Connected
LeveI VnH Device - 0.2VBus O.ZVBus - V
Notes:
VBus is the I?C bus voltage, 3.0V to 3.6V range (3.3V typically).
MP8865 Rev. 1.03 www.MonolithicPower.com 7
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mps MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL CHARACTERISTICS
Vin =12V, Vour = 1.2V, L = 1pH, Ta = 25°C, unless otherwise noted.

Enabled Supply Current Disabled Supply Current VIN UVLO Rising Threshold
vs. Input Voltage vs. Input Voltage vs. Temperature
VFB=0'65V VEN=0V
< 1000 T 10 42
3 =2 —
= 900 E 8 S 4.15
z 3 q
o 800 £ 6 9' 4.1
]
3 700 3 4 ﬁ 4.05
> 600 5 T 4
% 500 > — Q 3.95
o 2 0 5
Q400 a 2 39
— c—nl 2 =
g 300 2 Z 385
i 200 o -4 3.8
4 6 8 10 12 14 16 18 20 0 5 10 15 20 25 40-20 0 20 40 60 80 100120
INPUT VOLTAGE (V) INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C)
EN Rising Threshold vs. Reference Voltage vs. Switching Frequency vs.
Temperature Temperature Ambient Temperature
1.6 610 _ 800
N
S 185 s 98 750
S E 606 N
0 O z
é 1.45 - E 602 3 650 ]
p— (@)
:nE: 14 g 600 \\ ﬁ 600
b 135 ”%J 598 £ 550
b4 596
® 13 4 o4 Z 500
4 i 5 T
z 125 w 592 E 450
1.2 590 @ 400
40 -20 0 20 40 60 80 100120 -40-20 0 20 40 60 80 100120 -40 -20 0 20 40 60 80 100120
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
Current Limit vs. Current Limit vs.
Duty Cycle 18 Temperature
5
13 16
< < 14
E N E
s s
S5 s 12
= ~ Z 10
11] L
14 7 14
4 14 8
o o
o o
5 6
3 4
0 10 20 30 40 50 60 70 80 90100 40 -20 0 20 40 60 80 100120
DUTY CYCLE (%) AMBIENT TEMPERATURE (°C)
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mps MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board of the Design Example section.
Vin =12V, Vour = 1.2V, L = 1pH, Ta = 25°C, unless otherwise noted.

Efficiency vs. Case Temperature Rise Load Regulation
Output Current vs. lg
ViN=12V VOUT=1%E —~
x
132 T TTT I G 60 < 1.0
— Vour=5\* pa N = 50 &9 0.80
g 85 S aaIE Al oo / Q 040 VIN=21V——
>= 80 'f' l” l M 14 E 0.20 B—
g | /AN \ I = z NG
g 7 Z | VouT=3-3V 1] < 30 £ 0.00 N Vin=12v
o 70 / 8 HH w D -0.20 S
[ -
L 65 // Vout=1.2V E 20 ﬁ 0.40 ViN=5V \\
SO—j\\/ H—oe‘w‘ 10 y 2 -0.60
g5l | Vour=0. @ _ = -0.80
> . S g o
0.01 0.10 1.00 10.00 0 1 2 3 4 5 6 7% 01 2 3 4 5 6
OUTPUT CURRENT (A) LOAD CURRENT (A) OUTPUT CURRENT (A)
Line Re\gulation
V|N=5V-21
& 1.00
4080
E 0.60 IRU-‘r=0.01A
QO 040 P
5 020/ IOUT‘=3\
& 0.00 i
3-0.20 louT=6A
8-0.404
N-0.60
S 080
&-1.00
z 56 7 8 91011121314 1516
INPUT VOLTAGE (V)
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mps MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board of the Design Example section.
Vin =12V, Vour = 1.2V, L = 1pyH, Ta = 25°C, unless otherwise noted.

Short Entry Short Recovery Start-Up through Enable
lout =0A lout = 0A lout =0A
[ u
...................... ]
vour | , Vour SUETOE SO U _
500mV/div. ] oo : 5 OOmV%liJ\-II.-H\ L . 500mV\/;1 Iv.ﬁ) A S : :
\Y/ [ : Lo : :
svidn | . T e prrerpenons Y e fremimnuted
VF_'G Lo : :
- ” i | ] 3 . i : 5V/div. 5 s g
1 OV/dsl\\’Ivﬁ\ : . 10V, /(?IVVVE\ s szz L L
: : 10V/div.* !
o . J : U woveron | i
10A/div. b ; 10A/div.ab e ey oot osons 2A/div. :
4ms/div. 4ms/div. 1ms/div.
Start-Up through Enable Shutdown through Enable Shutdown through Enable
lout = 6A lout = 0A lout = 6A

Vour | B - v, \ Vout |
500mVv/div. T} 3 ouT - == soomVrdiv.%]

g 500mvld|vﬁ‘ 4 e e

EN X X EN
5Vidiv. ; e 5V/div.”)

VEN :
\V/TIVL seai sttt o - ‘ b
Veo, | : v, [ : 5 v
5V/div. " & | EG. i . . . PG
SW,

5vrdiv. i

V,
V. X s VSW
10v/an. 7} ; 10Vidiv 1 1 10V/div.®
. J 1 linoucTor _
2A/div.
lINDUCTOR liNbucTOR :
5A/div. ! - D — S EE— - 5A/div. : :
1ms/div. 1s/div. 40us/div.
Start-Up through Start-Up through Shutdown through
Input Voltage Input Voltage Input Voltage
lout =0A loyt = 6A lout =0A
S : : : i
. 4 b * . -
4
Vour : Vour Vout
500mVidiv."] T 1 soomvidi T 1 s0omvidiv."f
VINGE it IN VIN e
10V\//d|v. AR AR A P A 10V\I;1iv. 10V\I;,Iiv. B L
PG| . PG PG :
5V/div." et 1 5V/div. 5v/div. "} :
VSW@..———....-WMH——, VS.W VQWE"""‘“"“"‘""""‘""'F"‘-*,,
10V/div. ] : 10V/div. 5V/div.* :
IIND%R}F&’&E" ool ) SUPRETUUREI du AR IS IIND%X}-(%?@
: ||NDUCT0_Rm : : : :
1ms/div. 1ms/div. 100ms/div.
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mps MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board of the Design Example section.
Vin =12V, Vour = 1.2V, L = 1pyH, Ta = 25°C, unless otherwise noted.

Shutdown through Input/Output Ripple Input/Output Ripple
Input Voltage louT = 6A loyT =0A
loyt = 6A
i s e i T
R Vout/AC_. : o L IUESRUUEI
20mVirdiv ] Vour/AC | DI s
_______ 4 o ] 20mV/div. feemmimmsniett
Vour : L VIVACy § ¥ VyACE
500mV/div. [ : A 200mV/div. "t : SRR ) 1 somvidiv®} R o s
IN " i bbb . n: h { h :h :
5V/div. B ; '*1 P : S
Veg: ™ . . N K 1o d
SV/div.M . : i v '
V. Lo V, . L SW.
svian.? : ot svian : e 5VidivEf
| L ......... ] I ........ . z ...... I .............
NSl deemened BRI E s ) YRR T
100ps/div. 1us/div. 400ns/div.
Load Transient Response I2C Control Slew Rate I2C Control Slew Rate
louT = 3Ato 6A Slew rate=16mV/us, loyT = 0A, Slew rate=16mV/ps, loyT = 0A,
from 0.9V to 1.2V from 1.2V to 0.9V
B e s = —
: : : : : w
Vout/AC E
100mV/div. Vour ! Vour
1 s00mvidiv® ; 500mV/div.”"
PG, ' Vpg
[N KRR R sV/gic
4
b L e v v
et 5V/§i\\’xﬁ : | 5wdSi\\IX
| : : S | 1 INDUCTOR
ZA%LiJvT.@'”'} I Y INDgﬁ'/I’é?\lz_ : SA/div
100ps/div. 10ps/div. 10ps/div.
I2C Control Slew Rate I2C Control Slew Rate
Slew rate=16mV/ps, loyT = 3A, Slew rate=16mV/us, loyT = 3A,
from 0.9V to 1.2V from 1.2V to 0.9V
—_— T —r —
s e :
. ..v"" Lo _— L e TR 4
VOUT VOUT
500mV/di _ﬁ\, — : Lo 500mV/div.ﬁ\' ...............
VF:G L LELLLLE LU LG TELLLLLL VI?G
SV/div. U TR 5V/div.
5V/div.” : - ; 5Vidiv
| SRS |
NP gl ok i NP Bt o -
10ps/div. 10pus/div.
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MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

PIN FUNCTIONS

Pin # Name |Description
Supply Voltage. The MP8865 operates from a 4.5V to 21V input rail. VIN requires a
1 VIN . . . ; : .
ceramic capacitor to decouple the input rail. Connect using a wide PCB trace.
System Ground. Reference ground of the regulated output voltage. PGND requires special
2,8 PGND |consideration during PCB layout (see the “PCB Layout Guidelines” section on page 24).
Connect PGND to GND with copper traces and vias.
Enable/Synchronize. EN=high to enable the MP8865. EN/SYNC has an internal 1MQ pull-
3 EN/SYNC )
down resistor to ground.
4 PG Power Good. Open-drain structure.
5 SDA I2C Serial Data.
6 SCL I2C Serial Clock.
I2C Address Set. Floating ADD or pulling it to VCC sets one address. Pulling ADD to
7 ADD .
ground sets an additional addresses.
9 SW Switch Output. Connect SW using a wide PCB trace.
Bootstrap. BST requires a capacitor between SW and BST to form a floating supply
10 BST . . . !
across the high-side switch driver.
11 VOUT | Sense Input of Output Voltage in the 12C Control Loop.
Feedback. Connect FB to the tap of an external resistor divider from the output to GND to
12 FB set the output voltage in the FB control loop. Connecting FB to VCC sets the default
output voltage at 0.9V.
13 SS Soft-Start. Connecting a capacitor from SS to ground sets the soft-start time.
14 VCC Internal 5V LDO Regulator Output. Decouple with a 0.22uF capacitor.
Signal Ground. AGND is NOT connected internally to system ground. Ensure AGND is
15 AGND .
connected to system ground in the PCB layout.

MP8865 Rev. 1.03
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FUNCTIONAL BLOCK DIAGRAM

MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

viN [}
—(O-
vee 7] R VCIC Current-Sense £ RSEN
egulator Amplifer
Bootstrap ] BST
scL [} 2C IF& DAC — Regul‘ator g L
Registe Oscillator HS
SDA []— Driver #
! . ] sw
ADD '— 1pF Comparator
[ — Current-Limit  |On-Time Control vee
C I{ Logic Control
EN [ }—s o | Reference soF_aook | omparator ogic Contro T
SYNC VEG LS
svVT T ’ : Driver %
vouT[ ] % ! |
; Error Amplifier r
r { ] GND
FB .—@—o =
S8 PG

Figure 2. Functional Block Diagram

MP8865 Rev. 1.03
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MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

OPERATION

The MP8865 is a high-frequency, synchronous,
rectified, step-down, switch-mode converter
with built-in power MOSFETSs. It offers a very
compact solution that achieves a 6A continuous
output current with excellent load and line
regulation over a wide input-supply range.

The MP8865 has three working modes:
advanced asynchronous modulation (AAM),
discontinuous conduction mode (DCM), and
continuous conduction mode (CCM). When the
MODE bit in the I°C register is set to 1, the
MP8865 works in CCM constantly.

AAM Control Operation

In a light-load condition, MP8865 works in AAM
mode (see Fig. 3). The Vaaw is an internally
fixed voltage when input and output voltages
are fixed. Vcome is the error amplifier output,
which represents the peak inductor current
information. When Vcowmp is lower than Vaawm, the
internal clock is blocked. This causes the
MP8865 to skip pulses, achieving the light-load
power save. For additional details, refer to
ANO032.

The internal clock re-sets every time Vcowmp iS
higher than Vaam. At the same time, the high-
side MOSFET (HS-FET) turns on and remains
on until Vi sense reaches the value set by Vcow.

The light-load feature in this device is optimized
for 12V input applications.

HS_driver
e

[ R1

B R2

Figure 3. Simplified AAM Control Logic
DCM Control Operation

The Vcowmp Voltage ramps up as the output
current increases. When its minimum value
exceeds Vaaw, the device enters DCM. In this
mode, the internal clock initiates the PWM
cycle, the HS-FET turns on and remains on
until Visense reaches the value set by Vcowmp
(after a period of dead time), and the low-side
MOSFET(LS-FET) turns on and remains on

VB

until the inductor-current value decreases to
zero. The device repeats the same operation in
every clock cycle to regulate the output voltage
(see Fig. 4).

HS-FET is On
HS/LS-FETs are Off

Zero Current Detect

—
A Clock Cycle

Figure 4. DCM Control Operation

CCM Control Operation

The device enters CCM from DCM once the
inductor current no longer drops to zero in a
clock cycle. In CCM, the internal clock initiates
the PWM cycle, the HS-FET turns on and
remains on until Visense reaches the value set
by Vcowme (after a period of dead time), and the
LS-FET turns on and remains on until the next
clock cycle starts. The device repeats the same
operation in every clock cycle to regulate the
output voltage.

If ViLsense dOes not reach the value set by Vcowr
within 95% (600kHz switching frequency) of
one PWM period, the HS-FET is forced off.

Internal Regulator

A 5V internal regulator powers most of the
internal circuitries. This regulator takes the Vi
input and operates in the full V\x range. When
Vin is greater than 5.0V, the output of the
regulator is in full regulation. When Vy is lower
than 5.0V, the output voltage decreases. A
0.22uF ceramic capacitor is required for
decoupling.

Error Amplifier (EA)

The error amplifier compares the FB voltage
against the internal reference (REF) in the FB
control loop and outputs the COMP voltage
(which controls the power MOSFET current). In
a I2C control loop, FB opens and VOUT is
connected to the EA non-inverter input. The
optimized internal compensation network
minimizes the external component count and
simplifies the control loop design.

MP8865 Rev. 1.03
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Enable/SYNC Control

EN/SYNC is a digital control pin that turns the
regulator, including the 1°C block, on and off.
Drive EN high to turn on the regulator; drive EN
low to turn off the regulator. An internal 1MQ
resistor from EN to GND allows EN/SYNC to be
floated to shut down the chip.

EN is clamped internally using a 6.5V series-
Zener-diode (see Fig. Errorl Reference
source not found.5). Connecting the EN input
through a pull-up resistor to the voltage on VIN
limits the EN input current to less than 100pA.

Connecting EN directly to a voltage source
without a pull-up resistor requires limiting the
amplitude of the voltage source to <6V to
prevent damage to the Zener diode.

EN

Zener
6.5V-typ EN LOGIC

GND

Figure 5. 6.5V Zener Diode Connection

The chip can be synchronized to an external
clock range from 300kHz up to 2MHz through
EN (as soon as an external clock is added); the
internal clock rising edge is synchronized to the
external clock rising edge. Select an external
clock signal with a pulse width less than 80% of
one internal clock cycle time.

Under-Voltage Lockout (UVLO)
Under-voltage lockout (UVLO) protects the chip
from operating at an insufficient supply voltage.
The MP8865 UVLO comparator monitors the
output voltage of the internal regulator (VCC).
The UVLO rising threshold is about 4V while its
falling threshold is 3.4V.

Soft-Start (SS)

The MP8865 employs a soft-start (SS)
mechanism to ensure a smooth output during
power-up. When EN becomes high, an internal
current source (12pA) charges up the SS
capacitor. The SS capacitor voltage takes over
the Vgrer voltage to the PWM comparator. The
output voltage smoothly ramps up with the SS
voltage. Once the SS voltage reaches the same
level as the Vgrer voltage, it keeps ramping up
while Vrer takes over the PWM comparator. At
this point, the soft-start is complete and the
device enters steady-state operation.

The SS capacitor value can be determined as
follows:

Tos (MS) xlgg (WA)

Veer (V)

If the output capacitors have a large
capacitance value, it is NOT recommended to
set the SS time too small. Otherwise, it will be
easy to hit the current limit during SS.

Pre-Bias Start-Up

The MP8865 has been designed for a
monotonic start-up into a pre-biased output
voltage. If the output is pre-biased to a certain
voltage during start-up, the voltage on the soft-
start capacitor will be charged. When the soft-
start capacitor's voltage exceeds the sensed
output voltage at FB®, the part turns on the
high-side and low-side power switches
sequentially. Output voltage starts to ramp up
following the soft-start slew rate.

Note:
8) FB voltage in the FB control loop or VOUT voltage in the 1°C
control loop.
Power Good (PG) Indicator
The MP8865 has a power good (PG) output
used to indicate whether the output voltage of
the module is ready. PG is an open-drain
output. Connect PG to VCC (or another voltage
source) through a pull-up resistor (e.g. 100kQ).
When the input voltage is applied, PG is pulled
down to GND before the internal SS is ready
(Vss>1.15xVrer). After SS is ready (when Veg®
is above 90% of Vgree), PG is pulled high (after a
80us delay). During normal operation, PG is
pulled low when the Ves® drops below 70% of
Vrer (after a 80us delay).

When UVLO or OTP occurs, PG is pulled low
immediately; when OC (over current) occurs,
PG is pulled low when Ves® drops below 70%
of Vrer (after a 80us delay).

Css(nF) =

PG will NOT respond to an output over-voltage
condition.

The PG bit in the I°C register has the same
indication as the external PG.

MP8865 Rev. 1.03
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Output Over-Voltage Protection (OVP)

The MP8865 monitors the resistor divider Veg ©
to detect over voltage. When Vgs® becomes
higher than 115% of the target voltage, the LS-
FET remains on until the LS current drops to -2.5A.
This discharges the output and tries to keep it
within the normal range. The device will exit this
regulation period when Veg® drops below 105%
of the reference voltage.

Over-Current Protection (OCP) and Hiccup
The MP8865 has a cycle-by-cycle over-current
limit control. When the inductor-current peak
value exceeds the set current-limit threshold,
the HS-FET turns off, and the LS-FET turns on
and remains on until the inductor current falls
below the internal “valley” current-limit
threshold. The *“valley” current-limit circuit is
employed to decrease the operation frequency
after the “peak” current-limit threshold is
triggered. Meanwhile, the output voltage drops
until Veg® is below the under-voltage (UV)
threshold (50% below the reference, typically).
Once UV is triggered, the MP8865 enters
hiccup mode to re-start the part periodically.
This protection mode is useful when the output
is dead-shorted to ground. The average short-
circuit current is reduced greatly to alleviate
thermal issues and protect the regulator. The
MP8865 exits hiccup mode once the over-
current condition is removed.

Thermal Shutdown (TSD)

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures.
When the die temperature exceeds 160°C, it
shuts down the whole chip. When the
temperature is less than its lower threshold
(140°C, typically) the chip is enabled again.

Floating Driver and Bootstrap Charging

An external bootstrap capacitor powers the
floating power MOSFET driver. This floating
driver has its own UVLO protection. The
UVLO’s rising threshold is 2.2V with a
hysteresis of 150mV. The bootstrap capacitor
voltage is regulated internally by Vi through
D1, M1, C4, L1, and Cour (see Fig. 6). If (Vest-
Vsw) exceeds 5V, Ul regulates M1 to maintain
a 5V BST voltage across C4. A 10Q resistor
placed between SW and the BST capacitor is
recommended to reduce SW spike voltage.

VIN —

; Vout
l ouT

Figure 6. Internal Bootstrap Charging Circuit
Start-Up and Shutdown

If both Vix and EN exceed their respective
thresholds, the chip starts up. The reference
block starts first, generating stable reference
voltage and currents, and then the internal
regulator is enabled. The regulator provides a
stable supply for the remaining circuitries.

Three events can shut down the chip: EN low,
Vin low, and thermal shutdown. During the
shutdown procedure, the signaling path is
blocked first to avoid any fault triggering. The
COMP voltage and the internal supply rail are
then pulled down. The floating driver is not
subject to this shutdown command.

I2C Control and Default Output Voltage

When the MP8865 is enabled (which means
EN=high, and VIN>UVLO), the chip starts up to
an output voltage set by the FB feedback
resistors (with a programmed soft-start time).
After the MP8865 is enabled, the 12C bus can
communicate with the master. If the chip
doesn’t receive a I12C communication signal
constantly, it works efficiently through FB
feedback and performs behavior similar to a
traditional non-I2C part.

Once the I2C receives a valid output reference
and voltage scaling instruction (if V_BOOT="1"),
the output voltage is determined by the resistor
dividers R1, R2, and Vger voltage. The Vour
value can be calculated by the following
equation (Vrer default value is 0.6V):

R1
Vour = Vier X (14—
ouTt REF ( RZ)

MP8865 Rev. 1.03
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If V_BOOT=“0,”" the output voltage is
determined by the I2C control loop (output
voltage is sensed through VOUT), and the FB
feedback control loop is disabled.

If FB is pulled up to VCC, the chip starts up
directly to the default 0.9V output voltage. In
this case, the output voltage is determined by
the 12C control loop.

The output reference voltage scaling is realized
by adjusting the internal reference voltage
(V_REF), which is the non-inverted input of the
error amplifier. After the MP8865 receives a
valid data byte of the output reference voltage
setting, it searches the corresponding reference
voltage from the truth table and then sends the
command to adjust Vgrer with a controlled slew
rate. The slew rate is determined by 3-bits of
another register, which can be read and write

accordingly.
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I°C INTERFACE

I°C Serial Interface

The I12C is a 2-wire, bidirectional serial interface,
consisting of a data line (SDA) and a clock line
(SCL). The lines are pulled externally to a bus
voltage when they are “idle.” Connected to the
line, a master device generates the SCL signal
and addresses and arranges the
communication sequence. The MP8865
interface is an 1°C slave, which supports both
fast mode (400kHz) and high-speed mode
(3.4Mhz), adding flexibility to the power-supply
solution. The output voltage, transition slew
rate, and other parameters can be controlled
instantaneously by the I°C interface.

Data Validity

One clock pulse is generated for each data bit
transferred. The data on the SDA line must be
stable during the high period of the clock. The
high or low state of the data line can only
change when the clock signal on the SCL line is
low (see Fig. 7).

SDA ‘

Data Line | Change |
Stable; | of Data |
Data Valid | Allowed |

Figure 7. Bit Transfer on the I1°C Bus
Start and Stop Conditions

The start and stop conditions are signaled by
the master device, which signifies the beginning
and the end of the I°C transfer. The start
condition is defined as the SDA signal
transitioning from high to low while the SCL is
high. The stop condition is defined as the SDA
signal transitioning from low to high while the
SCL is high (see Fig. 8).

r——- r——-

- | - | -
SDA } \ } / \ } / } SDA
I [ T [ I
| | S | | -
scL } } \ / \ / } } scL
I8 1P
START condition STOP condition

Figure 8. Start and Stop Conditions

Start and Stop conditions are generated always
by the master. The bus is considered

busy after the start condition. The bus is
considered free again after a minimum of 4.7uS
after the stop condition. The bus stays busy if a
repeated start (Sr) is generated instead of a
stop condition. The start (S) and repeated start
(Sr) conditions are functionally identical.

Transfer Data

Every byte put on the SDA line must be 8-bits
long. Each byte must be followed by an
acknowledge bit. The acknowledge-related
clock pulse is generated by the master. The
transmitter releases the SDA line (high) during
the acknowledge clock pulse. The receiver
must pull down the SDA line during the
acknowledge clock pulse, so that it remains
stable low during the high period of the clock
pulse.

Data transfers follow the format shown in Fig. 8.
After the start condition (S), a slave address is
sent. This address is 7-bits long followed by an
eighth bit, which is a data direction bit (R/W). A
‘0’ indicates a transmission (write), and a ‘1’
indicates a request for data (read). A data
transfer is terminated always by a stop
condition (P) generated by the master. However,
if a master still wishes to communicate on the
bus, it can generate a repeated start condition
(Sr) and address another slave without first
generating a stop condition.

[
[

[

[

[

I

Lo

9 -

[

18 PP
[ L J L J [
START ADDRESS RW ACK DATA ACK DATA ACK STOP
condltion condttion

Figure 9. A Complete Data Transfer

The MP8865 requires a start condition, a valid
I°C address, a register address byte, and a data
byte for a single data update. After receipt of
each byte, the MP8865 acknowledges by
pulling the SDA line low during the high period
of a single clock pulse. A valid I1°C address
selects the MP8865. The MP8865 performs an
update on the falling edge of the LSB byte.

MP8865 Rev. 1.03
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MP8865 I°C Chip Address

ADD sets the MP8865 address. The default 7-
bit address of the MP8865 is “68” (hex) or
“1101000” (binary) if ADD is floated or pulled up
to VCC. The other address of the MP8865 is

“60” (hex) or “1100000” (binary) if ADD is pulled
to ground. When the master sends the address
as an 8-bit value, the 7-bit address should be
followed by “0/1” to indicate write/read
operation (see Table 1).

TABLE 1. MP8865 Address

Address (Binary)
ADD Address (Hex) 20
A7 A6 A5 A4 A3 A2 Al (RIW)

Float or Connected to DO 1 1 0 1 0 0 0 0
vee D1 1 1 0 1 o | o | o 1

Cco 1 1 0 0 0 0 0 0

Connected to GND

C1 1 1 0 0 0 0 0 1

MP8865 Register Address

The MP8865 contains four registers: register 00
to register 03. Register 00 sets the output
voltage and decides whether the output voltage
is controlled by the FB resistor divider or is set

by

I°C. Register 01 sets the MP8865 operating
features. Register 02 and 03 are the only read
registers. Register 03 indicates the MP8865
status. The register map is shown in next
section.

MP8865 Rev. 1.03
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REGISER DESCRIPTION

Register Map

ADD NAME RIW D7 D6 | D5 | D4 | D3 | D2 | D1 [ DO
00 VSEL R/W | V_BOOT Output Reference
01 SysCntlregl Switching
R/W EN GO_BIT Slew Rate Frequency Mode
02 ID1 R Vendor ID IC Revision
03 Status R Reserved | VID OK ocC |oTEw | OT | PG
Register Description
1. Reg00 VSEL
NAME BITS | DEFAULT | DESCRIPTION
“FB” Control Loop Enable Bit. V_.BOOT="1" means the output voltage is
determined by the resistor divider connected to “FB” (FB control loop).
V BOOT D7 1 V_BOOT="0" means t_he qut_put voltage is controlled by I°C through “VOUT”
- (I2C control loop). This bit is helpful for the default output-voltage setting
before the I12C signal comes. If the I12C is not used, the part works efficiently
with “FB.”
Output Set the output reference voltage from 0.6V to 1.87V (see Table 1). The
Reference | D[6:0] | 0000000 | default value is 0.6V. If FB is connected to VCC, then the default value is
0.9Vv.
TABLE 2. Output Reference Voltage Chart
D[6:0] VOUT D[6:0] VOUT D[6:0] VOUT D[6:0] VOUT
000 0000 0.60 010 0000 0.92 100 0000 1.24 110 0000 1.56
000 0001 0.61 010 0001 0.93 100 0001 1.25 110 0001 1.57
000 0010 0.62 010 0010 0.94 100 0010 1.26 110 0010 1.58
000 0011 0.63 0100011 0.95 100 0011 1.27 1100011 1.59
000 0100 0.64 0100100 0.96 100 0100 1.28 110 0100 1.60
000 0101 0.65 0100101 0.97 100 0101 1.29 1100101 1.61
000 0110 0.66 0100110 0.98 100 0110 1.30 1100110 1.62
0000111 0.67 0100111 0.99 100 0111 1.31 1100111 1.63
000 1000 0.68 010 1000 1.00 100 1000 1.32 110 1000 1.64
000 1001 0.69 010 1001 1.01 100 1001 1.33 1101001 1.65
000 1010 0.70 010 1010 1.02 100 1010 1.34 110 1010 1.66
000 1011 0.71 0101011 1.03 100 1011 1.35 1101011 1.67
000 1100 0.72 0101100 1.04 100 1100 1.36 110 1100 1.68
0001101 0.73 0101101 1.05 100 1101 1.37 1101101 1.69
000 1110 0.74 0101110 1.06 100 1110 1.38 110 1110 1.70
0001111 0.75 0101111 1.07 1001111 1.39 1101111 1.71
001 0000 0.76 011 0000 1.08 101 0000 1.40 111 0000 1.72
001 0001 0.77 011 0001 1.09 101 0001 141 111 0001 1.73
001 0010 0.78 011 0010 1.10 101 0010 1.42 111 0010 1.74
001 0011 0.79 011 0011 1.11 101 0011 1.43 111 0011 1.75
001 0100 0.80 011 0100 1.12 101 0100 1.44 111 0100 1.76
001 0101 0.81 0110101 1.13 101 0101 1.45 111 0101 1.77
001 0110 0.82 011 0110 1.14 101 0110 1.46 111 0110 1.78
001 0111 0.83 0110111 1.15 101 0111 1.47 111 0111 1.79
001 1000 0.84 011 1000 1.16 101 1000 1.48 111 1000 1.80
001 1001 0.85 011 1001 1.17 101 1001 1.49 111 1001 1.81
001 1010 0.86 011 1010 1.18 101 1010 1.50 111 1010 1.82
001 1011 0.87 011 1011 1.19 101 1011 151 1111011 1.83
001 1100 0.88 0111100 1.20 101 1100 1.52 111 1100 1.84
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D[6:0] VOUT D[6:0] VOUT D[6:0] VOUT D[6:0] VOUT
001 1101 0.89 0111101 121 101 1101 1.53 111 1101 1.85
001 1110 0.90 011 1110 1.22 101 1110 1.54 111 1110 1.86
001 1111 0.91 0111111 1.23 101 1111 1.55 111 1111 1.87

2. Reg01 SysCntlregl
NAME BITS | DEFAULT | DESCRIPTION
The I2C turns the part on or off. When the external EN is low, the
EN D[7] 1 converter is off, and I°C is shutdown. When EN is high, the EN bit will
takes over. The default EN bit is “1.”
Switch Bit of 1°C Writing Authority for Output Reference Command Only.
Set GO_BIT="1" to enable the I°C authority of the writing output
reference. When the command is finished, GO_BIT will auto re-set to “0”
GO_BIT D[6] 0 to prevent false operation of VOUT scaling. If the reference is adjusted
within 50mV, GO_BIT will NOT auto re-set to “0.” If this is the case,
manually set GO_BIT to “0.” Writing GO_BIT=*1" first is suggested, then
write the output reference voltage.
D[5:3] SLEW RATE D[5:3] SLEW RATE
000 64 mV/uS 100 4 mV/uS
Slew Rate D[5:3] 100 001 32 mV/uS 101 2 mV/uS
010 16 mV/uS 110 1 mV/uS
011 8 mV/uS 111 0.5 mV/us
D[2:1] Fs
Switching 00 600Ktz
Frequency D[2:1] 00 01 850kHz
10 1.1MHz
11 1.6MHz
Mode DO 0 “0” enables PFM mode; high disables PFM mode.
3. Reg02 ID1

NAME BITS | DESCRIPTION
Vendor ID D[7:4] | 1000
IC Revision | D[3:0] | IC Revision

4. Reg03 Status

NAME BITS | DESCRIPTION
Reserved D[7:5] | Reserved for Future Use. Always set at 0.

VID_OK I2C Controlled Voltage Adjustment is Finished. The internal circuit compares DAC

D[4] output With_“\/_OUT” voltag_e. If “VOUT” is in the 90%-11Q% range Qf DAC output, _the
VID_OK bit is high (which means the voltage scaling is finished). Otherwise,
VID_OK="0."
oC D[3] | Output Over-Current Indication. When bit is high, the IC is in hiccup mode.
OTEW Die temperature early warning bit. When the bit is high, the die temperature is higher
P2l | than 120°C.
oT D[1] | Over-Temperature Indication. When the bit is high, the IC is in thermal shutdown.
Output Power Good Indication. When the bit is high, the VOUT power is good. This
PG D[0] | means the VOUT is higher than 90% of the designed regulation voltage. See additional
details in the “Power Good (PG) Indicator” section on page 15.
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APPLICATION INFORMATION

Setting the Output Voltage in the FB Control
Loop

The reference voltage and the external resistor
divider can set the output voltage through FB.
Also, the feedback resistor R1 and Ry set the
feedback loop bandwidth with the internal
compensation capacitor. Choose the value of
R1 first; R2 is then given by ©:

R1

R2=—"—
Vour 1

VREF

Notes:

9) VREF is 0.6V when powering up or EN is on. After the
MP8865 is enabled, VREF can be programmed through I2C.
Set V_BOOT=1 to enable the FB control loop.

The T-type network (see Fig. 10) is
recommended highly when Vour is low.

L
Rt Crr R1
FB A —OVOUT
T Crs
R2

Figure 10. T-Type Network
Table 3 lists the recommended T-type resistor
values for common output voltages.

TABLE 3. Resistor Selection for Common Output
Voltages with default 0.6V Vrer1?

Vout R1 R2 Rt Cff | Crs L
(V) | (kQ) (kQ) (kQ) | (pF) | (pF) | (uH)
0.9 Connect FB to VCC 1

1 | 34(1%) | 51(1%) | 331%) | 15 | 10 | 1

1.2 | 34(1%) | 34(1%) | 33(1%) | 10 | 10 | 1

1.8 | 34(1%) [16.5(1%)| 15(1%) | 10 | 15 | 1.5

2.5 | 34(1%) |10.7(1%)| 15(1%) | 15 | 22 | 1.8

3.3 | 34(1%) | 7.5(1%) | 15(1%) | 15 | 33 | 2.7

5 | 34(1%) |4.64(1%)| 7.5(1%) | 15 | 47 | 2.7

Note:

10) The recommended parameters are based on a 12V input
voltage and a 22uFx2 output capacitor. A different input
voltage and output capacitor value may affect the selection of
R1, R2, RT, Cff, and CFB. For additional component
parameters, please refer to the “Typical Application Circuits”
section on page 26.

Setting the Output Voltage in the I12C Control
Loop

In addition to setting the output voltage through
the FB loop, the I1°C loop can set the output
voltage through VOUT by setting V_BOOT=0.
In this case, the output voltage is the set
reference voltage. Please refer to Table 2 on
page 20 for additional details concerning the
output voltage setting.

Output Voltage Dynamic Scale

To dynamic scale the output voltage during
normal operation, refer to Fig. 11 and follow the
steps below:

Stepl: Write the GO_Bit (reg01[6]) to “1;”

Step2: Write reg00 to select the feedback loop
by setting V_BOOT((reg00[7]). Set the reference
voltage using the output reference (reg00[0:6])
simultaneously. If the reference adjustment is
within 50mV, GO_BIT will NOT auto re-set to
“0.” If this is the case, manually set GO_BIT to
“0.”

Repeat the two steps above to dynamic scale to

another voltage.
Voltage Scaling
Start

Write reg01[6]
“GO_Bit"=1

'

Loop Selection

I>C Control Loop

FB Control Loop
(VOUT Direct Sense

(FB Sense Feedback)

Feedback)
Write reg00(Set Write reg00(Set
“V_BOOT"=1 & “V_BOOT"=0 &
“Vref” Code) “Vref” Code)

Figure 11. Output Voltage Dynamic Scale Flow
Chart
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Selecting the Inductor

For most applications, use a 1pH to 10uH
inductor with a DC current rating at least 25%
percent higher than the maximum load current.
For highest efficiency, use an inductor with a
DC resistance less than 15mQ. For most
designs, the inductance value can be derived
from the following equation:

L = VOUT ><(V|N _VOUT)
! Vi XAl xf

0osC

Where Al is the inductor-ripple current.

Choose the inductor-ripple current at
approximately 30% of the maximum load
current. The maximum inductor-peak current is:

Al
I max) =lLoap + >

Use a larger inductor for improved efficiency
under light-load conditions—below 100mA.

Selecting the Input Capacitor

The input current to the step-down converter is
discontinuous, therefore it requires a capacitor
to supply the AC current while maintaining the
DC input voltage. Use low ESR capacitors for
the best performance. Use ceramic capacitors
with X5R or X7R dielectrics for best results
because of their low ESR and small
temperature coefficients. For most applications,
use a 44uF capacitor.

Since C1 absorbs the input-switching current, it
requires an adequate ripple-current rating. The
RMS current in the input capacitor can be
estimated by:

V, V,
lcr =lLoap % \/ 7\7 :T X[l—\c/)l l:lT J

The worse-case condition occurs at Vin = 2Vour,
where:

=|LOAD

ICl 2

For simplification, choose an input capacitor
with an RMS current rating greater than half of
the maximum load current.

The input capacitor can be electrolytic, tantalum,
or ceramic. When using electrolytic or tantalum
capacitors, add a small, high-quality ceramic

capacitor (e.g. 0.1uF) placed as close to the IC
as possible. When using ceramic capacitors,
make sure that they have enough capacitance
to provide sufficient charge in order to prevent
excessive voltage ripple at the input. The input-
voltage ripple caused by capacitance can be
estimated by:

AV, = fILOAD % Vour <| 1 Vour
s xClL Vi \Y4

IN

Selecting the Output Capacitor

The output capacitor (C2) maintains the DC
output voltage. Use ceramic, tantalum, or low
ESR electrolytic capacitors. For best results,
use low ESR capacitors to keep the output-
voltage ripple low. The output-voltage ripple can
be estimated by:

\Y/ V
AVgr :f OU[ x[l— \;UTJX(RESR_{—%j
s XLy IN 8xfsxC

Where L; is the inductor value and Resr is the
equivalent series resistance (ESR) value of the
output capacitor.

For ceramic capacitors, the capacitance
dominates the impedance at the switching
frequency, and the capacitance causes the
majority of the output-voltage ripple. For
simplification, the output-voltage ripple can be
estimated by:

AV — VOUT x| 1— VOUT
T 8xf? xL, xC2 Vi

For tantalum or electrolytic capacitors, the ESR
dominates the impedance at the switching
frequency. For simplification, the output ripple
can be approximated to:

V, V,
AVy,; = f ‘:(U[l x (’I - \‘;’:;T Jx Resr
The characteristics of the output capacitor
affect the stability of the regulation system. The
MP8865 can be optimized for a wide range of
capacitance and ESR values.
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External Bootstrap Diode

An external bootstrap diode enhances the
efficiency of the regulator given the following
conditions:

[ VOUT is 5V or 3.3V

e The duty cycle is high: D=% >65%
IN
In these cases, add an external BST diode from
VCC to BST (see Fig. 12).

External BST Diode
IN4148

BST _L i< ovee
Casr

T0.1~1uF
. v

- COUT J_
I

Figure 12. Optional External Bootstrap Diode to
Enhance Efficiency
The recommended external BST diode is
IN4148, and the BST capacitor value is 0.1uF
to 1uF.

PCB Layout Guidelines®V

Efficient PCB layout is critical to achieve stable
operation, especially for VCC capacitor and
input capacitor placement. For best results,
refer to Fig. 13 and follow the guidelines below:

SW

1) Use a large ground plane connected
directly to GND. If bottom layer is ground
plane, add vias near GND.

2) Place as close as possible the VCC
capacitor to VCC and GND. Make the trace
length of VCC to the VCC capacitor anode
to the VCC capacitor cathode chip to GND
as short as possible.

3) Place the ceramic input capacitor close to
IN and GND. Keep the connection of the
input capacitor and IN as short and wide as
possible.

4) Route SW and BST away from sensitive
analog areas (such as FB). It is NOT
recommended to route SW and BST traces
under the chip’s bottom layer.

5) Place the T-type feedback resistor R3 close
to the chip to ensure the trace (which
connects to FB) is as short as possible.

Notes:

11) The recommended layout is based on Fig. 15 in the “Typical
Application Circuits” section on page 26.

MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

Top Layer

Bottom Layer

Figure 13. Recommended PCB Layout

MP8865 Rev. 1.03
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Design Example

Below is a design example following the
application guidelines for the specifications:

TABLE 4. Design Example

Vin 12V
Vour 1.2V
lo 6A

The detailed application schematics are shown
in Fig. 16. The typical performance and circuit
waveforms have been shown in the “Typical
Performance Characteristics” section. For more
device applications, please refer to the related
evaluation board datasheets.

MP8865 Rev. 1.03 www.MonolithicPower.com
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MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL APPLICATION CIRCUITS

R8 C4
10Q  0.1uF
10 L1
4.5V-21V
VINo l VIN BST . LuH 0.9V
sw oVOUT
c8 2(:23: RS J_ cs5 J_ c6 1012
22uF
l EN/SYNC 10Q T oouF T22uF T NS
= vce vour &
R9 = = =
MP8865 100kQ
PGo 41 PG
SDA© 51SDA FB [2
SCL o &l scL
7] ADD ssp
AGND PGND 1
15) 2,8
c7
T22nF
Figure 14. 12V Input-0.9V/6A Output
R8  C4
10Q  0.1uF
10 L1
45V-21V BST
VINo VIN S LuH Vi
l sw 2 f oVOUT
2(2:uF . 22pF %1%2 J_ cs J_ cé J_cu
I EN/SYNC 22uF T 22uF T NS
= vee vout & WAA
R9 - - =
MP8865 100kQ |
1 Icg
R3 15pF R1
PG o— PG 33kQ 34kQ
SDA© SDA FB |2 VWA
SCL o scL s TCl0 R2
ADD ss 10pF 51kQ
AGND  PGND 1 1
15] 2,8 - —
c7 =
T22nF
Figure 15. 12V Input-1V/6A Output
RS  C4
10Q  0.1uF
10 L1
45V-21V
VIN Hvin BST . 1uH 1.2V/6
l l l SW c11 oVOUT
o8 o2 s 00k 22pF %RS J_ c5 J_ C6 J_cn
22uF T 22uF T0.1uF 3
I I I ! | ENSYNC [_”_J 100 = oaur T22uF T Ns
=~ L L R6 [ vce vout W%
NS C1 R4 R9 = = =
0.220F, S MP8865 100kQ o
== B R3 10pF < R
PGo PG 33kQ 34kQ
SDA© 51SpbA FB [
SCL o S scL s TFCl0 R2
{ ADD SS 10pF 34kQ
AGND  PGND 1 1
15| 2,8 - —
c7 =
T22nF
Figure 16. 12V Input-1.2V/6A Output
Notes:
12) Except for Fig. 13, the other circuits are based on a 0.6V default reference voltage.
13) R5 is used for loop test purposes. It is NOT needed if the test loop has a small signal.
MP8865 Rev. 1.03 www.MonolithicPower.com 26
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MP8865 — SYNCHRONOUS STEP-DOWN CONVERTER

VIN

PGo
SDA ©

SCL o

R8 c4
10Q  0.1uF
10 L1
BST 1.5uH
VIN . Y 1.8V
sw cl1 % - J_ oVOUT
22pF c5 cé c12
EN/SYNC 1_”_1 100 == o2uF T220F T NS
vce vour [ i
R9 = = =
MP8865 100kQ
. R3 10pF R1
PG i 15kQ 34kQ
1sba FB
&l scL
1 ADD

AGND  PGND

15] 2,8

VWA
w  TCL0 R2
ss 1 ll5pp 16.5kQ
c7 =

Figure 17. 12V Input-1.8V/6A Output

PG o—

SDA©

SCL o

PGo

SDA©

SCL o

R8 c4
10Q  0.1uF
10| L1
BST
VIN . 1.8uH 2.5V
Sw c11 % —~ J_ J_ J_ oVOUT
22pF c5 c6 c12
EN/SYNC 100 = o0ouF T22uF T Ns
vce vour | VWA
R9 = - =
MP8865 100kQ
_”T.
R3 15pF R1
PG " 15kQ 34kQ
SDA FB VAN
SCL s =Cl0 R2
ADD ss lzzpp 10.7kQ
AGND  PGND 1
15| 2,8 - —
c7 -
T22nF
Figure 18. 12V Input-2.5V/6A Output
R8 ca
10Q  0.1uF
10 L1
BST
VIN , 2.7uH 3.3V/
SW ci1 % - J_ J_ J_ OVOUT
22pF c5 ce 1 ci12
EN/SYNC 100 =o0uF T220F T NS
vce vouT [ VWA
R9 = = =
MP8865 100kQ
R3 15pF R1
PG " 15kQ %34'@
SDA FB A%
scL s TCl10 R2
ADD SS l33pF 7.5kQ
AGND  PGND 1
15 2,8 - —
c7 -
22nF

Figure 19. 12V Input-3.3V/6A Output
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R8 ca
10Q  0.1uF
10 L1
BST 2.7uH
VINo VIN 0 u 5V/6.
SwW ci1 % ~ J_ J_ oVOUT
22pF c5 cé c12
EN/SYNC 100 =o0uF T220F T NS
vee vour | WA
R9 - = =
MP8865 100kQ
c9 J
R3 15pF R1
PGo 4 PG 7.5kQ 34kQ
SDA© 51SpA FB [2 VWA
SCL o S scL --c10 R2
7 ss 13
ADD 47pF 4.64kQ
AGND  PGND L

15] 2,8 1
c7
22nF

Figure 20. 12V Input-5V/6A Output
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PACKAGE INFORMATION

QFN-15 (3mmX3mm)

1.25

" % ‘ 0.55 "4’ 55 PIN1ID
PIN1 IDG } — " } 15 0.10x45° TYP.
MARKIN
s, TOYOL
0.25 10
j I e
PIN 11D = T — — =50 :  E— | — .
INDEX AREA 90—\ s }% EERRE
‘ W.ZSﬁ 1.25
| 1 045
; N0 00T Fae
07504_4‘ . ’ 0.20
BSC 0.30
TOP VIEW BOTTOM VIEW
T
0.80
[ 1.00
ozorer— 1 010100 |4
‘ 0.00
0.05
SIDE VIEW
- 3.60
R SOTE
1 140
0.10x45°
1ol (020 1) ALL DIMENSIONS ARE IN MILLIMETERS.
0.35 :H —— 2) EXPOSED PADDLE SIZE DOES NOT INCLUDE
0.00 — 7+ ! 0.00 MOLD FLASH.
0.35 — | F—i— oo 3) LEAD COPLANARITY SHALL BE 0.10
S — — e MILLIMETERS MAX.

4) JEDEC REFERENCE IS MO-220.
5) DRAWING IS NOT TO SCALE.

RECOMMENDED LAND PATTERN

NOTICE: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.
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