MP8864

High-Efficiency, 4 A, 21V, Synchronous
Step-Down Converter with I12C Interface

The Future of Analog IC Technology®

DESCRIPTION

The MP8864 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 4 A continuous
output current with excellent load and line
regulation over a wide input supply range. The
MP8864 has synchronous-mode operation for
higher efficiency over the output load range.

The reference voltage level is controlled,
on-the-fly through a 3.4 Mbps I°C serial
interface. The voltage range can be adjusted
from 0.6 V to 1.87 V in 10 mV 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 MP8864 requires a minimal number of
readily available, standard external components
and is available in a 15-pin QFN15
(3mm x 3mm) package.

FEATURES

e Wide 4.5V to 21 V Operation Input Range

e 50 mQ/23 mQ Low Rpson) Internal Power
MOSFETs

e 1% VOUT Accuracy

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

e |2C Selectable Switching Frequency. Default

600 kHz Switching Frequency

Programmable Output Voltage

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

Power Good Indication

1-Bit I>°C Address Set Pin

OCP in Hiccup Mode

External Soft-Start

Available in a QFN 3mm x 3mm Package

APPLICATIONS

e SoC and Media Processors
e General Consumer
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.
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mps MP8864 — SYNCHRONOUS STEP-DOWN CONVERTER

ORDERING INFORMATION

Part Number Package Top Marking
MP8864GQ* QFN-15 (3mm x 3mm) See Below
EVKT-8864 Evaluation Kit

*For Tape & Reel, add suffix —Z (e.g. MP8864GQ-2);
TOP MARKING

APEY
LLL

APE: Product code of MP8864GQ
Y: Year code
LLL: Lot number

EVALUATION KIT EVKT-8864

EVKT-8864 Kit contents: (Items below can be ordered separately).

# Part Number Item Quantity

1 EV8864-Q-00A MP8864GQ evaluation board 1

> EVKT-USBI2C-02 Includes one USB to I12C dongle, one USB cable, and one 1
ribbon cable

3 Tdrive-8864 USB Flash drive that stores the GUI installation file and 1

supplemental documents

Order direct from MonolithicPower.com or our distributors.

Input Power
Supply

Ribbon Cable
USB to I12C Dongle EV8864-Q-00A

USB Cable

Figure 1: EVKT-8864 Evaluation Kit Set-Up

y ]
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MP8864 — SYNCHRONOUS STEP-DOWN CONVERTER

PACKAGE REFERENCE

TOP VIEW
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QFN-15 (3mm x 3mm)

ABSOLUTE MAXIMUM RATINGS @
VN et -0.3Vto22V
NV W ettt et -0.3 V(-5 V for
<10 ns) to Vin+0.3 V (27 V for <25 ns)

NV BST e s .Vsw+5.5V
All other pins................ccceee. -0.3Vt054V®
Continuous power dissipation (Ta = +25°C) )
...................................................... 25WwW
Junction temperature......................... 150°C
Lead temperature................c.ooeenenen. 260°C
Storage temperature............... -65°C to 150°C

Recommended Operating Conditions *
Supply voltage (Vin)...oveveeeeennen. 45Vto21V
Output voltage (VouT)..cveeeeeeiiiiiiiiiiiieeans
........................ 0.6 Vto Vin X Dmax or 5.2V ®)
Operating junction temp. (T;)... -40°C to +125°C

Thermal Resistance ® @2 6ic

QFN-15 (3mm x 3mm)......... ... 50...12...°C/W

NOTES:

1) Exceeding these ratings may damage the device.

2) For additional details on EN’s absolute max. rating, please
refer to the “EN/SYNC Control” section on page 15.

3) The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6,4, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX)-TA)/0;4. Exceeding the maximum allowable power
dissipation produces an excessive die temperature, causing
the regulator to go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

4) The device is not guaranteed to function outside of its
operating conditions.

5) The output voltage cannot exceed the 5.2 V absolute
maximum value at any input condition.

6) Measured on JESD51-7, 4-layer PCB.
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mps MP8864 — SYNCHRONOUS STEP-DOWN CONVERTER

ELECTRICAL CHARACTERISTICS
Vin =12 V, T3 = -40°C to 125°C ™, unless otherwise noted, the typical value is based on the
average value when T;=25°C.

Parameter Symbol |Condition Min Typ Max Units
Supply current (shutdown) IN Ven =0V, T;=25°C 5 MA
Supply current (quiescent) lq \P/F:NM:I’T?O\(/){GNO switching, 500 760 MA
HS switch-on resistance HSroson | VBsT-sw=5 V 50 mQ
LS switch-on resistance LSrps-on |Vec =5V 23 mQ
Switch leakage SWikec |[Ven=0V, Vsw =12V 1 MA
Current limit ® I Under 40% Duty cycle 5.5 75 A
Default oscillator frequency fsw Vre=500 mV 480 600 680 kHz
Foldback frequency fre Ves=250 mV 0.5 fsw
Maximum duty cycle Dwmax Vre=500 mV 90 95 %
Minimum on time® ton_mIN 60 ns

VREF Ty =25°C 594 600 606 mvV
Feedback voltage

VREF Ty =-40°C to 125°C 588 600 612 mvV
VOUT Vour=1.2V |T3=25°C 1188 1200 1212 mvV

Vour=1.2V | Ty = -40°C to 125°C 1182 1200 1218 mvV

FB current lout Vre=620 mV 10 50 nA
EN rising threshold VEN_Rise 1.2 14 1.6 Vv
EN hysteresis VEN_HYS 150 mV
EN input current len Ven=2V 2 MA
SYNC frequency range fsync 0.3 2 MHz
ADD high level VapD_H 2 \%
ADD low level Vabp_L 0.4 \%
X}'gsuhnggfré?r']tgge lockout INUVivin 3.8 4 4.25 Vv
VCC regulator Vce 5 \%
VCC load regulation lcc=5 mA 15 %
Power good threshold rising PGVin+i | Vrer=600 mV 0.9 VOUT
Power good threshold falling PGVinLo | Vrer=600 mV 0.7 VOUT
Power good deglitch time ® PGrd 80 s
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) Not tested in production and guaranteed by over-temperature correlation.
8) Guaranteed by design and characterization test.
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MP8864 — SYNCHRONOUS STEP-DOWN CONVERTER

I/O Level Characteristics @

. HS Mode LS Mode i
Parameter Symbol | Condition - - Units
Min Max Min Max
58&2;2“6' input Vi 05 0.3 Vs 05 0.3Vews | V
High-level input v 0.7V Veust05 | 0.7V Veust05 | V
voltage IH . Bus Bus . . Bus Bus .
HySteI’eSIS Of SChmItt VHYS VBUS>2 V 005 VBUS = 005 VBUS - V
trigger inputs Veus<2 V 0.1 Vaus - 0.1 Vaus -
Low-level output Veus>2 V 0 0.4 0 0.4
voltage (open drain) VoL V
at 3 mA sink current Veus<2 V 0 0.2 VBus 0 0.2 VBus
Low-level output
current lov ) 3 i 3 mA
Transfer gate-on
resistance for _
currents between Ront g%lklevel' IoL= - 50 - 50 Q
SDA and SCAH, or
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
SCLH output levels
Pull-up current of the ls  |between 0.3 Vaus 2 6 2 6 mA
SCLH current source
and 0.7 Veus
Output rise time
(current source
enabled) with an
external pull-up
o current source of
Rise time of the e, |3MA
. r
SCLH or SCL signal Capacitive load
from 10 pF to 10 40 ns
100 pF
Capacitive load of
400 pF 20 80 ns
Output fall time
(current source
enabled) with an
external pull-up
) current source of
Fall time of the el |3 MA
SCLH or SCL signal Capacitive load
from 10 pFto 10 40 ns
100 pF
Capacitive load of
400 pF 20 80 20 250 ns
MP8864 Rev. 1.02 www.MonolithicPower.com 5
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mps MP8864 — 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 , 10 pF to 100 pF 10 80 - | ns
Rise time of SDAH signal troa Capacitive load of
400 pF 20 160 20 250 ns
Capacitive load from
, , 10 pF to 100 pF 10 80 ) ) ns
Fall time of SDAH signal tioa Capacitive load of
400 pF 20 160 20 250 ns
Pulse width of spikes that
must be suppressed by the tsp 0 10 0 50 ns
input filter
. Input voltage between i i
Input current for each 1/0O li 0.1 Veus and 0.9 Veus 10 10 +10 MA
Capacitance for each I/O Ci - 10 - 10 pF
MP8864 Rev. 1.02 www.MonolithicPower.com 6
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mps MP8864 — SYNCHRONOUS STEP-DOWN CONVERTER

I2C Port Signal Characteristics

. Cb=100 pF Cb=400 pF .
Parameter Symbol |Condition . . Units
Min Max Min Max
SCLH and SCL clock fschL 0 3.4 0 04 | MHz
frequency
Set-up time for a repeated
start condition Tsu;sta 160 - 600 - ns
Hold time (repeated) start _ i i
condition Thp;sTA 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 ticLe 10 80 |[20*0.1Cb| 300 ns
acknowledge bit
Fall time of SCLH signal TreL 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 Tioa 10 80 |20*0.1Cb| 300 ns
Set-up time for stop condition | Tsu;sto 160 - 600 - ns
Bus free time between a start
and stop condition Teur 160 ) 1300 ) 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 level Ci Sor_each connected - 0.1Veus| 0.1 VBus - \%
evice
Noise margin at the high level VinH Sor_each connected - 0.2Veus| 0.2 VBus - \%
evice
Notes:
9) VBUS is the I°C bus voltage, 3.0 V to 3.6 V range, 3.3 V typical.
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MP8864 — 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
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mps MP8864 — SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS

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

Efficiency vs. Case Temperature Rise Load Regulation
Output Current vs. Output Current
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mps MP8864 — 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 =1puH, Ta = 25°C, unless otherwise noted.

Short Entry Short Recovery Start-Up through Enable
lout =0A lout = 0A lout =0A
-—- T | T ] [T -
{
Vour | : \Y/ Vour, o : :
500mVv/div.ol ; 500mV21LiJ\IE\ T T 1 s00mv/div e R RN
Vpg | 1 g f o A Ven t - o o ; ;
svidiv o} : SVIdiv, Bt At s A Vv, e breesbeed
E : Vp | L
| IE ' | : “w SRR i {  svidw o
Vaw_f~ el Vsw s
1ovidiv.?} - iv.?) ' Vsw. | Do
vl fovidv 10v/div? '
L . . : | woweron | pad
10A/div. ke : 10A/div.mhe e i et 2A/div. e :
4ms/div. 4ms/div. 1ms/div.
Start-Up through Enable Shutdown through Enable Shutdown through Enable
louT =4A louT=0A louT=4A
_ | : :
Vour | Vour . Vour : : o
500mV/div. pt 500mVidiv.of & ' T 500mVidivy. 1 PR rrn——
Ven | : VEN ; : VEN : : .
5V\//diV. : 5Vi/div. F— l ; i i 5V/div., TR T s
PG| Vpg - - Vpg
5V/div." 5V/diV.R' 5 : : 5V/divk PPN [ S
I- V, : : .
V. SW ) : : Vsw P S
10V/av. 10Vidi. 10V/divis L
o ; INDUCTOR b e i LR
NDUCTOR | 2AVdw. inbucToR; |
5A/div. L : ST ‘ YCTORa . :
1ms/div. 1s/div. 40us/div.
Start-Up through Start-Up through Shutdown through
Input Voltage Input Voltage Input Voltage
lout=0A loyT=4A lout=0A
~ . e —
. e * - e e . -
p 4
Vour : Vv : : Vout :
500mV/div." T 1 500,"\/%?\7_ [ i : = s00mvidiv.’ ot
VN ; VIN : : VIN :
i bbb i N S RANE o SN o —
10V\//d|v. : 10V\I/d|v. : : 10v\//dw. :1.
PG ; : : :
5V/diV.B' i L y Iv.8 L 5V/dpism' o
Vewl . MMM ] Vew Ve oo,
10V ; ' : : 5V/div. ] S
IINDgﬁdci)\l}.E\' ] 2scoBoonnaaoos Soood IIND%R}-(?R@.
lINDYCTOR ;| : ' "
- ‘ 5A/div. ‘ BRI SRRIRRI .
1ms/div. 1ms/div. 100ms/div.
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mps MP8864 — 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 =1puH, Ta = 25°C, unless otherwise noted.

Shutdown through Input/Output Ripple Input/Output Ripple
Input Voltage louT = 4A louT=0A
o= B
e e S Vour/AC K
: : 20mVidiv.] Z\:)OU\'}'//(?CW DL et
. . 1 V /AC : : : : . : : :
Vout : C : W' ¢ : VIN/AC R :
500mV/div.0} - SH 100mV/d|vr\. sl " "L 50mV/divEl T e
VIN Tt n n ] 1 o il
5V/div. “"‘"“W
PGl - : 4
V. V, : : . : SW,
svid o EW e S e wl y 5V/div.7f
| - - o 1, o/ i SUUUETURRE SN SRURE RO SN
INDgg}rd?Rr\ H H H . : : . . IND%R-/ré?v_g H ; : : . : . . INDUCTO%—\ o - . .
100us/div. 1us/div. 400ns/div.
Load Transient Response I2C Control Slew Rate I2C Control Slew Rate
louT=2At04A Slew rate=16mV/ps, lgyt = 0A, Slew rate=16mV/ps, lgyt = 0A,
from 0.9V to 1.2V from 1 2V to 0.9V
B T [ — T
/’ 4 X W\ i +
Vout/AC Lo
50mV/div. Vout Vour
V| L
svids - SRS B T11 S
: Vsw V.
M HERREHE SHE e 5V/div.’ | 5V/§|\\,/v
lo : I INDUCTO
AT S L R e
100us/div. 10ps/div. 10ps/div.
I2C Control Slew Rate I2C Control Slew Rate
Slew rate=16mV/us, loyT = 2A, Slew rate=16mV/us, loyT = 2A,
from 0.9V to 1.2V from 1.2V to 0.9V
T —r—"
: - ey
VC)UT VOUT
500mv/div_ ﬁ\ N - ™ S - s - v - 500mV/div_ﬁ\ T T TR PU PRI PP VTSP T TSURT LPIPTT R VRL NPRPUTI POy
Vpg ' ‘ 1L ' Vpg
5V/div. ! TTITTE 5V/div
Vsw ; W
10V/div.? 5 ; ; Tovign
IINDUCTORﬂ.. . P A . ] IINDUCTORﬂ ......
10ps/div. 10us/d|v
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MP8864 — SYNCHRONOUS STEP-DOWN CONVERTER

PIN FUNCTIONS

Pin # Name |Description
1 VIN Supply voltage. The MP8864 operates from a 4.5 V to 21 V input rail. VIN requires a
ceramic capacitor to decouple the input rail. Connect VIN using a wide PCB trace.
System ground. PGND is the reference ground of the regulated output voltage. PGND
2,8 PGND |requires special consideration during PCB layout (see the “PCB Layout Guidelines”
section on page 24). Connect PGND to GND with copper traces and vias.
3 EN/SYNC EN high to enable the MP8864. EN/SYNC has an internal 1 MQ pull-down resistor to
ground.
4 PG Power good. PG is an open-drain structure.
5 SDA I°C serial data.
6 SCL I°C serial clock.
I2C address set pin. Leave ADD floating or pull it to VCC to set one address. Pulling ADD
7 ADD " ;
to ground sets an additional, different address.
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 1°C 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 0.9 V.
13 SS Soft-start. Connect a capacitor from SS to ground to set the soft-start time.
14 VCC Internal 5V LDO regulator output. Decouple with a 0.22 pF capacitor.
Signal ground. AGND is not connected internally to system ground. Ensure AGND is
15 AGND .
connected to system ground in the PCB layout.

MP8864 Rev. 1.02
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mP5 MP8864 — SYNCHRONOUS STEP-DOWN CONVERTER

FUNCTIONAL BLOCK DIAGRAM

VIN [}
~ O <]
vee 7] R VCICt Current-SN £ RSEN
egulator Amplifer :
Bootstrap [] BST
- Regulator
scL [ ¢ ra DAC 0 9‘ E
Registers scillator HS
SDA [ H Driver # :
] " L ] sw
ADD b_ 1pF Comparator
[ i} Current-Limit  |OnTime Control vee
EN/ D - o Reference S0pF 4ok | Comparator Logic Control T
SYNC EG ‘ LS
ssvT ’ : Driver #
= - +
vouT[ | U i
; Error Amplifier r]
: e L:] GND
FB : r -—@—O N
D ] vee rL
SS PG
Figure 2—Functional block diagram
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MP8864 — SYNCHRONOUS STEP-DOWN CONVERTER

OPERATION

The MP8864 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 4 A
continuous output current with excellent load
and line regulation over a wide input supply
range.

The MP8864 has three working modes:
advanced asynchronous modulation (AAM)
mode, discontinuous conduction mode (DCM),
and continuous conduction mode (CCM). When
the MODE bit is set to “1” in the I?C register, the
MP8864 always operates in CCM.

AAM Control Operation

In a light-load condition, the MP8864 works in
advanced asynchronous modulation (AAM)
mode (see Figure 3). The Vaam is an internal
fixed voltage when the input and output
voltages are fixed. Vcowmp is the error amplifier
output, which represents the peak inductor-
current information. When Vcowe is lower than
Vaam, the internal clock is blocked. This causes
the MP8864 to skip pulses, achieving the light-
load power save. Refer to AN032 for additional
details.

The internal clock re-sets every time Vcowp iS
higher than Vaam. Simultaneously, the high-side
MOSFET (HS-FET) turns on and remains on
until ViLsense reaches the value set by Vcowe.

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

HS_driver

p R1
3
3

B R2

Figure 3—Simplified AAM control logic

DCM Control Operation

The Vcowe Voltage ramps up as the output
current increases. Once its minimum value
exceeds Vaau, the device enters DCM. In this
mode, the internal clock initiates the PWM
cycle, and the HS-FET turns on and remains on

Vs

until Visense reaches the value set by Vcowe.
After a period of dead time, the low-side
MOSFET (LS-FET) turns on and remains on
until the inductor current value decreases to
zero. The device repeats the same operation in
every clock cycle to regulate the output voltage
(see Figure 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, and the HS-FET turns on and
remains on until Visense reaches the value set
by Vcowme. After a period of dead time, 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 dO€s not reach the value set by Vcome
within 95% (600 kHz switching frequency) of
one PWM period, the HS-FET is forced off.

Internal Regulator

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

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
I°C control loop, FB is opened 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.

MP8864 Rev. 1.02
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EN/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 1 MQ
resistor from EN to GND allows EN/SYNC to be
floated to shut down the chip.

EN is clamped internally using a 6.5 V series-
Zener diode (see Figure 5). Connecting the EN
input through a pull-up resistor to the voltage on
Vin limits the EN input current to less than
100 pA.

Connecting EN directly to a voltage source
without a pull-up resistor requires limiting the
amplitude of the voltage source to 26 V to
prevent damage to the Zener diode.

EN

Zener
6.5V-typ EN LOGIC

GND

Figure 5—6.5 V Zener diode connection

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

Under-Voltage Lockout (UVLO)
Under-voltage lockout (UVLO) protects the chip
from operating at an insufficient supply voltage.
The MP8864 UVLO comparator monitors the
output voltage of the internal regulator (VCC).
The UVLO rising threshold is about 4 V while its
falling threshold is 3.4 V.

Soft-Start (SS)

The MP8864 employs a soft-start (SS)
mechanism to ensure smooth output during
power-up. When EN goes high, an internal
current source (12 pA) charges the SS
capacitor. The SS capacitor voltage transfers
over to the REF voltage to the PWM
comparator. The output voltage ramps up
smoothly with the SS voltage. Once the SS
voltage rises above Vrger, it continues to ramp
up until the REF voltage takes over. At this
point, the soft-start is complete, and the device
enters steady-state operation.

The SS capacitor value can be determined
using Equation (1):

Tos (MS) xlgg (HA)
VREF (V) (1)

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

Pre-Bias Start-Up

The MP8864 is 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 is
charged. When the soft-start capacitor’s voltage
exceeds the sensed output voltage at FB (9,
the part turns on the high-side and low-side
power switches sequentially. The output voltage
starts to ramp up with the soft-start slew rate.

NOTE:

10) FB voltage in the FB control loop, or VOUT voltage in the 1°C
control loop.

Power Good Indicator (PG)

The MP8864 has power good (PG) output used
to indicate whether the output voltage is ready.
PG is an open-drain output. Connect PG to
VCC or another voltage source through a pull-
up resistor (e.g. 100 kQ). When the input
voltage is applied, PG is pulled down to GND
before the internal SS is ready
(Vss>1.15 X Vgrer). Once SS is ready (Ves1? is
above 90% of Vger), PG is pulled high (after an
80 ps delay time). During normal operation, PG
is pulled low when the Ve19 drops below 70%
of Vrer (after an 80 us delay time).

When UVLO or OTP occur, PG is pulled low
immediately. If OC (over current) occurs, PG is
pulled low when Vg9 drops below 70% of
Vrer (after an 80 ps delay time).

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 pin.

MP8864 Rev. 1.02
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Output Over-Voltage Protection (OVP)

The MP8864 monitors a resistor divider
(Vee) to detect over voltage. When Veg becomes
higher than 115% of the target voltage, the LS-
FET remains on until the LS current drops to
-2.5 A. This discharges the output and tries to
keep it within normal range. The part exits this
regulation period when Vg9 drops below
105% of the reference voltage.

Over-Current Protection and Hiccup (OCP)
The MP8864 has 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 decreases the
operation frequency after the peak current-limit
threshold is triggered. Meanwhile, the output
voltage drops until Ves is below the under-
voltage (UV) threshold (50% below the
reference, typically). Once UV is triggered, the
MP8864 enters hiccup mode to re-start the part
periodically. This protection mode is especially
useful when the output is dead-shorted to
ground. The average short-circuit current is
reduced greatly to alleviate thermal issues and
to protect the regulator. The MP8864 exits
hiccup mode once the over-current condition is
removed.

Thermal Shutdown (TSD)

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures. If
the die temperature exceeds 160°C, the entire
chip shuts down. 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. The floating
driver has its own UVLO protection. The
UVLO’s rising threshold is 2.2 V with a
hysteresis of 150 mV. The bootstrap capacitor
voltage is regulated internally by Vi through
D1, M1, C4, L1, and Cour (see Figure 6). If
Vest-Vsw exceeds 5 V, Ul regulates M1 to
maintain a 5 V BST voltage across C4. A 10 Q
resistor placed between SW and the BST
capacitor is recommended to reduce SW spike
voltage.

VIN N

|e—
Y !BsT
sv ()
=4

Vout
swW NET__LC

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, 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 MP8864 is enabled (EN=high and
VIN>UVLO), the chip starts up to an output
voltage that is set by the FB feedback resistors
with a programmed soft-start time; then the 12C
bus can communicate with the master. If the
chip does not receive the 12C communication
signal continuously, it works efficiently through
FB feedback and performs similar to traditional
non-12C parts.

Once the IC receives valid output reference
voltage scaling instruction (if V_BOOT="1"), the
output voltage is determined by the resistor
dividers R1, R2, and the Vger voltage. The Vour
value can be calculated using equation (2). The
Vrer default value is 0.6 V:

R1
Vout = Vree X(1+— 2
ouT rer X ( RZ) 2
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If V_BOOT=“0,”" the output voltage is
determined by the 12C control loop (the 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 0.9 V 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 MP8864 receives a
valid data byte of the output reference voltage
setting, it searches the truth table for the
corresponding reference voltage and then
sends the command to adjust Vref with the
controlled slew rate. The slew rate is
determined by 3 bits of another register, which
can be read and write, accordingly.

MP8864 Rev. 1.02 www.MonolithicPower.com
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I°C INTERFACE

I2C Serial Interface Description

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.” Connecting to the
line, a master device generates the SCL signal
and device address and arranges the
communication sequence. The MP8864
interface is an 1°C slave, which supports both
fast mode (400 kHz) and typically high-speed
mode (3.4 Mhz). The I?C interface adds
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 Figure 7).

SDA / I

\

C

data line | change |
stable; | ofdata |
data valid | allowed |

Figure 7—Bit transfer on the I12C bus
Start and Stop Conditions

Start and stop are signaled by the master
device, which signals the beginning and the end
of the I12C 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, as shown in
Figure 8.

Y a— ﬁ

START condition STOP condition

Figure 8—Start and stop conditions

Start and stop conditions are always generated
by the master. The bus is busy once the start
condition begins; the bus is free again after a
minimum of 4.7 us (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 it remains stable
(low) during the high period of the clock pulse.

Data transfers follow the format shown in Figure
9. 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), 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 (see Figure 8).

WUWIUUU\JW

s!
8 [ | [ i
START ADDRESS RW ACK DATA ACK DATA ACK STOP

condltion condttion

Figure 9—A complete data transfer

The MP8864 requires a start condition, a valid
I°C address, a register address byte, and a data
byte for a single data update. After the receipt
of each byte, the MP8864 acknowledges by
pulling the SDA line low during the high period
of a single clock pulse. A valid I°C address
selects

MP8864 Rev. 1.02
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the MP8864. The MP8864 performs an update to VCC. The other MP8864 address is “60” (hex)
on the falling edge of the LSB byte. or “1100000” (binary) if ADD is pulled to ground.

2 . When the master sends the address as an 8-bit
MP8864 I°C Chip Address value, the 7-bit address should be followed by
ADD sets the MP8864 address. The default 7- “0/1” to indicate  write/read  operation
bit address of the MP8864 is “68” (hex) or (see Table 1).

“1101000” (binary) if ADD is floated or pulled up
Table 1—MP8864 address

Address (binary)
ADD Address (hex) 0
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 0 0 0 1

Cco 1 1 0 0 0 0 0 0

Connected to GND

C1 1 1 0 0 0 0 0 1

MP8864 Register Address

The MP8864 contains four registers: register 00 to register 03. The four registers complete the following
actions:
e Register 00 sets the output voltage and decides whether the output voltage is controlled by the
FB resistor divider or is set by the I°C.
Register 01 sets the MP8864 operating features.
e Registers 02 and 03 are read registers only. Register 03 indicates the MP8864 status. The
register map is shown in the next section.
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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 | oy EN GO_BIT Slew rate fSW'tCh'”g Mode
requency
02 ID1 R Vendor ID IC revision
03 Status R Reserved | VID_OK OC | OTEW | OT | PG
Register Description
1. RegO00 VSEL
NAME BITS | DEFAULT | DESCRIPTION
FB control loop enable bit. V_BOOT=“1" means the output voltage is
determined by a resistor divider connected to FB (the FB control loop).
vV BOOT D7 1 V_BOOT=“0" means the output vo_Itagg i_s controlled by the I°C through
- “YOUT” (the I°C control loop). This bit is helpful for the default output
voltage setting before the I12C signal comes. If the I2C is not used, the part
works efficiently with FB.
Output Output reference voltage. Set the output reference voltage from 0.6 V to
reference | D[6:0] | 0000000 | 1.87 V (see Table 2). The default value is 0.6 V. If FB is connected to VCC,
the default value is 0.9 V.
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 0.63 010 0011 0.95 100 0011 1.27 110 0011 1.59
000 0100 0.64 010 0100 0.96 100 0100 1.28 110 0100 1.60
000 0101 0.65 0100101 0.97 100 0101 1.29 110 0101 1.61
000 0110 0.66 010 0110 0.98 100 0110 1.30 110 0110 1.62
000 0111 0.67 0100111 0.99 100 0111 1.31 110 0111 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 1.33 110 1001 1.65
000 1010 0.70 010 1010 1.02 100 1010 1.34 110 1010 1.66
000 1011 0.71 010 1011 1.03 100 1011 1.35 1101011 1.67
000 1100 0.72 010 1100 1.04 100 1100 1.36 110 1100 1.68
000 1101 0.73 0101101 1.05 100 1101 1.37 110 1101 1.69
000 1110 0.74 010 1110 1.06 100 1110 1.38 110 1110 1.70
000 1111 0.75 0101111 1.07 100 1111 1.39 110 1111 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 0.81 011 0101 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 0.83 011 0111 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 1011011 151 1111011 1.83
001 1100 0.88 011 1100 1.20 101 1100 1.52 111 1100 1.84
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Table 2—Output reference voltage chart (continued)

D[6:0] VOuT D[6:0] VOouT D[6:0] VOuT D[6:0] VOuT
0011101 0.89 0111101 1.21 101 1101 1.53 1111101 1.85
001 1110 0.90 0111110 1.22 1011110 1.54 1111110 1.86
0011111 0.91 0111111 1.23 1011111 1.55 1111111 1.87

2. Reg01 SysCntlregl
NAME BITS | DEFAULT | DESCRIPTION
I2C controlled turn-on or turn-off the part. When the external EN is low,
EN D[7] 1 the converter is off, and the I1°C is in shutdown. When EN is high, the EN

bit will take over. The default EN bit is “1.”

Switch bit of I12C writing authority for output reference command
only. Set GO_BIT="1" to enable the I2C authority of the writing output
reference. When the command is finished, GO_BIT is auto re-set to “0” to
GO_BIT D[6] 0 prevent false operation of VOUT scaling. If the reference is adjusted
within 50 mV, GO_BIT will NOT be auto re-set to “0.” If this is the case,
manually set GO_BIT to “0.” Writing GO_BIT=*1" first is recommended,

then write the output reference voltage.
D[5:3] SLEW RATE D[5:3] SLEW RATE
000 64 mV/us 100 4 mVl/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 00 600 kHz
frequency D[2:1] 00 01 850 kHz
10 1.1 MHz
11 1.6 MHz
Mode DO 0 A “0” enables PFM mode, a 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 complete. The internal circuit compares the
D[4] DAC output with the V(_)U_T vqltage. If_ VOUT is in the 90%-110% range of the DAC
output, the VID_OK bit is high (which means the voltage scaling is complete).
Otherwise, VID OK="0.”
oC D[3] | Output over-current indication. When the bit is high, the IC is in hiccup mode.
OTEW Die temperature early warning bit. When the bit is high, the die temperature is
D[2] .
above 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. For additional
details, please refer to the “Power Good 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 set the output voltage through FB. The
feedback resistors R1 and Rt set the feedback-
loop bandwidth with the internal compensation
capacitor. Choose the value for R1 first, R2 is
then given by Equation (3) '

Ro—_ RL 3)
VOUT -1

VREF

NOTES:

11) Vger is 0.6 V when powering up or EN is on. After the
MP8864 is enabled, Vger can be programmed through the I2C.
Set V_BOOT="1" to enable the FB control loop.

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

FB —OVOUT

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 Vrer('2

Vour R1 R2 Rt Cs | Crs L
(V) | (kQ) (kQ) (kQ) | (pF) | (pF) | (uH)
0.9 Connect FB to VCC

1 | 34(1%) | 51(1%) | 33(1%) | 15 | 10

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:

12) The recommended parameters are based on a 12 V input
voltage and a 22uF x 2 output capacitor. Different input voltage
and output capacitor values may affect the selection of R1, R2,
Rr, C4 and Ces. 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 I°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 about the output voltage
setting.

Output Voltage Dynamic Scale

To dynamic scale the output voltage during
normal operation, refer to Figure 11 and
following the steps below:

Step 1: Write GO_Bit (reg01[6]) to “1.”

Step 2: Write reg00 to select the feedback loop
by setting V_BOOT(reg00[7]) and set the
reference voltage by the output reference
(reg00[0:6]) simultaneously. If the reference
adjustment is within 50 mV, GO_BIT will not
auto re-set to “0.” If this is the case, manually
set GO_BIT to “0.” Repeat steps to dynamic
scale to another voltage.

Voltage scaling
start

Write reg01[6]
GO_Bit="1"

'

Loop selection

I>C control loop

FB control loo|
P (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 1 pH to 10 pH
inductor with a DC current rating at least 25%
higher than the maximum load current. For
highest efficiency, use an inductor with a DC
resistance less than 15 mQ. For most designs,
the inductance value can be derived from
Equation (4):

Vour *(Vin = Vour)
Vjy x Al xf

0osC

L, = (4)

1

Where Al is the inductor ripple current.

Choose the inductor ripple current to be
approximately 30% of the maximum load
current. The maximum inductor peak current
can be determined using Equation (5):

| =1 + ﬂ
Lvax) = lLoap + 5 6))

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

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 22uF x 2 capacitor.

Since C2 absorbs the input switching current, it
requires an adequate ripple-current rating. The
RMS current in the input capacitor can be
estimated using Equation (6):

Y/ Y/
lc2 =loap X \/\C/)UT X[l—\?UT] (6)

IN IN

The worse case condition occurs at Vin = 2Vour.
See Equation (7).

_ ILOAD 7

e =22 (7)

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. 0.1 pF) placed as close to the IC as
possible. Ensure ceramic capacitors have
enough capacitance to provide sufficient charge
to prevent excessive voltage ripple at the input.
The input voltage ripple caused by capacitance
can be estimated using equation (8):

AV, = fILOAD % Vour | 1— Vour (8)
sxC2 Vi Vin

Selecting the Output Capacitor

The output capacitor (C5) 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 using Equation (9):

Lt 50
8xfsxC5

AVoyr = Vour ’{1— VOUTJX(RESR
Vin

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 using Equation (10):

AV. = Vour x| 1 Your (20)
dl 8xfExL,;xC5 Vin

For tantalum or electrolytic capacitors, the ESR
dominates the impedance at the switching
frequency. For simplification, the output ripple
can be approximated using Equation (11):

V, V,
AV — _Your 1_Your |4 R (]_ 1)
U = F L, X( Vin jx ESR

The output capacitor affects the stability of the
regulation system. The MP8864 can be
optimized for a wide range of capacitance and
ESR values.

External Bootstrap Diode (BST)

BST voltage may become insufficient at
particular conditions. If any of these conditions
occur, an external bootstrap diode can