The Future of Analog IC Technology

MP9928

4V-60V Input, Current Mode,
Synchronous Step-Down Controller

DESCRIPTION

The MP9928 is a high-voltage, synchronous
step-down switching regulator controller that
can directly step down voltages from up to 60V.
The MP9928 uses PWM current control
architecture  with accurate cycle-by-cycle
current limiting. It is capable of driving dual N-
channel MOSFET switches.

AAM Mode (Advanced asynchronous mode)
enables non-synchronous operation and PFM
mode to optimize light load efficiency.

The operating frequency of MP9928 can be
programmed by an external resistor or
synchronized to an external clock for noise-
sensitive applications. Fault protections are
available including a precision output over
voltage protection (OVP), output over current
protection (OCP), and thermal shutdown.

The MP9928 is available in TSSOP20-EP
package and QFN-20 (3mmx4mm) package.

FEATURES

o Wide 4V to 60V Operating Input Range

Dual N-Channel MOSFET Driver

e Low Dropout Operation: Maximum Duty
Cycle at 99.5%

¢ Programmable Frequency Range: 100kHz -

1000kHz

180° Out-of-Phase SYNCO

External Soft-Start and PG Pin

Selectable Cycle-by-Cycle Current Limit

Output Over Voltage Protection

Internal LDO with Externally Power Supply

Option

e Programmable CCM and AAM Pulse-
Skipping Mode

e Accuracy Over Temperature Protection

TSSOP20-EP package and QFN-20

(3mmx4mm) Package

APPLICATIONS

PD Power Supply in POE System
USB Dedicated Charging Port (DCP)
Industrial Control Systems

Power Supply for Linear Chargers

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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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

ORDERING INFORMATION

Part Number Package Top Marking
MP9928GF* TSSOP-20 EP See Below
MP9928GL** QFN-20 (3mmx4mm) See Below

* For Tape & Reel, add suffix —Z (e.g. MP9928GF-2)
** For Tape & Reel, add suffix —Z (e.g. MP9928GL-2)

TOP MARKING (MP9928GF)
MESIIWN
MP992§
LLLLLLLLI

MP9928: product code of MP9928GF;
MPS: MPS prefix;

YY: year code;

WW: week code:

LLLLLLLLL: lot number;

TOP MARKING (MP9928GL)

MDPYW
9928
LLL
9928: product code of MP9928GL;
MP: MPS prefix;
Y: year code;
W: week code:
LLL: lot number;
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

PACKAGE REFERENCE
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ABSOLUTE MAXIMUM RATINGS @ Recommended Operating Conditions “
Supply voltage (Vin)..eeeeeeeevvememnnnnnnns 4V to 60V
Input supply voltage (Vin) ...ccoveene.... -0.3V to 65V o I Y <24V
EN/SYNC -0.3V 10 50V utput voltage (Vout) «ooeeeeerverrrninieeeneeennnnns <
Sw O 3V(4Vfor<20ns) t0 65V Supply voltage for (VCC2).................. 5V to 12V
......................... . L . . .A0° + o
BST - SW. .. o 0.3V t0 6.5V Operating junction temp. (T;)....-40°C to +125°C
Supply voltage (VCC1) ................. -0.3Vto 6.5V Thermal Resistance ®) 0;» 0O
External supply voltage (VCC2).....-0.3V to 15V TSSOP-20 EP.....ovvvrcrn 40.......8....°CIW
SENSE + L -0.3V to 28V QFN-20 (gmmx4mm) """"""" 48 ... 10...°C/\W
Differential sense (SENSE+ to SENSE-)............ NOTES.
................................................... 'O7V tO +O7V l) Excéeding these ratings may damage the device.
TG e, Vsw - 0.3V to Vst + 0.3V 2) The maximum allowable power dissipation is a function of the
BG -0.3V to VCC1 + 0.3V maximum junction temperature T,; (MAX), the junction-to-
o ’ ) ambient thermal resistance 0,4, and the ambient temperature
All other pins..........ccocoviiiiinnn, -0.3Vto +g-5v Ta. The maximum allowable continuous power dissipation at
Continuous power dissipation (T, = +25°C) e e e ponn
TSSOP-20EP ..ccvnieiieeieieieevee 3.1W dissipation pr.oduces an excessive die temperature, causing
QFN-20 (3Mmx4Amm) ........ceeiiiieeeiieiiiinnnnnn. 2.6W tsmiéeo%at%riréﬁngo i”:gtetzgmt""r:;hé‘e“\j/ioc"é’”-f:grtsmaérmz:]”;ﬁt'
Junction temperature .............cccccceeeeeenne. .150°C damage. VP P
° 3) The device is not guaranteed to function outside of its
Lead temperature ...........ccccvvveiiiieeieeennnes 260°C : no
Storage temperature................ -65°C to +175°C 4) %Fifligl_r}igsicn(;nisltg?zut UVLO _falling is lower than 4V, so
input must be >5V for startup, and after start up MP9928 can
work down to 4V input voltage.
5) Measured on JESD51-7, 4-layer PCB.
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

ELECTRICAL CHARACTERISTICS
Vin =24V, T; =-40°C to 125°C, EN = 2V, Viumr = 75mV, unless otherwise noted.

Parameters Symbol Condition Min | Typ Max |Units
Input Supply
Vn UVLO threshold (rising) INuv_RisING 4.5 5
V,y UVLO threshold (falllng) lNUV_FALLING 3.7 3.95
Viy UVLO hysteresis INUV_HYs 800 mV
Vn supply current with VCC2 bias lo_veez VCC2 = 12V, external bias 25 40 MA
Vin supply current without VCC2 VCC2 =0, Vg = 0.84V, Vaam = 5Y,
bias lo SENSE+ = SENSE- = 0.3V 750 | 1000 | pA
VAAMZO.GV, VFB:O.84V,
Vin AAM current lo_aam SENSE+ = SENSE- = 0.3V 250 350 MA
VN shutdown current IsHpN Ve = 0V 0.5 3 |JA
Vcc Regulator
VCC1 regulator output voltage VCCL yn |VIN > 6V 5 Vv
from Vg
VCC1 regulator load regulation Load = 0 to 50mA, 1 3 o
from Vy VCC2 floating or connects to GND 0
VCC1 regulator output voltage
from VCC2 VCC1_ycc2 |VCC2>6V 5 \%
VCC1 regulator load regulation Load = 0 to 50mA, VCC2 = 12V 1 3 %
from VCC2
VCC2 UVLO threshold (rising) VCC2_Rrising 4.7 4.92 \YJ
VCC2 UVLO threshold (falling) VCC2_raiinG 4.45 \%
VCC2 threshold hysteresis VCC2_hys 250 mV
Vaau = 5V, Veg = 0.84V, 800 | 1200 | pA
VCC2 = 12V
VCC2 supply current lvees —
Vaau = 0.6V, 200 300 MA
Vg =0.84V, VCC2 = 12V
Feedback (FB)
Feedback voltage Ves 4V <V <60V, T;=25°C 0.792| 0.800 | 0.808
4V <V £ 60V, T;=-40°C to 125°C |0.788| 0.800 | 0.812
Feedback current leg Veg = 0.84V 10 nA
Enable (EN)
Enable threshold (rising) VEN_RISING 1.16 | 1.22 1.28 \
Enable threshold (falling) VEN_FALLING 1.03 | 1.09 1.15 \YJ
Enable threshold hysteresis VEN_TH 130 mV
EN input current len Ven =2V 2 MA
Enable turn-off delay Tore 10 15 uS
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)
Vin = 24V, T; = -40°C to 125°C, EN = 2V, ViumT = 75mV, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Oscillator and Sync
Operating frequency Fsw R Freq = 65kQ 240 300 360 kHz
Foldback operating frequency Fsw_roLpeack | Ves = 0.1V 50% Fsw
Maximum programmable Fown 1000 KHz
frequency
Minimum programmable Fen 100 | kHz
frequency
Sync/EN frequency range Fsvyne 100 1000 | kHz
Sync/EN voltage rising threshold | Vsync_rising 2 \Y
Sync/EN voltage falling threshold | Vsync_rFaLLing 0.35 \Y
Current Sense
Current sense common mode
voltage range Vsenses- 0 24 v
Ium = GND, Vsenses = 3.3V 15 25 35 mV
Current limit sense voltage ViumiT Ium = VCC1, Vgenser = 3.3V 40 50 60 mV
lum = FLOAT, Vgenses = 3.3V 65 75 85 mV
- lum = GND, Vgenser = 3.3V 8
Reverse current Ilimit sense Vv Vv
voltage Rev_iLMT |l m = VCC1, Vgenses = 3.3V 17 m
ILIM = FLOAT, VSENSE+ =3.3V 24
ILIM = GND, VSENSE+ =3.3V 22.5
Valley current limit VvaL_iumit | Iy = VCC1, Veenses = 3.3V 47.5 mV
ILIM = FLOAT, VSENSE+ =3.3V 72.5
Vsenses-cm = OV -45 uA
Input current of sensor lsense Vsense+-cm) = 3.3V 115 MA
Vsense+-cm > SV 150 MA
Soft Start (SS)
Soft-start source current Iss SS =0.5v 2 4 6 MA
Error Amplifier
Error amp transconductance Gn AV =5mV 500 NAN
Error amp open loop DC gain(e) Ao 70 dB
Error amp sink/source current lea FB =0.7/0.9V +30 MA
Protection
Over-voltage threshold Vov 110%| 115% | 120% | Vg
Over-voltage hysteresis Vov_Hys 10% Ves
Thermal shutdown® 170 °C
Thermal shutdown hysteresism 20 °C
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Vin = 24V, T; = -40°C to 125°C, EN = 2V, ViumT = 75mV, unless otherwise noted.

Parameters Symbol |Condition Min | Typ Max | Units
Gate Driver

TG pull-up resistor Rrc_puttup | Source 20mA 2 Q
TG pull-down resistor Rte_puLion | Sink 20mA 1 Q
BG pull-up resistor Rec_puLLup | Source 20mA 3 (0]
BG pull-down resistor Rgc_puLon | Sink 20mA 1 Q
Dead time Tead Cload = 3.3nF 60 ns
TG maximum duty cycle Dmax Veg = 0.7V 98 99.5 %
TG minimum on time"” Ton_MIN_TG 92 ns
BG minimum on time TonN_MIN_BG 175 250 ns
Power Good

Power good low Vpc_ Low lsink = 4mMA 0.1 0.3 \Y
PG rising threshold PGuin_rsiNG xzs: ][Z:Ir;% 1805]?& 1900;30 19162"550& Ves
PG falling threshold PGyi_rariG xzsl :?sl:::s S oTe 225 Vi
PG threshold hysteresis PGvih_Hys 3% Ves
Power good leakage lpe_ Lk PG =5V 2 MA
Power good delay Tre_dgelay | PG rising and falling 25 VS
AAM/CCM

AAM output current laam REreq = 65 kQ 9.2 MA
\Clloclltglgerequired AAM threshold Veow 23 Vv
gl)OTGEqu;ranteed by design, not tested.

7) Guaranteed by characterization, not production tested.
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

mes

TYPICAL CHARACTERISTICS
VN = 24V, Vour =5V, L = 4.7uH, T, = +25°C, unless otherwise noted.
Shutdown Current vs.

Quiescent Current vs. Frequency vs. Resistor
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mpje MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL CHARACTERISTICS (continued)
VN = 24V, Vour =5V, L = 4.7uH, T, = +25°C, unless otherwise noted.

OVP vs. Temperature PG Threshold vs. Soft Start Source Current
Temperature __vs. Temperature
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mpje MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VN = 24V, Vour =5V, L = 4.7uH, T, = +25°C, unless otherwise noted.

Efficiency Load Regulation Line Regulation
AAM Mode AAM Mode AAM Mode
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mpje MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VN = 24V, Vour = 5V, L = 4.7uH, AAM Mode, T, = +25°C, unless otherwise noted.

SteadXAState Stead'¥ State Steady State
[o]

IOUT_O M Mode IOUT_O rced CCM Mode IOUT=7A
ﬂ. e T e ﬁ T
VourlAC VourlAC of ML VoudaG o TR T ......
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SW .| | ! ! sw ; [ y |
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Start-Up Through VIN Start-Up Through VIN Shutdown Through VIN
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Vour T, - e ] Vout bbbt brebbe ] v
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a Ry - WA [T T " IR R A y ZV/dlv_’—\. S P g
I I B0 B ] Lot
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Vsw Vgw Vsw
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Shutdown Through VIN Start-Up Through EN Start-Up Through EN
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] u
.............................. ] T
Vi : N Venp i Ve RE
10V/div. B SRR hee SRS 2Vidiv. |k ] 2vidiv. Lo L
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; T v, | Vi B ;
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Vsw L Vew o Vsw
20V/div. [ I p— S 20VHdiv.I1 enssinmiiammmmn | I T 1T 20VHdiv. 1}
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mpje MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VN = 24V, Vour =5V, L = 4.7uH, AAM mode, T, = +25°C, unless otherwise noted.

Shutdown Through EN Shutdown Through EN SCP Entry

loyT=0 lout=7A loyt=0 to short circuit

VEn 51 v L R o | g
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2 5 IS SR s n e Y
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[

SCP Entry SCP Steady State SCP Recovery
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SCP Recovery Load Transient SYNC Function
short circuit to loyr=7A lout=0.2A<->7A, 1.6A/us VIN=24VVouT=5VITA, Fgyn=100kHz

=
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mpje MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VN = 24V, Vour = 5V, L = 4.7uH, AAM Mode, T, = +25°C, unless otherwise noted.

SYNC Function
V|N=24VNOUT=5V/7A, FSYN=1 MHz

Lo V) SR SR S S NI SO
1Vidiv.

VsyNC cLK oL :

2vidiv. || S R SR I R P B O P

[ Rt ol b ot R ot ot
2A/div.B[

Vsw
20V/div. )

1us/div

MP9928 Rev. 1.0 www. MonolithicPower.com
5/20/2016 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2016 MPS. All Rights Reserved.

12



MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER
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PIN FUNCTIONS

TSSOP
Pin #

QFN
Pin #

Name

Description

19

Input supply. The MP9928 operates from a 4V to 60V input. Ceramic
capacitor is needed to prevent large voltage spikes from appearing at the
input.

20

EN/SYNC

Enable input. The threshold is 1.22V with 130mV of hysteresis, and it is
used to implement an input under voltage lockout (UVLO) function
externally. If an external sync clock is applied to this pin, internal clock will
follow the sync frequency.

VCC2

External power supply for the internal VCC1 regulator. It will disable the
power from V| as long as VCC2 is higher than 4.7V. Do not connect >12V
power supply to this pin. Connecting VCC2 pin to external power supply
will reduce power dissipation and thus increases efficiency.

VCC1

Internal bias supply. Decouple with a 1pF ceramic capacitor or greater
ceramic capacitor. But the capacitance should be no more than 4.7pF.

SGND

Low noise signal ground reference.

SS

Soft-start control input. This pin is used to program the soft-start period
with an external capacitor between SS to SGND.

COMP

COMP is used to compensate the regulation control loop. Connect an RC
network from COMP to GND to compensate for the regulation control loop.

FB

Feedback. This is the input to the error amplifier. An external resistive
divider connected between the output and GND is compared to the internal
+0.8V reference to set the regulation voltage.

CCM/AAM

Continuous conduction mode/advanced asynchronous mode set pin.
Connect this pin to VCCL1 pin or float can set the part operates in CCM
mode. Connecting an appropriate external resistor from this pin to GND to
make AAM at low level, can set the part operates in AAM. The AAM
voltage should be no less than 480mV.

10

FREQ

Connect a resistor between FREQ and GND to set the switching
frequency.

11

PG

Power good output. The output of this pin is open drain.

12

10

ILIM

Current sense voltage limit set. The voltage at this pin sets the nominal
sense voltage at maximum output current. There are three fixed options
(float, connect to VCC1 or connect to GND.)

13

11

SYNCO

outputs a clock which are 180° out-of-phase with internal Oscillator Clock
or external Synchronize Clock when part works in CCM or DCM(but not
Sleep mode) for dual channel co-pack. SYNCO outputs DC voltage in
other cases(Sleep mode, Low Dropout mode, Fault protections, etc.).

14

12

SENSE-

Negative input for the current sense. The sensed inductor current limit
threshold is determined by status of ILIM pin.

15

13

SENSE+

Positive input for the current sense. The sensed inductor current limit
threshold is determined by status of ILIM pin.

16

14

PGND

Power ground reference for the internal low side switch driver and the
VCCL1 regulator circuit. Connect this pin directly to the negative terminal of
the VCC1 decoupling capacitor.

MP9928 Rev. 1.0
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

PIN FUNCTIONS (continued)

TSSOP QFN -
Pin # Pin # Name Description
17 15 BG Bottom gate driver output. Connect this pin to the gate of the synchronous
N-channel MOSFET.
Switch node. Reference for the Vgst supply and high current returns for
18 16 SwW i
bootstrapped switch.
Top gate drive. The TG pin drives the gate of the top N-channel MOSFET.
19 17 TG The TG driver draws power from the BST capacitor and returns to SW pin,
providing a true floating drive to the top N-channel MOSFET.
Bootstrap. This pin is the positive power supply for the internal floating high
side MOSFET driver. Connect a bypass capacitor between this pin and
20 18 BST SW pin.
A diode from VCCL1 to this pin charges the BST capacitor when the low
side switch is off.

MP9928 Rev. 1.0
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BLOCK DIAGRAM

SYNCO ILIM
1 1
ﬁ_‘ L] L]
INL[ | I
47N —+ vce
VCC2 > Regulator _| t
|—|
veelLs — BOO|ST
Regulator BST
n |
FREQ I:J Oscillator Hs TG
Driver
A . |
= veet L sw
J Current Limit
Comparator Control S LS F] BG
Dri L
EN/SYNC []— Reference Vref Error Amplifier river
S/<)
sS ss y @
L PGND
FBL | 1
+ SENSE+
12X - Current Sense L
PG I: VPG Amplifer
}_<17— [ ] SENSE-
[ [}
LI L1
SGND COMP CCM/AAM
Figure 1: Block Diagram
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

OPERATION

Overview

The MP9928 is a high-performance, step down,
synchronous DC/DC converter controller IC
with a wide input range. It implements current
mode, switching frequency programmable
control architecture to regulate the output
voltage with external N-channel MOSFET
switches.

The MP9928 senses the voltage at FB pin. The
difference between the voltage on this pin and
an internal 0.8V reference is amplified to
generate an error voltage on COMP pin which
is used as a threshold for the current sense
comparator with a slope compensation ramp.

Under normal load condition, the controller
operates in full PWM mode. At the beginning of
each oscillator cycle, the top gate driver is
enabled. Top gate turns on for a period
determined by the duty cycle. When the top
gate turns off, the bottom gate turns on after a
dead time and stays on until the beginning of
the next clock cycle.

There is an optional power save mode for light
load or no load conditions, and see details in
the following section.

AAM Mode

MP9928 employs AAM mode functionality to
optimize the efficiency during light-load or no-
load conditions. This AAM mode can be
optional enabled when CCM/AAM pin is at a
low level by connecting an appropriate resistor
to GND to make sure that Vaaw is no less than
480mV.

Vaam (MV) = laam (MA) X Raam (KQ)

Where, laavis AAM pin output current, it can be
shown below.

laam (MA) = 600 (MV) / Rereq (KQ)

Rereq IS the resistor from FREQ to SGND, for
given operating frequency, and its value is
shown in ‘Programmable Switching Frequency’
section.

AAM is disabled when CCM/AAM pin is floating
or connected to VCC1.

If AAM is enabled, the MP9928 will firstly enter
non-synchronous operation as long as the

inductor current approaches zero at light-load. If
the load is further decreased or even no load
that make COMP voltage below the Voltage of
CCM/AAM pin  (Vaam)+480mV, the MP9928
enters AAM mode. In AAM mode, the internal
clock is reset every time when Vcoyp Crosses
over (Vaavt480mV) and the crossover time is
taken as benchmark of the next clock. When
the load increases and the DC value of Vcowe IS
higher than (Vaaut+480mV), the operation mode
is DCM or CCM which has a constant switching

frequency.
Inductory AAM Mode Inductory PWM Mode
Current (AAM=Low) Current (AAM=High)

AVAVAVANEEENAVAVAVAN

>t

t

i AVANVANSRC.ANVANVANVANG
A N ¢ \//\\//\\//\

| |
| |
| |
| |
| |
! !

Figure 2: AAM and PWM

Floating Driver and Bootstrap Charging

The floating top gate driver is powered by an
external bootstrap capacitor (Cgst), which is
normally refreshed when the high-side
MOSFET (HS-FET) turns off. This floating
driver has its own UVLO protection. This
UVLO’s rising threshold is 3.05V with a
hysteresis of 170mV.

VCC1 Regulator and VCC2 Power Supply

Both high-side and low-side MOSFET drivers
and most of the internal circuitries are powered
from the VCC1 regulator. An internal low
dropout linear regulator supplies VCC1 power
from VIN, usually a 1yF to 4.7uF ceramic
capacitor is recommended from VCC1 to GND.

If VCC2 pin is left open or connected to a
voltage <4.45V, an internal 5V regulator
supplies VCC1 power from VIN. If VCC2
is >4.7V, the 5V regulator is disabled and
another 5V regulator is triggered that supplies
VCC1 power from VCC2. If 4.5V<VCC2<5V,
the 5V regulator is in dropout and VCC1 is
approximately equal to VCC2. When VCC2 is
greater than 5V (max. is 12V), VCC1 is

MP9928 Rev. 1.0
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

regulated to 5V. Using the VCC2 power supply
allows the VCC1 power to be derived from a
high-efficiency external source, such as one of
the MP9928’s switching regulator outputs.

Error Amplifier

The error amplifier compares the FB pin voltage
with the internal 0.8V reference (REF) and
outputs a current proportional to the difference
between the two input voltages. This output
current is then used to charge or discharge the
external compensation network to form the
COMP voltage, which is used to control the
power MOSFET current. Adjusting the
compensation network from COMP pin to GND
could optimize the control loop for good stability
or fast transient response.

Current Limit Function

There are three fixed options for current limit
setting: When ILIM connects to GND, the current
limit sense voltage is set to 25mV; when ILIM
connects to VCC1, the current limit sense voltage
is set to 50mV; when ILIM pin floats, the current
limit sense voltage is set to 75mV.

When the peak value of the inductor current
exceeds the set current Ilimit threshold,
meanwhile, output voltage starts to drop until FB
is 62.5% of the reference. MP9928 enters hiccup
mode to periodically restart the part. Meanwhile,
the frequency would be lowered when FB<0.5V.
This protection mode is especially useful when
the output is dead-shorted to ground. The
average short-circuit current is greatly reduced to
alleviate the thermal issues. The MP9928 exits
the hiccup mode once the over-current condition
is removed.

Low Dropout Operation

At low dropout mode, the MP9928 is designhed to
operate at HS max duty on mode as long as the
voltage across BST - SW is greater than 3.05V,
this improves dropout. When the voltage from
BST to SW drops below 3.05V, an under-voltage
lockout (UVLO) circuit turns off the high-side
MOSFET (HS-FET), and at the same time, the
low-side MOSFET (LS-FET) turns on to refresh
the BST capacitor. After the BST capacitor
voltage is re-charged, the HS-FET turns on again
to regulate the output. Since the BST capacitor
voltage is greater than 3.05V, the HS-FET can
remain on for more switching cycles than are

required to refresh the BST capacitor, thus
increasing the effective duty cycle of the
switching regulator. The low dropout operation
makes the MP9928 suitable for application such
as automotive cold-crank.

Power Good Function

The MP9928 includes an open-drain power good
output that indicates whether the regulator’s
output is within about +10% of its nominal value.
When the output voltage falls outside this range,
the PG output is pulled to low. It should be
connected to a voltage source of no more than
5V through a resistor (e.g., 100kQ). The PG
delay time is 25ps.

PG pin has self-driving capability, if MP9928 is
off and PG pin is pulled up to another DC power
source through a resistor, the PG pin can also be
pulled low by self-driving circuit.

Soft Start

The soft start (SS) is implemented to prevent the
converter output voltage from overshooting
during startup. When the chip starts, the internal
circuitry generates a soft-start voltage ramping
up from 0V to 0.8V. When it is lower than the
internal reference (REF), SS voltage overrides
REF, so the error amplifier uses SS voltage as
the reference. When SS voltage is higher than
REF, REF regains control.

An external capacitor connected from SS to
SGND is charged from an internal 4pA current
source, producing a ramped voltage. The soft-
start time (tss) is set by the external SS capacitor
and can be calculated by below formula:

Css (nF)X Veer (V)
fos (mS) ) lss (UA)

Where Css is the external SS capacitor, Vger is
the internal reference voltage (0.8V), and Iss is
the 4uA SS charge current. There is no internal
SS capacitor.

SS will be
happened except for
protection.

reset when a fault protection
output over voltage

Output Over-Voltage Protection

MP9928 output voltage is monitored by FB
voltage. If FB voltage is typically 10% higher than
the reference, it'll trigger OVP. Once it triggers
OVP, MP9928 will go into discharge mode, the

MP9928 Rev. 1.0
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HS-FET is turned off, and the LS-FET is turned
on and keeps on until the reverse current limit is
triggered, after LS-FET is turned off, inductor
current will increase to 0. The LS-FET will be
turned on again next clock cycle. MP9928 works
at discharge mode until the over-voltage
condition is cleared.

Enable

The MP9928 has a dedicated enable control pin.
It uses a bandgap generated precision threshold
of 1.22V. By pulling it high or low, the IC can be
enabled or disabled. To disable the part,
EN/SYNC must be pulled low for at least 15us.

Tie EN to VINthrough a resistor divider R16 and
R17 to program the VIN start up threshold (see
Figure 3). The EN threshold is 1.08V (falling
edge), so the VIN falling UVLO threshold is
1.08V x (1+ R16/R17).

In high input design, EN pin voltage should not
be greater than 50V.

VIN

R16

EN

— R17

Figure 3: EN Resistor Divider

Synchronize

The MP9928 can be synchronized to an external
clock range from 100kHz up to 1000kHz through
EN/SYNC pin. The internal clock rising edge is
synchronized to the external clock rising edge.
The pulse width (both on and off) of external
clock signal should be no less than 100ns.

Under-Voltage Lockout

Under-voltage lockout (UVLO) is implemented to
protect the chip from operating at insufficient
input supply voltages. The MP9928 UVLO rising
threshold is about 4.5V while its falling threshold
is about 3.7V.

Thermal Protection

The purpose of thermal protection is to prevent
damage in the IC by allowing exceptive current to
flow and heating the junction. The die
temperature is internally monitored until the
thermal limit is reached. When the silicon die
temperature is higher than 170°C, it shuts down
the whole chip. When the temperature is lower
than its lower threshold, typically 150°C, the chip
is enabled again.

Start-Up and Shutdown

If both VIN and EN are higher than their
respective thresholds, the chip starts up. The
reference block starts first, generating stable
reference voltages and currents. And then the
internal regulator is enabled. The regulator
provides stable supply for the remaining circuitry.

Three events can shut down the chip: EN low,
VIN low and thermal shutdown. In the shutdown
procedure, the signal path is firstly blocked to
avoid any fault triggering. The COMP voltage and
the internal supply rail are then pulled down. The
floating driver is not subjected to this shutdown
command.

Pre-Bias Start-Up

For MP9928, at startup, If SS<FB, which means
output has pre-bias voltage, neither TG nor BG
would be turned on until SS is greater than FB.

MP9928 Rev. 1.0
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

APPLICATION INFORMATION

Setting the Output Voltage
The external resistor divider is used to set the
output voltage.
VOouT
RS

FB

Figure 4: Vout Setting Resistor

If R8 is determined, then R9 can be calculated
with below formula:

R, = v Ry
NMout _
0.8V
Table 1—Resistor Selection for Common Output
Voltages
Vour (V) R8 (kQ) R9 (kQ)
3.3 37.4 (1%) 12 (1%)
5 63.4 (1%) 12 (1%)
12 169 (1%) 12 (1%)

Setting Current Sensing

The MP9928 has three fixed options for current
limit setting: when ILIM pin is connected to GND,
the current sense voltage is set to 25mV; when
ILIM pin is connected to VCC1, the current sense
voltage is set to 50mV and when ILIM pin is
floating, the current limit sense voltage is set to
75mV.

The current sense resistor, Rsgensg, monitors the
inductor current. Its value is chosen based on the
current limit threshold. The relationship between
the peak inductor current I, and Rsense IS:

_ ViumiT (5)
SENSE ka

The typical values for Rsgnse are in the range of
5mQ to 50mQ.

Programmable Switching Frequency

There are a number of variables to consider
when choosing the switching frequency. A high
frequency will increase switching losses and gate
charge losses, while a lower frequency requires

more inductance and capacitance, which results
in larger real estate and also higher cost. It is a
trade off between power loss and passive
component size. Additionally, in noise-sensitive
applications, the switching frequency should be
out of a sensitive frequency band.

The MP9928's frequency can be programmed
from 100kHz to 1000kHz with a resistor from
FREQ to SGND. The value of Rereq for a given
operating frequency can be calculated by:

20000
R KQ)=—"—""1"_
rreq (KE2) f (kHz)

To get fs = 500kHz, set Rereq to 39kQ.

Table 2: Frequency vs. Resistor

Resistor (kQ) Frequency (kHz)
65 300
39 500
19 1000

Vcc Regulator Connection

VCC1 can be powered from both VIN and VCC2.
If connecting VCC2 to an external power supply
to improve the overall efficiency, this VCC2
should be larger than 4.7V but smaller than 12V.

Ext.
Power

Supply

MP9928
Internal

Figure 5: Vcc Power from External Supply

If Vour is higher than 4.7V but €12V, VCC2 can
be connected to Voyur directly.

MP9928 Rev. 1.0
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I
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Figure 6: Vcc Power from Voyur

Selecting the Inductor

An inductor with a DC current rating at least 25%
higher than the maximum load current is
recommended for most applications. A larger
value inductor results in less ripple current and a
lower output ripple voltage. However, the larger
value inductor has a larger physical size, higher
series resistance, and lower saturation current.
Generally, choose the inductor ripple current
approximately 30% of the maximum load current.
Then the inductance value can be then be
calculated by:

L= Vour X (Vix - Vour)
VAK f x

Where Vouris the output voltage, Vv is the input
voltage, fs is the switching frequency, and Al is

the peak-to-peak inductor ripple current.
The maximum inductor peak current is:

-
LOAD
2

LMAX) —

Where, |, 0ap is the load current.

Input Capacitor Selection

Since the input capacitor absorbs the input
switching current, it requires an adequate ripple

V V
IRMS =ILOAD % (1' %)

IN IN

The worst-case condition occurs at Viy = 2Vour,
where Irus = loan/2. So, the input capacitor
selected must be capable of handling this ripple
current.

Output Capacitor Selection

The output capacitor keeps the output voltage
ripple small and ensures regulation loop stability.
The output capacitor impedance should be low at
the switching frequency. The output voltage
ripple can be estimated by:

AV, = Vour x 1—h x| Resp +;
fgxL Vi 8xfsxC,
Where C; is the output capacitance value and

Resr is the equivalent series resistance (ESR)
value of the output capacitor.

For tantalum or electrolytic capacitor application,
the ESR dominates the impedance at the
switching frequency. So the above formula can
be approximated as:

Vour 1— Vour xReer
fsxL Vin

AVOUT =

Compensation Components

The MP9928 employs current-mode control for
easy compensation and fast transient response.
The COMP pin controls system stability and
transient response. The COMP pin is the output
of the internal error amplifier. A series capacitor-
resistor combination sets a  pole-zero
combination to control the control system’s
characteristics. The DC gain of the voltage
feedback loop is:
Avbe =Rioan XGes X Ag % Q/i
ouT

Where Ao is the error-amplifier voltage gain
3000V/V, Ges is the current-sense

current rating. The selection of the input  transconductance, 1/(12XRsense) (A/V), and
capacitor is mainly based on its maximum ripple  Rioap is the load resistor value.

current capability. The RMS value of the ripple

current flowing through the input capacitor can be

described as:
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MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

COMP

R5

oo |

Figure 7: COMP External Compensation

The system has two important poles: one from
the compensation capacitor (C6) and the output
resistor of error amplifier and the other tone from
the output capacitor and the load resistor. These
poles can be calculated by:

G

m

fog =——
Pl 2mxCBxA,

1
~ 2mx CoxR o0

P2

Where G, is the error-amplifier transconductance
500uA/V, and Co is the output capacitor.

The system has one important zero due to the
compensation capacitor and the compensation
resistor (R5). This zero is located at:

. 1
" 2mxC6xR5
The system may have another significant zero if

the output capacitor has a large capacitance or a
high ESR value. This zero can be located at:

1
~ 2mxCoxReqq

1:ESR

In this case, a third pole set by the compensation
capacitor (C7) and the compensation resistor can
compensate for the effect of the ESR zero. This
pole is calculated by:

1
~ 2mxC7xR5

P3
The goal of the compensation design is to shape
the converter transfer function for a desired loop
gain. The system crossover frequency where the
feedback loop has unity gain is important, since
lower crossover frequencies result in slower line
and load transient responses, and higher
crossover frequencies lead to system instability.
Set the crossover frequency to ~0.1xfgy.

Follow the below steps to design the
compensation:
1. Choose R5 to set the desired crossover
frequency:
RS — 21T x Cox f, y Vour

G xGes Ves
Where, f¢ is the desired crossover frequency.

2. Choose C6 to achieve the desired phase
margin. For applications with typical
inductor values, set the compensation zero
(fz1) < 0.25 x fc to provide a sufficient phase
margin. C6 is then:

4

C6> ———
2 xR5 x f

3. C7 is required if the ESR zero of the output
capacitor is located at <0.5xfsy, or the
following relationship is valid:

N
21 x CoxRex 2

If this is the case, use C7 to set the pole
(frz) at the location of the ESR zero.
Determine C7:

_ CoxRegr
R5

Cc7

PCB Layout Considerations

For a controller, the layout is always an important
step in design. A poor layout would result in
reduced performance, EMI problems, resistive
loss and even system instability. Following step
would help to guarantee a good layout design:

1. Input power loop between input capacitor,
high-side MOSFET and low-side MOSFET
should be as small as possible, SW trace
should be as possible as short and wide. At
the same time, one small decoupling
capacitor should be placed close to the IC’'s
IN and GND pins.

2. Feedback loop should be far away from noise
source such as SW trace, the feedback
divider resistor should be as close as
possible to FB and GND pin.

MP9928 Rev. 1.0
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3. Route the sensing traces (SENSE+, SENSE-)
in paired way with smallest closed area.
Avoid crossing noisy areas such as SW or
high-side gate drive traces. Place the filter
capacitor for the current sense signal as
close to the IC pins as possible.

4. A short and wide type resistor is recommend
for current sense.

5. VCC1 and VCC2 capacitors should be placed
as close as possible to VCC1 pin and VCC2

pin.

6. Layout the gate drive traces as directly as
possible. Layout the forward and return
traces close together, either running side by
side or on top of each other on adjacent
layers to minimize the inductance of the gate
drive path.

7. The ground return of input/output capacitor
should be tied close with large GND copper
area, and then connect to IC GND pin
through single point.

8. For heavy load, suggest layout large copper,
more layers and more vias for heat sink.

Figure 8 shows the recommended components
place for MP9928 in TSSOP20-EP package.
Figure 9 shows the recommended components
place for MP9928 in QFN20 package. For the
layout, the corresponding schematic can be
found on Figure 10.

@ Top Layer

@ Bottom Layer

Figure 8: Layout Recommendation

MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

@D Top Layer
@D Bottom Layer

Figure 9: Layout Recommendation

Design Example

Below is a design example following the
application  guidelines for the following
specifications:
Table 3: Design Example
V|N 6V to 60V
Vour sV
lout 0A-7A

The typical application circuit for Voyr = 5V in
Figure 10 shows the detailed application
schematic, and it is the basis for the typical
performance waveforms. This circuit can work
down to 4V after startup, but Vour may drop
when V is low due to maximum duty cycle limit.
For more detailed device applications, please
refer to the related Evaluation Board Datasheets
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TYPICAL APPLICATION CIRCUITS

VIN
M1
6V-60V R110
VIN [] w 6 —WW\—pr—— &
| c1al c1B| cic oSt VCC1
T 4.7uF] 4.7uF] 0.47uF R13 22 VOUT
c8
= rreq o TO.WuF L2 ‘ R7 VOUT 5V /7A {:‘
47uH o
37 4RK1 VCCi veet R14
’ 4 R2 R12 M2 10
I ! 100K ut 0 i o R19 <R20)
= MP9g2s  °° vy =1, 0 20 c2a . c28
Fe 220pF hE T 220uF
VCC2| T3 | vee? t+ RS 22uF
R03 4.70F ENSE =
63.4K
UL VOUT i sense
SYNCO[_| sYnCo F8
> R6 =
R15 s LM
100K o e NS R9
R16 2 2 g 12K
NS CM/AAMg 8 8 ss ﬂ c5
ENisYNC[ | 10nF
R17=C12
NS | Ns
L c6
= —680pF
c7
NS
RS
51K
c9
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374k | NS
Figure 10: Application Circuit for 5V Output
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TAJuF 47UF] 0.47uF R13 2.2 VOuT
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- To o L2 R7 12v
T ‘ VOUT
FREQ sw 15uH 007 D
R
37.4K V%i:l veet . R14
R2 R12 10
I 1k 100K u1l 0 o cu R19 <R20 R10
L o —AMA—————f & 0 0 o |c2A . c2B
G MP9928 220pF c10 T T 2200F
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Figure 11: Application Circuit for 12V Output
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PACKAGE INFORMATION
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NOTE:

1) ALL DIMENSIONS ARE IN MILLIMETERS

2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH
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5) DRAWING CONFORMS TO JEDEC MO153, VARIATION ACT.
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mpje MP9928—4V TO 60V SYNCHRONOUS STEP-DOWN CONTROLLER

QFN-20 (3mmx4mm)
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RECOMMENDED LAND PATTERN

NOTICE: The information in this document is subject to change without notice. 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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000 “/1aiipINeKTPOHUKC” “LifeElectronics” LLC

MHH 7805602321 K 780501001 P/C 40702810122510004610 ®AKb "ABCO/IOT BAHK" (3A0) 6 2.CaHkm-Ilemep6bypee K/C 30101810900000000703 EUK 044030703

KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru
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