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MP9931

100V Input, Synchronous
Step-Down Controller

DESCRIPTION

The MP9931 is a high-voltage, synchronous,
step-down switching regulator controller that can
directly step down voltages from up to 100V. It
can drive dual N-channel MOSFET switches.

The MP9931’s adaptive constant-on-time (COT)
control architecture provides fast transient
response and facilitates loop stabilization. The
DC auto-tune loop provides excellent load and
line regulation.

Pulse-skip mode (PSM) and ultrasonic mode
(USM) enable non-synchronous operation to
optimize light-load efficiency.

The MP9931’s switching frequency (fsw) can be
configured by an external resistor or
synchronized to an external clock for noise-
sensitive applications.

Fault protections include precision input over-
voltage protection (OVP), output over-current
protection (OCP), and thermal shutdown.

The MP9931 is available in a QFN-23
(4mmx4mm) package.

FEATURES

e Basic Functions:

o Lossless LS-FET On Resistance
(Ros(ony) or Shunt Current Sense

o Constant-On-Time (COT) Control for

Fast Load Transient Response

7V to 100V Input Voltage (Vin) Range
Output Voltage (Vour) Adjustable from
0.8V to 80V

450pA Quiescent Current (lg)

4pA EN Shutdown Current

60ns Minimum On Time

Low-Dropout (LDO) Operation:
Maximum Duty Cycle up to 99%
Selectable Ultrasonic Mode (USM),
Pulse-Skip Mode (PSM), or Forced
Continuous Conduction Mode (FCCM)
via MODE Pin

o Selectable 100kHz to 1000kHz
Switching Frequency via FREQ Resistor

o Power Good (PG) Indicator

o Selectable Ramp via RAMP Pin

o Selectable Current Limit via ILIM
Resistor

o Vprv Power from Vout when Vout > 8.4V

o External VDRV Voltage (Vorv) Bias:
Bias Vprv With External Voltage Source,
which Exceeds Internal Vpgry

e Drive Ability:

o 10V N-Channel MOSFET Gate Driver
with 4.2A Source and 5.2A Sink
Capability

e Synchronization (SYNCI/SYNCO):

o SYNCI with External Clock

o 180° Out-of-Phase SYNCO

APPLICATIONS
Energy Storage Systems (ESS)

e USB Power Delivery (PD) Chargers

o Power Over Ethernet (PoE) System Power
Supplies

¢ Industrial Power Supplies

o E-Bike Auxiliary Power Supplies

e General-Purpose Power Supplies

o O

O O O O

o

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”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mps MP9931 - 7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL APPLICATION
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MP9931 -7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

meSs

ORDERING INFORMATION

Part Number* Package
MP9931GR QFN-23 (4Ammx4mm)

* For Tape & Reel, add suffix -Z (e.g. MP9931GR-Z).

Top Marking | MSL Rating
See Below 1

TOP MARKING
MPSYWW
MP9931
LLLLLL

MPS: MPS prefix

Y: Year code

WW: Week code
MP9931: Part number
LLLLLL: Lot number

PACKAGE REFERENCE
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mps MP9931 - 7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

PIN FUNCTIONS

Pin # Name |Description

Enable control pin. When the EN pin is pulled low, the controller is in shutdown mode, and
all functions are disabled. When the EN voltage is pulled high to exceed 1.2V, the SS voltage

1 EN (Vss) can ramp up, and the pulse-width modulated gate-drive signals are delivered to the TG
and BG pins.
Switching frequency select. Connect a resistor between FREQ and AGND to set the
switching frequency (fsw). A 1% tolerance resistor is recommended for excellent accuracy.
fsw cannot be adjusted online, so it is recommended to turn VIN/EN off then on again after
the FREQ pin’s set-up changes.
FREQ Pin Switching Freguency
AGND 100kHz
2 FREQ 20kQ to AGND 150kHz
45.3kQ to AGND 200kHz
80.6kQ to AGND 250kHz
124kQ to AGND 300kHz
180kQ to AGND 400kHz
243kQ to AGND 600kHz
VCC 1MHz
3 Ss Soft-start control input. The SS pin configures the soft-start period with an external

capacitor placed between SS and AGND.

Output feedback. An external resistor divider connected from the output to AGND, and
4 FB tapped to FB, sets the output voltage (Vour). It is recommended to place the resistor divider
as close to FB as possible. Avoid vias on the FB traces.

Internal, 5V low-dropout (LDO) regulator output. Most control circuits are powered from
the VCC voltage (Vcc). Decouple VCC with a minimum 1uF ceramic capacitor placed as close
to VCC as possible. 2.2uF, ceramic capacitors with X7R or X5R grade dielectrics are
recommended due to their stable temperature characteristics.

6 AGND |Analog ground. Select AGND as the control circuit’s reference point.

Operation mode selection. Pull MODE to VCC to operate in forced continuous conduction
mode (FCCM). Float MODE to operate in pulse-skip mode (PSM) with ultrasonic mode (USM)
at light loads. Connect MODE to ground to operate in PSM without USM. The mode can be
adjusted online.

Current limit adjustment. Connect a resistor between the ILIM and AGND pins to set the
valley current limit. A 1% tolerance resistor is recommended for excellent accuracy. The
current limit can be adjusted online.

5 VCC

7 MODE

8 ILIM ILIM Pin Valley Current Limit | Negative Current Limit
AGND 25mVv 25mvV
51kQ to AGND 50mV 25mvV
120kQ to AGND 75mV 50mV
VCC 100mV 50mV
9 SYNCI Sync signal input. If an external sync clock is applied to this pin, the internal clock follows

the sync frequency.
10 PG Power good (PG) output. The PG pin’s output is an open drain.

Sync signal output. The SYNCO pin outputs a clock that is 180° out of phase with the
internal oscillator clock or external synchronization clock when the device works in continuous

1 SYNCO conduction mode (CCM), discontinuous conduction mode (DCM), or USM. SYNCO outputs
0V if the device is in sleep mode or over-temperature protection (OTP) is triggered.
MP9931 Rev. 1.0 MonolithicPower.com 4
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mps MP9931 - 7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

PIN FUNCTIONS (continued)

Pin # Name |Description

Internal ramp selection. Connect a resistor between RAMP and AGND to set the internal
ramp scale. A 1% tolerance resistor is recommended for excellent accuracy. A large ramp
stabilizes chip operation, while a small ramp results in better load transient response
performance. RAMP cannot be adjusted online.

12 RAMP RAMP Pin RAMP Scale
AGND 1
51kQ to AGND 0.5
120KQ to AGND 0.33
180KQ to AGND 2
VCC 4

Vout sense and bias supply. The VOUT pin supplies the VDRV voltage (Vorv) and internal
13 VOUT |VCC regulator. VOUT disables the power from VIN as long as Vour exceeds 8.4V. The VOUT
pin must be connected to the output for the internal on time (ton) calculation.

14 NC Not connected. Float the NC pin.

System ground. The PGND pin is the power ground reference for the internal low-side switch
15 PGND |driver and the VDRV regulator circuit. Connect this pin directly to the negative terminal of the
VDRV decoupling capacitor.

16 BG Bottom gate driver. Connect this pin to the gate of the synchronous N-channel MOSFET.
Decoupling input pin for driver power supply. Decouple the VDRV pin with a minimum
17 VDRV |4.7uF ceramic capacitor, placed as close to the pin as possible. X7R or X5R grade dielectric

ceramic capacitors are recommended.
18 ISENS- |Negativeinputfor the current sense. Layout ISENS+ and ISENS- with differential pair lines.

Positive input for the current sense. ISENS+ can be connected to either the drain of the
low-side MOSFET (LS-FET) for lossless on resistance (Ros(on)) sensing or a current-sense

19 ISENS+ resistor connected to the source of the LS-FET for accurate current limit and zero-current
detection (ZCD). Layout ISENS+ and ISENS- with differential pair lines.
20 SW Switch node. The SW pin is the reference for the BST voltage (Vest) supply and high-current

returns for the bootstrapped switch.

Top gate drive. The TG pin drives the gate of the top N-channel MOSFET. The TG driver
21 TG draws power from the BST capacitor and returns power to the SW pin, providing a true floating
drive to the top N-channel MOSFET.

Bootstrap. The BST pin is the positive power supply for the internal, floating high-side

22 BST MOSFET (HS-FET) driver. Connect a bypass capacitor between the BST and the SW pins.
23 VIN Input voltage. The VIN pin operates from a 7V to 100V input. A ceramic capacitor is required
to prevent large voltage spikes from appearing at the input.
EP - Exposed pad. Connect the exposed pad to ground.
MP9931 Rev. 1.0 MonolithicPower.com 5
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meS

MP9931 - 7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance 6;a O3B
|nput Supp|y V0|tage (VIN) ____________ -0.3Vto +110V JESDEC @ ..., 34.7..14.1... °C/W
SW oo -0.3V (-5V for <20ns) to +110V EV9931-R-00A O)................... 30t e °C/W
ISENS+............ -0.3V (-5V for <20ns) to +110V 8ic Top Oic BoOT
BST = SW ...................................... ‘03V tO +14V JESDEC (4) ............................ 381 21 och
NV DRV ettt ettt ettt et e i eenes -0.3V to +14V
VOUT vevereeeretereanans -0.3V (-5V for <10ns) to +85V ¥t
TG -SW .. -0.3V to Vgst + 0.3V JESDEC ™. .o e, 0.7... °C/W
BG . -0.3V to Vpry + 0.3V EV9931-R-00A G ... 5.... °C/W
EN ............. -0.3V to +6.5V (<100pA when >6V)
All other pins........ccccvieeiiiiieiiieenn, -0.3V to +6.5V Notes:
Continuous power dissipation (Ta = 25°C) @ ®) 1) Exceeding these ratings may damage the device.
QFN-23 (4mmx4mm) 4.1W 2) The maximum allowable power dissipation is a function of the
LN ’ ° maximum junction temperature, T; (MAX), the junction-to-
Junction temperature (Ts) ........occeeiiinnnee 150°C ambient thermal resistance, 0, and the ambient temperature,
Lead temperature ..........ccccevvvvvveiiieeeenennnnns 260°C Ta. Thebmaximum allowable cor;tinluoug %ower O(Iissipf;ltion(at
_RE° o any ambient temperature is calculated by Pp (MAX) = (T
Storage temperature................ 65°C to +150°C (MAX) - T,) / 8. Exceeding the maximum aﬁowable powe;
- e dissipation can produce an excessive die temperature, and the
Recommended Operatlng Conditions @ regulator may go into thermal shutdown. Internal thermal
Input voltage (VIN) 7V to 100V shutdown circuitry protects the device from permanent
............................. damage.
OUtpUt VOI_tage (VOUT) ----------------------- 0.8V to 80V 3) Thedevice is not guaranteed to function outside of its operating
External bias (Vprv) «eeeeeeeeenvnnnnninnn. 10.5V to 12V ) ccﬁnditiolns. o N -
; ; ; _AN° o 4) The value o is only valid for comparison with other
Operatlng jUﬂCtIOﬂ temp (TJ)' - -40°C t0 +125°C packages and caJr/:not be used for design purposes. This value
is based on a JEDEC51-7 board. They do not represent the
performance obtained in an actual application.
5) Measured on the EV9931-R-00A, 7.6cmx8cm, 4 layers with
20z. The junction to top characterization parameter, s,
estimates the junction temperature in the real system, based
on equation T, = Wit X PLoss + TCASEiTOP- Where PLoss is the
entire loss of the IC in a real application, and Tcase tor iS the
case top temperature.
MP9931 Rev. 1.0 MonolithicPower.com 6
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meS

MP9931 - 7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

ELECTRICAL CHARACTERISTICS
Vin =12V, EN =2V, T; = -40°C to 125°C ®), typical values are tested at T; = 25°C, unless otherwise

noted.
Parameters ‘ Symbol ‘Conditions ‘ Min ‘ Typ ‘ Max ‘ Units
VDRV Regulator
VDRYV voltage (Vorv) under-
voltage lockout (UVLO) rising VbRrv_uv_R 6.2 6.5 6.8 \%
threshold
Vprv UVLO hysteresis VDRV_UV_HYS 600 mV
VDRYV voltage Vbrv Iorv = OMA 9.7 10 10.3 \Y,
VDRY regulation Ibrv = 20mMA 2 %
Output voltage (Vour) rising
threshold, override input Vo_vbRV_R 8 84 8.8 \%
voltage (Vin) supplying VDRV
stglﬁgg%g];e\?hmd’ Vin Vo_vbrv_F 7 7.4 7.8 \%
VCC Regulator
VCC voltage Vce lcc = OMA 4.8 5 5.2 \%
VCC regulation lcc = 20mA 2 %
Supply Current
VIN quiescent current lo

Vin :il8V, Ves = 0.84V, 50 60 UA

Vourt = 12V, PSM
VIN shutdown current IsHDN Ven = OV 3 4 A
Vin Over-Voltage Protection (OVP)
Vin OV rising threshold VIN_ov_R 102 105 109 \
Vin OV hysteresis VIN_ov_HYs 2 \%
Enable (EN) Control
EN UVLO rising threshold VEN_UVLO_R 1.15 1.2 1.25 \
EN UVLO hysteresis VEN_UvLO_HYS 200 mV
EN input current len Ven = 2V 0 1 HA
Feedback (FB)

Ty=25°C 0.792 | 0.800 | 0.808 | V
FB reference voltage VRer

Ty=-40°C to 125°C 0.788 | 0.800 | 0.812 | V
Feedback current Ire Vrs = 1.05V -50 nA
;?e‘;?]%fé"’o'tage (V) Ves v 27% | 30% | 33% | Veer
FB UV hysteresis VFB_UV_HYS 20% VREF
FB OV threshold VEB_ov 105% | 108% | 111% | Vrer
FB OV recover hysteresis VFB_ov_HYS 3% VREF
Soft Start (SS)
SS capacitor charging current Iss Vss = 0V 3 ‘ 4 ‘ 5 ‘ HA

MP9931 Rev. 1.0
4/30/2026
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mps MP9931 - 7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)
Vin =12V, EN =2V, T; = -40°C to 125°C ®), typical values are tested at T; = 25°C, unless otherwise

noted.
Parameters ‘ Symbol ‘Conditions ‘ Min ‘ Typ ‘ Max ‘ Units
Switching Frequency
Connect FREQ to AGND 90 100 115 | kHz
Rrreq = 20kQ 140 150 170 | kHz
Rrreq = 45.3kQ 185 200 225 | kHz
o Rrreq = 80.6kQ 235 250 275 | kHz
Switching frequency fsw
Rrreq = 124kQ 275 300 325 | kHz
Rrreq = 180kQ 370 400 430 kHz
Rrreq = 243kQ 550 600 650 | kHz
Connect FREQ to VCC 900 1000 | 1100 | kHz
Minimum TG on time tTe_mIN_ON 60 ns
Minimum BG on time tBG_MIN_ON 180 ns
Maximum TG on time tre_mAx_oN Vi - Vour < 3V 20 HS
3V <V - Vour < 6V 10 us
Maximum duty cycle Dwmax 99.0 %
e " " | tovusu|usw 2
Dead Time
[r?:iﬁg time from TG falling to BG tor_sc_r | Trigger point: 5V to 5V 35 ns
ﬁsﬁﬁg time from BG falling to TG toT_BG_F Trigger point: 5V to 5V 35 ns

Synchronization Input and Output (SYNCI/SYNCO)
SYNCI external clock frequency

range fsynei 80% 120% | fsw
SYNCI voltage rising threshold VsyNC_R 2 \%
SYNCI voltage falling threshold VsynC_F 0.8 \%
Minimum SYNCI pulse-width ® tsync_mIN 50 ns
SYNCO output high logic Vsynco H | lsynco = 1ImA source 4.7 \%
SYNCO output low logic Vsvnco_ L |Isynco = ImA sink 0.3 \%
SYNCO pulse duty cycle Dsvynco 50%

Phase from PLL clock rising to PoLy 50% to 50% 180°

SYNCO rising ®
Bootstrap (BST) Power
BST-to-SW quiescent current

Vin =48V, FB = 0.84V,

(not switching) lesT_Lke VesT-sw = 10V 16 21 21 HA
Mode Selection
Pulse-skip mode (PSM) without

Vpsm USM 0.4
MODE voltage threshold Vusm PSM with USM 1 1.6

v Forced continuous conduction o5

FEM I mode (FCCM) '

MP9931 Rev. 1.0 MonolithicPower.com 8
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mps MP9931 - 7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)
Vin =12V, EN =2V, T; = -40°C to 125°C ®), typical values are tested at T; = 25°C, unless otherwise

noted.
Parameters ‘ Symbol ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units
RAMP Selection
RAMP sourcing current IrAMP Vravp = OV 9 10 11 MA
VRAMP1 Ramp scale =1 0.27 \%
Vrampos | Ramp scale = 0.5 0.34 0.65 \%
Ramp voltage threshold Vrampo3s | Ramp scale = 0.33 0.75 1.43 \%
VRAMP2 Ramp scale = 2 1.56 2.03 \%
Vravps | Ramp scale = 4 2.2 Y
Switching Frequency (fsw) Selection
FREQ sourcing current lFrREQ Vereq = OV 9 10 11 WA
V100kHz fsw = 100kHz 0.08 \%
V150kHz fsw = 150kHz 0.13 0.26 \
V200kHz fsw = 200kHz 0.35 0.55 \%
FREQ voltage threshold V250kHz fsw = 250kHz 0.64 0.95 \%
V300kHz fsw = 300kHz 1.05 1.44 \Y
VaookHz | fsw = 400kHz 1.56 2.03 \%
Ve00kHz fsw = 600kHz 2.16 2.7 \Y
VioookHz | fsw = 1000kHz 2.91 \
Current Limit Selection
ILIM sourcing current liLim Vium = 0V 9 10 11 MA
Vasmy Valley current limit voltage = 25mV 0.27 \%
ILIM voltage threshold Vsomv Valley current Iimit voltage = 50mV 0.33 0.64 \%
V75mv Valley current limit voltage = 75mV 0.76 1.7 \Y
Vioomv | Valley current limit voltage = 100mV | 2.1 \%
Power Good (PG)
PG rising threshold VPG_TH_R kB risir\g 92% 5% | 98% | Veee
FB falling 102% | 105% |108% | Vrer
PG falling threshold Voo s | oialing 87% | 90% |93% | Veer
FB rising 105% | 108% |111%| Vrer
PG low to high 300 ps
PG delay PC-2LY 55 high to low 150 us
PG sink current capability Vrc EN = 2V, sink 4mA 0.4 \%
PG leakage current Irc_LkG PG high state, Vpc = 5V 15 A
Gate Drivers
TG pull-up resistor Rre_up I\:Zsl\llg\g m: : OV, TG high state, 1.2 Q
TG pull-down resistor Rtc_pn I\:islvfsvofniov TG low state, 0.7 Q
BG pull-up resistor Ree_up I\:;RZ 10100n\1/ABG high state, 1.2 Q
MP9931 Rev. 1.0 MonolithicPower.com 9
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mps MP9931 - 7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)
Vin =12V, EN =2V, T; = -40°C to 125°C ®), typical values are tested at T; = 25°C, unless otherwise

noted.
Parameters Symbol |Conditions Min Typ | Max | Units
. Vorv = 10V, BG low state,
BG pull-down resistor Rec_on lse = -100MA 0.7 Q
Vest-Vsw = 10V, Vpryv = 10V, TG = SW
(] ) , )
TG, BG source current lon BG = PGND 4.2 A
TG, BG sink current @ loL VBST_—VSW =10V, Vprv = 10V, TG = BST, 59 A
BG = Vbrv
Over-Current Protection (OCP)
ILIM connect to AGND 15 25 35 mV
Valley current limit Vel Rium = 51kQ 40 50 60 mV
voltage Rium = 120kQ 65 75 85 mV
ILIM connect to VCC 90 100 | 110 mV
Negative Current Limit
ILIM connected to AGND 17 25 33 mV
Negative current limit Ve Rium = 51kQ 17 25 33 mvV
voltage Rium = 120kQ 40 50 | 60 | mV
ILIM connected to VCC 40 50 60 mV
Zero-Current Detection (ZCD)
ZCD detection voltage ‘ Vzcp ’ ‘ -2 ‘ 1 ‘ 5 ‘ mV ‘
Current Temperature Coefficient
Current temperature T Rbs_on mode 4500 ppm/°C
coefficient © Rsense mode 0 ppm/°C
Thermal Protection
Thermal shutdown ® Tsp 150 °C
Thermal shutdown o
hysteresis © Too_rvs 20 c
Notes:
6) Not tested in production. Guaranteed by over-temperature correlation.
7) Not tested in production. Derived by design.
8) Not tested in production. Derived by sample characterization.
MP9931 Rev. 1.0 MonolithicPower.com 10
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mps MP9931 -7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL CHARACTERISTICS
Vin = 48V, Vour = 12V, fsw = 100kHz, L = 10uH, EN = 2V, PSM, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current Load Regulation
L = 10pH, DCR =4.04mQ L = 10uH
100 | — ‘ ‘
Zg 7/ g 1.40 PSM =
;\3 o = 1.20 —USM -
g O 1.00 —
60 = FCCM mode
S 5 < 0.80
uJ 5
5 40 o 0.60
L 30 PSM W 0.40
o [
w20 —USM Q 0.20
10 — FCCM mode g 0.00 —
0 | | | . ‘
0.01 0.1 1 10 100 -0.20
LOAD CURRENT (A) 0 5 10 15 20
LOAD CURRENT(A)
Line Regulation Shutdown Current vs.
L =10pH Temperature
6
—~ 04 | \ \
] :
Z 02 P A
e —1/ 7 < — —
D ‘ z //
Q -04 / . IOUT=0A, PSM 5 5
X 96 |-/  ——I0OUT=0A USM
% / IOUT=0A, FCCM Mode 1
=5 -08 |7/ IOUT=10A
1 IOUT=20A 0
10 20 30 40 50 60 70 80 90 100 0O 10 20 30 40 50 60 70 80 90 100
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Quiescent Supply Current vs. Reference Voltage vs.
Temperature Temperature
600 820
500 —
810
400 — .
=2 300 : ~ 800
o 1Q t //
200 . . >
——|Q with Vo=12V 790
100
0 — 780
0 10 20 30 40 50 60 70 80 90 100 -40 0 40 80 120
INPUT VOLTAGE (V) TEMPERATURE (°C)
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mP5 MP9931 -7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL CHARACTERISTICS (continued)
Vin = 48V, Vour = 12V, fsw = 100kHz, L = 10pH, EN = 2V, PSM, Ta = 25°C, unless otherwise noted.

VDRV UVLO Threshold vs. EN UVLO Threshold vs.
Temperature Temperature
S 8 ‘ S 1.3
——RISING o)
g 7.5 3 12
e 7 ——FALLING || I
a @11
E 65 e
= |
q ® 9
S > 49 ——RISING |
D 5§55 -] .
> z —— FALLING
S 5 > 08 ‘
> -40 0 40 80 120 -40 0 40 80 120
TEMPERATURE (°C) TEMPERATURE (°C)
Valley Current Limit Voltage vs.
Temperature
120 ‘ ‘ ‘
100
S
£ 80
g 60
>
40 25mV e 50V ]
75mV 100mV
20
0
-40 0 40 80 120
TEMPERATURE (°C)
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mps MP9931 -7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS

Performance waveforms are tested with the schematic in the Typical Application Circuits section
on page 28. Vin =48V, Vour = 12V, fsw = 100kHz, L = 10uH, PSM, Ta = 25°C, unless otherwise noted.

Steady State Steady State
lout = 0A, PSM lout = OA, PSM
I- 200mtf soomv/ 3 200/ 4 AO0A/ 20.00ms/ 00s Trig'd E 200mtvf s00mvf 3 200v 4 5004/ 5.000us! 0.0s Trig'd
CH2: CH2:
Vin/AC Vin/AC
hl hl
W H
CH3: Vsw i CH3: Vsw i
cra . f CH4 L | /\

Steady State Steady State
lout = 0A, USM lout = 0A, FCCM
I! 200 S00mvf 3 200vF 4 1004/ 2000us”  00s Stap E 200m'v/ Womy/ 3 200v 4 1004 1000us/  00s Stop
CH2:
Vin/AC CH2:
Vin/AC
A i
CH3: Vsw ) CH3: Vsw )
cré 1 A e T AN ANV AVANA VAN

Steady State Start-Up through VIN
lout = 20A lout = 0A, PSM
! 200mi! 200y 3 200ve 40 20048 1000us/ 0.0s Stop I! 5,00V 00v 30 B0V 4 1004 E.D?Dms/ 0.0s Trig'd?
CH2:
Vin/AC
R1: Vpe i
i CH2: Vin i |
CH3: Vsw 2] CH3: Vsw i !
P e N A N A A VAN VA WA CH4: I o osatlflll]| |
CH4: I .
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested with the schematic in the Typical Application Circuits on page
28. Vin =48V, Vour = 12V, fsw = 100kHz, L = 10uH, PSM, T = 25°C, unless otherwise noted.

R1: Vpc

CH2: Vin

CH3: Vsw

CH4: I

R1: Vpe

CH2: Vin

CH3: Vsw

CH4: I

R1: Vpe
CH2: Vin
CH3: Vsw

CH4: I

Start-Up through VIN
loutr = 0A, USM

I- 5.00v/

ooy 3 s00v 4 00&  5000ms/  00s

Trigd?

Start-Up through VIN

lout = 20A

I- 500V 200v 3 s0v 4 200A 5000ms/ 00s Trig'd?
N
N

| b

Shutdown through VIN
lout = 0A, USM

(S5 5.00v/

n00v 3 DDV 4 1004

100 Orms/

0.0s

Trig'd?

R1: Vpe

CH2: Vi

CH3: Vsw

CH4: I

R1: Vpe
CH2: Vi

CH3: Vsw

CH4: I

R1: Vpe
CH2: Vi
CH3: Vsw

CH4: I

Start-Up through VIN
lout = 0A, FCCM

I- 5.00v/

nov 3 00w 4 1004 5000msf  Ods Trig'd?

Shutdown through VIN

lout = 0A, PSM

g A.00V/ 200v 3 B0V 4 100A/ 1000ms/ 00s Trig'd?
NRERRRRA

g\\\\ll\\\ll\l\\\ o
Ll

Shutdown through VIN
lout = 0A, FCCM

= 5004/

a0 3 &10W 4 1004 1000msf 00s Trig'd?
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MP9931 -7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested with the schematic in the Typical Application Circuits section
on page 28. Vin =48V, Vour = 12V, fsw = 100kHz, L = 10pH, PSM, Ta = 25°C, unless otherwise noted.

R1: Vpe
CH2: Vin

CH3: Vsw

CH4: I

CH2: Ven

R1: Vpe

CH3: Vsw

CH4: I

CH2: Ven

R1: Vpe

CH3: Vsw

CH4: I

Shutdown through VIN
lout = 20A

E a.00v/

nov 3 s00VA 4 200A  2000ms/ -2380ms  Trig?

Start-Up through EN
lout = 0A, USM

I- 500/

200v 3 80V, 4 100A/ 5000ms/ -2340ms  Stop

| &

Start-Up through EN
lout = 20A

g £00v/

200w 3 a0V, 4 2004 A000ms! -2340ms  Stop

i

CH2: Ven

R1: Vpe

CHS3: Vsw

CH4: I

CH2: Ven

R1: Vpc

CH3: Vsw

CH4: I

CH2: Ven

R1: Vpe

CH3: Vsw

CH4: I

Start-Up through EN
lout = OA, PSM

I! 500v/

200v 3 s00v/ 4 100A/  5000ms/ -2340ms  Stop

e

[ —
o e —

Start-Up through EN
lout = 0A, FCCM

I- 5,004/

200v 3 ADOWS 4 100&  B000ms! -2340ms  Stop

Shutdown through EN
lout = 0A, PSM

I- 500V

200v 3 s00vi 4 100A/  5000ms/  1.0008 Trigd

hi

Hiniﬁ'ﬁi
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested with the schematic in the Typical Application Circuits section
on page 28. Vin =48V, Vour = 12V, fsw = 100kHz, L = 10pH, PSM, Ta = 25°C, unless otherwise noted.

CH2: Ven

R1: Vpe

CH3: Vsw

CH4: I

CH2: Ven

R1: Ve

CH3: Vsw

CH4: I

CH2: Vpc

CH3: Vsw

CH4: I

Shutdown through EN
loutr = 0A, USM

! A.00v/

2003 A0OV/ 40 100AF 500.0ms/  1.000s Trig'd?

fi

Shutdown through EN

lout = 20A
I- £.00v/ 200 3 s00ve 4 2004 E0.00us! 0.0s Trig'd?
i

LI e

+~'\IW\N'\N\/\f\’W\N\J\f\'\J\fW\

=

SCP Entry
lout = 0A, USM

s00v s00vf 3 B0Ow 4 2004/ 2000ms/ 2020ms  Trigd?

Ii

CH2: Ven

R1: Vpe

CHS3: Vsw

CH4: I

CH2: Vec

CH3: Vsw

CH4: I

CH2: Vec

CH3: Vsw

CH4: I

Shutdown through EN
loutr = 0A, FCCM

I- 5.00v/

200v 3 800w 4 100A  5000msf  1.000s  Trigd?

hi

SCP Entry
lout = OA, PSM

= H]

3 A00W 4 Z00A/ 2000ms/ 2020ms  Trigd?

| it | _\_\‘_!"

SCP Entry
lout = 0A, FCCM

£00v/ s00vi 3 800w 4 200A/ 2000ms/ 2020ms  Trigd?
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested with the schematic in the Typical Application Circuits section
on page 28. Vin =48V, Vour = 12V, fsw = 100kHz, L = 10pH, PSM, Ta = 25°C, unless otherwise noted.

CH2: Vpe

CH3: Vsw

CH4: I

CH2: Vpe

CH3: Vsw

CH4: I

CH2: Vpc

CH3: Vsw

CH4: I

SCP Entry
lout = 20A

500/ s00v/ 3 00V, 4 200A/  2000ms/  2020ms  Trigd?

BEENEN

SCP Recovery
lout = 0A, PSM

I o

S00ve 3 E0OvE 4 Z00A7 1000ms/ 2000ms  Trigd?

SCP Recovery
loutr = 0A, FCCM

E a.00v/

a00v/ 3 s00V/ 4 2004 1000ms/ 2000ms  Trigh?

CH2: Vpc

CHS3: Vsw

CH4: I

CH2: Vps

CH3: Vsw

CH4: I

CH2: Vec

CH3: Vsw

CH4: I

SCP Steady State
Vour short to GND

(==H] 500

s500v/ 3 s00vi 4 200A  5000ms/ 2000ms  Trgd 4

—

SCP Recovery
lout = 0A, USM

I- 500V

500V 3 s00v/ 4 200A4  1000me/ 2000ms  Trigd?

SCP Recovery

lout = 20A
I- £.00 A00V/ 3 DOV 4 200A/  1000ms/  2000ms Trig'd?
! h L
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested with the schematic in the Typical Application Circuits section
on page 28. Vin =48V, Vour = 12V, fsw = 100kHz, L = 10pH, PSM, Ta = 25°C, unless otherwise noted.

Load Transient Response Load Transient Response
loutr = 0A to 10A, PSM, slew rate 1A/us lour = 0A to 10A, USM, slew rate 1A/us
E 1.00vr 3 4 A00A4  1000us/  218.0us Stop E 1.00v/ 3 4 500A/  1000us/  2180us Stop

i \ f
CHA4: lour 1 CH4: lout i

Load Transient Response Load Transient Response
lout = 0A to 10A, FCCM, slew rate 1A/us loutr = 10A to 20A, slew rate 1A/us
I! 00/ 3 4 5004/ 1000us/  218.0us Stap ! S00m'/ 3 41004 100.0usf  218.0us Stop E

[
|

i
i
CH4: lour F————j \-—— CH4: lour
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FUNCTIONAL BLOCK DIAGRAM

VIN VOUT EN
1 ' —
L]
VDRV
i
R Bootstrap
VDRV |: ] T('Bo BSJ and Regulator
t
ate Driver st
VCCLDO
HS
VCC Reference ToVDRV/SS S TG
l SwW
SYRC! \I/ Control v
i DRV
q} 10pA Logic T
FREQ ‘ fsw PLL On-Timer s
- Driver BG
SYNCO |
- PGND
ISENS+
RAMP Ramp PWM Current o
Comparator Comparator +
R 1 _‘—[ ISENS-
. PWM ZCD :l
FB A Control
. 1
o
SS *"Error [ :| MODE
Amplifier
V
REF o
PG I: Set Valley
Current Limit
71 Ve
| | Ves
| N
AGND ILIM

MP9931 Rev. 1.0
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MP9931 - 7V TO 100V, SYNCHRONOUS STEP-DOWN CONTROLLER

OPERATION

Overview

The MP9931 is a high-performance, step-down,
synchronous converter controller IC with a wide
input voltage (Vin) range. It implements constant-
on-time (COT) control mode and a configurable
switching frequency (fsw) control architecture to
regulate the output voltage (Vour) with external
N-channel MOSFET switches.

Adaptive COT control mode provides fast
transient response and facilitates loop
stabilization. The DC auto-tune loop provides
excellent load and line regulation.

Under normal load conditions, the controller
operates in full pulse-width modulation (PWM)
mode. At the beginning of each cycle, the high-
side MOSFET (HS-FET) turns on when the
feedback voltage (Ves) is below the reference
voltage (Vrer), Which indicates that there is an
insufficient Vout . The on period is determined by
Vout and Viy to make fsw fairly constant across
the Viy range.

Internal compensation is applied to COT control
for stable operation, even when ceramic
capacitors are used as the output capacitors.
Internal compensation improves the jitter
performance without affecting line or load
regulation.

Heavy-Load Operation

When the output current (lour) is high and the
inductor current (1) is always above O0A, this is
called continuous conduction mode (CCM).
Figure 2 shows CCM.

ton is Constant

VIN: /

Whenever Vg drops
below Vggr, the HS- Ves

FET turns on
HS-FET

Driver

J I_I LS-FET
Driver

Figure 2: Heavy-Load Operation

When Vgz is below Vger, the HS-FET turns on for
a fixed interval. When the HS-FET turns off, the

low-side MOSFET (LS-FET) turns on until the
next period.

There is a dead short between the input and
PGND if both the HS-FET and LS-FET turn on at
the same time. This is called shoot-through. To
prevent shoot-through, a dead time is generated
internally between the HS-FET off time and LS-
FET on time, or the LS-FET off time and HS-FET
on time.

The MP9931 can also be configured to operate
in forced continuous conduction mode (FCCM)
when lour is low (see the Mode section on page
21 more details). The output voltage ripple
remains almost constant across the entire load
range.

In CCM, fsw is fairly constant and this is also
called PWM mode.

Pulse-Skip Mode (PSM)

With the load decreases, I, also decreases. If I,
reaches zero, the device transitions from CCM to
discontinuous conduction mode (DCM). Figure 3
shows light-load operation.

ton is Constant

Current Modulator Time
Vin

Mo Pr—] e

/

Vour

\ Ves

Figure 3: Light-Load Operation

When Vg is below Vger, the HS-FET turns on for
a fixed interval. When the HS-FET turns off, the
LS-FET turns on until I. reaches zero. In DCM,
Ves does not reach Vgrer While 1. approaches
zero. Both the BG and TG pins pull low
whenever | reaches zero. At light-load or no-
load conditions, the output drops very slowly and
the MP9931 reduces fsw naturally. As a result,
the efficiency under light-load conditions is
greatly improved. Under light-load conditions,
the HS-FET does not turn on as frequently as it
does under heavy-load conditions. This is also
called PSM.

As lout increases from the light-load condition,
the time period within which the current

MP9931 Rev. 1.0
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modulator regulates becomes shorter. In this
scenario, the HS-FET turns on more frequently,
which increases fsw correspondingly. lour
reaches the critical level (lour crimical) When the
current modulator time is zero. lout criTicaL can
be calculated with Equation (1):

(Vin - Vout) x Vout 1)

louT_cRITICAL™ 5, T o xVin

The device runs in CCM once lour exceeds the
critical level. After that, fsw is fairly constant
across the lour range.

Forced Continuous Conduction Mode (FCCM)

If the load is light while the MP9931 operates in
FCCM, the LS-FET does not turn off when I.
reaches the zero-current detection (ZCD)
threshold. I. goes negative flowing from VOUT to
PGND when LS-FET is on. This forces I, to work
in CCM with a fixed frequency, producing a lower
Vour ripple than in PSM.

Figure 4 shows FCCM. The HS-FET turns on for
a fixed interval. When the HS-FET turns off, the
LS-FET turns on until the next period.

Inductor Current Inductor Current

PSM FCCM

! 1

NAVAVAVAN RAVAVAVAN

! Load !
Load | t | .
Decreased| Decreased | ——>

! I

N VANVANVANVANEN AAAAL,

| t | t

! I

\

VANEIANEIANEWANEEG Y ALALALA .

Figure 4: PSM and FCCM

Mode

The MP9931 works with a fixed frequency under
heavy-load conditions. When the load current
decreases, the MP9931 can work in forced
continuous conduction mode (FCCM), pulse-
skip mode (PSM), or ultrasonic mode (USM)
based on the MODE pin’s setting. Table 1 shows
the MODE pin settings. The mode can be
changed online.

Table 1: MODE Setting

MODE Pin Light-Load Mode
AGND PSM without USM
Float PSM with USM
VCC FCCM

Ultrasonic Mode (USM)

USM keeps fsw above audible frequency areas
under light-load conditions. Once the device

goes into a light load, the on time (ton) shrinks
and the ZCD threshold drops to prevent fsw from
falling below 20kHz.

Low-Dropout (LDO) Operation

Low-dropout (LDO) mode is designed to improve
dropout when Vi is close to Vour by further
increasing the HS-FET's on time after the
minimum off time is reached. In LDO mode, the
MP9931 is designed to operate at ton extended
mode, as long as the voltage across the BST and
SW pins exceeds the BST under-voltage lockout
(UVLO) threshold.

If the voltage from BST to SW drops below the
BST UVLO threshold, the BST UVLO circuit
turns off the HS-FET. After the BST capacitor
voltage is re-charged to exceed the BST UVLO
threshold, the HS-FET turns on again to regulate
the output. Since the BST regulation voltage
exceeds the BST UVLO threshold, the HS-FET
can remain on for a long time without needing to
refresh the BST capacitor, which increases the
effective duty cycle of the switching regulator.

LDO operation makes the MP9931 suitable for
applications where Vi is close to Vour. The
maximum extended on time is limited by Vi -
Vour, when 3V <V - Voutr < 6V. It is 10|J.S. When
VN - Vout < 3V, the maximum extended on time
is 20ps. When the SS pin is pulled up to VCC,
LDO mode is disabled.

Constant Current (CC) Mode

The MP9931 provides a constant current (CC)
mode for battery charging. Pull the SS pin up to
VCC via a 10kQ resistor to enable CC mode.
Under this condition, output under-voltage (UV)
protection and LDO mode are disabled; in
addition, connect FB to AGND via a resistor or
divide FB from VCC to set FB below 0.8V. Vour
finally charges up to (Viv x Max Duty Cycle)
under this condition. Figure 5 shows the typical
connection for SS and FB in CC mode.

Vee
10kQ
SS

Figure 5: CC Mode
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In some CC applications, the maximum Voyr and
lour must be limited, so set the maximum Vour
with FB resistor dividers.

Figure 6 shows the typical connection for SS and
FB for CC + constant voltage (CV) mode

applications.
Vee Vour
10kQ Reo
Ss

FB

_ RFBZ

Figure 6: CC + CV Mode

The average CC current (Icc) is set by the valley
current limit and inductor current ripple. lcc can
be estimated with Equation (2):

x(1-20) (@)

It is recommended to use shunt resistor current-
sensing for CC mode to achieve better accuracy
across the full temperature range.

[o = YveL . Vour
cc Rs 2x fSW xL

Synchronization

The MP9931’s frequency (internal oscillator set
via the FREQ pin) can be synchronized to an
external clock with a range that is £20% of the
configured fsw through the SYNCI pin. When
adding one clock signal to the SYNCI pin, the
internal clock’s rising edge is synchronized to the
external clock’s rising edge.

Floating Driver and Bootstrap Charging

The floating top gate driver is powered by an
external bootstrap capacitor (Cgsrt), which is
typically refreshed when the HS-FET turns off.
This floating driver has its own UVLO protection.

VDRV Power Supply and VCC Regulator

Both the HS-FET and LS-FET drivers are
powered from the DRV voltage (Vorv). Typically,
a 4.7uF ceramic capacitor is required at the
VDRY pin to prevent large voltage spikes.

An internal LDO linear regulator supplies VCC
power from Vpry. Most of the internal logic
circuits are powered from the VCC regulator. It is
recommended to place a 2.2uF ceramic
capacitor from VCC to AGND. Vi, Vory, and the

VCC voltage (Vcc) have their own UVLO circuits
to protect the chip from operating at an
insufficient supply voltage.

When Vy power is supplied and EN is high, the
MP9931 regulates Vpry from Vi first. If Vour >
8.4V, the MP9931 slowly scales down Vpry and
makes it approximately equal to Vour. Then
disable the first LDO (LDO1, Vi to Vpryv) and
enable the second LDO (LDO2, Vour t0 Vpry)
(see Figure 7). When Vour falls below 7.4V, the
source to Vpry changes back to Vi, and Vpry
scales accordingly.

If 8.4V < Vourt < 10V, the Vprv LDO2 is in LDO
mode, and Vpry is almost equal to Vour. When
Vour exceeds 10V, Vpry is regulated to 10V, so
that that MP9931 can obtain a higher efficiency
for internal driver loss.

ViN Vout
O T
Vpry LDO1 Vpry LDO2
i
VD|RV —|,_|
VCC LDO
VCC

Figure 7: Internal LDO Structure

Vprvy Can also be powered from the external
voltage source. If the external bias voltage
exceeds the internal Vpry, this can reduce power
loss. The recommended power-on sequence for
external Vdrv bias is Vin on, Vpry 0N, then EN on.

Enable (EN) and Configurable UVLO

The EN pin enables and disables the MP9931.
When applying a voltage below 0.4V, the
MP9931 is in shutdown mode. After the voltage
rises to the EN high threshold (typically 1.2V),
the MP9931 is enabled and starts switching
operation. Switching operation is disabled when
the EN voltage falls below its falling threshold.

Tie EN to VIN through a resistor divider (Ren_up
and Ren pown) to configure the Vin start-up
threshold (see Figure 8 on page 23).

MP9931 Rev. 1.0
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VIN

Ren_up

EN

- R EN_DOWN

Figure 8: EN Resistor Dividers

The EN pin can be directly connected to VIN via
a pull-up resistor, which limits the EN input
current below 100pA and prevents damage to
the internal EN circuit.

For example, when connecting 100V to VIN, the
pull-up resistor should exceed 935kQ. RpuiL_up
can be calculated with Equation (3):

ReuLL_up 2 (100V - 6.5V) / 100pA = 935kQ  (3)

Switching Frequency (fsw)

fsw selection is a tradeoff between efficiency and
component size. Low-frequency operation
increases efficiency by reducing MOSFET
switching loss, but this requires larger
inductance and capacitance to maintain a low
output voltage ripple. fsw can be set by the
resistor (Rereq) connected to FREQ and AGND
(see Table 2)

Table 2: Switching Frequency Selection

FREQ pin Switching Frequency
AGND 100kHz
20kQ to AGND 150kHz
45.3kQ to AGND 200kHz
80.6kQ to AGND 250kHz
124kQ to AGND 300kHz
180kQ to AGND 400kHz
243kQ to AGND 600kHz
VCC 1MHz

When EN is high and Vcc exceeds its UVLO
threshold, the MP9931 starts to work by sourcing
a current pulse to the FREQ pin to detect the
FREQ setting. This detection sets fsw and
latches the setting after the MP9931 starts up.

Current Sense

The MP9931 implements a lossless current-
sense scheme designed to limit the I, during an
overload or short-circuit (SC) condition. Figure 9
shows the current-sense method using the LS-
FET’s on-state resistance.

TGJ - Q1
— L V.
ISENS+ SwW oo

ISENS-

8e | [ @2 I Caur
md

Figure 9: MOSFET Ros(on) Current Sensing

Figure 10 shows an alternative implementation
with a current-shunt resistor (Rs). The MP9931
senses I, during the PWM off time.

o

TGJ 4 Q1L
L Vour

Q
| sw
BG || Q2

JISENS+ | Cour
Rs
=

_ISENS- %

Figure 10: Shunt Resistor Current Sensing

Table 3 on page 24 shows the four fixed options
for the MP9931’s current limit setting.

When using lossless current-sensing, the
MP9931 monitors I. by the LS-FET's on-state
resistance. The current limit can be estimated
with Equation (4):

lLm = 5= 4)

When using shunt resistor current-sensing, Rs
monitors .. Its value is chosen based on the
current-limit threshold. The relationship between
the inductor valley current (Iium) and Rs can be
calculated with Equation (5):

v
lm = R (5)

The typical value for Rs is between 2mQ and
10mQ.

The MP9931 detects the appropriate mode at
start-up and sets the temperature coefficient (Tc)
accordingly. The MP9931 provide a Tc¢ of
+4500ppm/°C to generally track the LS-FET'’s

MP9931 Rev. 1.0
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Rosony temperature variation. Conversely, the
MP9931 has no Tc in Rsense mode. This controls
the inductor current valley during a steady state
overload at the output.

Valley Current Limit and Negative Current
Limit Setting

The ILIM pin sources a reference current that
flows to the external resistor (Rium) to configure
the current limit sense voltage. Connect the ILIM
pin to AGND through Rum to configure the
current limit sense voltage between the ISENS+
and ISENS- pins (see Table 3).

Table 3: Valley Current Limit Threshold

Valley Negative
ILIM Pin Current Limit | Current Limit
Voltage Voltage
AGND 25mV 25mV
51kQ to
AGND 50mV 25mvV
120kQ to
AGND 75mV 50mV
VCC 100mV 50mV

When the voltage difference between ISENS+
and ISENS- exceeds the valley current limit
threshold, TG cannot be pulled high.

When the ILIM pin detects a negative current
below its limit threshold, the device turns off the
LS-FET to limit the negative current.

Over-Current Protection (OCP)

The MP9931 has a hiccup mode, cycle-by-cycle,
over-current (OC) limiting control. The MP9931
limits the voltage between the ISENS+ and
ISENS- pins for the valley current. PWM is not
allowed to initiate a new cycle before the inductor
current falls to the valley threshold.

After the cycle-by-cycle over-current condition
occurs, Vour drops until Veg falls below the
under-voltage (UV) threshold (typically 30% of
Vrer). Once a UV condition is triggered, the
MP9931 enters hiccup mode to restart the part
periodically. This protection mode is especially
useful when the output is dead shorted to
ground.

The average short-circuit current is greatly
reduced to alleviate thermal issues and protect
the regulator. The MP9931 exits hiccup mode
once the OC condition is removed.

RAMP Set

The RAMP pin can be used to select the ramp
scale. Connect a resistor (Rrawp) to AGND to set
the ramp scale. Table 4 shows the relationship
between the ramp scale and the internal R value
for the ramp calculation.

Table 4: Ramp Scale vs. Internal R

. Ramp
RAMP Pin Seale R (kQ)
AGND 1 2077
51kQ to AGND 0.5 4077
120kQ to AGND 0.33 6077
180kQ to AGND 2 1077
VCC 4 577
The ramp can be estimated with Equation (6):
- Vout X (VN - VouT)
Ramp(mV) = Kpy x VRO (6)

Where Kpyy is fixed to 0.44x10% For example, to
select ramp scale = 1 for a 48V input and 12V
output, Ramp should be about 21mV.

A larger ramp improves stability but results in
worse transient performance.

Power Good (PG) Function

The MP9931 includes an open-drain power good
(PG) output that indicates whether the
regulator’s output is within the nominal value
range. When Vour is out of this range, the PG
output is pulled to low. PG should be pulled up
to a voltage source through a resistor (e.g.
100kQ).

The PG pin has self-driving capability. If the
MP9931 is off and the PG pin is pulled up to
another DC power source through a resistor, the
PG pin can also be pulled low via a self-driving
circuit.

Figure 11 on page 25 shows the relationship
between the PG-clamped voltage and the pull-
up current.
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PG-Clamped Voltage vs. Pull-Up
Current

1.2

1
0.8

0.6 /
0.4 /
oz |

0

L—

PG-CLAMPED VOLTAGE (V)

0 1 2 3 4 5
PULL-UP CURRENT (mA)

Figure 11: PG-Clamped Voltage vs. Pull Up
Current

Soft Start (SS)

Soft start (SS) is implemented to prevent the
converter's Vout from overshooting during start-
up. When the chip starts, the internal circuitry
generates a soft-start voltage (Vss) that ramps
up from OV to Vce. When Vss is below the internal
Vrer, Vss overrides Vger, SO the error amplifier
uses Vss as the reference. When Vss exceeds
Vrer, Vrer is used as the reference.

An external capacitor (Css) connected from SS
to AGND is charged by an internal current
source, producing a ramped voltage. The soft-
start time (tss) is set by Css and can be
calculated with Equation (7):

Css(nF) x VRer (V)
Iss(HA) x1.3 (7)

Where Css is the value of external SS capacitor,
Vrer is the internal reference voltage, and lIss is
the SS charge current. Typically, Iss is 4puA. SS
is reset if a protection occurs, except for output
and input OVP.

With Css = 47nF, and tss is about 12.2ms.

tss(ms) =

Pre-Biased Start-Up

The MP9931 is designed for monotonic start-up
into pre-biased loads. If the output is pre-biased
to a certain voltage during start-up, the MP9931
does not switch until Vss ramps up to the value
reference to the Vour bias voltage. The BST
voltage refreshes under this condition.

Input Over-Voltage Protection (Viy OVP)

The MP9931 monitors the VIN pin to detect an
input over-voltage (OV) event.

If the device is configured for CCM, it changes to
pulse-frequency modulation (PFM) mode when
Vin OVP is triggered. Once Vv drops below the
Vin OVP falling threshold, the part recovers to
CCM switching again.

Output Over-Voltage Protection (OVP)

Vour is monitored by Ves. If Veg reaches 108% of
the reference, this triggers OVP. Once OVP is
triggered, the MP9931 stops switching. The
MP9931 recovers to normal loop control when
Vour drops to 105% of the regulation voltage.

Over-Temperature Protection (OTP)

The MP9931 provides over-temperature
protection (OTP) by monitoring the IC
temperature internally. This function prevents
the chip from operating at exceedingly high
temperatures. If the junction temperature (T;)
exceeds the OTP rising threshold, the whole chip
shuts down. This is a non-latch protection. Once
T, drops below the OTP falling threshold, the
device resumes operation by initiating a soft
start.
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APPLICATION INFORMATION

Setting the Output Voltage

Figure 12 shows how to set Vour with the
external resistor divider.

VOUT

RFBl

FB

—_— RFBZ

Figure 12: Vour Setting Resistor

If Rrg1 is determined, then Reg2 can be estimated
with Equation (8):

R
Rrg2 = vgr 1 (8)
0.8V ~

Table 5 shows the resistor options for common
output voltages.

Table 5: Resistor Selection for Common Output

Voltages
Vour (V) R1 (kQ) R2 (kQ)
12 160 (1%) | 11.5 (1%)
33 324 (1%) | 8.06 (1%)

Selecting the Input Capacitor (Cin)

The step-down converter has a discontinuous
input current (i), and requires a capacitor to
supply AC current to the converter while
maintaining the DC V. Use ceramic capacitors
for the best performance. Place the input
capacitors as close to the VIN pin as possible.

The capacitance can vary significantly with the
temperature. Capacitors with X5R and X7R
dielectrics are recommended due to their stable
temperature characteristics and low ESR.

The input capacitors should have a ripple current
rating that exceeds the converter's maximum
input ripple current (Icin_max). The input ripple
current (Iciv) can be calculated with Equation (9):

V V
leny =1 X OUT (1 —QuT 9
cN = lout \/ vy, ( Vy, ) 9)

The worst-case condition occurs at Vin = 2 X Vour,
estimated with Equation (10):

|
I _ _ourt 10
CIN 2 ( )

For simplification, choose an input capacitor (Cin)
with an RMS current rating that exceeds half the
maximum load current (lLoap_max)-

The input capacitance determines converter’s
VN ripple (AViN). If there is a AV requirement in
the system, then select Cin to meet the system’s
specification.

AVy can be calculated with Equation (11):

| V, V,
AV, = - OUTC « \c/)w < (1— %) (11)
sSw x IN IN IN

The worst-case condition occurs at Vin = 2 X Vour,
which can be estimated with Equation (12):

A\/IN = l X L (12)
4 fg, xCy,

Selecting the Output Capacitor (Cour)

The output capacitor (Cour) maintains the DC
Vour. The Vour ripple (AVour) can be calculated
with Equation (13):

V V, 1
AVgyr = f OL:(TL x(1--2) x (Resr + 8xf. xC ) (13)
sw IN sw X “ourt

When using ceramic capacitors, the capacitance
dominates the impedance at fsw. The
capacitance also dominates AVour. For
simplification, AVour can be estimated with
Equation (14):

AVyyr = ;/OUT x(1- VOUT) (14)
8xfg,” xLxCqyr Vin

When using POSCAP capacitors, the ESR
dominates the impedance at fsw. For
simplification, AVour can be calculated with
Equation (15):

AV — VOUT x (1_ VOUT ) x R (15)

ouT ESR
fSW X L \/IN

Selecting the Inductor

The inductor supplies a constant current to the
output load while being driven by the switching
Vin. A larger-value inductor results in less ripple
current and a lower AVour; however, a larger-
value inductor has a larger physical size, a
higher series resistance, and a lower saturation
current.

MP9931 Rev. 1.0
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It is recommended to choose an inductor so that
the peak-to-peak inductor ripple current (Al) is
between 20% and 50% of the maximum output
current (loutr max). The peak inductor current
(I._peax) should be below the saturation current.
The inductance (L) can be estimated with
Equation (16):

Vour x(1— Vour ) (16)

fow X Al IN

Choose an inductor that will not saturate under
the maximum I peax. |_peak Can be calculated
with Equation (17):

_ Vout Vout
= + - JOuT
lp=lour + oz o x(1-5.7) @0

Design Example

Table 6 shows a design example with
specifications  following the  application
guidelines.

Table 6: Desigh Example
Vin 48V

Vour 12V
lout 0A to 20A

Figure 14 on page 28 shows the detailed
application schematic for Vour = 12V. This
application is the basis for the typical
performance waveforms. For more detailed
device applications, refer to the related
evaluation board datasheet(s).

PCB Layout Guidelines

For a controller, the layout is always an important
step in design. A poor layout results in reduced
performance, EMI problems, resistive loss, and
even system instability. For the best results, refer
to Figure 13 and follow the steps below:

1. Keep the input power loop between the input
capacitor, HS-FET, and LS-FET as small as
possible

2. Make the SW trace as short and wide as
possible.

3. Place one small decoupling capacitor close
to the IC’s VDRV pin and PGND pin.

4. Route the feedback loop far away from noisy
sources, such as the SW trace.

5. Place the feedback resistor divider as close
as possible to the FB pin.

6. Place the VCC capacitors as close as
possible to the VCC pin.

7. Use a short and wide type resistor for current
sensing when shunt resistor current-sensing
is used.

8. 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 one other on adjacent layers)
to minimize the inductance of the gate drive
path.

9. Route the sensing traces (ISENS+ and
ISENS-) with differential pair lines and the
smallest closed area. Avoid crossing noisy
areas, such as the SW or high-side gate
drive traces.

10. Place the filter capacitor for the current-
sense signal as close to the IC pins as
possible.

11. Separate the VOUT for the feedback sense
and the VDRV power supply layout to avoid
feedback sense being interrupted.

12. Tie the ground returns of the input/output
capacitor close together with a large PGND
copper area.

13. For heavy loads, layout with large copper,
additional layers, and more vias for heat
sinking.

Figure 13 shows the recommended component
placement for the MP9931. Figure 14 on page
28 shows the corresponding schematic for this
layout.

® Va
- Top Layer
@ Bottom Layer
Inner Layer

Figure 13: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUITS @

V|N =48V

o o
_I'L :LC1A -Lc1B
c1 0.1pF
TuF x 4] 9-dH
27uF x2 ”n
23 [
— VN Tef———======= M1
- CiB e 22, | DlVDRV Ip}
R1 2. 2|1F BST W : v
1MQ Rest _] 1 DFLS1100-7 ouT =
1 EN MP9931 2.20 =1 Cast Optional** lé‘&H 12V/20A
20 1pF
9 SYNCI sw O
lOkQ
33kQ 16
— synco BG !_} M2
Vcc RE A A L0KQ 10 ISENS+ P c2 £=
PG 18 I 10pF x 12
R4 oo 5 ISENS- e Cre
FREQ 10pEl_ § Rees
R5 0Q 12 13 —_— T 160kQ
RAMP vouT
4
Vee R6 00 8 FB
—WA——— iLm 17 v
VDRV =
RS 90 71 MODE Corv R
Vee s vee 2 g 4.TuF S 115k
3 —
Cuce < 2% s
2.20F ol 15 Css
anF \vd
Figure 14: Typical Application Circuit for 12V Output
Vin =
48V to 57V
(o)
£ Lcia
c1
4.7yF
S
21 =
= VIN TG ” TD'l'V""n":} M1
R1 BST RV
MO MP9931 Tsrer l ouT =
EN Cast Optional** 220H CC10A
| sw 2ol wF ) o
R SYNCI
33kQ
—4 synco BG =2 "'
19
c2
0] o ISENS+ " ATUE X8
ISENS- o 003Q Crs
FREQ NC_| Rre1
13 L T NC
RAMP vouT =
4
FB
ILIM 17 v
VDRV =
MODE Corv R
4.7uF e
vee % % = Re Ve 11,560
2 & o ss 1 M\
Css 10kQ
6| 15 lNC
V=
Figure 15: Typical Application Circuit for Constant Current 10A Output
Note:
9) If the PCB layout is not good, add an optional diode (D1).
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PACKAGE INFORMATION
QFN-23 (4mmx4mm)
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D*H H\H H*EL 4) JEDEC REFERENCE IS MO-220.
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RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

000000 O O
Pinl — 1 s inre 1
Reel
Diameter ABCD ABCD ABCD
e
Feed Direction
. . . Carrier Carrier
Package Quantity/ | Quantity/ | Quantity/ Reel
Part Number Description Reel Tube Tra Diameter Tape Tape
P y Width Pitch
MP9931GR-Z QFN-23 5000 N/A N/A 13in 12mm 8mm
(Ammx4mm)
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