MP8796

16V, 30A, Scalable, Configurable-Frequency,
Synchronous Step-Down Converter with
Adjustable Current Limit and Remote Sense

DESCRIPTION

The MP8796 is a fully integrated, high-
frequency, synchronous step-down converter. It
offers a very compact solution that can achieve
up to 30A of output current (lour) across a wide
4V to 16V input voltage (Vi) range, with
excellent load and line regulation. The MP8796
operates at high efficiency across a wide lout
load range.

MPS’s proprietary multiphase constant-on-time
(MCOT) control that provides fast transient
response and eases loop stabilization. The
MCOT scheme allows for multiple MP8796s to
be connected in parallel, with excellent current
sharing and phase interleaving for high-current
applications.

The switching frequency (fsw) can be set
between 400kHz and 1000kHz. This maintains
a constant fsw, regardless of Vv and the output
voltage (Vour).

During start-up, Vour ramps up in a controlled
manner using an external capacitor. An open-
drain power good (PG) signal indicates whether
Vour is within its nominal voltage range.

Full protection features include over-current
protection (OCP), over-voltage protection
(OVP), and over-temperature protection (OTP)
with selectable hiccup mode or latch-off mode.

The MP8796 requires a minimal number of
readily available, standard external components,
and is available in a TQFN-25 (4mmx5mm)
package.

FEATURES

o Wide 4V to 16V Operating Input Voltage
(Vin) Range

e Wide 3V to 16V Operating Vv Range with
External 3.3V VCC Bias

e Up to 30A Continuous Output Current (lour)

per Phase

Adjustable Current Limit (ILimit)

850uA Quiescent Current (lg)

Low Roson) Integrated Power MOSFETS

Lossless and Accurate On-Die Current-

Sensing

Adaptive Constant-On-Time (COT) Control

for Ultrafast Transient Response

Stable with Zero-ESR Output Capacitor

Remote Sense

Scalable Multiphase Operation

400kHz to 1000kHz Selectable Switching

Frequency (fsw)

Configurable Soft-Start Time (tss)

e Selectable Pulse-Frequency Modulation
(PFM) Mode and Forced Continuous
Conduction Mode (FCCM)

e Selectable Internal Ramp Compensation

e Over-Current Protection (OCP), Over-
Voltage Protection (OVP), and Over-
Temperature with Selectable Hiccup Mode
or Latch-Off Mode

e Available in a TQFN-25 (4mmx5mm)
Package

APPLICATIONS

Multifunctional Printers

Flat-Panel Televisions and Monitors
Access Points and Routers

Optical Modules

All MPS parts are lead-free, halogen-free, and adhere to the RoHS
directive. For MPS green status, please visit MPS website under Quality
Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
registered trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL APPLICATION
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Figure 1: Single-Phase Operation
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL APPLICATION (continued)
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Figure 2: Dual-Phase Operation
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP8796GVT TQFN-25 (4mmx5mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MP8796GVT-2Z).

TOP MARKING

MPSYWW
MPB8796
LLLLLL

MPS: MPS prefix

Y: Year code

WW: Week code
MP8796: Part number
LLLLLL: Lot number

PACKAGE REFERENCE

TOP VIEW
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TQFN-25 (4mmx5mm)
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mP5 MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

PIN FUNCTIONS

Pin # Name |Description

Supply voltage. The VIN pin supplies power to internal high-side MOSFET (HS-FET) and
converter. An input capacitor (Civ) is required to decouple the input rail. Use wide PCB
traces and multiple vias to make the VIN connection. See the PCB Layout Guidelines
section on page 26 for more details.

1,16 VIN

Switch output. Connect the SW pin to the inductor and bootstrap (BST) capacitor (Cgsr).
The SW voltage (Vsw) is pulled up to the VIN voltage (Vin) by the HS-FET during the
2,3 SwW pulse-width modulation (PWM) duty cycle on time (ton). Vsw is pulled negative by the
inductor current (I.) during the PWM off time (torr). Use wide PCB traces to make the SW
connection.

System ground. The PGND pin is the reference ground of the regulated output voltage
4,14,15| PGND |(Vour). PGND requires careful consideration during PCB layout design. Use wide PCB
traces to make the PGND connection.

3.3V driver power supply decoupling input pin. Place a 21pF ceramic decoupling
capacitor as close to the VDRV pin as possible to decouple VDRV. X7R or X5R grade
5 VDRV |dielectric ceramic capacitors are recommended. VDRV accepts an external 3.3V bias. If
there is not an external 3.3V bias, connect the VDRV and VCC pins via a 2.2Q to 10Q
resistor.

Internal ramp compensation selection. The RAMP pin selects the internal ramp
compensation (15mV or 44mV). Pull the RAMP pin low to set the internal ramp
compensation to 15mV. Pull RAMP high to set the internal ramp compensation to 44mV.
Do not float RAMP.

Protection mode selection. The PMODE pin selects the protection mode (hiccup or
latch-off) for over-current protection (OCP), over-voltage protection (OVP), and over-
7 PMODE |temperature protection (OTP). Pull PMODE high to have the converter operate in hiccup
mode if OCP, OVP, or OTP is triggered. Pull PMODE low to have it operate in latch-off
mode if OCP, OVP, or OTP is triggered. Do not float PMODE.

Operation mode selection. Pull MODE low to have the converter operate in pulse-
8 MODE |frequency modulation (PFM) mode at light loads. Pull MODE high to have it operate in
PWM mode across the full load range. Do not float MODE.

Enable pin. Pull the EN pin high to turn the converter on; pull EN low to turn it off. Do not

6 RAMP

9 EN float EN.
Power good output. The PG pin is an open drain output. A pull-up resistor connected to
a DC voltage is required to indicate whether Vour is within the nominal voltage range. If
10 PG Vour exceeds 90% of its nominal voltage, then PG is pulled high. There is a delay
between when PG transitions from low to high. PG should be pulled high to ensure proper
operation. PG has a slave fault-detection feature. See the Power Good (PG) section on
page 24 for more details.
11 PASS |RUN signal pass. The PASS pin passes the RUN signal to the next phase.
RUN signal receive. The TAKE pin receives the RUN signal from the previous phase.
12 TAKE |This is used for master detection during initial start-up. Pull TAKE high via a 10kQ resistor
for master phase. Connect TAKE to the PASS pin of the previous phase for slave phase.
13 SET PWM signal. The SET signal turns the HS-FET on once the RUN signal is present. Tie
the SET pins of all phases together for multi-phase operation.
17 FREQ Switching frequency. Connect a resistor between the FREQ and AGND pins to set the
switching frequency (fsw) between 400kHz and 1MHz.
MP8796 Rev 1.0 MonolithicPower.com 5
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MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

PIN FUNCTIONS (continued)

Pin #

Name

Description

18

SS

Soft-start input. Place a ceramic decoupling capacitor (Css) as close to the SS pin as
possible to decouple SS. X7R or X5R grade dielectric ceramic capacitors are
recommended for their stable temperature characteristics. The Css value determines the
soft-start time (tss).

19

ISUM

Current-sense output. Float ISUM for single-phase operation. Tie the ISUM pins of all
phases together for current sharing in multi-phase operation.

20

ILIM

Valley current limit set pin. Connect a resistor between the ILIM and AGND pins to set
the valley current limit (ILimiT_vALLEY).

21

RGND

Output voltage sense negative return. Tie the RGND pin directly to the ground-sense
point of the load. Connect RGND to AGND if remote sense is not used.

22

FB

Feedback (differential remote sense positive input). To set Vour, connect an external
resistor divider (tapped to the FB pin) between the output and RGND. It is recommended
to place this resistor divider as close to FB as possible.

23

AGND

Analog ground. Select the AGND pin as the control circuit reference point.

24

VCC

Internal 3.3V LDO output. The VCC pin supplies power to the analog and digital control
circuitry. Place a =21uF ceramic decoupling capacitor as close to VCC as possible to
decouple VCC. X7R or X5R grade dielectric ceramic capacitors are recommended.
Connect the VCC pins of all phases together for multi-phase operation. For applications
with a low Vin, a VCC bias is required.

25

BST

Bootstrap. Connect a capacitor between the SW and BS pins to form a floating supply
across the HS-FET driver.

MP8796 Rev 1.0
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MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

ABSOLUTE MAXIMUM RATINGS @

INput voltage (VIN) «eeeeeeeeemmmeeiiniiniiiiinnanns 18v
Vsw (DC) ................................... -0.3Vto +18.3V
Vsw (25NS) @ ..o -5V to +25V
N BT ettt et ettt ettt ettt Vsw + 4V
VBsT - Vsw (25ns) ) e 5V
VG, VDRV ettt 4.5V
All other pins........cccvieeiiniieiiieens -0.3V to +4.3V
Junction temperature ........cccccvveevveeveeenenn. 170°C
Lead temperature .........ccccceeeeviiiinnieneeeenn. 260°C
Storage temperature................ -65°C to +170°C
ESD Ratings

Human body model (HBM) ..........ccccvvvvnnes +1KV
Charged device model (CDM) .................. +2KV
Recommended Operating Conditions 3)
Input voltage (Vin) «eeeeeemmemiiiiciinns 4V to 16V
Output voltage (Vout)....ccovvrereeeeninnnns 0.6V to 6V
External Vpry bias.......cccccovieeeenne 2.9V to 3.6V
Other signal pins.......................... -0.3V to +3.6V

Operating junction temp (T;).... -40°C to +125°C

Thermal Resistance
TQFN-25 (4mmx5mm) ) ©)

038 O e, 21.9°C/W
eJc_Top L G 06°C/W
B3 @0 45°C/W
Notes:

1) Exceeding these ratings may damage the device.

2) Specified by design. Measured by using differential
oscilloscope probe.

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

4) Measured on the EV8796-VT-01B (7.18cmx7.62cm), 6-layer
PCB, 20z copper thickness, without airflow.

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

6) 64 is the thermal resistance from the junction to the ambient
temperature.

7) Oic_top is the thermal characterization parameter from the
junction to the top of the package.

8) 6 is the thermal characterization parameter from the junction
to the board.

9) Bic top estimates the junction temperature (T,) in the real
system when T; = 0;c_top X PLoss + Tcase_tor. Where Pioss is
the chip’s entire loss during real application, and Tcase toe IS
the case top’s temperature.

10) 6, estimates T; in the real system, when T; = 6;8 X Posst
Teoarn: Where Pioss is the chip’s entire loss during real
application, and Tgoaro iS Case top’s temperature.

MP8796 Rev 1.0
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mP5 MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

ELECTRICAL CHARACTERISTICS
Vin =12V, T; = -40°C to 125°C D, typical values are tested at T; = 25°C, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
VIN Supply Current
Ven = 2V, Vrs = 0.65V,
R e e e | os || m
Rium = 60.4kQ, connected to PGND

MOSFET

g'r;g:](;ssilsdtzrl:ﬂc(e)SFET (HS-FET) Ros(on)_Hs 4.4 mQ

Lot e MOSFET USFED | s 15 | | mo

HS-FET switch leakage Isw_tkc_ns |Vsw =0V, Ty =25°C 0.1 1 MA

LS-FET switch leakage Isw_LkG_Ls |Vsw = 12V, Ty = 25°C 1 10 MA

Output Current (lout) Limit

Valley current limit lumiT_vaLLey | Rium = 60.4kQ 30 A

LS-FET negative current limit | lumTt NeG -13 A

Switching Frequency (fsw) and Timer

Switching frequency fsw Rt = 30kQ 800 kHz

Minimum on time 2 ton_min | fsw = 800kHz, Vour = 0.6V 50 ns

Minimum off time ¢2 torr_MIN 220 ns

Output Over-Voltage Protection (OVP) and Under-Voltage Protection (UVP)

OVP threshold Vove 116 | 120 | 124 | 2O
VREF

UVP Threshold Vuve 70 | 74 | 78 z"RgFf

Enable (EN)

EN input high voltage VEN_HIGH 2.15 \%

EN input low voltage VEN_Low 1.2 \%

Feedback (FB) Voltage

FB accuracy ‘ ‘ ‘ 594 ’ 600 ‘ 606 ’ mV

Soft Start (SS)

Soft-start current ‘ Iss ‘ ‘ 15 | 20 ‘ 25 | MA

Error Amplifier (EA)

FB current | s [Vves=0.5V | | 50 | 100 | nA

Soft Shutdown

v S Il LEE 0 |10 | o

MP8796 Rev 1.0 MonolithicPower.com 8

6/1/2022

© 2022 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.




mP5 MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

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

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘Units
Under-Voltage Lockout (UVLO) Protection

VCC UVLO rising threshold VCFS;:JNVGLO— 26 | 275 | 2.9 Y

VCC UVLO falling threshold | YSS-UVto- 23 | 245 | 26 v
FALLING

VCC voltage Vce 3.1 3.25 3.4 \%

VDRV UVLO rising VDbRv_uvLo_ 255 | 275 | 295 v

threshold RISING

VDRV UVLO falling VDRv_uvLO_ 215 | 235 | 255 v

threshold FALLING

Power Good (PG)

0,

PG high threshold Ve wieH | Vs rising 885 | 925 | 965 | 0%
0,

Veetow_ |y, rising 116 | 120 | 124 | 2 Of

RISING VREF

PG low threshold v % of

PO_LOW_ | v/ falling 70 | 74 | 78 | %O

FALLING VREF

PG sink current capability \Ze Irc = 10mMA 0.3 \%
PG leakage current lrc_teak | Vee =3V, Ty =25°C 15 25 MA

Vin =0V, Ty = 25°C, Vpa is pulled up

to 3.3V via a 100kQ resistor 600 720 mv

VpG_Low_100

PG low-level output voltage :
Vin =0V, Ty = 25°C, Vpc is pulled up

VPe_Low.10 |13 3v/via a 10kQ resistor 700 | 820 | mV
Thermal Protection
Thermal shutdown o
threshold @2 145 C
Thermal shutdown 30 °C

hysteresis (2

Notes:

11) Guaranteed by sample characterization. Tested during parameter characterization. Not tested in production.
12) Guaranteed by sample characterization. Not tested in production.

MP8796 Rev 1.0 MonolithicPower.com 9
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL CHARACTERISTICS
Vin =12V, Vour = 1.2V, L =220nH, Ta = 25°C, unless otherwise noted.
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MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL CHARACTERISTICS (continued)
Vin =12V, Vour = 1.2V, L =220nH, Ta = 25°C, unless otherwise noted.

Line Regulation
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL CHARACTERISTICS (continued)
Vin =12V, Vour = 1.2V, L =220nH, Ta = 25°C, unless otherwise noted.

Soft-Start Time vs. Soft-Start

Reference Voltage vs. Temperature Capacitance
0.62 18
0.615 16
14
12
10

2 0.595

SOFT-START TIME (mS)

o N A O

-40 10 60 110 160 0 200 400 600
TEMPERATURE (°C) SOFT-START CAPACITOR (nF)

OVP and UVP Threshold vs.
Temperature
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mps MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 12V, Vour = 1.2V, L = 220nH, Cour = 330uF x 2 POSCAP + 47uF x 5 Ceramic, Ta = 25°C,
unless otherwise noted.

Output Voltage Ripple Output Voltage Ripple
lout = 0A, PWM mode lout = 0A, PFM mode

CH1: Vourac | | : CH1: Vourac | \ e + Lf )
PNV NN smvidiv. 0" i

5mV/div.

IF A R N T I R |

CH3: Vow [ men oo el e i s s e s s v g sl e e CH3: Vsw
1ovidiv. [t : 10v/div.
i S e N SRS CERREARtIEEEEHEE ST SRR
10A/div. 4 CH4: lout
t 25A/div.
iy
2us/div. 20ms/div.
Output Voltage Ripple Start-Up through VIN
loutr = 30A lout = 0A, PWM mode
_ o v
CH1: Voutiac : : : : :
SmV/div. e daa'ala'a s aaaaaaas ' i
t : : : [ CH1: Vour L : i :
f R | ' soomvidiv. ¥ pan——
SENPOTRR PRI ITIN N SR AU o cHz: v g yailh , ]
t : : : ] 10V/div. : i i
f S CH4: It ooy
CH4: lour [ : . : T ] ; )
e our o i el s——
2us/div. 4ms/div.
Start-Up through VIN Start-Up through VIN
lout = 0A, PFM mode loutr = 30A
CH1: VqUT I CH1: Vout
500mV/div. o 500mV/div.
CH2: Vin ), — —— CH2: Vin
CHS: Vsw |27 S— K ; CH3: Vsw
Svidiv. i S o ] 10V/div.
CHA: I |on S | - J CHa 1
10A/div. 5 25A/div.
4Amsl/div. 4ms/div.
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vour = 1.2V, L = 220nH, Cour = 330uF x 2 POSCAP + 47uF x 5 Ceramic, Ta = 25°C,
unless otherwise noted.

CH1: Vour
500mV/div.

CH2: Vin
10V/div.

CHS3: Vsw
10Vv/div.

CH4: 1L
10A/div.

CH1: Vourt
500mV/div.

CH2: Vin
10Vv/div.

CH3: Vsw
10Vv/div.

CH4: 1L
25A/div.

CH1: Vour
1V/div.

CH2: Ven
2V/div.

CH3: Vsw
10Vv/div.

CH4: I
10A/div.

Shutdown through VIN
loutr = 0A, PWM mode

CH1: Vour

R I _ 500mV/div.

CH2: Vin

10Vv/div.

G

CH3: Vsw
10Vv/div.

CH4: IL

10A/div.

100ms/div.

Shutdown through VIN
lout = 30A

CH1: Vour
1V/div.

4 CH2: Ven

2V/div.
CH3: Vsw

10v/div.

CH4: I

10A/div.

1ms/div.

Start-Up through EN
lout = 0A, PFM mode

A CH1: Vour
| 1V/div.

CH2: Ven

1 2v/div.
=]  CH3: Vsw

m; . .

10Vv/div.

CH4: IL

25A/div.

4ms/div.

Shutdown through VIN

loutr = 0A, PFM mode

100ms/div.

Start-Up through EN
lout = 0A, PWM mode

4ms/div.

Start-Up through EN
lout = 30A

4ms/div.
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vour = 1.2V, L = 220nH, Cour = 330uF x 2 POSCAP + 47uF x 5 Ceramic, Ta = 25°C,

unless otherwise noted.

Shutdown through EN
lout = 0A, PWM mode

Shutdown through EN

loutr = 0A, PFM mode

CHL Vour g CH1: Vour |o
1V/div. o e Y X 1V/div. _-_-_-"
CH2: Ven CH2: Ven |
2V/div. 2V/div. [
CH3: Vsw . CH3: Vsw [
10V/div. 1ovrdiv. | !
; Ll I
Crie: I |- cra: i P
10A/div. 10A/div. R
400ms/div. 400ms/div.
Shutdown through EN
lout = 30A SCP Entry
IS A e Mt e s : . == :
e SIS IR, ; . |
CH1: Vour o CH1: Vour By ; N h
1V/div. » 1V/div. . : ]
F b [ . .
CH2: Ven | CH2: Vps . ol
2v/div. 2v/div. D' IH I
CH3: Vsy O CH3: Vsw [ : : -
10vrdiv. [ ] 10vrdiv.
CHa: I [& CH4: It
25A/iv. | | 2sAdiv. |1 -
2ms/div. 80us/div.
SCP Steady State SCP Recovery
; : . T — —
...... P ; : : 7{
CH1: Vout Ei A ﬁ _/. 3 ﬂ . f : CHL1: Vout Ei . f' / . /1
1V/div. [ : : : : 1V/div. t
CH2: Vpc [P = . il CH2: Ve o o - ]
2V/div. [ : : : : 2V/div. [ : : :
oove b L ) cow |1
10v/div. . . B tovdiv. | ' '
CH4: I /! / f ] /'I _— CHA I | il fl :
50A/div. . . : : 50A/div. T I I
10ms/div. 10ms/div.
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vour = 1.2V, L = 220nH, Cour = 330uF x 2 POSCAP + 47uF x 5 Ceramic, Ta = 25°C,
unless otherwise noted.

SCP Entry Load Transient
Latch-off mode lout = OA to 15A, 2.5A/us slew rate
[ . U . . . 7] P
L |
CH1: Vour i
widiv. P

CH2: Vi |e>E : s o T 1{'“""“"“""" _—
- Vpo r . . . * Voutiac (i
2V/div. [ _ i : 20mV/div.
CH3: Vsw -
1ovidiv. | ;

CH4: IL |, : o ‘ ‘
50A/div. T (oS LEN SIS N F———— (=
| : - 10A/div.

20ms/div. 400ps/div.

Load Transient
lout = 0OA to 30A, 2.5A/us slew rate

v

U

CH1: Voutiac |W
50mV/div. |

=
CH4: lout ]
25A/div.
2ms/div.
MP8796 Rev 1.0 MonolithicPower.com 16
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 3.3V, Vour = 1.2V, Vce = 3.3V, L = 220nH, Cour = 330uF x 2 POSCAP + 47uF x 5 Ceramic,
Ta = 25°C, unless otherwise noted.

CHZ1: Voutiac
5mV/div.

CHS3: Vsw
2V/div.

CH4: lout
25A/div.

CH1: Vour
1Vv/div.

CH2: Vin
2V/div.

CH3: Vsw
2V/div.

CH4: lout
25A/div.

CH1: Vour
1V/div.

CH2: Vin
2V/div.

CH3: Vsw
2V/div.

CH4: lout
25A/div.

Output Voltage Ripple
External 3.3V VCC bias, Vin = 3.3V, lout = 0A,
PWM mode

i

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

}'\A«AM‘A‘WM“M\—MKM!NWmu««nﬂAH»Mk4«w“—«i—uu4>—‘-<>—u-wwmukw»—«wam-w

4ps/div.

Start-Up through VIN
External 3.3V VCC bias, Vin = 3.3V, lout = 0A,
PWM mode

<4

b /

P
D

10ms/div.

Shutdown through VIN
External 3.3V VCC bias, Vin = 3.3V, lout = 0A,
PWM mode

=~
D)
e
ID I———
B N .
10ms/div.

CH1:
Voutiac
5mV/div.

CH3: Vsw
2V/div.

CH4: lout
25A/div.

CH1: Vour
1v/div.

CH2: Vin
2V/div.

CH3: Vsw
2V/div.

CH4: lout
25A/div.

CH1: Vour
1v/div.

CH2: Vin
2V/div.

CH3: Vsw
2V/div.

CH4: lout
25A/div.

Output Voltage Ripple
External 3.3V VCC bias, Vin = 3.3V, lout = 30A,
PWM mode

=i

4us/div.

Start-Up through VIN
External 3.3V VCC bias, Vin = 3.3V, lout = 30A,
PWM mode

4ms/div.

Shutdown through VIN
External 3.3V VCC bias, Vin = 3.3V, lout = 30A,
PWM mode

i

200ms/div.

MP8796 Rev 1.0

6/1/2022

MonolithicPower.com

17

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2022 MPS. All Rights Reserved.



mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 3.3V, Vour = 1.2V, Vcc = 3.3V, L = 220nH, Cour = 330uF x 2 POSCAP + 47uF x 5 Ceramic,
Ta = 25°C, unless otherwise noted.

Start-Up through EN Start-Up through EN
External 3.3V VCC bias, Vin = 3.3V, lout = 0A, External 3.3V VCC bias, Vin = 3.3V, lout = 30A,
PWM mode PWM mode
v
CH1: Vour / CH1: Vour /
ividiv. @ wvidiv. |
CH2: Ven CH2: Ven Trm———
2vidiv. % 2vidiv. |
CHS3: Vsw - CH3: Vsw
2V/div. 2V/div.
CH4: lout CH4: lout /
25A/div. 3 25A/div. 1
10ms/div. 4Ams/div.
Shutdown through EN Shutdown through EN
External 3.3V VCC bias, Vin = 3.3V, lout = 0A, External 3.3V VCC bias, Vin = 3.3V, lout = 30A,
PWM mode PWM mode
T v
CH1: Vour CH1: Vour
wvidiv. wvidiv. @ S
CH2: Ven CH2: Ven > . " .
2v/div. 2v/div. “
CH3: Vsw — CH3: Vsw —— . \x,,.,.—
2V/div. 2V/div.
CH4: lout CH4: lout B \ == i
25A/div. p 25A/div. :
400ms/div. 200ps/div.
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

FUNCTIONAL BLOCK DIAGRAM

RAMP vce VDRV VIN
! 1 1 1
l_l_l | - | M-
VRAMP .
FB I: References Bias
N~— [ Current Generator LDO —+ [:l BST
FB
Gain 20MHz
Veg + Vrawe Vremp Ten;iir:\eture _|LJMN1
Vser
L] PWM Drivers 1 sw
RGND [ —— - s Q L]
Negative
Comparator —"; MN2
ccl Output R xQF— H
Soft /E
Start i ~— ZCD
V, V.
Vi IN SwW ()
"] PGND
o . ]
o |_| R e |Sl SENSE
1S2 { ] 1sum
L N toy Generator LS-FET Current
SET I:_I 1% Sense
+’—l
GM2
Valley Current Limit T ce2 %
Master MS aley -ume ; I
Detection TAKE/ Vewn Vim out Blank
L PASS Logic In
Take [ ] L L
T ,i i o'—
V‘L'MJEF One-Shot
On-Timer 2
I ] Pass
v Hi-Z D
ILIM_REF %
m [ J—— Slave Fault Soft Start
Control Logic Ready
Slave Fault]
Detection I::l PG
VFB
> FB MN3
Vﬁé Monitor [ E
|- L LI
MODE PMODE RAMP EN FREQ AGND
Figure 3: Functional Block Diagram
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

MULTI-PHASE OPERATION

l CBSTI
Vin r b Vour
O T IN TAKE /YY) o)
Icwm Res1 EE _-L__ Cour
ofe EN >
OVPG PG Res2 E:
SRy =
vce
RVCCl
I VbRV MP8796
;Cvcm TCDRW
ss
SET
PASS
Cesr2
- Lz
IN  TAKE YY)
VoRV - MP8796
[ T A I Il
[ I A I [
’_L Cestn
L
Y Y
{1 VDRV
PASS
Figure 4: Multi-Phase (n) Configuration
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

MULTI-PHASE OPERATION (continued)

VFB+RAMP

VCOMP
COMP-OUT Jﬂ
SET Jﬂ
RUN1
PWM1
PASSl/TAKEZJ
RUN2
PWM2
PASS2/TAKE3
RUN3
PWM3
PASS3/TAKE4
RUN4
PWM4
PASS4/TAKEL
t0tl 2 3 t4 t5 t6 t7 t 9 t10 1 t12 13 t14
Figure 5: Multi-Phase Interleaved Operation (Steady State)
VFB+RAMP
VCOMP \ /\
A
COMP_OUT l
ser _JLILILA LN NN
RUN1 I
PWM1 l
PASSl/‘rAKEzJﬂ
RUN2 I
PWM2 l L
PASS2/TAKE3
RUN3 ﬁ
PWM3 l
PASS3/TAKE4
RUN4 Ii
PWM4
PASS4/TAKEL
10 1 2 13 4 5 16 17 18 9 t10 111 t12 113

Figure 6: Multi-Phase Interleaved Operation (Load Step-Up Response)
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OPERATION

The MP8796 is a fully integrated, synchronous,
rectified, step-down switch-mode converter.

Multi-Phase (MCOT)
Control

Multi-phase constant-on-time (MCOT) control to
provides fast load transient response and eases
loop stabilization. The selectable internal ramp
compensation stabilizes the system, making it
easy to use.

Constant-On-Time

Master and Slave Auto-Detection

A master phase is required for both single-
phase and multi-phase operation. To configure
a phase as a master phase, pull the TAKE pin
of the phase up to a voltage source. The PASS
and TAKE pins of all the phases are connected
via daisy-chaining. The PASS pin of the last
phase is connected to the TAKE pin of the first
master phase. For single-phase operation, the
PASS and TAKE pins are connected together.
The master phase is determined after start-up.
The remaining phases of the rail are the slave
phases.

Master Phase MCOT Control
The master phase has the following functions:

e Generate the SET signals

e Manage the start-up, shutdown, and
protection functions

e Monitor the fault alerts from the slave
phases via the PG pin

e Start the first on pulse

e Start the on pulse while receiving the RUN
and SET signals

e Dynamically adjusts its on time to ensure
equal current sharing

e Carry the PASS and TAKE signals

Slave Phase MCOT Control
The slave phase has the following functions:

e Receive the SET signal from the master

e Send over-voltage (OV), under-voltage
(UV), and over-temperature (OT) fault alerts
to the master via the PG pin

e Start the on pulse while receiving RUN and
SET signals

e Dynamically adjusts its on time to ensure
equal current sharing

e Carry the PASS and TAKE signals

Figure 5 on page 21 shows the details of MCOT
control.

At to, (Ves + Vrawp) drops below the level set by
the comparator voltage (Vcowme) Of the master
phase. Then the master phase generates a
SET signal. All of the phases receive this SET
signal; however, only the phase that receives
an active RUN signal should act. At this point, it
is the master phase that acts. The master
phase turns the high-side MOSFET (HS-FET)
on. The master also generates a fixed on pulse
on the PASS pin, and passes it to the TAKE pin
of first slave phase (SLAVEL).

At t, the falling edge of SLAVE1’s TAKE pin
activates the RUN signal. SLAVE1 waits for the
SET signal to turn on the HS-FET.

At tz, the on pulse of the master phase expires,
and the HS-FET turns off. The on pulse width is
set by the input voltage (Vin), output voltage
(Vour), and switching frequency (fsw). The on
pulse width is determined by its own current
and the total current of all phases.

At t3, (Ves + Vgrawp) drops below Vcowe of the
master phase. At this point, it is SLAVE1 that
has the active RUN signal to turn on its HS-
FET. All of the other phases ignore this SET
signal. SLAVEL generates a fixed on pulse on
the PASS pin, and passes it to the TAKE pin of
the second slave phase (SLAVE?2).

The following slave phases repeat the above
operation, turning on each phase’s HS-FET one
after another for a fixed on time (ton). Only the
phase that receives the RUN signal can turn on
its HS-FET once the SET signal is ready.

The MP8796 utilizes MCOT control to provide
ultra-fast load transient response. If a load step-
up occurs, then the FB voltage (Ves) drops
below than the reference voltage (Vrer), and
the SET is generated more frequently than
during steady-state operation. The SET signal
frequency depends on the load transient step
size and slew rate. The SET signal can be
generated with a minimum 50ns interval (e.g.

MP8796 Rev 1.0
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the next phase can be turned on as fast as
50ns after the turn-on of the previous phase).
This provides ultra-fast load transient response.
Figure 6 on page 21 shows the load step-up
response.

Ramp Compensation

The MP8796 includes internal ramp
compensation to support all types of output
capacitor (Cour) solutions. The ramp value can
be selected via the RAMP pin. Pull RAMP high
for slow transient response. Pull RAMP low for
fast transient response. The RAMP signal is
superimposed on the FB signal. Once the
superimposed (Vee + Vwramp) Signal reaches
Vrer, the part generates a new SET signal. A
larger  Vwrawe reduces jitter in the system;
however, a larger Vwsavp also leads to slower
transient response. It is recommended to
choose an optimal value based on the particular
design if load transient response is a critical
design target.

Mode Selection

The MP8796 provides both forced continuous
conduction mode (FCCM) and pulse-skip mode
(PSM) for light-load operation. The MODE pin
sets the operation mode. Pull MODE high for
FCCM. Pull MODE low for PSM.

Soft Start (SS)
The soft-start time (tss) can be configured via a

resistor (Css) connected between the SS and
AGND pins. tss can be calculated with Equation

(Q):
tss (ms) = 30 x Css (UF) (1)

Switching Frequency (fsw)

The switching frequency (fsw) can be configured
via a resistor (Rereg) connected between the
FREQ and AGND pins. fsw can be calculated
with Equation (2):

24

fow(MHz) = ————
sw(MH2) Rereo(KQ) (@)

Output Voltage Discharge

If the MP8796 shuts down through EN, then
Vout discharge mode is enabled. Both the HS-
FET and the LS-FET latch off, and a discharge
MOSFET connected between the SW and
PGND pins turns on to discharge Vour. The

typical on resistance of this MOSFET is 60Q.
Once Ves drops below 10% of Vger the
discharge MOSFET turns off.

Protection Mode Selection

The MP8796 provides both hiccup mode and
latch-off mode for the protection functions. The
PMODE pin sets the protection mode. Pull
PMODE high to have the part operate in hiccup
mode if over-current protection (OCP), over-
voltage protection (OVP), or over-temperature
protection (OTP) is triggered. Pull PMODE
down to PGND to have the part operate in
latch-off mode if OCP, OVP, or OTP triggered.

Over-Current Protection (OCP)

The MP8796 features on-die current sense.
During the LS-FET ton, the inductor current (1)
is sensed and monitored cycle by cycle. If Vrg
drops below Vger, then the HS-FET turns on
once there is no over current (OC) detected. I,
is limited cycle by cycle. If an OC fault is
detected for 31 consecutive cycles, then OCP is
triggered. If Vour drops below under-voltage
protection (UVP) threshold (Vuve) during an OC
fault or an output short-circuit fault, then OCP
is triggered.

Once OCP is triggered, the part enters either
enters hiccup mode or latch-off mode. Cycle the
power on VCC or VIN to reset a fault latch and
start-up the part again.

The inductor valley current limit (Iumit vaLiey)
can be configured via an external resistor (RiLm).
Rium can be calculated with Equation (3):

1.8(V)

ILIMIT VALLEY = (3)
- Rm(MQ)

The ILIM pin sets the per-phase lumr vaiey

regardless of whether the part is configured for

single-phase or multi-phase operation.

Negative Inductor Current Limit

If the LS-FET detects a negative current (below
about -13A), then the LS-FET turns off for
100ns to limit the negative current.

Over-Temperature Protection (OTP)

The IC monitors the junction temperature (T;)
internally. If T, exceeds the thermal shutdown
threshold (typically 160°C), then the converter
shuts down.

MP8796 Rev 1.0
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Once OTP is triggered, the part enters either
hiccup mode or latch-off mode. If the part
latches off, cycle the power on VCC or EN to
start the part up again.

External Voltage Divider

An external voltage divider is used to set Vour.
Figure 7 shows the configuration of external
voltage divider is used. The FB and RGND are
connected to the Vour sense point via a resistor
divider (RFBl and Rpsz).

Vrer
Vrer |
y +E>A To PWM Vour
FB —

Cour

Figure 7: External Voltage Divider

There is not a strict requirement for the
feedback resistor (Reg). Vour can be estimated
with Equation (4):

Vour = VREFX(1+ %) (4)

FB2

Power Good (PG)

The PG pin is a power good (PG) output. PG is
the open drain of a MOSFET. Connect PG to
VDRV or another external voltage source
(<3.6V) via a pull-up resistor (e.g. 100kQ).
Once V\y is applied, the MOSFET turns on, and
PG is pulled up to PGND before soft start (SS)
is ready. Once Vgg exceeds its threshold, PG is
pulled high after a delay time (about 1ms).

If a fault occurs (e.g. UV fault, OV fault, or OT
fault), then PG is latched low. Once PG is
latched low, it cannot be pulled high again until
a new SS is initiated.

If the MP8796 is configured as the master in
either single-phase or multi-phase operation,
the PG pin is used for fault indication. Pull PG
above 2.2V to ensure proper operation;
otherwise, the MP8796 may enter a protection
mode. Do not add a long RC delay on the PG
pin, as the IC may enter slave fault protection
mode. If Veg exceeds 90% of Vger during SS,
the MP8796 should detect the PG status within
100ps. If PG is below 2.2V within 100us, then
the IC enters slave fault protection mode.

If Viy fails to power the MP8796, then PG is
clamped low regardless of whether it is tied to
an external DC source via a pull-up resistor.
Figure 8 shows the relationship between the
PG voltage (Veps) and the PG pull-up current
(Irc).

2

1.8

1.6

1.4

1.2

Ipg ( MA)

1

0.8

0.6

0.4

0.2

0

0.6 0.65 0.7 0.75 0.8 0.85 0.9
Vea (V)

Figure 8: Veg Vs. I
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APPLICATION INFORMATION

Selecting the Input Capacitor (Cin)

The step-down converter has a discontinuous
input current (In), and requires a capacitor to
supply AC current to the step-down 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 (lcn max). The
input ripple current (Iciy) can be estimated with
Equation (5):

V, V,
ley =1 X OUT  (1— —UT 5
cN = lout \/ Vi, ( Vi, ) ©))

The worst-case condition occurs at Vin = 2 X
Vour, Which can be calculated with Equation (6):

|
ICIN = % (6)

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

The input capacitance value determines
converter's Viy ripple (AVN). If there is a AVin
requirement in the system, then select Ciy to
meet the system’s specification.

AV\y can be estimated with Equation (7):

A\/|N — IOUT X VOUT X (l_ VOUT) (7)
fSW X CIN \/IN \/

IN

The worst-case condition occurs at Vin = 2 X
Vour, Which can be calculated with Equation (8):

[
AV, = 1 our 8)
4 fg, xCy
Selecting the Output Capacitor (Cour)

The output capacitor (Cout) maintains the DC
Vout. The Vour ripple (AVour) can be estimated

with Equation (9):

V, V, 1
AV, = =9 x(1-—T)x (R gy + ————) (9)
o fSWXL ( VIN ) ( = 8><fSWXCOUT)
When using ceramic  capacitors, the

capacitance dominates the impedance at fsw.
The capacitance also dominates AVour. For
simplification, AVour can be estimated with
Equation (10):

AVoyr = 2/ e x(1- VOUT) (10)
8x gy xLxCpqyp Vin

When using POSCAP capacitors, the ESR
dominates the impedance at fsw. For
simplification, AVour can be estimated with
Equation (11):
VOUT X(l— VOUT)XR
V

x L N

AV, (11)

out —
fsw

ESR

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. Choose an inductor so that the peak-to-
peak inductor ripple current (Al.) is between 30%
and 40% of the maximum output current
(IOUT_MAX)- The peak inductor current (IL_PEAK)
should be below the saturation current. The
inductance (L) can be calculated with Equation
(12):

L= VOUT x(l— VOUT) (12)

fSW X AIL \/IN

Choose an inductor that will not saturate under
the maximum I__peak. IL_peak Can be calculated
with Equation (13):

V V

ouT ><(l— OUT) (13)

L,=I,++
LP ouT 2><fSWXL \/|N

Low-Input Voltage Applications

For applications with a low Vy (between 3V and
4V), a >2.9V external VCC biased power supply
is required (see Figure 11 on page 27).

MP8796 Rev 1.0
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PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. For the best performance, refer to
Figure 9 and follow the guidelines below:

1. Place the MLCC input capacitors as close to
the VIN and PGND pins as possible.

2. Place the major MLCC capacitors on the
same layer as the IC.

3. Maximize the VIN and PGND copper plane
to minimize parasitic impedance.

4. Place as many PGND vias as possible
close to the PGND pins to minimize both
parasitic impedance and thermal resistance.

5.

Place VCC decoupling capacitor close to
the IC.

Connect AGND and PGND at the VCC
capacitor's ground connection.

Place a 0.1pF to 1pF BST capacitor as
close to the BST and SW pins as possible.

Route the BST path using =20mils trace
width.

Place a 0.1uF to 1yF MLCC input capacitor
(0402) near the VIN pin.

Figure 9: Recommended PCB Layout
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL APPLICATION CIRCUITS
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Figure 10: Typical Application Circuit (Vin = 4V to 16V)
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Figure 11: Typical Application Circuit with Low Vin and VCC Bias (Vin = 3V to 16V)
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

TYPICAL APPLICATION CIRCUITS (continued)
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Figure 12: Typical Application Circuit (Dual-Phase Operation)
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

PACKAGE INFORMATION
TQFN-25 (4mmx5mm)
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mP MP8796 — 16V, 30A, CONFIGURABLE-FREQUENCY SYNC BUCK CONVERTER

CARRIER INFORMATION

Reel
Diameter

/QOQOOOOQ

Pinl —»1

)
ABCD

1p 1

5 1
ABCD

)
ABCD

S —

Feed Direction

Part Number Package Quantity/ | Quantity | Quantity Reel Carrier Carrier
Description Reel /Tube [Tray Diameter | Tape Width | Tape Pitch
MP8796GVT-Z TQFN-25 5000 N/A N/A 13in 12mm 8mm
(4mmx5mm)
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