®

MPQ7795

2.2MHz, Low-EMI, 24.5W, Mono BTL
Class-D Audio Amplifier with Diagnostics,

AEC-Q100 Qualified

DESCRIPTION

The MPQ7795 is an automotive-grade, low-EMI,
differential analog input Class-D audio amplifier
with 12C diagnostics. The device is a fully
integrated audio amplifier that can drive a mono
speaker in a bridge-tied load (BTL) configuration,
and it significantly reduces the solution size.

The MPQ7795 utilizes a BTL structure capable
of delivering 24.5W into 4Q speakers with a
14.4V power supply (PVop). MPS’s Class-D
audio amplifiers exhibit the high fidelity of Class-
AB amplifiers, as well as high efficiency.

The switching frequency (fsw) can be set to
330kHz, 384kHz, 470kHz, or 2.2MHz. The
MPQ7795'’s efficiency exceeds 90% during both
470kHz and 2.2MHz operation.

The MPQ7795 integrates a load diagnostic
function that detects open load, short load, load-
to-GND short, and load-to-PVDD short
conditions. The diagnostics work when the
device is enabled, which protects the load and
the device.

In addition to over-current protection (OCP),
under-voltage protection (UVP), and over-
temperature protection (OTP), the MPQ7795
features an adjustable power limit (Puwir)
function. The Pumir circuit sets a limit on the
output’'s peak-to-peak voltage (Vek-rx). This is
accomplished by limiting the duty cycle to a fixed
maximum value. This limit can be considered a
virtual voltage rail, and it is below the supply
connected to PVDD.

The device statuses can be reported to the
microcontroller (MCU) via the I12C interface. The
parameters can also be set via the 12C interface.

The MPQ7795 is available in a QFN-24
(4mmx4mm) package, and is AEC-Q100
gualified.

FEATURES

¢ Built to Handle Automotive Transients:
o Load Dump Up to 42V
o Cold Crank Down to 4.5V
e Cooler Thermals:
o Deliver 24.5W into 4Q Loads with 14.4V
PVop
o High Power Efficiency
= Upto 92.6% for 8Q Load
=  Up to 90.4% for 4Q Load
o Lessthan 20°C Junction Temperature
(T,) Rise at 8Q, 14W/470kHz
o Low-Ohmic BCD FET Technology
e Low EMI/EMC Noise:
o Meet CISPR 25 Class 5
o MeshConnect™ Flip-Chip Packaging
o Operates Outside of AM Radio Band
e Extends Vehicle Battery Life:
o 0.02pA Standby Current (losTsy)
o 16mA Quiescent Current (lg)
o Additional Features:
o Load Diagnostics:
= Open Load or Short Load
= OQutput Short to PVDD or Ground
Status Report with I°C and Fault Pin
Start-Up/Shutdown Pop Elimination
150mQ Power MOSFETSs
80dB PSRR at 100Hz
Selectable Voltage Gain
Adjustable Power Limiter
Communicates with MCU via I1°C
Interface
Supports 2Q to 16Q Speakers
Available in a QFN-24 (4mmx4mm)
Package
o Available in a Wettable Flank Package
o Available in AEC-Q100 Grade 1

APPLICATIONS

Automotive E-Call Systems
Telematics Systems
Infotainment Audio

Cluster Systems

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

MPQ7795 Rev. 1.0

MonolithicPower.com

3/22/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2023 MPS. All Rights Reserved.
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TYPICAL APPLICATION

Efficiency vs. Pour
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

ORDERING INFORMATION
Part Number* Package Top Marking MSL Rating**
MPQ7795GRE-AEC1*** | QFN-24 (4mmx4mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MPQ7795GRE-AEC1-Z).
** Moisture Sensitivity Level Rating
*** \Wettable Flank

TOP MARKING (MPQ7795GRE-AEC1)

MPSYWW
MP7795
LLLLLL

E

MPS: MPS prefix

Y: Year code

WW: Week code
MP7795: Part number
LLLLLL: Lot number
E: Wettable Flank

PACKAGE REFERENCE
TOP VIEW

SWA [ 13 {18 | SWB
SWA [ 2} {7 ] sws
BSTA | 3] {1c| BSTB
VDRV | 4} {15 ] NC
AVDD | 5} {14 ] INP
AGND [ G INN
QFN-24 (Ammx4mm)
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

PIN FUNCTIONS

Pin # Name |Description
1,2 SWA |Switched power output for amplifier A (the positive output).

High-side MOSFET bootstrap input for amplifier A. A capacitor connected from BSTA to
SWA supplies the gate drive current to the internal high-side MOSFET (HS-FET).

Gate drive supply bypass. The VDRV pin powers the internal circuitry, internal MOSFET
4 VDRV |gate drive, and the power limit (Pumit) function. Bypass VDRV to AGND with a 4.7uF to 10uF
capacitor.

3 BSTA

5 AVDD |Internal analog reference. Connect a bypass capacitor from the AVDD pin to AGND.
6 AGND |Analog ground.
7 SDA | I?’C data pin.
8 SCLK |I?C clock pin.
Mute control. Drive the MUTE pin above 0.95V to disable output switching; drive MUTE below
9 MUTE e
0.8V to allow for switching.
10 EN Enable input. Drive EN above 1.2V to turn on the amplifiers; drive EN below 1V to turn them
off.
Fault output. The FAULT# pin has a low output to indicate whether the IC has detected a
11 FAULT# ' ; .
fault. This output is an open drain.
12é§5’ NC No connection. Tie the NC pin to ground or leave it floating.
13 INN Negative audio input. The INN pin is biased at 2V.
14 INP Positive audio input. The INP pin is biased at 2V.
16 BSTB High-side MOSFET bootstrap input for amplifier B. A capacitor connected from BSTB to

SWB supplies the gate drive current to the internal HS-FET.
17,18 SWB |Switched power output for amplifier B (the negative output).
19,24 | PGND |Power ground for amplifier.

20 VCP [Charge pump output for boost capacitor. Connect a capacitor from VCP to PVDD.

Power supply input. Bypass the PVDD pin to PGND with a 1uF, X7R capacitor (in addition
to the main bulk capacitor), placed close to the PVDD and PGND pins.

21,22 | PVDD

MPQ7795 Rev. 1.0 MonolithicPower.com 4
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

ABSOLUTE MAXIMUM RATINGS @

Supply voltage (PVop).....cccvvveeeeeee. -0.3V to +42V
VWA VSWB etiviriiieiiieiieeeienen -1V to PVpp + 1V
VEN ceeeee e -0.3V to PVpp + 0.3V
VDRV + e tntetaeeeeeeee e eeeeeearaenenens -0.3V to +5.5Vv
AVDD ..o, -0.3V to +5.5V

BS voltage (VBSTA) ...... Vswa - 0.3V to Vswa +5.5V
BS voltage (VBSTB) ..... Vswe - 0.3V t0 Vsywe + 5.5V

VP ettt et eeeaea -0.3V to PVpp + 5.5V
VVCP 10 VBSTX ceevieieieiiiiieeeieaeieaanaens -0.3V to +40V
VBSTX 0 VUDRV e uteertiiiieeeeeeaeaeenns -0.3V to +40V
AGND to PGND...........c.cenene.. -0.3V to +0.3V
All other pins ..., -0.3V to +6V
Continuous power dissipation (Ta = 25°C) @ ©)
QFN-24 (Ammx4mm) ........ccviiiiineeeeenn, 5.2W
Junction temperature..............coceieennn. 150°C
Lead temperature............ccovevieienennnnnn. 260°C
Storage temperature............... -65°C to +150°C
ESD Ratings

Human body model (HBM) ................ Class 2 ®

Charged device model (CDM) ....... Class C2b @

Recommended Operating Conditions

Supply voltage (PVop)...cceeeveeeeeveennnns 4.5V to 36V
Operating junction temp (T;).... -40°C to +150°C

Thermal Resistance 6;a 0Oic
QFN-24 (4Ammx4mm)

JESDS51-7 oo 42...... 9...°C/W ®
EVQ7795-R-00A..........cccuun..... 24...... 6....°C/W ©®
Notes:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature, T; (MAX), the junction-to-
ambient thermal resistance, 8,4, and the ambient temperature,
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T;
(MAX) - Ta) / ;1. Exceeding the maximum allowable power
dissipation can cause excessive die temperature, and the
regulator may go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

3) Per AEC-Q100-002

4) Per AEC-Q100-011

5) Measured on JESD51-7, 4-layer PCB. The values given in this
table are only valid for comparison with other packages and
cannot be used for design purposes. These values were
calculated in accordance with JESD51-7, and simulated on a
specified JEDEC board. They do not represent the
performance obtained in an actual application, the value of 8,c
shows the thermal resistance from junction-to-case bottom.

6) Measured on MPS MPQ7795 standard EVB, 7.62cmx6.35cm,
20z. thick copper, 4-layer PCB. The value of 8,c shows the
thermal resistance from junction-to-case top.

MPQ7795 Rev. 1.0
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

ELECTRICAL CHARACTERISTICS

PVop = 14.4V, Ven = 5V, T = -40°C to +150°C, typical values are at T; = 25°C, unless otherwise
noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Operating Voltage and Current
Standby current lostey | Ven = 0V, INN = INP = float 0.02 3 HA
Ven = 5V, Vmute = 0V,
Quiescent current lo INN = INP = float, no load, with 16 mA
LC filter
Zero input, gain = 36dB, Ts=25°C| -20 2 +20 mV
Output offset voltage Vos i in=
i ’ Toe ArC g 4150°C 50 | 2 | 450 | mv
MOSFETS
lour = 500mA, T; = 25°C 150 180
SW on resistance Ros©N) | lout = 500mA, mQ
Ts=-40°C to +150°C 150 280
Over-current limit ILim Sourcing and sinking 4 5 A
Operating Parameters
F1=0,F0=0 290 330 370 | kHz
Switching frequency fsw F1=0,F0=1 338 | 384 | 430 | khz
F1=1,F0=0 413 470 527 | kHz
F1=1,F0=1 1825 | 2200 | 2375 | kHz
G1=0,G0=0, T;=25°C 19 20 21
. . . G1=0,G0=1,Ty=25°C 25 26 27
Gain of input signal G dB
G1=1,G0=0,Ty=25°C 31 32 33
Gl1=1,G0=1,Ty=25°C 35 36 37
Input bias voltage Veias | Ven =5V 2.0 \%
EN threshold voltage Ven_R | VEN nsmg 1.2 15 Vv
Ven F | Ven falling 0.8 1.0 \%
EN threshold hysteresis VEN_HYs 0.2 \%
EN enable input current len Ven = 5V 2.2 MA
(OVLO) rising treshoid | Vo 36 | 4 | 44|V
PVop UVLO falling threshold Vuve_F 3.3 3.7 4.1 Y
PVboo UVLO threshold hysteresis | Vuve Hys 0.3 \%
MUTE threshold voltage VMmuTE_R | VMUTE risir\g 0.7 0.95 1.2 Vv
Vmute F | Vmute falling 0.6 0.8 1 \Y
Time
Turn-on time ton ‘ ‘ 430 | ‘ ms
Protection
Thermal shutdown trigger Tore r |Tarising 170 °C
Thermal shutdown hysteresis ) | Tore_Hys 20 °C
FAULT# low voltage Ver  |lsink = 2MA 14 mV
Note:
7) Derived from the bench characterization. Not tested in production.
MPQ7795 Rev. 1.0 MonolithicPower.com 6
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
PVob =14.4V, Ven =5V, T;=-40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Parameters ‘ Symbol ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Load Diagnostics

Short to PVDD resistance Rsts 220 Q
Short to ground resistance Rste 250 Q
Open load detection threshold| Roren 95 Q
Short load detection threshold | Rshort 15 Q
I°C Parameters

SCL/SDA input logic low Vi 0 0.4 \%
SCL/SDA input logic high ViH 21 \%
SCL/SDA output logic low VoL ILoap = 3MA 0.4 \%
SCL clock frequency fscL 400 kHz
SCL high time tHiGH 0.6 [V
SCL low time tLow 1.3 V&
Data set-up time tsu_pat 100 ns
Data hold time tHp_DAT 0 0.9 V&
Set-up time for repeated start | tsu sta 0.6 us
Hold time for start tHp_sTA 0.6 us
Bus free time between a start tour 13 us
and a stop command

fg;lrjﬁaﬂrge for stop tsu_sto 0.6 us
Rising time of SCL/SDA tr 120 ns
Falling time of SCL/SDA tr 120 ns
spgillf’s width of suppressed tsp 0 50 ns
I(i:ne:apacitance bus for each bus Ce 400 oF
MPQ7795 Rev. 1.0 MonolithicPower.com 7
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

OPERATING CHARACTERISTICS ®
PVop = 14.4V, Ven =5V, T; =-40 to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Parameters Symbol Condition Min Typ Max | Units

fsw = 470kHz, load = 8Q 0.09 %

THD + noise fsw = 470kHz, load = 4Q 0.27 %

— 9 = THD + N _ ~

(Pout = 1W, fineut & = 1kHz) fsw = 2.2MHz, load = 8Q 0.2 %
fsw = 2.2MHz, load = 4Q 0.38 %
fsw = 470kHz, load = 8Q 13.6 w

Output power fsw = 470kHz, load = 4Q 24.4 W

(fineut © = 1kHz, Pour

THD + N = 10%) fSW = 22MHZ, load = 8Q 13.7 W
fsw = 2.2MHz, load = 4Q 24.5 w
fsw = 470kHz, load = 8Q 92.6 %

Eﬁiciency fsw = 470kHz, load = 4Q 90.4 %

(THD + N = 10%) T [fsw = 2.2MHz, load = 8Q 90.8 %
fsw = 2.2MHz, load = 4Q 86.8 %
Gain = 20dB, A-weighted, 20Hz to

Frequency response 29kHz 2 daB

Noise floor .

(fsw = 470kHz, load = 8Q) VN A-weighted, 20Hz to 22kHz 115 MVrus

Signal-to-noise ratio fineur @ = 1kHz, THD + N = 1%,

(fsw = 470kHz, load =80) | SNR | A-weighted, T = 25°C 102 dB
VrippLE = 1Vpp, iNputs 100Hz 80 dB

Power supply rejection PSRR |AC-coupled to AGND,
TJ = 25°C 1kHz 66 dB

Note:

8) Operating specifications are for the typical application circuit (see Figure 12 on page 39). Not production tested.

9) fineur is an external parameter referring to the input signal frequency. The 470kHz performance is based on Figure 12 on page 39. The
2.2MHz performance is based on Figure 13 on page 40.

MPQ7795 Rev. 1.0 MonolithicPower.com 8
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TYPICAL CHARACTERISTICS

PVpp = 14.4V, T; = 25°C, unless otherwise noted.

Quiescent Current vs.

Temperature Standby Current vs. Temperature
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TYPICAL CHARACTERISTICS (continued)
PVpp = 14.4V, T; = 25°C, unless otherwise noted.

EN Rising/Falling Threshold vs.

a) Temperature
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS

PVpp= 14.4V, fsw = 470kHZ, Lout = 10HH, Cout = 1HF, fINPUT = 1kHZ, Gain = ZOdB, Ta = 25°C, unless
otherwise noted.

THD + N vs. Frequency THD + N vs. Frequency
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVpp= 14.4V, fsw = 470|(HZ, Lout = 10MH, COUT = 1|JF, fINPUT = 1kHZ, gain = ZOdB, Ta = 25°C, unless
otherwise noted.

PSRR FFT Noise Floor Test
Vac ripple = 1Vep 8Q + 66uH
AT T 7 b )
[ — Gain=200B ) 0
20— — Gain=26dB
; Gain=32dB '
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVpp= 14.4V, fsw = 2.2MHZ, Lout = 4.7le, Cout = 1|J.F, fINPUT = 1kHZ, gain = ZOdB, Ta = 25°C, unless
otherwise noted.

THD + N vs. Frequency THD + N vs. Frequency
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
PVop = 14.4V, Cour = 1F, fineur = 1kHz, Gain = 20dB, Ta = 25°C, unless otherwise noted.

Efficiency vs. Pour Efficiency vs. Pour
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVop = 14.4V, Cour = 1F, finpur = 1kHz, Gain = 20dB, Ta = 25°C, unless otherwise noted.

24

20

16

12

Pour (W)

Note:

Pout VS. PVpp
470kHz, 8Q + 66uH

Pout VS. PVop
470kHz, 4Q + 33uH

\ \ 40 \ \ \
——THD=1% / 35 | ——THD=1% A
[ —— THD=10% -
b ) // 30 | ——THD=10% /
/ / g 25 ve 7
/ / = / /
Ve 3 20 7
/] o yd
- 15 Ve
_ 10 /// —
// 5 é/A
0
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
PVDD (V) PVDD (V)

10) When fsw = 470kHz, inductor information: XAL6060-103MEB, 10puH, DCR = 27mQ. When fsy = 2.2MHz, inductor information: XAL4030-
222MEB, 2.2pH, DCR = 35.2mQ.
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVpp = 12V, fsw = 470kHZ, Lout = 10[.1H (XEL5050-103MEC, 409mQ, 36A), Cout = 1HF, fINPUT = 1kHZ,
load = 4Q, 1% THD + N, no output cable, gain = 20dB, Ta = 25°C, unless otherwise noted.

CISPR25 Class 5 Peak Conducted
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150kHz to 108MHz
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVpp= 12V, fsw = 470kHZ, Lout = 1OHH (XEL5050-103MEC, 409mQ, 3.6A), Cout = 1[.1F, fINPUT = 1kHZ,
load = 4Q, 1% THD + N, no output cable, gain = 20dB, Ta = 25°C, unless otherwise noted.

PEAK RADIATED EMI (dBpV/m) PEAK RADIATED EMI (dBpV/m)

PEAK RADIATED EMI (dBuV/m)
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVpp= 12V, fsw = 470kHZ, Lout = 10[.1H (XEL5050-103MEC, 409mQ, 36A), Cout = 1HF, fINPUT = 1kHZ,
load = 4Q, 1% THD + N, 2m output cable, gain = 20dB, Ta = 25°C, unless otherwise noted.

CISPR25 Class 5 Peak Conducted
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150kHz to 108MHz
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVpp= 12V, fsw = 470kHZ, Lout = 1OHH (XEL5050-103MEC, 409mQ, 36A), Cout = 1[.1F, fINPUT = 1kHZ,
load = 4Q, 1% THD + N, 2m output cable, gain = 20dB, Ta = 25°C, unless otherwise noted.
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mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVpp= 12V, fsw = 2.2MHz, Lour = 4.7uH (XAL5030-472MEB, 36mQ, 5.9A), Cour = 1uF, fineur = 1kHz,
load =4Q, 10.5W, no output cable, with shielding, gain =20dB, Ta = 25°C, unless otherwise noted.
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mps MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVop = 12V, fsw = 2.2MHZ, Lout = 47HH (XAL5030-472MEB, 36mQ, 59A), COUT = 1HF, fINPUT = 1kHZ,
load =4Q, 10.5W, no output cable, with shielding, gain =20dB, Ta = 25°C, unless otherwise noted.

CISPR25 Class 5 Peak Radiated

Emissions
Vertical, 30MHz to 200MHz

o
a

VERTICAL POLARIZATION

CISPR25 CLASS 5 LIMITS

@
o

IS
a

S

a

S

=]

@

PEAK RADIATED EMI (dBuVv/m)
55 R8RS 8 3

o

[NOISE FLOOR

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
FREQUENCY (MHz)

b o «

CISPR25 Class 5 Peak Radiated
Emissions
Horizontal, 200MHz to 1GHz

HORIZONTAL POLARIZATION
ol ]

t
CISPR25 CLASS 5 LIMITS

IS
S

w
a

@
S

PEAK RADIATED EMI (dBpV/m)
9
&

2R N
o o o
\

AVERAGE RADIATED EMI (dBuVv/m)

I
NOISE FLOOR

b o«

200 300 400 500 600 700 800 900 1000
FREQUENCY (MHz)

CISPR25 Class 5 Peak Radiated
Emissions
Vertical, 200MHz to 1GHz

A o o
a o a

AVERAGE RADIATED EMI (dBuVv/m)

i
5 NOISE FLOOR ‘

BN @ W A
o o o o o o°

P
15

h o o

S & o

S

BoR NN W oW A
a o

5]

{
%

CISPR25 Class 5 Average Radiated

Emissions
Vertical, 30MHz to 200MHz

[ VERTICAL POLARIZATION

o

ISPR25 CLASS 5 LIMIT:

oy Ll | Ul g

gy
W NN RS

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

FREQUENCY (MHz)

CISPR25 Class 5 Average Radiated

Emissions
Horizontal, 200MHz to 1GHz

HORIZONTAL POLARIZATION

CISPR25 CLASS 5 LIMITS

o

ot

NOISE FLOOR
I I

200 300 400 500 600 700 800 900 1000
FREQUENCY (MHz)

CISPR25 Class 5 Average Radiated

Emissions
Vertical, 200MHz to 1GHz

55
55
VERTICAL POLARIZATION VERTICAL POLARIZATION
50 I 50
I s s
B CISPR25 CLASS 5 LIMITS E
sS40 >40
= — — g-
B35 =35
230 — — Z30
[a} [a]
I Hos
z < CISPR25 CLASS 5 LIMIT!
220 = Q20
P4 = —_
%15 g1 ——
o i < o, o
a10 & A
I 210 Pt
NOISE FLOOR >
5 T I s
o s
0
5 NO\S‘t FLOU‘R
200 300 400 500 600 700 800 900 1000 5
FREQUENCY (MHz) 200 300 400 500 600 700 800 900 1000
FREQUENCY (MHz)
MPQ7795 Rev. 1.0 MonolithicPower.com 21

3/22/2023

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

© 2023 MPS. All Rights Reserved.



mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVopp = 14.4V, fsw = 470|(HZ, Lout = 10LIH, Cout = 1LIF, fINPUT = 1kHZ, gain = ZOdB, Ta = 25°C, unless
otherwise noted.

CH1: SWA

CH2: SwB

CH3: Input
signal

CH4: lLoap

CH1: SWA

CH2: SwB

CH3: PVop

CH1: SWA

CH2: SwB

CH4:
FAULT#

Steady State
8Q + 66uH, no input signal

Chi[ 5.00V  [®iP 5.00V &M[1.00us| A Chd - 770mV]

Steady State
8Q + 66uH, THD = 1%, Pour = 11.3W

[

12

chi[ 1o.0v  Cha[ 10.0V &M/ 400ps| A Chd - 760mal

2.00 V__WChd[ 2.00 A ©4]

Start-Up through Input Voltage

8Q + 66uH, THD = 1%, Pout = 11.3W

Ch2| 10.0V

chil To0v
Cch3[ 10.0V

M[100ms| A Ch3 #  7.00 V]

500 V

CH3: Input
signal

CH4: lLoap

CH1: SWA

CH2: SwB

CH3: Input
signal

CH4: lLoap

CH1: SWA

CH2: SwWB

CH3: PVop
CH1: SWA

CH2: SwWB

CH4:
FAULT#

Steady State
8Q + 66pH, THD = 0.1%, Pour = 94.5mW

— . . . . =

Chil 10.0V  |Ch2[ 10.0V &M 400us| A Chd & 772mA

Ch3[ 200mV__&[eE] 200mA <24
—

Steady State
8Q + 66uH, THD = 10%, Pour = 13.6W

la

N aVAVaV:

EES
Chi|_10.0V__|Ch2[ 0.0V

®EE 2.00V__&/Cha] 2.00 A 4]
—

M[400us| Al Chd & 760mA

Shutdown through Input Voltage
8Q + 66uH, THD = 1%, Pour = 11.3W

|4

Chil 100V |Ch2[ 10.0v
500V _&/Chd[ 5.00V &l

M 100ms A Ch3 1\ 8.80 V]
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mps MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVopp = 14.4V, fsw = 470|(HZ, Lout = 10LIH, Cou'r = 1LIF, fINPUT = 1kHZ, gain = ZOdB, Ta = 25°C, unless
otherwise noted.

Start-Up through Input Voltage
8Q + 66uH, THD = 10%, Pour = 13.6W

Shutdown through Input Voltage
8Q + 66uH, THD = 10%, Pout = 13.6W

CH3: PVDD @...,..___.] SR CH3: PVDD
CHL SWA [Tt CH1: SWA
CH2: SWB = CH2: swB B
CH4: A e —
: : CH4: :
FAULT#  [E¥essmonmmpire— T e FAULT# r’ b L T—
Chi| _10.0¥ Ch2[ 10.0V M[100ms| A Ch3 6.80 V| Chil[ 10,0V &/Ch2[ 10.0V M20.0ms A Ch3 . 6.60 V|
Ch3l 10.0V 5.00V Cch3 10.0V Bw 5.00 V &
Start-Up through EN Shutdown through EN
8Q + 66uH, THD = 1%, Pout = 11.3W 8Q + 66uH, THD = 1%, Pout = 11.3W
. . =
............. o : B .
CH3: EN S : I .
CHS3: EN
CHL: SWA | .
............................ CHl. SWA ¥ ¥
CH2: SWB | 21 CH2: SWB B
CH4: CH4:
FAULT# = FAULT# |ait
Chil“To0 v Jchal 160V M[100ms] A Chi # 1.40V il 100V [ch2[ 10.0V  |M4.00ms Al Ch3 \  1.40 V]
|_SE _2.00v__chi S00v Ch3[ 2.00vV ___|Chd[ 5.00V
Start-Up through EN Shutdown through EN
8Q + 66uH, THD = 10%, Pout = 13.6W 8Q + 66uH, THD = 10%, Pout = 13.6W
................ . CH3 EN
CHS3: EN
CHL: SWA [T o CH1: SWA
CH2: SWB 12 : : CH2: SWB B
CH4:
FAULT# [* CH4: .t
; ; ; ; ; FAULT# ; ; ; ; ;
chi[ 10.0v_ Cch2[ 10.0vV  M[100ms| Al Ch3 -~ 1.40 V| Chi[_10.0v_ [ch2[ 10.0V  |M4.00ms A] Ch3 \  1.48 V|
2.00vV __|Cha] 500V 200V |Chd] 5.00V
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mps MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVopp = 14.4V, fsw = 470|(HZ, Lout = 10MH, Cou'r = 1MF, fINPUT = 1kHZ, gain = 20dB, Ta = 25°C, unless
otherwise noted.

CH3:
FAULT#

CH1: SWA

CH2: SWB

CH4: lLoap

CH3:
FAULT#

CH1: SWA

CH2: SwB

CH4: lLoap

CH3:
FAULT#

CH1: SWA

CH2: SwB

CH4: lLoap

Short-Circuit Protection (SCP) Entry
OUT- short to GND, 8Q + 66pH, THD = 1%,
Pout = 11.3W

-
[+
| +
1
|21
ﬁ\\/\/\/\/\/
Chi[ 10,0V Ch2[ 10.0V  |M[1.00ms A Chz v 2.80V
WiE 5.00v  |ch4] 2.00 A |
Ich:)

Short-Circuit Protection (SCP) Entry
OUT- short to GND, 8Q + 66pH, THD = 10%,

Pout = 13.6W

=

#)

AU

Chi[ 10.0V |Ch2[ 10.0v  |M[1.00ms A Ch3 \ 2.80 V|

@K 5.00vV |Cha[ 2.00 A< |
—

Short-Circuit Protection (SCP) Entry
OUT+ short to GND, 8Q + 66uH, THD = 1%,

Pout = 11.3W

=
[T 8

} 4

F\\//\\/\/\\//\/ ...............

Chi[ 10.0V  ChzZ 10.0V  |M[1.00ms| A Ch3 % 2.80V
5.00 vV Chd4] 2.00 A< |

CH3:
FAULT#

CH1: SWA

CH2: SwB

CH4: lLoap

CH3:
FAULT#

CH1: SWA

CH2: SwWB

CH4: ILoap

CH3:
FAULT#

CH1: SWA

CH2: SWB

CH4: ILoap

Short-Circuit Protection (SCP)
Recovery

OUT- short to GND, 8Q + 66uH, THD = 1%,
Pout = 11.3W

.............. ‘ o
B
L
Chil 10.0V  |Ch2[ 10.0v  |M[100ms| A Ch3 £ 2.40 V|
500V __|Cha[ 2.00 A< |

Short-Circuit Protection (SCP)

Recovery
OUT- short to GND, 8Q + 66uH, THD = 10%,
Pout = 13.6W

Chi| 16.0V

[Ch2[ 10.0V
[Chal 2.00 A <>

M T60ms| A Ch3 # 2.40 V|
BiE 5.60V |

Short-Circuit Protection (SCP)
Recovery

OUT+ short to GND, 8Q + 66uH, THD = 1%,
Pour = 11.3W

: (1]

e Lo 4
| 34
ﬁ." L ml
B : : p

Chil 10.0v [Chz] To.0v TMi0oms] A Chz 4 2.40V

EEE 5.00vV  |Ch4] 2.00 A ¢ |
| e
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVopp = 14.4V, fsw = 470|(HZ, Lout = 10MH, Cou'r = 1MF, fINPUT = 1kHZ, gain = 20dB, Ta = 25°C, unless
otherwise noted.

Short-Circuit Protection (SCP) Entry
OUT+ short to GND, 8Q + 66pH, THD = 10%,
Pout = 13.6W

=

Short-Circuit Protection (SCP)
Recovery
OUT+ short to GND, 8Q + 66pH, THD = 10%,
Pout =13.6W

............................... CH3:
CH3: Y FAULT#
FAULT#
CH1: SWA
CH1: SWA 1
CH2: SWB
CH2: swB |2
CHA: oo | \-/ \. \'/_\‘ ) CH4: ILoap
Chi| 10. A \chz\ T0.0vV  JM[1.00ms Al ShE N5 RV Chi| o6V [Ch2[ 100V |M\10:0m5\ :A| ShE F 5 A0
Ch3[ 5.00V 2.00 A<z | S00V _[Chd4[ 2.00 A< |
Short-Circuit Protection (SCP)
Short-Circuit Protection (SCP) Entry Recovery
OUT+ short to OUT-, 8Q + 66puH, THD = 1%, OUT+ short to OUT-, 8Q + 66uH, THD = 1%,
Pout = 11.3W Pour = 11.3W
—
cha: ----‘ ey : :
CH3: FAULT# [JBf @ ow ‘ oo E
FAULT# ey : ; ;
CH1: SWA CH1: SWA f IS S5 |
s CHo: SWE [ .
CH4: lLoap CH4: ILoap al
Chi1[ 10.0vV  Ch2[ 10.0V M[1.00ms| Al Ch3 % 2.80V| chu 10.0v  |Ch2[ 10.0V |'|v'|\'1'oo'n-'|s'\' A'|'(':|'13 - 2.40\;
B 5.00v  [Chd] 200 A | L SiE_S.00v __lchdal _2.00A ¢ |
Short-Circuit Protection (SCP)
Short-Circuit Protection (SCP) Entry Recovery
OUT+ short to OUT-, 8Q + 66uH, THD = 10%, OUT+ short to OUT-, 8Q + 66uH, THD = 10%,
Pout = 13.6W Pour = 13.6W
: : : :
............................... CH3: g : : : ;
CH3: ‘ ‘ FAULT# o ‘ E
FAULT# S S SUNDY. s oot o i o s : : : é :
111110 CH1: SWA | ST i |
CH1: SWA |3 A LA L i, |
cHz:swe | CH2: swe  |zf
CH4: ILoo /’\- \/-\-[F\ ............... CH4:lono  J#
Chil 10.0V Ch2[ 106.0V |M|1.00ms| Al RN UL Chi[ 10.0v  [ch2[ 10.0V  |M[100ms| A] Ch3 - 2.40Q
Ch3l 5.00V Ch-l 2. 00 A< 3.00 V |Ch4| 2.00AQ|
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PVopp = 14.4V, fsw = 470|(HZ, Lout = 10MH, Cou'r = 1MF, fINPUT = 1kHZ, gain = 20dB, Ta = 25°C, unless
otherwise noted.

CH3:
FAULT#

CH1: SWA

CH2: SwB

CH4: lLoap

CH3:
FAULT#

CH1: SWA

CH2: SwB

CH4: lLoap

CH3:
FAULT#

CH1: SWA

CH2: SwB

CH4: lLoap

Short-Circuit Protection (SCP) Entry
OUT+ short to PVDD, 8Q + 66pH, THD = 1%,
Pout = 11.3W

-
«
!
2]
E\/\/\/’\/\/\J
Chi[ 10.0v_  [Ch2[ 10.0vV  |M[1.00ms| A Ch3 % 2.40V|
M 5.00v [Ch4[ 2.00 A Q|
—

Short-Circuit Protection (SCP) Entry
OUT+ short to PVDD, 8Q + 66uH, THD = 10%,

Pout = 13.6W

—
I «
B -
i
B
chi[_10.0v  Ch2[ 10.0v  |M[1.00ms| A Ch3 \ 2.80 V|
ch3[ 5.00V 2.00 A |

Short-Circuit Protection (SCP) Entry
OUT- short to PVDD, 8Q + 66uH, THD = 1%,
Pout = 11.3W

Ch2] _10.0V

chi[ 10.0V

M1 0oms A €h3 * 2.80 V]
|

5.00V

|Ch4l 2.00 A ¢
——

CH3:
FAULT#

CH1: SWA

CH2: SwB

CH4: lLoap

CH3:
FAULT#

CH1: SWA

CH2: SWB

CH4: ILoap

CHS:
FAULT#

CH1: SWA

CH2: SwB

CH4: lLoap

Short-Circuit Protection (SCP)
Recovery

OUT+ short to PVDD, 8Q + 66uH, THD = 1%,
Pout = 11.3W

.............. ‘ o
B
L
Chil 10.0V  |Ch2[ 10.0v  |M[100ms| A Ch3 £ 2.40 V|
500V __|Cha[ 2.00 A< |

Short-Circuit Protection (SCP)

Recovery
OUT+ short to PVDD, 8Q + 66uH, THD = 10%,
Pout = 13.6W

e

[Ch2[ T0.0v M i100ms Al Ch3 - 2.40 V|
|[Chd[ 2.00 A< |

chil 10.0v

5.00 V

Short-Circuit Protection (SCP)
Recovery

OUT- short to PVDD, 8Q + 66uH, THD = 1%,
Pout = 11.3W

4

&

_ L
Chi| 10.0v |Ch2[ 10.0Y M100ms| A Ch3 & 2.40 V|
o |
=

ﬂ 5.00 V |L"ih4| 2.00 A
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
PVopp = 14.4V, fsw = 470|(HZ, Lout = 10MH, Cou'r = 1MF, fINPUT = 1kHZ, gain = 20dB, Ta = 25°C, unless
otherwise noted.

CH3:
FAULT#

CH1: SWA

CH2: SwB

CH4: lLoap

Short-Circuit Protection (SCP) Entry
OUT- short to PVDD, 8Q + 66uH, THD = 10%,
Pout = 13.6W

Chi[ T0.0V Ch2[ 10.0v  |M[1.00ms A Ch3 \ 2.80 V|

Ch3[ 5.00V 200 A2 |

CH3:
FAULT#

CH1: SWA

CH2: SwB

CH4: ILoap

Short-Circuit Protection (SCP)
Recovery

OUT- short to PVDD, 8Q + 66uH, THD = 10%,
Pout = 13.6W

......................... P
m. J ml
B . . : .
) | ‘l

Chil 10.0V  |Ch2[ 10.0v  |M[100ms| A Ch3 £ 2.40 V|

500V __|Cha[ 2.00 A< |

MPQ7795 Rev. 1.0

3/22/2023

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

27

© 2023 MPS. All Rights Reserved.



mP5 MPQ7795 — 24.5W, LOW-EMI MONO CLASS-D AMPLIFIER W/ DIAGNOSTICS, AEC-Q100

FUNCTIONAL BLOCK DIAGRAM

MUTE EN FAULT# PVDD AVDD VDRV VCP
po--mm--m-- " e e A S |
I |
I |
: PVoo | | Regulator :
I Monitor |~ "| andBias 1
I
spA [H v |
: I°C |«—»{ Control Poo OV Charge :
STG, STD, Pump
SCLK [H _“ols. | Diag.and [1BSTA
: “ocp,0TP | Protection PVop :
| |
: Gain A :
Setti DC Offset
: B Gate ﬁ SWA
| Drive A 1
: Y — - :
\ J PV
oo| Load 1
INP L] p = Monitor | !
H " ower PWM ]
Amplifier L
[ Limiter Stage > I |
INN [} Gate i Hswe
! Drive B o F-'
| > | |
I H I
: : '
| [1BsTB
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Figure 1: Functional Block Diagram
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OPERATION

The MPQ7795 is a fully integrated Class-D mono
BTL audio amplifier. Because of the switching
Class-D output stage, power dissipation in the
amplifier is drastically reduced when compared
to Class-A, Class-B, or Class-A/B amplifiers, all
while maintaining high fidelity and low distortion.

The MPQ7795 includes four high-power
MOSFETs. For each half-bridge channel, the
output driver stage uses two N-channel
MOSFETSs to deliver the pulses to the LC output
filter, which in turn drives the load. To fully
enhance the high-side MOSFET (HS-FET), the
bootstrap capacitor between the OUTx and
BSTx pins drives the gate to a voltage that
exceeds the source. While the output is driven
low, the bootstrap capacitor is charged by the
power supply through an internal circuit. The HS-
FET’s gate is driven high by the voltage at the
bootstrap supply, forcing the MOSFET gate to a
voltage that exceeds the power supply voltage
and allows the MOSFET to fully turn on. This
process reduces the amplifier's power loss.

The MPQ7795’s gain is set by the following 1°C
bits: GO and G1. The actual gain settings are
controlled by the ratios of the internal input and
feedback resistors.

Enable (EN) and MUTE Function

The MPQ7795's EN input is an active-high
enable control. To enable the MPQ7795, drive
EN with a minimum 1.5V voltage. To disable the
amplifier, drive EN below 0.4V. While the
MPQ7795 is disabled, the PVDD operating
current is about 0.02uA, and the output driver
MOSFETSs turn off. AVDD and VDRV are also
disabled. When the device is enabled, the load
is automatically detected.

The MUTE pin is also an active-high input pin.
To enter mute mode, drive MUTE with a 3.3V or
5V voltage. When the MPQ7795 is muted, the
output driver MOSFETSs turn off, and the load
diagnostics are executed while AVDD and VDRV
are still enabled. When the device exits mute
mode, load detection is not performed.

Adjustable Power Limit (PLiwit)

The power limit (Pum) circuit sets a limit on the
output’s peak-to-peak voltage (Vek-px). The limit
is set by limiting the duty cycle to a fixed
maximum value (see Figure 2). This limit can be
considered a virtual voltage rail that is below the
supply connected to PVDD. This virtual voltage
is set via the PL bits in the I2C. This output
voltage (Vour) can be used to calculate the
maximum output power (Pout) for a given
maximum input voltage (Vi) and speaker
impedance.

Input Signal

N

Power Limit

Nao Power Limit

Power Limit

Figure 2: Puwmir Circuit Operation

The maximum output power (Pout max) can be
calculated with Equation (1):

2
_R_y
_ \Rj+2xRg P

Pout max= R 1)

Where Rs is the total output series resistance
(including Rpsony and the DCR of the output
inductors), R. is the load resistance, and Vp is
the output voltage amplitude.

In addition, the output power at 10% THD + N
(Pout@iowTHp+n) can be estimated with Equation

(2):

Poutr@iowthpsn = 1.25xunclamped Py (2)

Table 1 on page 30 shows the Puwmir setting, and
the typical max Vour, and Pour at 10% THD + N.
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Table 1: Power Limit Typical Operation @V

. Max Output Pout at 10%
Psoé’tvt?rflé' (T/;t Voltage (Vek-pk) | THD + N (W)
40 8Q 40 8Q

5 9.4 9.2 1.5 0.8
5.9 11.2 11 2.6 1.4

7 13.4 13 4.1 2.2
8.4 15.2 15 5.9 3.1
9.8 19.8 19.6 11.8 6.2
11.8 22.8 22.8 16.3 8.4
14 26.6 26.6 23.3 11.8
Nolimit | 26.8 | 286 | 245 | 1338

Note:

11) Test conditions: fsw = 470kHz, 10pH inductor (XAL6060-
103MEB, DCR = 27mQ), Ta = 25°C, PVpp = 14.4V,
gain = 20dB.

Gain Setting

The MPQ7795’s gain is set by the following 12C
bits: GO and G1. The actual gain settings are
controlled by the ratios of the internal input and
feedback resistors.

Table 2 shows the typical gain and single-ended
(SE) input impedance for each setting.

Table 2: Gain Setting

Typ. GAIN Typ. SE Input
GO | Gl yFEd B) Imzzdance ?kﬂ)
0 0 20 70
1 0 26 50
0 1 32 30
1 1 36 20

Over-Temperature Shutdown

Thermal monitoring is integrated into the
MPQ7795. If the die temperature exceeds
170°C, all switches turn off. The temperature
must fall below 150°C before normal operation
resumes, with the same start-up sequence used
to prevent popping noise.

Overload and Short-Circuit Protection (SCP)

The MPQ7795 has internal overload and short-
circuit protection (SCP). The currents flowing
through the both the HS-FETs and low-side
MOSFETs (LS-FETs) are monitored. When a
short circuit is detected, all the MOSFETS go to
high impedance for a fixed duration. After this
fixed duration, the MPQ7795 restarts with load
diagnostics to prevent the pop noise from
occurring.

Typically, if a short circuit occurs in play mode
with an input signal, the MPQ7795 triggers an
overload then restarts load diagnostics to check
which fault occurred. If the fault is consistent, the
load diagnostics repeat until the fault disappears.

Load Diagnostics

When the device is enabled, the load diagnostics
run before the part starts switching, or before
entering a fault state. During diagnostics, the
output is in a high-impedance state. The
diagnostics typically take 480ms.

Step 1 (tg to t1): SWA pulls low to detect whether
there is a short circuit between SWA and PVDD.

Step 2 (t; to t3): SWB pulls to detect whether
there is a short circuit between SWB and PVDD.

Step 3 (t> to t3): SWA pulls high to detect whether
there is a short circuit between SWA and GND.

Step 4 (13 to t4): SWB pulls high to detect whether
there is a short circuit between SWB and GND.

Step 5 (t4 to ts): SWB pulls low, and SWA is
pulled high by an internal current source to
detect whether there is a short circuit between
SWA and SWB (short load detection).

Step 6 (ts_to tg): SWB pulls low, and SWA is
pulled high by an internal current source to
detect whether there is an open circuit between
SWA and SWB (open load detection).

Each step takes 80ms. At the end of step 4, SWA
and SWB are pulled to GND. After 100us, SWA
is pulled to AVDD (5V). From step 1 to step 4,
the undetected output is in a high-impedance
state.

Figure 3 shows the load diagnostics when there
is no load.

SWA
AVDD

Medium

0,

sSwB
AVDD

Medium

|
T T
| |
| |
| |
I I
| |
t t

0 1 2 t3 14 ts ts

FIGURE 3: LOAD DIAGNOSTICS (NO LOAD)
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Load diagnostics can detect open load, short
load, output short to PVDD, and output short to
ground conditions. See the Electrical
Characteristics section starting on page 6 for the
relevant thresholds. If any status mentioned
above is detected, the I°C reports the status.

If the load diagnostics find a fault, the MPQ7795

restarts at step 1 after the current step is finished.

For example, if an SWB-to-PVDD short condition
is detected, the load diagnostics restart after
step 2 finishes, then the MPQ7795 repeats step
1 and step 2 until the short is removed.

Fault Output

The MPQ7795 includes an open-drain, active-
low fault indicator output on the FAULT# pin. A
fault is trigged if any of the following faults occur:
over-current (OC), PVDD under-voltage (UV),
over-temperature shutdown, DC offset, shorted
load, output short to PVDD, and output short to
ground.

The FAULT# pin pulls low if a fault is detected on
any channel, then the output goes into a high-
impedance state. When the fault condition is
removed, the MPQ7795 resumes normal
operation. FAULT# remains asserted until the
fault register is cleared. The fault register can be
cleared by writing OxFF to register Ox01.

Note that open load conditions are not reported
via the FAULT# pin, nor does the output go to a
high-impedance state. This condition is only
indicated by the I2C registers.

MPQ7795 Rev. 1.0
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I2C INTERFACE

I2C Serial Interface Description

The 12C bus is a 2-wire, bidirectional serial
interface, consisting of a serial data line (SDA)
and a serial clock line (SCL). The lines are
externally pulled to a bus voltage when they are
idle. Connecting to the line, a master device
generates the SCL signal and device address,
then arranges the communication sequence.
The MPQ7795 works as a slave-only device,
which supports up to 400kbps of bidirectional
data transfer in fast mode, adding flexibility to the
power supply solution. The output voltage,
transition slew rate, and additional converter
parameters can be instantaneously controlled by
I2C interface.

Data Validity

One clock pulse is generated for each data bit
transferred. The data on the SDA line must be
stable during the high period of the clock. The
high or low state of the SDA line can only change
when the clock signal on the SCL line is low (see
Figure 4).

won [ )

SDA Stable Change of Data
Data Valid Allowed

Figure 4: Bit Transfer on the I°C Bus

Start and Stop Commands

The start and stop commands are signaled by
the master device, which signifies the beginning
and the end of the I°C transfer. The start
command is defined as the SDA signal
transitioning from high to low while the SCL line
is high. The stop command is defined as the
SDA signal transitioning from low to high while
the SCL is high (see Figure 5).

S\

S = Start Condition
P = Stop Condition

Figure 5: Start and Stop Commands

Start and stop commands are always generated
by the master. The bus is considered busy after
the start command. The bus is considered free
again a certain time after the stop command. The
bus stays busy if a repeated start command is
generated instead of a stop command. The start
and repeated start commands are functionally
identical.

Transfer Data

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

Figure 6 shows the data transfer format. After the
start command, a slave address is sent. This
address is 7 bits long followed by an eighth data
direction bit (R/W). A “0” indicates a transmission
(write), and a “1” indicates a request for data
(read). A data transfer is always terminated by a
stop command, which is generated by the
master. However, if a master still wishes to
communicate on the bus, it can generate a
repeated start command and address another
slave without first generating a stop command.

Start  Address RW ACK Data ACK Data ACK Stop

Figure 6: A Complete Data Transfer
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Write Sequence

The typical write sequence requires a master’s
start command, a valid slave address, a register
index byte, and a corresponding data byte.

After receiving each byte, the MPQ7795
acknowledges what it has received by pulling the
SDA line low during the high period of a single
clock pulse. A valid I°C address selects the
MPQ7795 (see Figure 7).

Read Sequence

The typical MPQ7795 read sequence requires a
master’s start command, then a valid slave
address, followed by a register index byte. An
additional start command comes with the re-

«— First Byte —»

«— Second Byte —»

broadcast of the slave address, with bit[1]
indicating a read cycle. The following fourth byte
contains the data being returned by the
MPQ7795. The byte value in the data byte
reflects the value of the register index that was
previously queried (see Figure 8).

Chip Address
The MPQ7795’s 7-bit address is 0x6C.

When the master sends the address as an 8-bit
value, the 7-bit address should be followed by bit
0 or 1 to indicate write or read operation,
respectively. For write operations, the first byte
should be 0xD8; for read operations, the first
byte should be 0xD9.

«— Third Byte —

1 7 1|1 8 1 8 1
| S| Slave Address |Wr A Register Index A Data AlP |
|— Start Command |— Write |—Acknowledge Stop Command

Figure 7: Write Sequence

«— First Byte — [«— Second Byte —

«— Third Byte —»

—— Fourth Byte —

1 7 1)1 8 1 1 7 1|1 8 1 1
|S Slave Address |Wr A Register Index AlS Slave Address |Rd A Data KI Pl
|— Start Command |— Write |—Acknowledge |— Read Stop Command
Figure 8: Read Sequence
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REGISTER MAP
The default slave address is 0x6C. The MPQ7795-AEC1’s detailed register map is described in the tables

below.

FAULT_STATUS_DETECTION_1 (0x01)
The FAULT_STATUS_DETECTION_1 command indicates whether certain faults have occurred.

Command FAULT_STATUS DETECTION_1
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access wicC wicC wicC wicC wicC wicC wicC wicC
Function oT DC uv OCs LF BSTF RESERVED
Bits Bit Name Default Description
Indicates whether over-temperature shutdown has occurred.
7 oT 0b 0: No over-temperature shutdown has occurred
1: Over-temperature shutdown has occurred
Indicates whether DC offset detection has occurred.
6 bC 0Ob 0: No DC offset fault has occurred
1: A DC offset fault has occurred
Indicates whether PVop under-voltage lockout (UVLO) has occurred.
S uv 0Ob 0: No PVpp UVLO has occurred
1: PVpp UVLO has occurred
Indicates whether over-current shutdown has occurred.
4 0Cs 0Ob 0: No over-current shutdown has occurred
1: Over-current shutdown has occurred
Indicates whether a load fault has occurred.
3 LF 0Ob 0: No load fault has occurred
1: A load fault has occurred
Indicates whether a boost capacitor fault has occurred.
2 BSTF 0Ob 0: No boost capacitor fault has occurred
1: A boost capacitor fault has occurred
1:0 RESERVED - Reserved.

FAULT_STATUS_DETECTION_2 (0x02)
The FAULT_STATUS_DETECTION_2 command indicates certain device statuses.

Command FAULT_STATUS_DETECTION_2
Format Unsigned binary
Bit 7 6 5 4 3 2 1 0
Access wW1C wW1C wW1C W1C wWi1cC wW1C W1C wW1cC
Function PLY MU LD FLT SL OL GS PS
Bits Bit Name Default Description
Indicates whether the MPQ7795 is in play mode.
7 PLY 0b 0: Not in play mode
1: Currently in play mode
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MU

Ob

Indicates whether the MPQ7795 is in mute mode.

0: Not in mute mode
1: Currently in mute mode

LD

Ob

Indicates whether the MPQ7795 is performing load diagnostics.

0: Not performing load diagnostics
1: Currently performing load diagnostics

FLT

Ob

Indicates whether the MPQ7795 is in a fault state.

0: Not in a fault state
1: Currently in a fault state

SL

Ob

Indicates whether a shorted load is present.

0: No shorted load is present
1: A shorted load is present

oL

Ob

Indicates whether an open load is present.

0: No open load is present
1: An open load is present

1.0

GS

Ob

Indicates whether an output short to ground is present.

0: No output short to ground is present
1: An output short to ground is present

PARAMETER_CONTROL_AND_SETTING (0x03)
The PARAMETER_CONTROL_AND_SETTING command sets certain device parameters.

Command PARAMETER_CONTROL_AND_SETTING
Format Unsigned binary
Bit 7 6 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function G[1:0] PL[2:0] F[1:0]
Bits Bit Name Default Description
Sets the gain.
Oh: 20dB
7.6 G[1:0] 00b 1h: 26dB
2h: 32dB
3h: 36dB
Sets the power limit.
Oh: 5V
5:3 PL[2:0] 111b 1h: 5.9V
2h: 7V
3h: 8.4V
2 RESERVED - Reserved.
Sets the switching frequency (fsw).
Oh: 330kHz
1.0 F[1:0] 10b 1h: 384kHz
2h: 470kHz
3h: 2.2MHz
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APPLICATION INFORMATION

Selecting the Input Coupling Capacitor

The input coupling capacitor transmits the AC
signal from the source to the MPQ7795 while
blocking the DC voltage. Choose an input
coupling capacitor such that the corner
frequency (fin) is below the passband frequency.
The corner frequency can be calculated with
Equation (3):

1

fo =
N 2xxRyy xCpy ®)

The input resistor's impedance changes at
different gain settings. At the same gain setting,
the input impedance from part to part may shift
by +20% due to shifts in the actual resistance of
the input resistors. Note that the gain variation
between different parts is small.

For design purposes, the input network should
be designed assuming an input impedance of
16kQ, which is the MPQ7795’s absolute
minimum input impedance. At lower gains, the
impedance can be as high as 90kQ.

Power Source

The MPQ7795's power supply rejection is
excellent, though power supply noise can pass
to the output, so it is important to minimize power
supply noise within the pass-band frequencies.
Bypass the power supply with a large capacitor
(typically aluminum electrolytic), along with two

smaller 1uF and 1nF ceramic capacitors placed
at the PVDD supply pins.

Output Short-to-Battery Protection

If the output is shorted to a voltage bus that
exceeds PVpp, the MOSFET’s body diode turns
on, and the power loss can generate excessive
heat. If possible, it is recommended to place a
reverse blocking diode or MOSFET in series with
PVDD.

Input Signal

Considering the internal 2V biased voltage, the
amplitude of INN and INP should be limited to a
2V peak. A greater value can cause distortion
and damage the chip. If the external input signals
(INN and INP) have another DC bias, this effect
can be eliminated with a series of output
capacitors.

Start-Up Sequence

The MPQ7795 has a soft-start function to
eliminate the popping noise when the system
starts up. Figure 9 on page 37 shows the
recommended start-up sequence. Soft start
takes about 100us to set up Vour. Therefore, itis
recommended to add an input signal 100us after
turning MUTE from high to low. Soft start occurs
as long as the power stage starts switching,
including when MUTE goes from high to low,
overload or short-load recovery, or over-
temperature recovery.

Check Load Diagnostics

Result;

Set Up Configuration (e.g.

PVDD Low to High EN Low to High

* * Load Diagnostics ¢

Load Diagnostics Finish  fsw and gain)

¢ No Switching * Switching # >

MUTE High to Low Add Input Signal

0 t1 t2 t3 =t2 + 480ms

t4 5

t6 = t5 + 100ps

Figure 9: Recommended Start-Up Sequence

Shutdown Sequence

Generally, it is not required to wait between
steps during the shutdown sequence. It is
recommended to perform the load diagnostics
before entering play mode again, as the open

load and short load are not detected in play
mode if the input signal is close to 0 (due to the
synchronous switching of BTL channels). Figure
10 on page 37 shows the recommended
shutdown sequence.

MPQ7795 Rev. 1.0
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Remove Input Signal  MUTE Low to High

Switching * Switching * Load Diagnostics * No Switching

Load Diagnostics Finish

Y

Check Load Diagnostics
Result;
Set-Up Configuration (e.g.
fsw and gain)

EN High to Low PVDD High to Low

Y v

0 t1 2 t3 =t2 + 480ms

t4

t5 t6

MUTE High to Low Add Input Signal

No Switching * Switching -
Ll
5 16 = t5 + 100us

Figure 10: Recommended Shutdown Sequence

PCB Layout Guidelines @2 1. Place the following components as close to
An optimized PCB layout is very important for the MPQ7795 as possible:
proper operation. A 4-layer layout is strongly a. Bootstrap Capacitors (Cgs): Ces supplies
For the best results, refer to Figure 11 on page HS-FET. Place Css as close to BST pin
38 and follow the guidelines below: and SW pins as possible.
1. Cut the top layer copper around IN to b. Power Supply Bypass Capacitors (Cgye):
optimize EMI/EMC performance. Cavp carries the transient current for the
2. Place the high-current paths (GND, IN, and switching power stage. To avoid
SW) very close to the device with short, overstressing the MPQ7795 and creating
direct’ and W|de traces. excessive Output noise, place CBYP as
o close to the PVDD pins as possible.
3. Use large copper areas to minimize
conduction loss and thermal stress. ¢. Output Inductor (Lour): Place the output
o ) inductors close to MPQ7795 to minimize
4. Place the ceramic input capacitors as close the size of the switching nodes SWA and
to the IN and GND pins as possible to SWB.
minimize high-frequency noise. o . _
. 2. Minimize the size of high-current loops that
5. Route SW and BST away from sensitive carry rapidly changing currents.
analog areas. _
_ , 3. Place the PVDD bypass capacitors are as
6. Use multiple vias to connect the power close to the MPQ7795 as possible.
planes to the inner layer. ) _
Note: 4. Route any traces carrying the switch node
12) The recommended PCB layout is based on the circuit in Figure (SW) voltages far from any input signal
13 on page 41. traces. If the trace must run near the SW
. . trace near the input, shield the input with a
PCB Layout and EMI Considerations ground plane between the traces.
The circuit layout is critical for optimal L h idlv chandi
performance, low output distortion, and reduced 5. Minimize nodes that carry rapidly changing
noise. Duplicate the EVB layout for the best voltage, such as SW. If Sensmve tracles run
results. For additional layout changes, follow near a trace connected to SW, place a
these guidelines below. ground shield between the traces.
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888 os 888
eoo O
o e °°°° @G

°

200 @
°

Inner Layer 1

Bottom Layer and Bottom Silk
Figure 11: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUITS

L1 PVDD
VEMI O AN PVDD
36V Max H
Lcilczlcalca | c51C6LCT | C8
10nF[10nF[10nFfionF [LoonH100nH 10uF | 10pF
PVDD UL
21 22 c17 L2
vbb O t t = PVDD BsTARS H T SYYTL ' O ouT+
; ci1 J— 013 L cl L £15 220nF/16V c17 20U J_ J_
[Rooue/s0v 100kQ 0-1“’:/ LuFEl T O.1uF/ " 1nF/50V ci8 c19 L c22
GND O 50V 50V 50V 12 R2 0.1uF/50V 1UF/50V | 1nF/50V
= ? ? = = SWA 00 0603_| 0805_| 0603
10 = = =
EN O EN
y o 6 _gow
R5 BSTB H Y ! O out-
AVDD P2 220nF/16V J_ 1o J_ J_
100kQ T C26 0?2‘;/ c23 L c25
1u 1uF/ 1nF/
AT O 11| FauLTs swe [L7.18 1nF/50V oV pay 50V
R3 4
= 0603 =0805 = 0603
o MPQ7795 o E ORI S
il 14| NP VDRV L
n{ O i =
1pF/16V VDRV
wn
< 0 c27
i 13| 4.7uFI16V
bt 1
Pl IN- 1pF/16V
-TS—AVDD AVDD
c28 c16
) 1pF/16V 20
Short JP1 for SE Input Signal R6 VvCP —|
AVDD 1UF/50V
10kQ
7
l SDA 02— AAA—<AVBD |
0.8V
|_1_—l MUTE —,EV 2 100kQ
2 8
SCLK
AR v
S 6 a [a]
7 8 g 5
< & MUTE
© J
o
cNi L )
R4 Vo=
Cavooo— NN~
10kQ
Figure 12: Typical Application Circuit with EMI Filters (470kHz Frequency)
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TYPICAL APPLICATION CIRCUITS (continued)

L1 PVDD
VEMI O PVDD
36V Max 1uH
==C1==C2==C3==C4__C5==CG_=C7= c8
10nF|10nF|10nF{10nF [100NF|{100nH 10uF | 10pF
o VDRV
= D1
(PVDD > u1 1N4148
-—| - (|:|17 L2
. . . 3 . .
vob O PVDD BSTA O out+
+ T ool s Lon L " L ciza7mH
TSy RL ﬁllel 1% fE 0. 113F/ 220nF/16V 1nF/50V c18 c19 c22
GND O———4100HFIS0V Jooka | T 50&/ oy oy ro O1uF T 1uF/ | inF/
— — — — — SWA 50V 50V 50V
- i i i R 10 VDRV 97 00 — 0603= 0805== 0603
ENO EN D2 1N4148 - = =
3 Lov]1av o = 5
swi R5 BSTB ' 1 ' O ourt-
AVDD P2 220nF/16V J_ S J_ J_
100kQ 'I C26 C24 _L_ c23 c25
17.18 InE/50V 0.1uF/ | 1pF/ nF/
FAULT O 11 FAULT# SwWB "R s 50V 50V 50v
IN+ MPQ7795 — 0603 — 0805 — 0603
5 14{inp VDRV
IN O ] =
1UF/16V VDRV
wn
< c30 c27
o 4.7uF/16V
~ H 13 | INN W
L] IN- (L 1F/16V
-Tﬁ- AVDD
co8 c16
1pF/16V 20
Short JP1 for SE input signal RG VCP —|
AVDD 1pF/50V
10kQ
7
: DA o> AAAN—AVDD |
S o 08v[00sv , AAA AVDD
— MUTE
2 8
SCLK
AR °q7
5 6 a a
7 8 g 3
I o MUTE
CL o %
5
cN L =
R4 N =
Cavooo—ANN~
10kQ
Figure 13: Typical Application Circuit with EMI Filters (2.2MHz Frequency)
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PACKAGE INFORMATION
QFN-24 (4Ammx4mm)

| 3.90 . 0.35 | 2.35
PIN1ID | 270 | 0.45 | 245 )
MARKING AN — | PIN1ID
o L [ TOT000 1 00 e
030 -—2D —F
7 D | al
7 3.90 0.50 D al 2.35
PIN11ID T |____ 4.10 BSC '5"_'_|_'_"a‘ I 2.45
INDEX AREA
i) | @i
| 13 D | > G 6
| — 0.10x45% /'% 00, ._'E 9
TOP VIEW BOTTOM VIEW
0.80
0.20 RE 1.00
0.00
0.05
SIDE VIEW SECTION A-A

3.90
2.40

o B0 NoTE;

i 1) THE LEAD SIDE IS WETTABLE .
| 2) ALL DIMENSIONS ARE IN MILLIMETERS .
L R S I A s 3) LEAD COPLANARITY SHALL BE 0.08
MILLIMETERS MAX.

4) JEDEC REFERENCE IS MO-220.

5) DRAWING IS NOT TO SCALE .

BB

RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

/OOOOOOOO

Pinl —»1 ° 1 ° 1 ° 1 °
Reel ABCD ABCD ABCD ABCD
Diameter

—

Feed Direction

Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Part Number Description Reel Tube Tra Diameter Tape Tape
P Y Width Pitch
MPQ7795GRE- QFN-24 .
AEC1-7 (4mmx4mm) 5000 N/A N/A 13in 12mm 8mm
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