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About This Book

This document presents information on the MC13783 power management and audio circuit device. The
MC13783 is a highly integrated power management, audio and user interface component dedicated to
handset and portable applications covering GSM, GPRS, EDGE and UMTS standards. This device
implements high-performance audio functions suited to high-end applications, such as smartphones and

UMTS handsets.

Audience

This document is intended for the:
e Hardware validation team

» Engineer software design team

* Phone product engineering team
* PMP product engineering team

Organization
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Chapter 1
Introduction

The MC13783 is a highly integrated power management, audio and user interface component dedicated to
handset and portable applications covering GSM, GPRS, EDGE and UMTS standards. This device
implements high-performance audio functions suited to high-end applications, such as smartphones and
UMTS handsets.

1.1 Features

The following features indicate the wide functionality of the MC13783:
» Battery charger interface for wall charging and USB charging
» 10-bit ADC for battery monitoring and other readout functions
* Buck switchers for direct supply of the processor cores
» Boost switcher for backlights and USB on the go supply
* Regulators with internal and external pass devices
» Transmit amplifiers for two handset microphones and a headset microphone
» Receive amplifiers for ear piece, loudspeaker, headset and line out
» 13-bit voice CODEC with dual ADC channel and both narrow and wide band sampling
» 13-bit stereo recording from an analog input source such as FM radio
» 16-bit stereo DAC supporting multiple sample rates
* Dual SSI audio bus with network mode for connection to multiple devices
» Power control logic with processor interface and event detection
» Real time clock and crystal oscillator circuitry
* Dual SPI control bus with arbitration mechanism
» Multiple backlight drivers and LED control including funlight support
» USB/RS232 transceiver with USB Carkit support
» Touchscreen interface

This document provides a detailed overview of each of these functions of the MC13783.

1.2 Block Diagram
A high level block diagram of the MC13783 is presented Figure 1-1 on page 1-2.

MC13783 User’s Guide, Rev. 3.8
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General Description

2.2 Main Functions

This section provides an overview of the primary functions of the MC13783 which are illustrated in the
detailed block diagram in Figure 2-1.

2.2.1 Audio

The audio of the MC13783 is composed of microphone and speaker amplifiers, a voice CODEC, and a
stereo DAC.

Three microphone amplifiers are available for amplification of two handset microphones and of the
headset microphone. The feedback networks are fully integrated for a current input arrangement. A line
input buffer amplifier is provided for connecting external sources. All microphones have their own
stabilized supply with an integrated microphone sensitivity setting. The microphone supplies can be
disabled. The headset microphone supply has a fully integrated microphone detection.

Several speaker amplifiers are provided. A bridged ear piece amplifier is available to drive an ear piece.
Also a battery supplied bridged amplifier with thermal protection is included to drive a low ohmic speaker
for speakerphone and alert functionality. The performance of this amplifier allows it to be used as well for
ear piece drive to support applications with a single transducer combining ear piece, speakerphone and
alert functionality, thus avoiding the use of multiple transducers.

A left audio out is provided which in combination with a discrete power amplifier and the integrated
speaker amplifier allows for a stereo speaker application. Two single ended amplifiers are included for the
stereo headset drive including headset detection. The stereo headset return path is connected to a phantom
ground which avoids the use of large DC decoupling capacitors. The additional stereo receive signal
outputs can be used for connection to external accessories like a car Kkit. Via a stereo line in, external
sources such as an FM radio or standalone midi ringer can be applied to the receive path.

A voice CODEC with a dual path ADC is implemented following GSM audio requirements. Both narrow
band and wide band voice is supported. The dual path ADC allows for conversion of two microphone
signal sources at the same time for noise cancellation or stereo applications as well as for stereo recording
from sources like FM radio. A 16bit stereo DAC is available which supports multi clock modes. An on
board PLL ensures proper clock generation. The voice CODEC and the stereo DAC can be operated at the
same time via two interchangeable busses supporting master and slave mode, network mode, as well as the
different protocols like 12S.

Volume control is included in both transmit and receive paths. The latter also includes a balance control
for stereo. The mono adder in the receive path allows for listening to a stereo source on a mono transducer.
The receive paths for stereo and mono are separated to allow the two sources to be played back
simultaneously on different outputs. The different sources can be analog mixed and two sources on the SSI
configured in network mode can be mixed as well.
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2.2.2 Switchers and Regulators
The MC13783 provides most of the telephone reference and supply voltages.

Four down converters and an up converter are included. The down, or buck, converters provide the supply
to the processors and to other low voltage circuits such as 1/0 and memory. The four down converters can
be combined into two higher power converters. Dynamic voltage scaling is provided on each of the down
converters. This allows under close processor control to adapt the output voltage of the converters to
minimize processor current drain. The up, or boost, converter supplies the white backlight LEDs and the
regulators for the USB transceiver. The boost converter output has a backlight headroom tracking option
to reduce overall power consumption.

The regulators are directly supplied from the battery or from the switchers and include supplies for I/0 and
peripherals, audio, camera, multi media cards, SIM cards, memory and the transceivers. Enables for
external discrete regulators are included as well as a vibrator motor regulator. A dedicated preamplifier
audio output is available for multifunction vibrating transducers.

Drivers for power gating with external NMOS transistors are provided including a fully integrated charge
pump. This will allow to power down parts of the processor to reduce leakage current.

2.2.3 Battery Management

The MC13783 supports different charging and supply schemes including single path and serial path
charging. In single path charging the phone is always supplied from the battery and therefore always has
to be present and valid. In a serial path charging scheme the phone can operate directly from the charger
while the battery is removed or deeply discharged.

The charger interface provides linear operation via an integrated DAC and unregulated operation like used
for pulsed charging. It incorporates a standalone trickle charge mode in case of a dead battery with LED
indicator driver. Over voltage, short circuit and under voltage detectors are included as well as charger
detection and removal. The charger includes the necessary circuitry to allow for USB charging and for
reverse supply to an external accessory. The battery management is completed by a battery presence
detector and an A to D converter that serves for measuring the charge current, battery and other supply
voltages as well as for measuring the battery thermistor and die temperature.

2.2.4 Logic

The MC13783 is fully programmable via SPI bus. Additional communication is provided by direct logic
interfacing. Default startup of the device is selectable by hard wiring the Power Up Mode Select pins.

Both the call processor and the applications processor have full access to the MC13783 resources via two
independent SPI busses. The primary SPI bus is able to allow the secondary SPI bus to control all or some
of the registers. On top of this an arbitration mechanism is built in for the audio, the power and ADC

functions. This together will avoid programming conflicts in case of a dual processor type of application.

The power cycling of the phone is driven by the MC13783. It has the interfaces for the power buttons and
dedicated signaling interfacing with the processor. It also ensures the supply of the memory and other
circuits from the coin cell in case of brief power failures. A charger for the coin cell is included as well.
Several pre-selectable power modes are provided such as SDRAM self refresh mode and user off mode.
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The MC13783 provides the timekeeping based on an integrated low-power oscillator running with a
standard watch crystal. This oscillator is used for internal clocking, the control logic, and as a reference
for the switcher PLL. The timekeeping includes time of day, calendar and alarm. The clock is put out to
the processors for reference and deep sleep mode clocking.

2.2.5 Miscellaneous Functions

The drivers and comparators for a USB On the Go and a CEA-936-A compatible USB carkit including
audio routing, as well as RS232 interfaces are provided. Special precautions are taken to allow for specific
booting and accessory detection modes.

Current sources are provided to drive tricolored funlights and signaling LEDs. The funlights have
pre-programmed lighting patterns. The wide programmability of the tricolored LED drivers allows for
applications such as audio modulation. Three backlight drivers with auto dimming are included as well for
keypad and dual display backlighting.

A dedicated interface in combination with the A to D converter allow for precise resistive touch screen
reading. Pen touch wake up is included.
2.3  Typical Application

Figure 2-2 gives a typical application diagram of the MC13783 together with its functional components.
For details on component references and additional components such as filters please refer to the individual
chapters.
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2.4  Maximum Ratings and Operating Input Voltage

2.4.1 Absolute Maximum Ratings

Table 2-1 gives the maximum allowed voltages, current and temperature ratings which can be applied to
the IC. Exceeding these ratings can damage the circuit.

Table 2-1. Absolute Maximum Ratings

Parameter Min | Typ | Max | Units
Charger Input Voltage -0.3 +20 \%
USB Input Voltage if Common to Charger -0.3 +20 \%
USB Input Voltage if Separate from Charger | -0.3 +5.50 \%
Battery Voltage -0.3 +4.65 \%
Coincell Voltage -0.3 +4.65 \%
Ambient Operating Temperature Range -30 +85 °C
Operating Junction Temperature Range -30 +125 °C
Storage Temperature Range -65 +150 °C
ESD Protection Human Body Model 2.0 kv

The detailed maximum voltage rating per pin can be found in the pin list which is included in chapter 12.

2.4.2 Power Dissipation

During operation, the temperature of the die must not exceed the maximum junction temperature.
Depending on the operating ambient temperature and the total dissipation on the circuit this limit can be
exceeded.

To optimize the thermal management scheme and avoid overheating, the MC13783 provides a thermal
management system. The thermal protection uses the temperature dependency of the voltage of a forward
biased junction. This junction voltage can be read out via the ADC for precise temperature readouts,
Chapter 9, “ADC Subsystem”.

Internally this voltage is monitored by means of a comparator and an interrupt THWARNLI and
THWARNHI will be generated when respectively crossing, in either direction, the lower and higher
thermal warning thresholds. The temperature range can be determined by reading the THWARNLS and
THWARNHS bits.

A thermal protection is integrated which will power off the MC13783 in case of over dissipation. This
thermal protection will act above the maximum junction temperature to avoid any unwanted power downs.
The protection is debounced by one period of the 32 kHz clock in order to suppress any (thermal) noise.
Consider this protection as a fail-safe mechanism and therefore the phone design must not be dimensioned
such that this protection is tripped under normal conditions. The temperature thresholds and the sense bit
assignment are listed in Table 2-2 and Table 2-3.
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Table 2-2. Thermal Protection Thresholds

Parameter Min | Typ | Max | Units

Thermal Warning Lower Threshold (Twl) 95 | 100 | 105 °C

Thermal Warning Higher Threshold (Twh) | 115 | 120 | 125 °C

Thermal Warning Hysteresis1 2 4 °C

Thermal Protection Threshold 130 | 140 | 150 °C

1 Equivalent to approximately 50 mW min., 100 mW max.

Table 2-3. Thermal Warning Sense Bits

Temperature | THWARNHS | THWARNLS
T < Twl 0 0
Twl < T < Twh 0 1
Twh<T 1 1

Because the speakerphone amplifier is the only single block on the MC13783 which can consume
significant power on itself, this block has an additional thermal protection, see Chapter 7, “Audio”. The
thermal characteristics of the package are listed in detail in Chapter 12, “Pinout and Package”.

2.4.3 Current Consumption

The current consumption of the individual blocks is described in detail throughout this specification. For
convenience, Table 2-4 is included with the main characteristics.

NOTE
The external loads are not taken into account.

Table 2-4. Summary of Current Consumption

Mode Description Typ | Max | Unit

RTC All blocks disabled, no main battery attached, coincell is attached to LICELL: 4 6 UA
MC13783 core and RTC module

OFF All blocks disabled except for MC13783 core and RTC module supplied from BATT | 30 45 UuA

Power Cut All blocks disabled, no main battery attached, coincell is attached and valid:
MC13783 core and RTC module 5 6
Trimmed references low-power 20 30 UuA
2 backup regulators 10 16
Total 35 52

User OFF All blocks disabled except for:
MC13783 core and RTC module 30 45
Trimmed references low-power 20 30 UuA
2 backup regulators 10 16
Total 60 91
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Table 2-4. Summary of Current Consumption (continued)

Mode Description Typ | Max | Unit

ON Standby Low-power mode:
MC13783 core and RTC module 30 45
Trimmed references 40 50
Power gating, comparators and 1/0O 10 15 UA
2 switchers in low-power mode 30 60
5 regulators in low-power mode including 1 with external pass device 25 50
Total 135 | 220

ON Mode Typical ‘power only’ use case:
MC13783 core and RTC module 30 45
Trimmed references 40 50
Power gating, comparators and 1/0 10 15 UA
Switcher core and 2 buck switchers In pulse skipping mode 280 | 500
10 Regulators internal pass device 200 | 300
2 Regulators external pass device 60 920
Total 620 | 1000

ON Audio Call ON Mode with: 0.6 1.0
Voice CODEC 3.0 4.0
Audio Bias 0.2 0.3
Microphone Bias, Amplifier, PGA 0.6 0.9 mA
Receive Channel Mono 0.6 0.9
Ear piece Amplifier 2.3 2.8
Total 7.3 9.9

ON Stereo Playback | ON Mode with: 0.6 1.0
Stereo DAC 6.0 7.0
Audio Bias 0.2 0.3 mA
Receive Channel Stereo 1.2 1.8
Headset Amplifier 15 2.0
Total 95 | 121

2.4.4 Operational Input Voltage Range

Table 5 provides the recommended operational input voltage range of the MC13783.
Table 5. Operational Input Voltage Range

Parameter Minimum Maximum Units

Operational input voltage range (connected to BP node) +2.6 +4.65 \%
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2.5

I/O Characteristics

General Description

The characteristics of the logic inputs and outputs are described in detail throughout this specification. For
convenience, Table 2-6 is included with the main characteristics.

Table 2-6. Summary of I/O Characteristics

. Internal Load . 2 .
Pin Name Termination® Parameter Condition Min Max Unit

ON1B, ON2B, ON3B Pull up® Input Low 47 kOhm 0 0.3 * VATLAS \%
Input High 1 MOhm 0.7 * VATLAS VATLAS

CHRGSE1B Pull up* Input Low — 0 0.3 * VATLAS \%
Input High 0.7 * VATLAS VATLAS

STANDBYPRI, Weak Pull Down | Input Low — 0 0.3 *VIOLO \Y,

STANDBYSEC, WDI®, Input High 0.7 *VIOLO 3.1

ADTRIG

USEROFF Weak Pull Down | Input Low — 0 0.3 * VBKUP1 \%
Input High 0.7 * VBKUP1 3.1

LOBATB, CLK32K, CMOS Output Low -100 uA 0 0.2 \Y

PWRRDY, BATTDETB Output High 100 uA VIOLO - 0.2 VIOLO

CLK32KMCU®, PWRFAIL |CMOS Output Low -100 uA 0 0.2 \Y
Output High 100 uA VBKUP1 - 0.2 VBKUP1

ADOUT CMOS Output Low -1 mA 0 0.2 \%
Output High 1 mA VIOHI - 0.2 VIOHI

RESETB, RESETBMCU’ Open Drain Output Low -2 mA 0 0.4 \%
Output High Open Drain 0 3.1

DVSSW1A, DVSSW1B, Weak Pull Down | Input Low — 0 0.3*VIOLO \Y

DVSSW2A, DVSSW2B Input High 0.7 *VIOLO 3.1

PWGT1EN, PWGT2EN Weak Pull Down | Input Low — 0 0.3*VIOLO \%
Input High 0.7 *VIOLO 3.1

SIMEN, ESIMEN, VIBEN, |Weak Pull Down | Input Low — 0 0.3*VIOLO \%

REGEN Input High 0.7 *VIOLO 3.1

GPO1, GPO2, GPO3, CMOS Output Low -100 uA 0 0