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OVERVIEW

The P95020 is designed to provide maximum flexibility to
system designers by providing full customization and
programmability. It is the first of a new generation of
standardized application-specific controllers that
incorporates a general purpose microcontroller, a high
fidelity audio CODEC including headphone outputs and a
2.5W Class D audio amplifier, full power management
functionality, a touch screen controller and a real time
clock all of which are required by portable consumer
devices such as cellular phone handsets, portable gaming
devices, digital media players, portable navigational
devices, etc.

The general purpose microcontroller controls the device
power-on/power-off sequencing and can also be used for
general system housekeeping.

The P95020 includes two I2C Interfaces, a master for
communicating with an external EEPROM and a slave for
communicating with the host.

The high fidelity audio CODEC along with headphone
outputs and the 2.5 watt Class D audio speaker amplifier
comprise a total audio solution for portable applications.

The switch-mode EnergyPath™ Battery Charger operates
with its own high efficiency buck regulator to transmit the
2.5 watts available from a USB port to the system with
minimal wasted power. It can also handle up to 2A from a
wall charger.

Its power management features along with switch-mode
converters and LDOs should be sufficient to provide power
for even the most complex hand-held devices.

The integrated touch screen controller allows adding touch
screen capability to devices at significantly reduced cost.

It also includes IDT’s high quality, low power real time
clock.

APPLICATIONS

Smart Phones

Portable Gaming Device
Digital Media Players
Portable Navigational Devices

KEY FEATURES

Quick Turn Customization
Embedded Microcontroller
+ Master Controller during Power Up & Power-Down
« Initialization and power sequencing
+ Dynamic Power Management via I2C bus interface
+ Up to 10 General Purpose I/Os available
+ General house keeping for P95020 and other devices
Audio Features
¢ 4 Channel CODEC with 24-bit resolution and internal
registers for status and control
+ Integrated 2.5 Watt Mono Class D Amplifier
with Filterless Operation.
+ Stereo cap-less headphone driver
+ Differential Analog Audio Line Inputs
+ Dual Mode Microphone Inputs (Analog or DMIC)
Battery Charging Circuit
¢ Autonomous Li-lon/Li-Poly charger up to 1.5A
+ Automatic Load Prioritization
» Advanced Battery Safety features
+ High efficiency switch-mode *EnergyPath™ controller
+ USB or Wall-mounted Charging
* Programmable Current Limit
+ Automatic end-of-charge control
¢ Internal 180 mQ ideal diode with external
ideal diode controller
Power Management Features
+ All Converters:
» Power up/down sequence field reprogrammable with
external EEPROM
» Dynamic voltage scaling
» Host or 12C output enable / disable
¢ Buck DC-DC PWM converters with PFM mode
+ Two at 500mA, 0.75V to 3.7V
+ One at 1000mA, 0.75V to 3.7V
+ Boost DC-DC converters
* One at 1.5 A peak on inductor, 4.05V to 5.0V
» One LED supply with 2 W total output power
¢ Two programmable current sinks, @ 25mA each
¢+ Voltage limited to rating of external FET & diode
¢ Linear Regulators
« Three LDOs at 150mA, 0.75V to 3.7V
* Four LDOs at 50mA, 0.7V to 3.7V
* One always-on LDO at 10mA, 3.3 or 3.0V
ADC and Touch Screen Controller
4-wire touch screen interface
One direct battery measurement channel
One direct VSYS measurement channel
One direct charge current measurement channel
On-Chip temperature measurement
Four auxiliary analog input channels (shared with GPIO
pins)
Touch pressure measurement
Sample rate: 62.5k SPS
12 bit resolution, DNL: -1~+2 LSB, INL: +-2
On-chip 2.5V reference
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BLOCK DIAGRAM

Figure 1 — P95020 Block Diagram.
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PIN ASSIGNMENTS
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Figure 2 — P95020 Pinout Diagram (LLG124)

NOTES:

1. All the Buck Converter inputs (BUCK500_0_IN, BUCK500_1_IN, BUCK1000_IN) must be connected to

CHRG_SYSVCC1 and CHRG_SYSVCC2.

2. LLG124 package is available upon request.
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Figure 3 — P95020 Pinout (NGQ132)

All the Buck Converter inputs (BUCK500_0_IN, BUCK500 1 IN, BUCK1000_IN) must be connected to

CHRG_SYSVCC1 and CHRG_SYSVCC2.

NOTES:
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PIN FUNCTIONS BY PIN NUMBER

Table 1 — LLG124 Pin Functions by Pin Number (See Figure 2)

MODULE PIN # | PIN NAME DESCRIPTION 1/0 TYPE
GPIO_TSC GPIO 5: General Purpose /0 #5
(See Pins 1 GPIO5/INT_OUT INT_OUT : Interrupt Output GPIO
117-124 GPIO 6: General Purpose I/0 # 6
also) 2 GPIO6/ADC1 ADCL : Auxiliary Input Channel 2 / X- pin to 4-wire resistive touch-screen GPIO
GPIO 7: General Purpose /0 # 7
3 GPIO7/ADC3 ADC3 : Auxiliary Input Channel 4 / Y- pin to 4-wire resistive touch-screen GPIO
GPIO 8: General Purpose I/0 # 8
4 GPIO8/ADC2 ADC2 : Auxiliary Input Channel 3/ Y+ pin to 4-wire resistive touch-screen GPIO
GPIO 9: General Purpose I/O # 9
ADCO : Auxiliary Input Channel 1 / X+ pin to 4-wire resistive touch-screen
5 GPIO9/ADCO/MCLK_IN MCLK_IN : Master Clock Input GPIO
6 GPI010 GPIO 10: General Purpose I/0 # 10 GPIO
7 MIC_R- MIC_R-: Analog Microphone Differential Stereo Right Inverting Input A-l
MIC_R+: Analog Microphone Differential Stereo Right Non-Inverting Input A-l
8 MIC_R+/DMICDAT?2 DMICDAT?2: Digital Microphone 2 Data Input D-|
MICBIAS : Microphone Right Bias A-O
9 MICBIAS R/DMICSEL DMICSEL : Digital Microphone Select (Common to both inputs) D-O
MICBIAS : Microphone Left Bias A-O
10 MICBIAS L/DMICCLK DMICCLK : Digital Microphone Clock (Common to both inputs) D-O
MIC_L+ : Analog Microphone Differential Stereo Left Non-Inverting Input A-l
11 MIC_L+/DMICDAT1 DMICDAT1 : Digital Microphone 1 Data Input D-|
12 MIC_L- MIC_L- : Analog Microphone Differential Stereo Left Inverting Input A-l
13 AFILT2 Microphone ADC Anti-Aliasing Filter Capacitor #2 A-l
14 AFILT1 Microphone ADC Anti-Aliasing Filter Capacitor #1 A-l
15 AGND_MIC Microphone Ground (Analog Ground) GND
16 LISLP Line Input Stereo Left Non-Inverting A-l
17 LISLM Line Input Stereo Left Inverting A-l
18 LISRP Line Input Stereo Right Non-Inverting A-l
19 LISRM Line Input Stereo Right Inverting A-l
20 LLO L Line Level Output, Left A-O
21 LLO R Line Level Output, Right A-O
22 AVREF Analog Reference A-O
23 VDD AUDIO33 Filter Capacitor for Internal 3.3V AUDIO LDO A-O
24 ADC_REF ADC Reference Bypass Capacitor A-l
25 HP R Right Headphone Output A-O
26 HP L Left Headphone Output A-O
27 AGND Line Out Ground (Analog Ground) GND
AUDIO 28 VIRT _GND Virtual Ground for Cap-Less Output A-O
29 LDO_GND LDO Ground GND
Input Voltage to LDOs for AUDIO Power (VDD_AUDIO33 &
30 LDO_IN3 VDD_AUDIO18) AP-I
Always on Low Power LDO Output
31 LDO LP (Voltage Programmable to 3.0 V or 3.3 V) AP-O
32 LDO 050 3 50mA LDO Output #3 (Voltage Range: 0.75-3.7 V) AP-O
33 LDO_IN2 Input Voltage to LDO_050 0, LDO 050 1, LDO 050 2 & LDO 050 3 AP-|
34 LDO 050 2 50mA LDO Output #2 (Voltage Range: 0.75-3.7 V) AP-O
35 LDO 050 1 50mA LDO Output #1 (Voltage Range: 0.75-3.7 V) AP-O
50mA LDO Output #0 (Voltage Range: 0.75-3.7 V)
Note: This LDO also serves as the internal power source for 12S1, 12S2 and
12CS. The external function of this pin is not affected but the voltage
register setting for this LDO will also govern the 1/O level for 12S1, 12S2 and
36 LDO_050 0 12CS. AP-O
37 LDO 150 2 150mA LDO Output #2 (Voltage Range: 0.75-3.7 V) AP-O
38 LDO_IN1 Input Voltage to LDO_150 0, LDO 150 1, & LDO 050 2 AP-|
39 LDO 150 1 150mA LDO Output #1 (Voltage Range: 0.75-3.7 V) AP-O
LDO 40 LDO 150 0 150mA LDO Output #0 (Voltage Range: 0.75-3.7 V) AP-O
41 32KHZ_0OUT2 Buffered 32.768kHz Output #2 D-O
42 CKGEN_GND PLL Analog Ground GND
32KHZ_CLKIN: External 32.768kHz Clock Input;
CKGEN 43 32KHZ_ CLKIN/XTALIN XTALIN : Input Pin when used with an external crystal A-l
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MODULE PIN # | PIN NAME DESCRIPTION /0 TYPE
XTALOUT: Output Pin when used with an external crystal
32KHZ_OUT1: when XTALIN is connected to a 32kHz input this pin can be
a 32kHz Output when CKGEN_PLL_STATUS register, 32KOUT1_EN (bit
44 XTALOUT/32KHZ_OUT1 4)is setto 1. A-O
45 VDD CKGEN18 Filter Capacitor for Internal 1.8V CKGEN LDO A-10
HXTALOUT: 12 MHz, 13 MHz, 19.2 MHz or 26 MHz crystal oscillator output
46 HXTALOUT/TCXO_IN TCXO_IN: External 12 MHz, 13 MHz, 19.2 MHz or 26 MHz Clock Input TCXO-D-I
47 VDD CKGEN33 Filter Capacitor for Internal 3.3V CKGEN LDO A-10
HXTALIN: 12 MHz, 13 MHz, 19.2 MHz, or 26 MHz crystal oscillator input
TCXO_OUT1: Buffered HXTALOUT/TCXO_IN Clock Output #1, 32.7638
48 HXTALIN/TCXO_OUT1 KHz Output, 24 MHz PLL Output TCXO-D-O
Buffered HXTALOUT/TXCO_IN Clock Output #2, 12 MHz PLL Output,
49 TCXO_0OUT2 24MHz PLL Output TCXO-D-O
50 SYS _CLK 12MHz Output or Buffered Output of TCXO IN D-O
51 CKGEN_GND PLL Analog Ground GND
52 USB_CLK 24 MHz or 48 MHz Output D-O
53 VDDIO CK Power Supply Input for TCXO_OUT1 and TCXO_OUT2 (1.1V — 1.9V) AP-|
ROM Select. EX_ROM = 1, read contents of external ROM. EX_ROM =0,
54 EX ROM read contents of internal ROM into internal shadow memory. D-|
55 DGND Digital Ground GND
56 12S BCLK2 12S Bit Clock Channel 2 D-I
57 12S_WS2 12S Word Select (Left/Right) Channel 2 D-I
58 12S SDOUT2 12S Serial Data OUT Channel 2 D-O
59 12S_SDIN2 12S Serial Data IN Channel 2 D-I
60 I12S_BCLK1 12S Bit Clock Channel 1 D-|
61 I12S WS1 12S Word Select (Left/Right) Channel 1 D-|
62 I12S_SDOUT1 12S Serial Data OUT Channel 1 D-O
63 12S_SDIN1 12S Serial Data IN Channel 1 D-I
64 I2CS_SCL 12C Slave clock 12C-1/0
65 12CS_SDA 12C Slave data 12C-0O
66 I2CM_SCL 12C Master clock 12C-O
67 12CM_SDA 12C Master data 12C-1/0
12C_I2S 68 GND GND : Ground GND
69 CLASS D- Class-D Inverting Output A-O
70 PGND Ground for Class D BTL Power Stage GND
71 PVDD Input Power for CLASS D BTL Power Stage A-l
CLASS D 72 CLASS D+ Class-D Non-Inverting Output A-O
BOOSTS5 Converter Power Switch
73 BOOST5 SW2 Internally connected to pin 075 (BOOST _SW1) AP-O
74 BOOST5 OUT BOOSTS5 Converter Output AP-O
BOOSTS5 Converter Power Switch
75 BOOST5 SwW1 Internally connected to pin 073 (BOOST SW2) AP-O
76 BOOST5 GND Ground for BOOST5 Power Supply AP-I|
77 BUCK1000 FDBK BUCK?2 Converter #2 -Feedback AP-|
78 BUCK1000 IN BUCK2 Converter #2 - Input AP-I
79 BUCK1000 OUT BUCK2 Converter Output #2 — 1000mA AP-O
80 BUCK1000 GND Ground for BUCK2 Converter #2 GND
81 BUCK500 1 FDBK BUCKZ1 Converter #1 — Feedback AP-|
82 BUCK500 1 GND Ground for BUCK1 Converter #1 GND
83 BUCK500 1 OUT BUCK1 Converter Output #1 - 500mA AP-O
84 BUCK500 1 IN BUCK1 Converter #1 Input AP-|
85 BUCK500 0 FDBK BUCKO Converter #0 feedback AP-I
86 BUCK500 0 GND Ground for BUCKO Converter #0 GND
87 BUCK500 0 OUT BUCKO Converter Output #0 - 500mA AP-O
88 BUCK500_0_IN BUCKO Converter #0 Input AP-I
89 LED BOOST VSENSE LED BOOST Converter Output Voltage Sense Input to PWM Controller AP-I
90 LED BOOST VIN LED BOOST Converter GATE BIAS Supply AP-I
91 LED BOOST ISENSE LED BOOST Converter Output Current Sense Input to PWM Controller AP-I
92 LED BOOST GATE LED BOOST Converter GATE Drive to Power FET AP-I
93 LED BOOST_GND Ground for LED_BOOST AP-I
94 LED BOOST_SINK1 LED BOOST Converter Current Sink for LED String #1 AP-I
95 LED BOOST_ SINK2 LED BOOST Converter Current Sink for LED String #2 AP-I
DC _DC 96 PSCREF Power Supply Current Reference AP-O
97 HSCTRL1 Hot Swap Control Input 1 D-I
98 HSO1 Hot Swap Output 1 A-O
99 HSPWR Hot Swap Switches Power Input AP-I|
100 HSO2 Hot Swap Output 2 A-O
HOTSWAP 101 HSCTRL2 Hot Swap Control Input 2 D-I
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MODULE PIN # | PIN NAME DESCRIPTION /0 TYPE
102 CHRG_GND1 Pins 102 & 103 are the Power GND Pins for the Switching Regulator in the A-l
Charger. Due to their higher current requirement they are internally tied
103 CHRG_GND2 together & must be connected externally at the PC board also. A-l
104 CHRG_SW1 Pins 104 and 105 connect to the inductor of the switch-mode step-down A-O
regulator for the Battery Charger. Due to their higher current requirement
they are internally tied together & must be connected externally at the PC
105 CHRG_SW2 board also. A-O
106 CHRG_INPUT1 Pins 106 and 107 provide 5V Vgys Input Power from the USB or from an AP-I
external wall mounted external supply. Due to their higher current
requirement they are internally tied together & must be connected externally
107 CHRG_INPUT2 at the PC board also. AP-I|
108 CHRG_SYSVCC1 Pins 108 and 109 are System VCC Output (Vsys). Due to their higher A-O
current requirement they are internally tied together & must be connected
109 CHRG_SYSVCC2 externally at the PC board also. A-O
110 CHRG_BAT1 Pins 110 and 111 form the positive battery lead connection to a single cell Li- AP-1/O
lon/Li-Poly battery. Due to their higher current requirement they are internally
111 CHRG_BAT2 tied together & must be connected externally at the PC board also. AP-1/O
112 CHRG CLSEN Input Current Limit Senseffiltering pin for current limit detection A-l
113 CHRG_ICHRG Current setting. Connect to a current sense resistor AP-1/O
114 CHRG_GATE Gate Drive for (Optional) External Ideal Diode A-O
115 CHRG_NTC Thermal Sense, Connect to a battery’s thermistor A-l
NTC Power output. This pin provides power to the NTC resistor string.
This output is automatically CHRG_SYSVCC level but only enabled when
CHARGER 116 CHRG_VNTC NTC measurement is necessary to save power. AP-O
GND_BAT & ADCGND: Shared analog ground pin for battery charger and
GPIO_TSC 117 | GND_BAT/ADCGND ADC. GND
(See Pins 118 DGND Digital Ground GND
001-006 119 POR OUT Power-On-Reset Output, Active Low GPIO-OUT
also) 120 SW DET Switch Detect Input GPIO
GPIO 1: General Purpose I/0 # 1
SW_OUT: Switch Detect Output
121 | GPIO1Y/SW_OUT/PENDOWN | PENDOWN: PENDOWN Detect Output GPIO
GPIO 2: General Purpose 1/O # 2
122 GPIO2/LED1 LED1: Charger LED # 1 Indicates charging in progress GPIO
GPIO 3: General Purpose I1/0 # 3
123 GPIO3/LED2 LED2: Charger LED # 2 Indicates charging complete GPIO
GPIO 4: General Purpose /0 # 4
CHRG_ILIM: Control the current limit of the Charger Pre-Regulator.
CHRG_ILIM = 0, limit current to 500mA; CHRG_ILIM = 1, limit current to
124 | GPIO4/CHRG _ILIM 1.5A GPIO
Table 2 - NQG132 Pin Functions by Pin Number (see Figure 3)
MODULE PIN # | PIN NAME DESCRIPTION 1/0 TYPE
GPIO 5: General Purpose /O #5
Al GPIO5/INT_OUT INT_OUT : Interrupt Output GPIO
A2 NC No Connect NC
GPIO 7: General Purpose /0 # 7
Bl GPIO7/ADC3 ADC3 : Auxiliary Input Channel 4 / Y- pin to 4 wire resistive touch screen GPIO
GPIO—TSC GPIO 6: General Purpose I/O # 6
E(é‘;e_PA'gsl A3 | GPlos/ADC1 ADCL : Auxiliary Input Channel 2 / X- pin to 4-wire resistive touch screen GPIO
also) GPIO 8: General Purpose /O # 8
B2 GPIO8/ADC?2 ADC?2 : Auxiliary Input Channel 3/ Y+ pin to 4-wire resistive touch screen GPIO
GPIO 9: General Purpose I/O # 9
ADCO : Auxiliary Input Channel 1 / X+ pin to 4-wire resistive touch screen
A4 GPIO9/ADCO/MCLK _IN MCLK_IN : Master Clock Input GPIO
B3 GPI010 GPIO 10: General Purpose I/0 # 10 GPIO
A5 MIC R- MIC_R-: Analog Microphone Differential Stereo Right Inverting Input A-l
MIC_R+: Analog Microphone Differential Stereo Right Non-Inverting Input A-l
B4 MIC_R+/DMICDAT?2 DMICDAT?2: Digital Microphone 2 Data Input D-I
MICBIAS : Microphone Right Bias A-O
AUDIO A6 MICBIAS R/DMICSEL DMICSEL : Digital Microphone Select (Common to both inputs) D-O
MICBIAS : Microphone Left Bias A-O
B5 MICBIAS L/DMICCLK DMICCLK : Digital Microphone Clock (Common to both inputs) D-O
MIC_L+ : Analog Microphone Differential Stereo Left Non-Inverting Input A-l
A7 MIC _L+/DMICDAT1 DMICDATL1 : Digital Microphone 1 Data Input D-I
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MODULE PIN # | PIN NAME DESCRIPTION /0 TYPE
B6 MIC L- MIC L- : Analog Microphone Differential Stereo Left Inverting Input A-l
A8 AFILT2 Microphone ADC Anti-Aliasing Filter Capacitor #2 A-l
B7 AFILT1 Microphone ADC Anti-Aliasing Filter Capacitor #1 A-l
A9 AGND MIC Microphone Ground (Analog Ground) GND
B8 LISLP Line Input Stereo Left Non-Inverting A-l

A10 LISLM Line Input Stereo Left Inverting A-l
B9 LISRP Line Input Stereo Right Non-Inverting A-l
All LISRM Line Input Stereo Right Inverting A-l
B10 | LLO L Line Level Output, Left A-O
Al2 | AVREF Analog Reference A-O
B11 | LLO R Line Level Output, Right A-O
Al13 | ADC REF ADC Reference Bypass Capacitor A-l
B12 | VDD AUDIO33 Filter Capacitor for Internal 3.3V AUDIO LDO A-O
Al4 | HP L Left Headphone Output A-O
B13 | HP R Right Headphone Output A-O
Al15 | VIRT GND Virtual Ground for Cap-Less Output A-O
B14 | AGND Analog Ground GND
Input Voltage to LDOs for AUDIO Power
A16 | LDO_IN3 (VDD _AUDIO33 & VDD_AUDIO18) AP-I
B15 | LDO_GND LDO Ground GND
Al7 NC No Connect NC
Always on Low Power LDO Output
Al8 LDO _LP (Voltage Programmable to 3.0 V or 3.3 V) AP-O
A19 | LDO 050 3 50mA LDO Output #3 (Voltage Range: 0.75-3.7 V) AP-O
A20 | NC No Connect NC
B16 | LDO 050 2 50mA LDO Output #2 (Voltage Range: 0.75-3.7 V) AP-O
LDO A21 | LDO_IN2 Input Voltage to LDO_050 0, LDO 050 1, LDO 050 2 & LDO_050 3 AP-I
B17 | LDO 050 1 50mA LDO Output #1 (Voltage Range: 0.75-3.7 V) AP-O
50mA LDO Output #0 (Voltage Range: 0.75-3.7 V)
Note: This LDO also serves as the internal power source for 12S1, 12S2 and
12CS. The external function of this pin is not affected but the voltage
register setting for this LDO will also govern the I/O level for 12S1, 12S2 and
A22 | LDO 050 0 12CS. AP-O
B18 | LDO 150 2 150mA LDO Output #2 (Voltage Range: 0.75-3.7 V) AP-O
A23 | LDO_IN1 Input Voltage to LDO_150 0, LDO 150 1 & LDO 150 2 AP-|
B19 | LDO 150 1 150mA LDO Output #1 (Voltage Range: 0.75-3.7 V) AP-O
A24 | LDO 150 0 150mA LDO Output #0 (Voltage Range: 0.75-3.7 V) AP-O
B20 | 32KHZ_OUT2 Buffered 32.768kHz Output #2 D-O
A25 | CKGEN_GND PLL Analog Ground GND
32KHZ_CLKIN: External 32.768kHz Clock Input;
B21 | 32KHZ_CLKIN/XTALIN XTALIN : Input Pin when used with an external crystal A-l
XTALOUT: Output Pin when used with an external crystal
32KHZ_OUT1: when XTALIN is connected to a 32kHz input this pin can be
a 32kHz Output when CKGEN_PLL_STATUS register, 32KOUT1_EN (bit
A26 | XTALOUT/32KHZ OUT1 4) is set to 1. A-O
B22 | VDD CKGEN18 Filter Capacitor for Internal 1.8V CKGEN LDO A-10
HXTALOUT: 12 MHz, 13 MHz, 19.2 MHz or 26 MHz output
CK_GEN A27 | HXTALOUT/TCXO IN TCXO IN: External 12 MHz, 13 MHz, 19.2 MHz or 26 MHz clock input TCXO-D-I
B23 | VDD CKGEN33 Filter Capacitor for Internal 3.3V CKGEN LDO A-10
HXTALIN: 12 MHz, 13 MHz, 19.2 MHz, or 26 MHz crystal oscillator input
TCXO_OUT1: Buffered HXTALOUT/TCXO_IN Clock Output #1, 32.7638
A28 | HXTALIN/TCXO OUT1 KHz Output or 24 MHz PLL Output TCXO-D-O
Buffered HXTALOUT/TXCO_IN Clock Output #2, 12 MHz PLL Output or 48
B24 | TCXO OUT2 MHz PLL Output TCXO-D-O
A29 | SYS CLK 12MHz Output or Buffered Output of TCXO IN D-O
B25 | CKGEN_GND PLL Analog Ground GND
A30 USB CLK 24 MHz or 48 MHz Output D-O
B26 | VDDIO CK Power Supply Input for TCXO OUT1 and TCXO_OUT2 (1.1V — 1.9V) AP-I
ROM Select. EX_ROM = 1, read contents of external ROM. EX_ROM =0,
A31 EX ROM read contents of internal ROM into internal shadow memory. D-I
B27 DGND Digital Ground (1) GND
A32 | I2S BCLK2 12S Bit Clock Channel 2 D-|
B28 12S WS2 12S Word Select (Left/Right) Channel 2 D-I
12C_12S A33 | 12S_SDIN2 12S Serial Data IN Channel 2 D-l
B29 12S_SDOUT2 12S Serial Data OUT Channel 2 D-O
A34 12S WS1 12S Word Select (Left/Right) Channel 1 D-I
B30 12S_BCLK1 12S Bit Clock Channel 1 D-l
A35 | NC No Connect NC
A36 NC No Connect NC
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MODULE PIN # | PIN NAME DESCRIPTION /0 TYPE
A37 | 12S_SDOUT1 12S Serial Data OUT Channel 1 D-O
A38 12S SDIN1 12S Serial Data IN Channel 1 D-I
B31 [ I2CS_SCL 12C Slave clock 12C-1/0
A39 | I2CS_SDA 12C Slave data 12C-0O
B32 | I2CM_SCL 12C Master clock 12C-O
A40 | I12CM_SDA 12C Master data 12C-1/0
B33 | GND GND : Ground GND
A41 | CLASS D- Class-D Inverting Output A-O
CLASS D B34 | PGND Ground for Class D BTL Power Stage GND
- A42 PVDD Input Power for CLASS D BTL Power Stage A-l
B35 | CLASS D+ Class-D Non-Inverting Output A-O
BOOST5 Converter Power Switch
A43 | BOOST5 SW2 Internally connected to pin A44 (BOOST SW1) AP-O
B36 BOOST5 OUT BOOSTS5 Converter Output AP-O
BOOSTS5 Converter Power Switch
A44 | BOOST5 SW1 Internally connected to pin A43 (BOOST SW?2) AP-O
B37 | BOOST5 GND Ground for BOOST5 Power Supply AP-|
A45 BUCK1000 FDBK BUCK?2 Converter #2 - Feedback AP-I|
B38 BUCK1000 IN BUCK2 Converter #2 - Input AP-I
A46 BUCK1000 OUT BUCK2 Converter Output #2 — 1000mA AP-O
B39 BUCK1000 GND Ground for BUCK2 Converter #2 GND
A47 BUCK500 1 FDBK BUCK1 Converter #1 — Feedback AP-I
B40 BUCK500 1 GND Ground for BUCK1 Converter #1 GND
A48 BUCK500 1 OUT BUCK1 Converter Output #1 - 500mA AP-O
DC DC B41 BUCK500 1 IN BUCK1 Converter #1 Input AP-I
- A49 BUCK500 0 FDBK BUCKAO Converter #0 feedback AP-I
B42 BUCK500 0 GND Ground for BUCKO Converter #0 GND
A50 BUCK500 0 OUT BUCKO Converter Output #0 - 500mA AP-O
B43 BUCK500 O IN BUCKO Converter #0 Input AP-|
A51 | LED BOOST VSENSE LED BOOST Converter Output Voltage Sense Input to PWM Controller AP-|
B44 | LED_BOOST VIN LED BOOST Converter GATE BIAS Supply AP-|
A52 LED BOOST ISENSE LED BOOST Converter Output Current Sense Input to PWM Controller AP-|
B45 LED BOOST GATE LED BOOST Converter GATE Drive to Power FET AP-I
A53 NC No Connect NC
A54 | LED BOOST GND Ground for LED BOOST AP-I
A55 | LED BOOST SINK1 LED BOOST Converter Current Sink for LED String #1 AP-|
A56 NC No Connect NC
B46 PSCREF Power Supply Current Reference AP-O
A57 LED BOOST_SINK2 LED BOOST Converter Current Sink for LED String #2 AP-I
B47 HSCTRL1 Hot Swap Control Input 1 D-I
A58 | HSO1 Hot Swap Output 1 A-O
HOTSWAP B48 | HSPWR Hot Swap Switches Power Input AP-|
A59 | HSO2 Hot Swap Output 2 A-O
B49 | HSCTRL2 Hot Swap Control Input 2 D-|
A60 | CHRG GND1 Pins A60 & B50 are the Power GND Pins for the Switching Regulator in the A-l
Charger. Due to their higher current requirement they are internally tied
B50 | CHRG GND2 together & must be connected externally at the PC board also. A-l
A6l | CHRG SW1 Pins A61 & B51connect to the inductor of the switch-mode step-down A-O
regulator for the Battery Charger. Due to their higher current requirement
they are internally tied together & must be connected externally at the PC
B51 | CHRG SW2 board also. A-O
A62 | CHRG INPUT1 Pins A62 & B52 provide 5V Vgys Input Power from the USB or from an AP-I
external wall mounted external supply. Due to their higher current
requirement they are internally tied together & must be connected
B52 CHRG_INPUT2 externally at the PC board also. AP-|
A63 | CHRG SYSVCC1 Pins A63 & B53 are System VCC Output (Vsys). Due to their higher current A-O
CHARGER requirement they are internally tied together & must be connected
B53 | CHRG_SYSVCC2 externally at the PC board also. A-O
A64 | CHRG BAT1 Pins A64 & B64 form the positive battery lead connection to a single cell Li- AP-1/0O
lon/Li-Poly battery. Due to their higher current requirement they are internally
B54 | CHRG BAT2 tied together & must be connected externally at the PC board also. AP-1/0O
A65 | CHRG CLSEN Input Current Limit Senseffiltering pin for current limit detection A-l
B55 | CHRG ICHRG Current setting. Connect to a current sense resistor AP-1/0O
A66 | CHRG GATE Gate Drive for (Optional) External Ideal Diode A-O
B56 | CHRG NTC Thermal Sense, Connect to a battery’s thermistor A-l
NTC Power output. This pin provides power to the NTC resistor string.
This output is automatically CHRG_SYSVCC level but only enabled when
A67 | CHRG VNTC NTC measurement is necessary to save power. AP-O
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MODULE PIN # | PIN NAME DESCRIPTION 1/0 TYPE
GND_BAT & ADCGND: Shared analog ground pin for battery charger and
B57 | GND_BAT/ADCGND ADC. GND
A68 DGND Digital Ground GND
B58 POR_OUT Power-On-Reset Output, Active Low GPIO-OUT
A69 | SW DET Switch Detect Input GPIO

GPIO 1: General Purpose /0 # 1
SW_OUT: Switch Detect Output

B59 | GPIO1/SW_OUT/PENDOWN | PENDOWN: PENDOWN Detect Output GPIO
GPIO TSC GPIO 3: General Purpose /0 # 3
- A70 | GPIO3/LED2 LED2: Charger LED # 2 Indicates charging complete GPIO
GPIO 2: General Purpose I/0O # 2
B60 | GPIO2/LED1 LED1: Charger LED # 1 Indicates charging in progress GPIO
A71 NC No Connect NC

GPIO 4: General Purpose /O # 4
CHRG_ILIM: Control the limit of the Charger Pre-Regulator. CHRG_ILIM =
A72 | GPIO4/CHRG_ILIM 0, limit current to 500mA; CHRG_ILIM = 1, limit current to 1.5A. GPIO

I/O LEVELS BY TYPE

1/0 TYPE DESCRIPTION
A-l, A-O & A-1O Analog Levels: Input, Output & Input/Output
AP-l, AP-O & AP-I/O Power Supply: Input, Output & Input/Output
D-l, D-O Digital Levels: Input, Output

Voltage levels are all digital levels (nominally 3.3V)
GND Ground: Any connection to Ground
GPIO-IN, GPIO-OUT, GPIO General Purpose: Input, Output, Input/Output.

Inputs are 3.3V

Outputs are Vsys with open-drain capable
12C-1, 12C-0 & 12CIO 12C: Input, Output & Input/Output

Inputs are CMOS

Outputs are open-drain.

TCXO-D-I, TCXO-D-0, TCXO-I0 Clock: Input, Output, Input/Output

Inputs are 1.8V, Outputs are 1.1V to 1.9V
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ABSOLUTE MAXIMUM RATINGS

Stresses above the ratings listed below can cause permanent damage to the P95020. These ratings are stress ratings
only. Functional operation of the device at these or any other conditions above those indicated in the operational sections
of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods can affect
product reliability. Electrical parameters are guaranteed only over the recommended operating temperature range.

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Transient t < 1ms,

CHRG_INPUT to CHRG_GND USB or Wall Charger Input Duty Cycle < 1% -0.3 7 V

CHRG_BAT to DGND Battery Input Source -0.3 55 V

CHRG_SYSVCC to DGND System VCC Output (Vsys) -0.3 5.5 V

PVDD to PGND CLASS_D BTL Input Power -0.3 6 \

LDO_IN1, IN2, IN3 to DGND Input voltage for LDO -0.3 6 \Y

BUCK500_0_IN to BUCK500_0_GND BUCKO Input voltage -0.3 6 \

BUCK500_1_IN to BUCK500_1_GND BUCK1 Input voltage -0.3 6 \

BUCKZ1000_IN to BUCK1000_GND BUCK2 Input voltage -0.3 6 \
BUCKAQO, 1, 2 feedback

FDBK to DGND voltage -0.3 6 \Y
LED_BOOST Converter

LED _BOOST_VINto LED_BOOST_GND | gate bias supply -0.3 6 V

LED_BOOST_GATE to LED_BOOST Converter

LED_BOOST_GND Gate Drive to Power FET -0.3 LED _BOOST _VIN +0.3 \Y

LED_BOOST_VSENSE to

LED BOOST GND Voltage Sense Input -0.3 LED BOOST VIN +0.3 V

LED_BOOST_ISENSE to

LED BOOST GND Current Sense Input -0.3 LED BOOST VIN +0.3 V

LED_BOOST_SINK to Current Sink for LED String

LED_BOOST_GND #1 or String #2 -0.3 6 V

BOOST5_OUT to BOOST5 GND BOOSTS5 Converter Output -0.3 6 V
BOOSTS5 Converter Power

BOOST5_SW to BOOST5_GND Switchl and Switch2 -0.3 6 V

HSPWR to DGND Hot Swap Switches Power -0.3 6 \Y
Input voltage for Hot Swap

HSCTRL1, HSCTRL2 to DGND Control -0.3 HSPWR + 0.3 \
Power Supply for

VDDIO_CK to CKGEN_GND TCXO_OUT1, TCXO_0OUT2 -0.3 25 V

TCXO_IN to CKGEN_GND Input voltage for TCXO_IN -0.3 VDD_CKGEN18 + 0.3 V
Input voltage for

32KHZ_CLKIN to CKGEN_GND 32KHZ_CLK -0.3 LDO LP+0.3 \Y

GPIO to DGND Input voltage for GPIO -0.3 CHRG_SYSVCC +0.3 V
Input voltage for 12C Master

SDA, SCL to DGND or Slave -0.3 CHRG_SYSVCC +0.3 V
Input volatge for 12S

BCLK, WS, SDOUT, SDIN to DGND channel 1 or 2 -0.3 LDO_050 0+0.3 V

EX_ROM to DGND External ROM enable -0.3 CHRG_SYSVCC + 0.3 \Y

AGND, LDO_GND, CKGEN_GND, GND,

PGND, BOOST5_GND,

BCUCK500_0_GND,

BCUCK500_1_GND, BUCK1000_GND,

LED_BOOST_GND, CHRG_GND,

GND_BAT/ADCGND to DGND -0.3 0.3 \
Operating Ambient

Ta Temperature -40 to +85 °C
Operating Junction

T, Temperature -40 to +125 °C

Ts Storage Temperature -40 to +150 °C

TsoLper Soldering Temperature 260°C for 10 seconds -

functionality or performance.

ESD: The P95020 is an ESD (electrostatic discharge) sensitive device. The human body and test equipment can
accumulate and discharge electrostatic charges up to 4000 Volts without detection.

Even though the P95020

implements internal ESD protection circuitry, proper ESD precautions should be followed to avoid damaging the
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RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
CHRG_INPUT USB or Wall Charger Input 4.35V 5.5V \Y
CHRG_BAT Battery Input Source When Vbat providing power 3.0V 4.5V V
PVDD CASS_D BTL Input Power Supply 3.0V 5.0V V
LDO_IN1, IN2, IN3 Input voltage for LDO 3.0V 5.5V V
BUCK500_0_IN, BUCKO, 1, 2 Input voltage 3.0v 4.5V \
BUCK500_1_IN,
BUCK1000_IN
LED_BOOST_VIN LED Boost Converter gate bias supply 3.0V 5.5V )Y
VDDIO_CK voltage Power Supply for TCXO_OUT1, 1.1v 1.9v \%
TCXO_0OuUT2
HSPWR Hot Swap Switches Power Supply Do not tie to ground or floating 3.0V 5.5V )Y
LDO_050_0 Power Supply for 12C Slave Channel, 1.7v 3.6V \%
I12S Channel 1 and 2
Ta Ambient Operating Temperature -40 85 °C
T, Operating Junction Temperature -40 125 °C
Unless otherwise specified, typical values at To =25C, Vsys = 3.8V, Vipo 1p=3.3V, Ta = -40°C to +85°C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Vi Input ngh Voltage 0.7x VLDO_LP Vsys + 0.3 \Y
Vi Input Low Voltage -0.3 0.3X Vipo 1P Y,
Output Low Voltage _
Vor (Open Drain) IOL =3 mA 0.4 \Y
Unless otherwise specified, typical values at Tx =25C, Vsys = 3.8V, Ta = -40°C to +85°C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Vipo 050 0 Input Power Supply 1.7 3.6 Y,
ViH |npUt ngh Voltage 0.7x VLDO_050_0 VSYS +0.3 \Y
Vi Input Low Voltage -0.3 0.3X Vipo_os0 0 \
Voo Output Low Voltage IOL = +3 mA 0.4 Y,
Unless otherwise specified, typical values at To =25C, Vsys = 3.8V, Ta = -40°C to +85°C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
VLDO_050_0 |npUt Power Supply 1.7 3.6 \Y
Vi Input ngh VoItage 0.7x VL|30705070 Vsys + 0.3 \Y
Vi |nput Low VOItage -0.3 0.3x VLDO_050_0 \Y
lon=-1MA, Vipo os00 = 3.3V 0.9X Vipo_os0_0 N
VOH Output H|gh Voltage IOH = -1mA, VLD()_Qso_o =25V 0.9x VLDO_050_0 \Y
lon=-100UA, Vipo 0500 = 1.8V Vipo os0.0 - 0.2 \%
VoL Output Low Voltage lo.=1mA 0.1x VL00705079 \Y
Unless otherwise specified, typical values at Ta =25C, Vsys = 3.8V, Vipo 1p=3.3V, Ta = -40°C to +85°C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Vi Input ngh Voltage 0.7x VLDOﬁLP Vsys+ 0.3 \Y
Vi Input Low Voltage -0.3 0.3X Vipo 1p \%
Vou Output High Voltage lon=-2mMA 0.9X Vsys \%
VoL Output Low Voltage loL=2mA 0.1X Vsys \%
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OVERALL POWER CONSUMPTION

MODE DESCRIPTION CHARGE_BAT TYPICAL
CONSUMPTION
Sleep USB or Wall Adaptor is not present, a main battery is present and well-chaged. Always Vbat = 3.8V TBD
on LDO_LP is on, RTC is on and RTC registers are maintained. Wake-up capabilities
(Switch Detect Input) are available.
Standby USB or Wall Adaptor is not present, a main battery is present and well-chaged. Always Vbat = 3.8V TBD
on LDO_LP is on, all DC-DC Bucks in PFM mode. All LDO's are on, no load.
Touch USB or Wall Adaptor is not present, a main battery is present and well-charged. Vbat = 3.8V TBD
Controller Always on LDO_LP is on, touch screen controller is on, LDO_050_0 is on.
Standby
AUDIO POWER CONSUMPTION
MODE CHRG_BAT LDO_050_0 | VDD_AUDIO18 | VDD_AUDIO33 | PVDD | CHRG_BAT | PVDD Total
Power
) M) ) M) ) (mA) (mA) | (mW)
Playback to 4Q 33 23 1.5 3.0 3.0 52 7 192
speaker, sampling at 3.8 3.3 1.8 3.3 3.3 60 7 252
96 kHz, no signal 4.2 3.6 1.8 3.6 5.0 60 10 302
Playback to 4Q 3.3 2.3 1.5 3.0 3.0 53 155 640
speaker, sampling at 3.8 3.3 1.8 3.3 3.3 61 170 793
96 kHz, 0dB FS 1 kHz 4.2 3.6 1.8 3.6 5.0 61 258 1546
signal
Playback to 8Q 3.3 2.3 1.5 3.0 3.0 52 6 190
speaker, sampling at 3.8 3.3 1.8 3.3 3.3 59 6 244
48 kHz, no signal 4.2 3.6 1.8 3.6 5.0 59 10 298
Playback to 8Q 3.3 2.3 1.5 3.0 3.0 52 96 460
speaker, sampling at 3.8 3.3 1.8 3.3 3.3 60 105 575
48 kHz, 0dB FS 1 kHz 4.2 3.6 1.8 3.6 5.0 60 163 1067
signal
Playback to 16Q 3.3 2.3 1.5 3.0 3.0 54 0 178
headphone, sampling 3.8 3.3 1.8 3.3 3.3 58 0 220
at 96 kHz, no signal 4.2 3.6 1.8 3.6 5.0 60 0 252
Playback to 16Q 3.3 1.7 1.5 3.0 3.0 120 0 396
headphone, sampling 3.8 3.3 1.8 3.3 3.3 133 0 506
at 96 kHz, 0dB FS 1 4.2 3.6 1.8 3.6 5.0 135 0 567
kHz signal
Playback to 16Q cap- 3.3 2.3 15 3.0 3.0 55 0 182
less headphone, 3.8 3.3 1.8 3.3 3.3 60 0 228
sampling at 96 kHz, 4.2 3.6 1.8 3.6 5.0 62 0 260
no signal
Playback to 16Q cap- 3.3 2.3 15 3.0 3.0 122 0 403
less headphone, 3.8 3.3 1.8 3.3 3.3 135 0 513
sampling at 96 kHz, 4.2 3.6 1.8 3.6 5.0 137 0 576
0dB FS 1 kHz signal
Stereo playback 3.3 2.3 15 3.0 3.0 41 7 156
bypassing ADC and 3.8 3.3 1.8 3.3 3.3 48 7 206
DAC to Class-D 4Q 4.2 3.6 1.8 3.6 5.0 48 10 252
speaker, no signal
Record mode — 3.3 2.3 1.5 3.0 3.0 45 0 149
Stereo Line-In to 3.8 3.3 1.8 3.3 3.3 49 0 186
ADCO sampling at 96 4.2 3.6 1.8 3.6 5.0 50 0 210
kHz, no signal
Record mode — 33 23 1.5 3.0 3.0 43 0 142
Analog microphone 3.8 3.3 1.8 3.3 3.3 47 0 179
I/P to ADC1 sampling 4.2 3.6 1.8 3.6 5.0 47 0 198
at 16 kHz, no signal
Record mode — 3.3 2.3 15 3.0 3.0 45 0 149
Analog microphone 3.8 3.3 1.8 3.3 3.3 49 0 186
I/P to ADC1 sampling 4.2 3.6 1.8 3.6 5.0 50 0 210
at 96 kHz, no signal
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1.0 OVERVIEW

The P95020 is an integrated device that combines a microcontroller, power management, battery charging, touch screen
controller, system monitoring, clock synthesis, real time clock and audio functionality. All of these subsystems are
configured, monitored and controlled by either the on-chip Microcontroller or by an external controller (Application
Processor) over an I2C interface. The external Application Processor can monitor and control functions within P95020
even when the internal Microcontroller is enabled. The registers for the various sub functions allow access from more
than one controller through an arbitration mechanism implemented in hardware.

L
VBus »LJ] T Vsvs to System
(From USB Vpys T I External
or wall adpapter) PWM L Vsys PMOS
L Charger “ldeal T T s Ideal Diode
CLSEN >} o Diode ’E_:l>‘ CATE L:} (Optional)
i Discharger oV Veat """ Single Cell
NTC H-;-Ju Battery T Li-lon Battery
VNTC <& - - = VIN
ICHRG >t‘j Charger
BOOST_LED "_Ig
Micro- Backlight Driver & 3 Voltage to LEDs
controller Current Sinks for ¢ \S/ISI’\IEKleE
LEDs SINK 2
! ISENSE
g%ﬁ: - I°C Master LDO_IN1
’— LDO 150 mA V_Output
oA ) (0.75v-3.7V)
I°C Slave
SCL Vv |Eg>(7)51530 7rr\1/? V_Output
.75v-3.
SW_DET - { SW_DET l_ DO 150 mA V_Output
Real Time (0.75v-3.7V)
Clock [ pbosomA \L/Dg‘thZt
10 pin (0.75v-3.7V) —>utpu
interface > ADC/Touch ’— LDO 50 mA
U (0.75v-3.7v) [LI——————®V_Output
X ‘_
10 GPIO LDO 50 mA
- — ——V Output
POR_OUT-w M POR_OUT I_ (0.75v-3.7V)
HSPWR LDO 50 mA
HSCJEOL%< :E Hot Swap (0.75v-3.7V) —}——»V Output
HSCTRL2 >§ Switches DO 1mA (3.0V
HSO2 -« i E or 3.3V) —[ }—— - VV_Output
SV Boost DC-DC Buck
V_Output -« :I:
_Outp f 1000 mA E—VV_Output
Mic In— L
Line In . . \
I>S Channel 1 In Audio Codec DC ISD(% I?nu:k_l ——V_Output
2IZS Channel 2 In Headphone L
Line Out [] Amp S00 mA —V_Output
Headphone Out & [ L
Class-D Out - I| N
Power
e o
USB CLK <& ? Generator Reset
fmam
Figure 4 — Overall System Functional Diagram.
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1.1 FUNCTIONAL MODES

There are two primary functional modes for operation: external processor only or simultaneous internal and external
processor operation.

External Processor Control

In this mode of operation the external processor can access all internal registers via the I2C interface and receive
interrupts via an interrupt pin, and the internal Microcontroller can be powered down or clock gated off.

Combined Internal and External Processor Operation

In this mode of operation the Microcontroller in the P95020 will function autonomously or semi-autonomously based on
the content of the on-board or external ROM. The external Application Processor may or may not perform additional
control functions through the 12C bus interface. Individual time-based or event-based interrupts generated inside the
P95020 device may be routed internally or externally to be handled separately. All I2C registers can be simultaneously
accessed by either the external Application Processor or the internal Microcontroller. Access to the 1°C registers is
arbitrated via on-chip hardware arbitration.
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1.2

REGISTER MAP

All the P95020 control and status registers accessible to the Microprocessor are mapped to a 1024 location address
space. This address space maps to:

4 x 256 Bytes of I2C pages for the I2C slave interface
1024 consecutive addresses in the embedded Microprocessor address space
For easy access from the I12C slave interface (by default 256 Bytes oriented) the first 16 registers of each page are global

for all the pages.

Each Module is allocated a consecutive address space.

Register address computation: Address = Base Address + Offset Address

The Base addresses (for both I2C and embedded uP) are listed in the following table. The Offset addresses are defined in
different functional Modules. The offset address is labeled as “Offset Address” in the Module Register definition sections.

Table 3 — Register Address Global Mapping

Module Size Base Address | Base Address Register Definition Module Description
(Bytes) (I2C) (6811 uP) Location P
Page-x: Global registers are used by the Access
Global Registers | 16 ge-x 0xA000 Page 120 Section 15.7 Manager, the first 16 registers of each page
000(0x00)
are global for all the pages.
ACCM 16 Page-0: OXAO10 Page 123 Section 15.8 Access manager, including an 12C slave and
016(0x10) g ) bus arbiter
Power controller, including registers that
Page-0: Page 108 Section 13.7.1 | control the on/off of the regulators, and
PCON 32 032(0x20) OxAQ20 control/sense of the GPIO, power states
Page 64 Section 4.7 Clock Generator Registers
Page-0: . )
RTC 32 064(0x40) 0xA040 Page 67 Section 5.2 Real Time Clock
Page-0: . Linear regulators, including regulators for
LDO 32 096(0x60) OxA060 Page 127 Section 16.6 external and internal usage
Page-0: Switching regulators and Class-D BTL driver
DC_DC 16 128(0xé0) 0xA080 Page 74 Section 7.0 consisting of three bucks, one 5V boost , one
white LED driver and one Class-D BTL driver
Page-0: Battery Charger, including a dedicated
CHARGER 16 ge-o 0xA090 Page 55 Section 3.5 switching buck regulator, an ideal diode, a
144(0x90) -
precision reference and thermal sensor
Page-0: . )
GPT 16 160(0XA0) OxAOAO Page 71 Section 6.2 General purpose timers
Page-0:
RESERVED 16 176(0xB0) OxAO0BO RESERVED
Page-0: Touch-screen (ADC, pendown detect and
ADC_TSC 64 ge-o: 0xAO0CO Page 100 Section 12.4 switches, temperature and battery voltage
192(0xCO0) e
monitoring), and GPIOs
AUDIO 240 ggg(eo')}(:)o) 0xA100 Page 40 Section 2.15 Audio subsystem, excluding class-D amplifier
CLASS_D_DIG 240 ggg(%'fao) 0xA200 Page 32 Section 2.13 Class-D amplifier digital processing part
Page-3:
RESERVED 240 000(0x00) 0xA300 RESERVED
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1.3 BYTE ORDERING AND OFFSET

Most registers are defined within one byte width and occupy one byte in the address space. Some registers occupy more
than one byte. Please refer to the individual register descriptions for information on how that register is stored in address

space.

1.4 REGISTER ACCESS TYPES

TYPE MEANING

RW Readable and Writeable

R Read only

RW1C Readable and Write 1 to this bit to clear it (for interrupt status)
RW1A Readable and Write 1 to this bit to take actions

1.5 RESERVED BIT FIELDS

Bit fields and Bytes labeled RESERVED are reserved for future use. When writing to a register containing some
RESERVED bits, the user should do a “read-modify-write” such that only the bits which are intended to be written are

modified.

DO NOT WRITE to registers containing all RESERVED bits.
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2.0 AUDIO MODULE
FEATURES

® 4 Channels (2 stereo DACs and 2 stereo ADCs) with 24-bit

resolution
¢ Supports full-duplex stereo audio
+ Provides a mono output

2.5W mono speaker amplifier @ 4 ohms and 5V
Stereo cap-less headphone amplifier

Two digital microphone inputs
+ Mono or stereo operation
+ Up to 4 microphones in a system

High performance analog mixer

2 adjustable analog microphone bias outputs

STATUS

TEST

Power Management

DESCRIPTION

The audio system is a low power optimized, high fidelity,
4-channel audio codec with integrated Class D speaker

amplifier, cap-less headphone amplifier. It provides high
quality HD Audio capability for handheld applications.
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Figure 5 — Audio Block Diagram

2.1AUDIO - PIN DEFINITIONS

Pin # PIN_ID DESCRIPTION
007 MIC_R- Differential Analog microphone negative input (right channel)
008 MIC_R+/DMICDAT?2 Differential Analog microphone positive input (right channel) or second digital microphone data input
009 MICBIAS_R/DMICSEL Analog microphone supply (right channel) or digital microphone select output (GPO)
010 MICBIAS _L/DMICCLK Analog microphone supply (left channel) or digital microphone clock output
011 MIC_L+/DMICDAT1 Differential Analog microphone positive input (left channel) or first digital microphone data input
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012 MIC_L- Differential Analog microphone negative input (left channel)
013 | AFILT2 ADC filter cap

014 | AFILT1 ADC filter cap

015 | AGND MIC Return path for microphone supply (MICBIAS_L/R)

016 LISLP Differential Analog Line Level positive input (left channel)
017 LISLM Differential Analog Line Level negative input (left channel)
018 LISRP Differential Analog Line Level positive input (right channel)
019 LISRM Differential Analog Line Level negative input (right channel)
020 LLO L Single Ended Line Level Output (Left channel)

021 LLO_R Single Ended Line Level Output (Right channel)

022 | AVREF Analog reference (virtual ground) bypass cap

023 | VDD_AUDIO33 Filter Capacitor for Internal 3.3V Audio LDO

024 | ADC_REF ADC reference bypass cap

025 HP_R Cap-less headphone output (right channel)

026 HP_L Cap-less headphone output (left channel)

027 | AGND Analog (audio) return

028 | VIRT_GND Cap-less headphone signal return (virtual ground)

2.2AUDIO - SECTION OVERVIEW
The Audio section can be divided into seven subsections.

Analog Input Buffer & Converter Block

DAC, ADC

Audio Mixer Block

Analog and Class D Output Blocks

Sub System Control and Interface Blocks

Note: All register settings are lost when power is removed.

2.3AUDIO - ANALOG PERFORMANCE CHARACTERISTICS

Unless otherwise specified, typical values at T =25C, VSYS =5V, T = -40°C to +85°C,

(VCC_AUDIO33 = 3.3V, VDD_AUDIO18 = 1.8V, AGND = DGND = 0V, T = 25 ° C; 1 kHz input sine wave, Sample Frequency = 48 kHz, 0 dB = 1 Vrus

into 10 KQ)
PARAMETER CONDITIONS MIN - TYP | MAX | UNIT
Full Scale Input Voltage:
All Analog Inputs except Mic (0 dB gain) 1.0 V rms
Differential Mic Inputs (+30dB gain) 30.0 mV rms
Differentail Mic Inputs (0 dB gain) 1.0 V rms
Full Scale Output Voltage:
Line Input to Line Output 1.0 V rms
HP Output Per channel / 16 ohm load 0.707 V rms
PCM (DAC) to LINE_OUT 1.0 V rms
Headphone output power Per channel / 16 ohm load 45 50 55 mWpk
Analog Frequency Response :a:tn%?e"gites}Sg%ekﬂg);frr;q;zr_]cy response is 40 kHz if the 10 30,000 Hz

The ratio of the rms output level with 1 kHz full scale input to

the rms output level with all zeros into the digital input.
Digital S/N Measured “A weighted” over a 20 Hz to a 20 kHz bandwidth.

(AES17-1991 Idle Channel Noise or EIAJ CP-307 Signal-to-

noise ratio) — At Line_Out pins.
D/A PCM (DAC) to LINE_OUT 95 dB
A/D LINE_IN to PCM 90 dB
LINE_IN to LINE_OUT (direct) 98 dB
LINE_IN to LINE_OUT (mixer) 95 dB
LINE_IN to HP (direct) 90 dB
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LINE_IN to HP (mixer) 90 dB
DAC to LINE_OUT 93 dB
LINE_IN to A/D 90 dB
THD+N ratio as defined in AES17 and outlined in AES6id,
Total Harmonic Distortion: non-weighted, at 1 kHz. Te_sted at -3 dB FS or equivalent for
analog only paths. 0 dB gain (PCM data -3 dB FS, analog
input set to achieve -3 dB full scale port output level)
LINE_IN to LINE_OUT (direct) 90 dB
LINE_IN to LINE_OUT (mixer) 80 dB
DAC to LINE_OUT 85 dB
DAC to HP (10 KQ) 80 dB
DAC to HP (16 Q) 55 dB
LINE_IN to ADC 80 dB
AMIC to ADC 80 dB
LSS mte, The DI e e becomes 0kt | o0 e
is from 20-22,500 Hz at 48 kHz, or 20-20,000 Hz @
AID Frequency Response 44.1 kHz or 20-45,000 Hz @ 96 kHz. 20 20,000 Hz
Transition Band Transition band is 40-60% of sample rate. 19,200 28,800 Hz
Stop Band Stop band begins at 60% of sample rate 28,800 Hz
Stop Band Rejection 85 dB
The integrated Out-of-Band noise generated by the DAC
Out-of-Band Rejection Dandwich 28 t 100 ki, wih respeet 10 1 vims DAC | 45 dB
output.
Power Supply Rejection Ratio (1 kHz) 70 dB
Crosstalk between Input channels 85 dB
DAC Volume/Gain Step Size 0.75 dB
ADC/Mixer Volume/Gain Step Size 15 dB
Analog Mic Boost Step Size 10 dB
Input Impedance 50
Differential Input Impedance 20
Input Capacitance 15 pF
Mic Bias 2.97 \%
External Load Impedance 6 kQ

2.4AUDIO - MICROPHONE INPUT PORT

The microphone input port supports either analog or digital microphones. The analog and digital modes share pins so
only one mode is supported in a typical application.

2.4.1 AUDIO - Analog Microphone Input mode
The Analog Microphone input path consists of:

Stereo Differential Input Analog Microphone Buffer
* L/R swap
¢ Mono or stereo
+ Microphone Bias Generator with 2 independent bias outputs.
+ Microphone Boost Amplifier with selectable gain of 10, 20, or 30dB

The analog microphone interface provides a stereo differential input for supporting common electret cartridge
microphones in a balanced configuration (a single-ended configuration is also supported). A boost amplifier provides up
to 30dB of gain to align typical microphone full scale outputs to the ADC input range. The microphone input is then routed
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to both ADC1 and the analog mixer for further processing. By using the analog mixer the analog microphone input may
be routed to ADCO, the line output port or the headphone output port.

2.4.2 AUDIO - Digital Microphone Input mode
The Digital Microphone Input path consists of:

Digital Microphone input buffer and MUX with the following features:

+ One or two microphones per DMICDATX input.

+ Mono data sampled during high or low clock level.

* L/R swap
Versatile DMICSEL output pin for control of digital microphone modules or other external circuitry. (Used primarily to
enable/disable microphones that do not support power management using the clock pin.)
The digital microphone interface permits connection of a digital microphone(s) via the DMICDAT1, DMICDAT2, and
DMICCLK 3-pin interface. The DMICDAT1 and DMICDAT2 signals are inputs that carry individual channels of digital
microphone data to the ADC. In the event that a single microphone is used, the data is ported to both ADC channels.
This mode is selected using a register setting and the left time slot is copied to the ADC left and right inputs. The digital
microphone input is only available at ADC1.

The DMICCLK output is controllable from 4.704 MHz, 3.528 MHz, 2.352 MHz, 1.176 MHz and is synchronous to the
internal master clock (MCLK). The default frequency is 2.352 MHz.

*

To conserve power, the analog portion of the ADC and the analog boost amplifier will be turned off if the D-mic input is
selected. When switching from the digital microphone to an analog input to the ADC, the analog portion of the ADC will
be brought back to a full power state and allowed to stabilize before switching from the digital microphone to the analog
input. This should take less than 10mS.

The P95020 codec supports the following digital microphone configurations:

Table 4 - Valid Digital Mic Configurations

DIGITAL DATA

MODE MICS SAMPLE INPUT NOTES
0 0 N/A N/A No Digital Microphones (1010 bit pattern sent to ADC to avoid pops)
1 2 Double Edge DMICDAT1 Two microphones connected to DMICDATL1. PhAdj settings apply to Left microphone.

Right Microphone sampled on opposite phase. DMICDAT2 ignored.

Two microphones connected to DMICDAT2. PhAdj settings apply to Left microphone.

2 2 Double Edge DMICDAT2 Right Microphone sampled on opposite phase. DMICDAT1 ignored.

DMICDAT1
3 2 Single Edge and DMICDAT1 used for left data and DMICDAT2 used for right data.

DMICDAT2

DMICDAT1 Two microphones, one on each data input. “Left” microphone used for each channel. Two
3 2 Double Edge and “Right” microphones may be used by inverting the microphone clock or adjusting the

DMICDAT2 sample phase.
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/ Left & Right

Channel

DMICCLK _\ \b
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Figure 6 —Stereo Digital Microphone (Mode 3)
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Figure 7 —Stereo Digital Microphone (Mode 1 & 2)

2.5AUDIO - ANALOG LINE INPUT

The Analog Line Input path consists of a stereo differential input analog buffer that is routed to the analog mixer and
ADCO. By using the analog mixer, the analog line input may be routed to ADCO, the line output port or the headphone
output port.

2.6 AUDIO - DAC, ADC

There are 2 stereo DACs and 2 stereo ADCs. All converters support sample rates of 8kHz, 11.025khz, 12kHz,
22.050kHz, 16kHz, 24kHz, 44.1kHz, 48kHz, 88.2kHz, and 96kHz. Word lengths of 16, 20 and 24-bits are selectable.

2.6.1 AUDIO-DACDO0/1

The DAC sample rate and word length are programmed at the I2S input port and the DAC may select either I12S port as the
data source.

Digital volume control provides -95.25 dB to 0dB gain in 0.75 dB steps and mute. The output of DACO and DACL1 is sent
to the analog mixer, the headphone output and the line output.

2.6.2 AUDIO - ADC 0/1

Each ADC includes a high pass filter to remove DC offsets present in the input path. Sample rate, word length, and
source ADC are programmed at the I2S output port. If an ADC is selected as the data source for more than one sink (I2S
output or DAC) then the rates must be programmed the same at all sinks. If the rates are not identical, then the highest
priority sink will dominate (I2Soutl, 12Sout2, and DAC). The other sink will be muted under these circumstances. ADCO
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includes an analog amplifier (0-22.5dB gain in 1.5dB steps) and a multiplexer to select between the line input path or the
analog mixer output.

Note: there is only 1 L/R clock per I12S 1/O port. Therefore the input and output rates for that port match.

2.7AUDIO - AUTOMATIC GAIN CONTROL

The P95020 incorporates digital automatic gain control in the ADC1 record path to help maintain a constant record level
for voice recordings. The AGC maintains the recording level by monitoring the output of the ADC and adjusting the Boost
(analog for analog microphone path or digital for digital microphone path) and digital record gain to compensate for
varying input levels. While the AGC is enabled, the digital record gain and boost register values are ignored.

The AGC target level may be set from -1.5 dB to -22.5
dB relative to the ADC full scale output code in 1.5 dB
steps. The maximum gain allowed may be
programmed to prevent the AGC from using the entire
gain range. The AGC may be applied to either both
channels or only the right or left channel. The AGC
uses both channels to determine proper record level
unless only one channel is selected. When only one
channel is enabled, the other channel is ignored and
that channel’s gain is controlled by its record gain and

boost register values. o

e F
Delay time is the amount of delay between when the AGC Target
peak record level falls below the target level and when Level
the AGC starts to adjust gain. The delay time may be o
set from 0 ms to 5.9 seconds in 16 steps. Each step is

twice as long as the previous step where 0 is the first
step.

Each additional step may be calculated by:
((8*2")/44100) seconds

where n is the register value from 1 to 15

Decay time is the time that the AGC takes to ramp up
across its gain range. The time needed to adjust the
recording level depends on the decay time and the

amount of gain adjustment needed. If the input level is Figure 8 — Automatic Gain Control

close to the target level then a relatively small gain adjustment will be needed and will take much less than the
programmed decay time. Decay time is adjustable from 23.2 ms to 23.8 seconds and may be calculated as (2™"°/44100)
where n is the register value from 0 to 10. Register values above 10 set the decay to 23.8 seconds.

Attack time is the time that it takes the AGC to ramp down across its gain range. As with the decay time, the actual time
needed to reach the target recording level depends on the attack time and the gain adjustment needed. The attack time
is adjustable from 5.8 ms to 5.9 seconds and may be calculated as (2”+8/44100) where n is the register value from 0 to 10.
Register values above 10 set the decay to 5.9 seconds.

The P95020 also provides a peak limiter function. When the AGC is on, quiet passages will cause the gain to be set to
the maximum level allowed. When a large input signal follows a quiet passage, many samples will become clipped as the
AGC adjusts the gain to reach the target record level. Long attack times aggravate this situation. To reduce the number
of clipped samples the peak limiter will force the attack rate to be as fast as possible (equivalent to zero (0) value in the
attack register) until the record level is 87.5% of full scale or less.

To prevent excessive hiss during quiet periods, a signal threshold level may be programmed to prevent the AGC circuit
from increasing the gain in the absence of audio. This is often referred to as a ‘noise gate’ or ‘squelch’ function. The
signal threshold may be programmed from -72 dB FS to -24 dB FS in 1.5 dB increments.

Under some circumstances, it is desirable to force a minimum amount of gain in the record path. When the AGC is in
use, the minimum gain may be set from 0 to 30 dB to compensate for microphone sensitivity or other needs.

2.8AUDIO - ANALOG MIXER BLOCK

The Audio subsection implements an analog mixing block for use as an input or output mixer.

The Audio Mixer Block consists of:

Revision 0.7.10 28 ©2010 Integrated Device Technology, Inc.



P95020 / Preliminary Datasheet

Input Volume Controls

DACO
DAC1

Line Input

Analog Mic (in analog mic mode only.)

Master Volume Control
The analog mixer has 4 input sources. Each input has an independent volume control that provides gain from -34.5 dB to
+12 dB (1.5 dB steps) and mute. After mixing, the output may be attenuated up to 46.5 dB (1.5 dB steps) before being

sent to ADCO, the headphone output port and the line output port.

2.9AUDIO - DIGITAL AUDIO INPUT/OUTPUT INTERFACE
The Digital Audio Input/ Output Interface consists of:

Dual I2S input/output interface with independent bit rate/depth
Each I2S input/output pair will operate at same bit rate/depth

MCLK is shared and may be programmed for 64, 128, 256, or 384 times the base rate (44.1 kHz or 48 kHz)
The MCLK is used to align the I2S port signals to the host.

PCON Register —MCLK CFG:

I2C Address = Page-0: 55(0x37), pC Address = 0xA037

Default

User

Bit Bit Name Settings Type Value Description / Comments
[2:0] MCLK_RATE 000b RW Only meaningful when MCLK_SEL bit is set. See
table below.
Only meaningful when MCLK_SEL bit is set. See
3 MCLK_DIV2 Ob RW table below.
0 = MCLK to audio selected from
GPIO9 pin
4 MCLK_FROM_I2S Ob RW 1 = MCLK to audio selected from
12S_BCLK2 pin
0 = MCLK is selected from MCLK 1/O .
5 MCLK_REMAP_EN |0Ob RW  |1=MCLK is selected from I2S or MCLK 1/O does not bond out due to pin-count
; constraint
GPIO9 pin
6 RESERVED Ob RW RESERVED
0 = Audio clock source from 48 MHz
7 MCLK_SEL Ob RW clock from CLKGEN MCLK source selection

1 = Audio Clock source from MCLK

Table 5 - MCLK Rate selection: MCLK_DIV2: MCLK_RATE

MCLK_DIV2:MCLK_RATE[2:0] MCLK Input frequency Comments
00xx 12.288M
0100 11.2896M
0101 18.432M
0110 16.9344
0111 12M

10xx 24.576M
1100 22.5792M
1101 36.864M
1110 33.8688M
1111 24M
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Table 6 — MCLK/Sample Rate

Mclk (div=0) | Mclk (div=1) | Sample Rate | USB Mode | Mclk/Sample Rate
12.288MHz 24.576MHz 96KHz 0 128
48KHz 256
24KHz 512
16KHz 768
12KHz 1024
8KHz 1536
11.2896MHz | 22.5792MHz 88.2KHz 128
44 1KHz 256
22.050KHz 512
11.025KHz 1024
18.432MHz 36.864MHz 96KHz 192
48KHz 384
24KHz 768
16KHz 1152
12KHz 1536
8KHz 2304
16.9344MHz | 33.8688MHz 88.2KHz 192
44 .1KHz 384
22.050KHz 768
11.025KHz 1536
12.000MHz 24.000MHz 96KHz 1 125
48KHz 250
24KHz 500
16KHz 750
12KHz 1000
8KHz 1500
88.2KHz 20000/147
44 1KHz 40000/147
22.050KHz 80000/147
11.025KHz 160000/147

Two independent serial digital 1/O ports provide access to the internal converters. Each port provides a stereo input and
output with shared clocks. The ports support slave mode operation only (clocks supplied by host). Each port may be
programmed for 8 kHz, 11.025 kHz, 12 kHz, 16 kHz, 22.050 kHz, 24 kHz, 44.1 kHz, 48 kHz, 88.2 kHz or 96 kHz
operation. 12S, Left justified and Right justified formats support 16, 20 and 24-bit word lengths.
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2.10 AUDIO - REFERENCE VOLTAGE GENERATOR, BUFFER, & FILTERING CAPS

AVREF
The AVREF pin is part of the internal virtual ground reference generator. A capacitor placed between AVREF and
AGND is necessary for acceptable power supply rejection and anti-pop performance. A capacitor of 10 pF is
recommended to provide about a 10 second ramp-up time.

ADCREF
The ADC reference also requires a capacitor of at least 1 uF for proper operation.

AFILT
ADC1 augments its internal filter capacitors with external filter capacitors to reduce noise outside of the audio
band before sampling. 1000 pF capacitors connected from the AFILT1 and AFILT2 pins to AGND are
recommended but larger capacitors may be used if reduced signal bandwidth is acceptable. Process variation
will cause bandwidth to vary from part to part. A 1000 pF capacitor will place the filter pole far outside of the 20
kHz bandwidth supported so that the +1 dB 20 kHz bandwidth limit is guaranteed.

2.11 AUDIO - ANALOG AND CLASS D OUTPUT BLOCK
The Audio subsection provides support for line level, headphone and speaker outputs.

The analog line output port features a source MUX and single ended output buffer designed to drive high impedance
loads. This port has selectable 0/3/6 db gain for -6 dBV, -3 dBV or 0 dBV DAC output levels respectively. The Cap-less
Stereo Headphone Output port is similar to the line level output port but can drive 32 ohm headphones and may operate
without DC blocking capacitors by connecting the physical headphone’s ground return to the VIRT_GND pin.

A CLASS_D Mono BTL Output and Class D Stereo Processor w/ digital volume control (See CLASS_D section for more
information) provides up to 2.5 W of output power into a 4 ohm speaker.

The line output port, headphone port and CLASS_D BTL Power Output can select from the mixer, DACO, DACL or the
line input (LINE_IN). The line input selection is intended for very low power LINE_IN to LINE_OUT pass-thru when
VDD_AUDIO33 and VDD_AUDIO18 power on, and config LINE_OUT_SCTRL (Setting 2h, see Section 2.15.24) to select
LINE_OUT from LINE_IN.
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2.12 AUDIO - CLASS-D BTL AMPLIFIER

P95020 implements a digital Class-D 2.5W (4 Q) BTL amplifier which supports both 8 Q and 4 Q loads. Gain for the BTL
amplifier is programmable from -91 dB to +36 dB in 0.5 dB steps using the Volume 0/1 registers. Gain changes and mute
may be applied immediately, on zero crossing or ramped from the current to target value slowly. These settings are
controlled using the Gain Control HI/LO registers.

2.12.1 AUDIO - EQ

There are 5 bands of parametric EQ (bi-quad) per channel. Due to the flexibility of the bi-quad implementation, each filter
band may be configured as a high-pass, low-pass, band-pass, high shelving, low shelving or other function.

Each band has an independent set of coefficients. A bi-quad filter has 6 coefficients. One coefficient is normalized to 1
and 5 are programmed into the core. Each band supports up to +15 dB boost or up to -36 dB cut.

2.12.2 AUDIO - Coefficients
The following equations describe each filter band. The fundamental equation is a bi-quadratic of the form:
_ bO+blz* +b2z7°

H(z
(2) a0+alz*+a2z?

Rearranging slightly we can see that normalizing a0 or bO can reduce the number of stored coefficients.

(00) 1+((b1>)z‘l+gbzgz‘2
0 b0 b0
e :(@jxl+(al)z‘l+(az)z‘2

(a0) (a0)

Implementation generally takes the form:

y[n]= (@jx[n]Jr [%)x[n ~1]+ [%)x[m -2]- (Z—éjy[n -1]- (Z—éjy[n -2]

a0

It can be seen that 5 coefficients are needed, and if a0 is set to 1 then only b0, b1, b2, al, and a2 are needed. To
compensate for the total gain realized from all 5 bands the EQ amplitude is adjusted to prevent saturation. Each channel
has an inverse gain coefficient that is used to compensate for the gain in the EQ bands. So, for 5 bands/channel with 5
coefficients/band + inverse gain/channel, there are a total of 52 values needed.

These values are pre-calculated and programmed into RAM before use. The default values should be benign such as an
all-pass implementation, but it is permissible to implement other transfer functions.

2.12.3 AUDIO - Software Requirements
The EQ must be programmed before enabling (bypass turned off). {Coefficients are random at power-on.}

When changing coefficients, the EQ must be bypassed before programming. Muting the path is not sufficient and may not
prevent issues. Changing coefficients while the filter is in use may cause stability issues, clicks and pops, or other
problems.

All coefficients are calculated by software. Software must verify amplifier stability. Programming incorrect coefficients can
cause oscillation, clipping, or other undesirable effects. After calculating coefficients, software must calculate the inverse
gain (normalize the response) for each channel (Left and Right) to prevent saturation or inadequate output levels. All
values are then either programmed directly into the device or stored in a table for use in a configuration file or firmware.

2.13 AUDIO CLASS_D - REGISTERS

The Audio Class-D Module can be controlled and monitored by writing 8-bit control words to the various Registers.

The Base addresses are defined in Table 3 — Register Address Global Mapping on page 20.

2.13.1 AUDIO CLASS_D - RESERVED Registers
These registers are reserved. Do not write to them.

Revision 0.7.10 32 ©2010 Integrated Device Technology, Inc.



P95020 / Preliminary Datasheet

I2C Address = Page-2: 26(0x1A), upC Address O0xA21A
I2C Address = Page-2: 27(0x1B), uC Address 0xA21B
I2C Address = Page-2: 37(0x25), pC Address 0xA225
I2C Address = Page-2: 47 (0x2F), pC Address O0xA22F
I2C Address = Page-2: 49 (0x31) uC Address = 0xA231
thru Page-2: 53 (0x35) uC Address = 0xA235
I2C Address = Page-2: 64(0x40), pC Address 0xA240
thru Page-2: 255(0xFF), pC Address OxXA2FF
2.13.2 AUDIO CLASS D-ID HI & LO Registers
This 24 bit read-only register contains a unique ID for each block.
ID HI: I®C Address = Page-2: 16(0x10), pC Address = 0xAZ210
ID LO: I®C Address = Page-2: 17(0x11), pC Address = 0xA21l
Bit Bit Name gg{ﬁﬁg }I'J;s::‘ Value Description / Comments
[15:0] ID 4D52h R Unique identifier

2.13.3 AUDIO CLASS D - VERSION HI & LO Registers
This 24 bit read-only register contains a unique version identifier for each block.

VERSION HI: I®C Address = Page-2: 18(0x12), pC Address = 0xA212
VERSION LO: I®C Address = Page-2: 19(0x13), pC Address = 0xA213
Bit Bit Name Defa_lult L Value Description / Comments
Setting Type
Bits[15:8] updated on major RTL code change.
[15:0] VERSION 0100h R Bits[7:4] updated on minor RTL code change.
Bits[3:0] updated on metal layer bug fix.

2.13.4 AUDIO CLASS_D - STATUS Registers
These are read-only status registers which provide feedback on the operation of the DSP Filtering functions

STATUSO: I2C Address = Page-2: 20(0x14), pC Address = 0xA214
Bit Bit Name Defa}ult L Value Description / Comments
Settings | Type
. fs_clk_synced_loss_cnt Count of the number of times synchronization to i_den is lost since
[3:0] Oh R L
0 last initialize.
latched max value of i_den jitter detected after fs_clk_synced.
[6:4] den_jitter 000b R Cleared on initialize. How many fclks is i_den for chO jittering
between samples.
7 fs_clk_synced ob R 1 = Input sample rate (i_den for ch0) is properly locked to fclk (within
tolerance).
STATUS1: I2C Address = Page-2: 21(0x15), pC Address = 0xA215
Bit Bit Name Defa_\ult e Value Description / Comments
Settings Type
Multiply this value by 32 to get the number of fclks between each chO
fclks per cho in input data sample. Knowing the fclk frequency you can then
[7:0] sam_lz = "="=100h R determine sample rate. Also useful in making sure there are enough
P fclks to allow the DSP filtering processes to complete before the next
input sample.
STATUS2: I2C Address = Page-2: 22(0x16), pC Address = 0xA216
Bit Bit Name Defa}ult O Value Description / Comments
Settings Type
0 zerodet_flag Ob R set when input zero detect of long string of zeros.
1 limit1 Ob R 1 =setifregz saturatlo_n after gain multiply for ch0. May change on a
sample by sample basis
5 limit1 ob R 1 =setif regz saturatlo_n after gain multiply for ch0. May change on a
sample by sample basis.
[5:3] RESERVED 000b R RESERVED
6 limitOlatch 0Ob R Latched version of limit0, clear via GAINCTRL[7].
7 limitllatch Ob R Latched version of limitl, clear via GAINCTRL[7].
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STATUS3: I2C Address = Page-2: 23(0x17), pC Address = 0xA217
: ; Default User .
Bit Bit Name Settings Type Value Description / Comments
- Set if DSP filtering processes didn’t finish before the next input data
0 timing_error 0Ob R S
sample. Cleared on initialize.
[7:1] RESERVED 0000000b R RESERVED

2.13.5 AUDIO CLASS_D - CONFIG Registers
This 16 bit control register primarily controls operation of the DSP Filter block.

CONFIGO: I2C Address = Page-2: 24(0x18), pC Address = 0xA218
Bit Bit Name g:tffi“rjlgs }I'J;s; Value Description / Comments
0 eapd 1b RW 1 = force External Amp Power Down (EAPD) output to ON.
1 mute Ob RW 1 = Mute all channels
2 Initialize Ob RW 1 = initialize/soft reset datapath, CSRs not reset
3 offset180 0b RW 1 = PWM chl offset from ch 0 by 180deg, 0 = 90deg
4 debug_sel _ns Ob RW 1 = debug output is from NS/PWM, 0 = NS input
5 eapd_polarity 1b RW 1 =invert eapd
6 RESERVED 0b RW RESERVED
7 swap_pwm_ch Ob RW 1 = swap ch0/1 on filter output to Noise Shaper
CONFIGl: I2C Address = Page-2: 25(0x19), puC Address = 0xA219
Bit Bit Name gefa_\ult U Value Description / Comments
ettings Type
0 dc_bypass 0Ob RW 1 = bypass DC Filter
00 = interpolate by 2
[2:1] fira_ratio 01b R 28 _ gggi&:ﬁ;e by 2 Fira ratio
11 = reserved
3 firb_bypass Ob RW 1 = bypass firb interpolation
4 firc_bypass Ob RW 1 = bypass firc interpolation
5 eq_bypass 1b RW 1 = bypass equalization filter (must init EQRAM)
6 prescale_bypass |1b RW 1 = bypass EQ prescaler (must init EQRAM)
7 RESERVED Ob RW RESERVED
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2.13.6 AUDIO CLASS_D - PWM Registers
This is a 32-bit register = {PWM3, PWM2, PWM1, PWMO}.

PWM3: I2C Address = Page-2: 28 (0x1C), pC Address = 0xA21C

PWM2: I2C Address = Page-2: 29(0x1D), pC Address = 0xA21D

PWMl: I2C Address = Page-2: 30(0x1lE), pC Address = 0xA21lE

PWMO: I2C Address = Page-2: 31 (0x1lF), pC Address = 0xA21F

; : Default User .
Bit Bit Name Settings Type Value Description / Comments
0 RESERVED Ob RW RESERVED
1 RESERVED Ob RW RESERVED
2 fourthorder 1b RW 1= _4th orjder_ binomial filter, 0 = 3rd order, noise improve of 6dB by
setting this bit to 0
3 RESERVED Ob RW RESERVED
4 roundup 1b RW 1 = roundup, 0 = truncate for quantizer
5 clk320mode 1b RW 1 = PCA clock mode, pclk = 2560*Fs, 0 = 2048*Fs
[7:6] RESERVED 00b RW RESERVED
8 RESERVED Ob RW RESERVED
9 RESERVED Ob RW RESERVED
[14:10] | Dithpos 00000b RW Dither position
15 RESERVED 0b RW RESERVED
16 RESERVED 1b RW RESERVED
17 pwm_outflip Ob RW 1 = swap pwm a/b output pair for all channels
[23:18] |dvalue 011000b RW dvalue constant field
[29:24] |cvalue 001010b RW tristate constant field, must be even and not 0
. pwm output muxing, 0 = normal, 1 = swap 0/1, 2 = ch0 on both, 3 =

[31:30] |outctrl 00b RW ch1 on both

2.13.7 AUDIO CLASS D - LMTCTRL Register
Controls operation of the Volume Limiter (Compressor).

LMTCTRL: I?C Address = Page-2: 32(0x20), pC Address = 0xA220
Bit Bit Name gefa_lult s Value Description / Comments
ettings Type
0 limiter_en Ob RW 1 = enable limiter (compressor)
0=0.5dB
: - 1=1.0dB . . . . .
[2:1] stepsize 00b RW 2-20dB Gain stepsize when incrementing or decrementing:
3=4.0dB
3 Zerocross Ob RW 1 = only change limiter gain value on zero cross.
[7:4] RESERVED 0000b RW RESERVED

2.13.8 AUDIO CLASS D - LMTATKTIME Register
Controls operation of the Volume Limiter (Compressor) Attack Time.

LMTATKTIME: I2C Address = Page-2: 33(0x21), pC Address = 0xA221
Bit Bit Name Defa_\ult e Value Description / Comments
Settings Type

[6:0] time 0000000b RW Timer value in units of 1 ms or 10 ms.
0 = value in bits [6:0]

7 timel0ms Ob RW 'Sln 1 ms_unlt_s . 1 = value in bits 6:0 is in 10ms units, otherwise 1ms units.
1 = value in bits [6:0]
is in 10 ms units

2.13.9 AUDIO CLASS D - LMTRELTIME Register
Controls operation of the Volume Limiter (Compressor) Release Time.

LMTRELTIME: I2C Address = Page-2: 34 (0x22), pC Address = 0xA222
Bit Bit Name Defe}ult UEC; Value Description / Comments
Settings Type

[6:0] time 0000000b RW Timer value in units of 1 ms or 10 ms.
0 = value in bits [6:0]

7 timel0ms Ob RW 'Sln 1 ms_unlt's . 1 = value in bits 6:0 is in 10ms units, otherwise 1ms units.
1 = value in bits [6:0]
is in 10 ms units
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2.13.10 AUDIO CLASS_D - GAINCTRL Registers
This is a 16-bit register = {GAINCTRL_HI, GAINCTRL_LO}.

GAINCTRL HI: I?C Address = Page-2: 35(0x23), pC Address = 0xA223
GAINCTRL LO: I?C Address = Page-2: 36(0x24), pC Address = 0xA224
; : Default User .
Bit Bit Name Settings Type Value Description / Comments
0 mute_mode b rRw |9 - soft mute Mute After Reset
1 = hard mute
0 = change on zero
1 change_mode 0b Rw | Sross Gain Change Mode
- 1 = change gain
immediately
0 = Don’t Auto Mute . ! .
2 auto_mute 1b RW 1 = Auto Mute Auto Mute if long string of zeros detected on input
3 disable_gain 0Ob RW 2 : Bic;r;&?sable Disable All Gain Functions (Bypass Gain Multiply)
4 stepped_change |0Ob RW 2 z gtoer;Jt Step Step Volume Progressively to New Setting
5 step_10ms Ob RW 0=1ms Units for step_time Value
P 1=10ms P
RESERVED 0b RW RESERVED
0 = Don't Clear _ .
7 clr_latch Ob RW 1 = Clear Limit 1 =clear limit 0/1 latches, see STATUS2 reg
0= 1units
1= 2units
2= 4units
. . 3= 8units Step time units = 1 << step_time
(10:8] | step_time 101b RW 4= 16 units Unit range is defined in GAINCTRL_LO, bit 5
5= 32 units
6 = 64 units
7 =128 units
0 =512 Samples
[12:11] zerodetlen 10b RW L f 1k Samples Enable mute if input consecutive zeros exceeds this length.
2 = 2k Samples
3 = 4k Samples
[15:13] RESERVED 000b RW RESERVED

2.13.11 AUDIO CLASS_D - MUTE Register
Enable mute individually per channel via this register. Global mute is available via CONFIGO[1].

MUTE: I2C Address = Page-2: 38(0x26), pC Address = 0xA226

. . Default User ..
Bit Bit Name Settings Type Value Description / Comments
0 mute0 Ob RW 0 f Don’t Mute Mute Channel 0
1 = Mute
1 mutel Ob RW 0 f Don't Mute Mute Channel 1
1 = Mute
[7:2] RESERVED 000000b RW RESERVED

2.13.12 AUDIO CLASS D - ATTEN Register
This is the master attenuation which is applied to all channels.

ATTEN: I2C Address = Page-2: 39(0x27), uC Address = 0xA227

Default User

Bit Bit Name Setti Value Description / Comments
ettings Type

00h = 0dB

0lh= -0.5dB

02h= -1.0db

47h = -35.5 dB . . . .

Attenuation. Each bit represents 0.5 dB of attenuation to be applied

[7:0] ATTEN 00h RW 48h B -36.0dB to the channel. The range will be from 127 dB to 0 dB. PP

49h = -36.5 dB

FEh =-127 dB

FFh = Hard Master

Mute
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2.13.13 AUDIO CLASS_D - VOLUMEO/1 Register

There is one 8-bit Channel Volume Control Register for each channel. Each bit represents 0.5 dB of gain or attenuation
to be applied to the channel. The range is from -91 dB to + 36 dB.

Left Channel (0) = I?C Address = Page-2: 40(0x28), pC Address = 0xA228

Default User

Bit Bit Name Settings Type

Value Description / Comments

00h = +36.0dB
01lh =+35.5dB

47h = +0.5 dB
48h = +0 dB

[7:0] VolumeO 48h RW 49h = 0.5 dB Channel 0 Volume

FEh = -91 dB
FFh = Hard Channel
Mute

Right Channel (1) = I2C Address = Page-2: 41(0x29), uC Address = 0xA229

Default User

Bit Bit Name Settings Type

Value Description / Comments

00h = +36.0 dB
0lh =+35.5dB

47h = +0.5 dB
48h=+0 dB

[7:0] Volumel 48h RW 49h =-0.5dB

Channel 1 Volume

FEh=-91dB
FFh = Hard Channel
Mute

2.13.14 AUDIO CLASS_D -LMTHOLDTIME Register
Controls operation of the Volume Limiter (Compressor) Hold Time.

LMTHOLDTIME: I2C Address = Page-2: 42 (0x2A), pC Address = 0xA22A

: : Default User o
Bit Bit Name Settings Type Value Description / Comments
[6:0] time 0000000b RW Timer value in units of 1 ms or 10 ms.
0 = value in bits [6:0]
) isin 1 ms units _ S . ; .
7 timel0Oms Ob RW 1 = value in bits [6:0] 1 =value in bits 6:0 is in 10ms units, otherwise 1ms units.
is in 10 ms units

2.13.15 AUDIO CLASS_D — LMTATKTH & LMTRELTH Registers

These 16-bit registers set the threshold values. When in attack phase and the Attack Threshold is exceeded the
Compressor attenuation is incremented by ‘stepsize’ (see LMTCTRL). When in release phase and the Release Threshold
is not exceeded, the Compressor attenuation is incremented by ‘stepsize’ (but not above 0).

LMTATKTH HI: I®C Address = Page-2: 43(0x2B), nC Address = 0xA22B

LMTATKTH LO: I?C Address = Page-2: 44 (0x2C), pC Address = 0xA22C

LMTRELTH HI: I®C Address = Page-2: 45(0x2D), pC Address = 0xA22D

LMTRELTH LO: I®?C Address = Page-2: 46 (0x2E), nC Address = 0xA22E
Bit Bit Name Defa_lult O Value Description / Comments

Settings Type
. . Always 0. It usually isn’t necessary to provide threshold resolution to
[7:0] threshold[7:0] 00h RW the point where these lower 8 bits would be used.
. . FFh would equal threshold level of +2.0dB. Each step below this

(15:8] threshold[15:8] 00h RW 8 bit full scale value reduces threshold level by 0.0078 dB.
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2.13.16 AUDIO CLASS D - DC_COEF_SEL Register
Select bit coefficient for DC Filter.

DC COEF SEL: I?C Address = Page-2: 48(0x30), pC Address = 0xA230

Bit Bit Name 2::3%5 .LI.stg Value Description / Comments
0 =24'h100000; // 2"-3 =0.125
1 = 24'h040000
2 = 24'h010000

[2:0] DC_COEF_SEL |101b RW i - gi.ﬂgg‘l‘ggg DC Filter Coefficient Selection
5 = 24'h000400
6 = 24'h000100; // 2™*-15 = 0.00030517
7 = 24'h000040; // 217

[7:3] RESERVED 00000b RW RESERVED

2.13.17 AUDIO CLASS_D - EQREAD_DATA Registers
This 24-bit register serves as the 24-bit data holding register used when doing indirect reads to the EQRAM.

I2C Address = Page-2: 54(0x36), pC Address = 0xA236
I2C Address = Page-2: 55(0x37), pC Address = 0xA237
I2C Address = Page-2: 56(0x38), pC Address = 0xA238
: - Default User .
Bit Bit Name Settings Type Value Description / Comments
[23:0] EQREAD_DATA | 000000h R 24 bit coefficient 24-bit data register used for read data on EQRAM read

2.13.18 AUDIO CLASS D - EQWRITE_DATA Registers
This 24-bit register serves as the 24-bit data holding registers when doing indirect writes to the EQRAM.

I2C Address = Page-2: 57(0x39), pC Address = 0xA239
I2C Address = Page-2: 58 (0x3A), pC Address = 0xA23A
I2C Address = Page-2: 59(0x3B), pC Address = 0xA23B
Bit Bit Name 2efa}u|t e Value Description / Comments
ettings Type
[23:0] EQWRITE_DATA |000000h RW 24 bit coefficient 24-bit data register used for write data on EQRAM write.

2.13.19 AUDIO CLASS_D - EQ_ADDR Registers
This 16-bit register provides the 10-bit address to the internal RAM when performing indirect writes/reads to the EQRAM.

EQ ADDR HI: I*C Addresses = Page-2: 60(0x3C), pC Address = 0xA23C
EQ ADDR LO: I®C Addresses = Page-2: 61(0x3D), pC Address = 0xA23D
Bit Bit Name gefa}ult e Value Description / Comments
ettings Type
[9:0] EQ_ADDR 0000000000b | RW 10-bit Address EQRAM is mapped on address space 0 to 51.
[15:10] RESERVED 000000b RW RESERVED

2.13.20 AUDIO CLASS_D - EQCONTROL HI & LO Register

This 16-bit register provides the write/read enable when doing indirect writes/reads to the EQRAM.

I2C Address = Page-2: 62 (0x3E), pC Address = 0xA23E
I2C Address = Page-2: 63(0x3F), uC Address = 0xA23F
: - Default User .
Bit Bit Name Settings Type Value Description / Comments
[13:0] RESERVED gggOOOOOOOO RW RESERVED
14 eqgram_rd Ob RWI1C (1) z gggé Read Read from EQRAM, cleared by HW when done
15 egram_wr Ob RW1C 2 :\IIDV?Ret Write Write to EQRAM, cleared by HW when done
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2.14 AUDIO CLASS_D - EQUALIZER COEFFICIENT & PRESCALER RAM (EQRAM)

2.14.1 AUDIO CLASS_D - Writing to EQRAM

The EQRAM is a single port 52x24 synchronous RAM. It is programmed indirectly through the Control Bus in the
following manner:

= Write 24-bit signed/magnitude data to the EQWRITE_DATA register.

= Write target address to the EQ_ADDR register (See Section 2.13.19).

= Set bit 15 of the EQCONTROL register (just write 0x80 to EQCONTROL_HI register.) When the hardware completes
the write it will automatically clear this bit. The write will occur when the EQRAM is not being accessed by the DSP
audio processing routines. NOTE: Bit 10 of the EQCONTROL register must be 0 for proper write cycle.

2.14.2 AUDIO CLASS_D - Reading from EQRAM
Reading back a value from the EQRAM is done in this manner:

= Write target address to EQ_ADDR register.

= Set bit 14 of EQCONTROL register (just write 0x40 to EQCONTROL_HI.) When the hardware completes the read it will
automatically clear this bit. The read data can then be read from the EQREAD_DATA register.

Table 7 - EQRAM Addresses

Channel 0 Coefficients Filter Channel 1 Coefficients

Address Data Hi Data Mid Data Lo Band Address Data Hi Data Mid Data Lo
Offset [23:16] [15:08] [07:00] Offset [23:16] [15:08] [07:00]
0x00 EQ FO ALC | EQ FO A1B | EQ FO AlA 0x19 EQ FO ALC | EQ FO A1B | EQ FO AlA
0x01 EQ FO A2C | EQ FO A2B | EQ FO A2A Ox1A EQ FO A2C | EQ FO A2B | EQ FO_A2A
0x02 EQ FO BOC | EQ FO BOB | EQ FO BOA | O 0x1B EQ FO BOC | EQ FO BOB | EQ FO BOA
0x03 EQ FO B1C | EQ FO B1B | EQ FO B1A 0x1C EQ FO B1C | EQ FO B1B | EQ FO B1A
0x04 EQ FO B2C | EQ FO B2B | EQ FO B2A 0x1D EQ FO B2C | EQ FO B2B | EQ FO B2A
0x05 EQ F1 AIC | EQ F1 A1B | EQ F1_AlA Ox1E EQ F1 AIC | EQ F1 A1B | EQ F1 AlA
0x06 EQ F1 A2C | EQ F1 A2B | EQ F1 A2A Ox1F EQ F1 A2C | EQ F1 A2B | EQ F1_A2A
0x07 EQ F1 BOC | EQ F1 BOB | EQ F1 BOA | 1 0x20 EQ F1 BOC | EQ F1 BOB | EQ F1 BOA
0x08 EQ F1 BI1C | EQ F1 B1B | EQ F1 B1A 0x21 EQ F1 BI1C | EQ F1 B1B | EQ F1 B1A
0x09 EQ F1 B2C | EQ F1 B2B | EQ F1 B2A 0x22 EQ F1 B2C | EQ F1 B2B | EQ F1 B2A
0X0A EQ F2 AIC | EQ F2 A1B | EQ F2_AlA 0x23 EQ F2 AIC | EQ F2 A1B | EQ F2 AlA
0x0B EQ F2 A2C | EQ F2 A2B | EQ F2 A2A 0x24 EQ F2 A2C | EQ F2 A2B | EQ F2 A2A
0x0C EQ F2 BOC | EQ F2 BOB | EQ F2 BOA | 2 0x25 EQ F2 BOC | EQ F2 BOB | EQ F2 BOA
0x0D EQ F2 BIC | EQ F2 B1B | EQ F2 B1A 0x26