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Introduction 
The Motorola Espoo (MotoRIZR Z8) is a “Kick Slider” form factor, dual mode UMTS2100 / Quad band GSM phone, allowing international roaming.  Below are the key features of Espoo
· UMTS 2100MHz HSPDA 3.6Mbps

· Quad GSM/GPRS/EDGE Class 10

· Two-Way Video Calling

· Symbian OS v9.1 (with backported features from v9.2) with UIQ UI v3.1
· Enhanced  Bluetooth Connectivity (EDR2.0) and EMU (mini USB) 
· 2.2” Transflective TFT display, 320x240 QVGA, 16M colour

· 2MP FF camera, 8x digital zoom, with LED Flash; VGA for P2P

· Java™ MIDP 2.0

· Enhanced WAP 2.0 and Internet Browser

· Multimedia: Video - H.263, H.264 (@ upto 30fps), Audio MP3, AAC, ACC+, ACC+E, AMR-NB

· 20x14mm Polyphonic Speaker / Stereo headset / Stereo Bluetooth (A2DP profile)
· ~71MB internal user memory
· Supports removable microSD / microSDHC external memory card up to 32GB 
· 1120mAh BK70 battery gives 4hr+ talktime, 400hrs+ standby time.

· Dimensions 109 x 50 x 15mm, 77cc, 112g

Operating Frequencies
	Band
	GSM850
	GSM900
	DCS1800
	PCS1900
	WCDMA 2100

	Tx Frequency
	824MHz - 849MHz
	880MHz - 915MHz
	1710MHz - 1785MHz
	1850MHz - 1910Mhz
	1922.4MHz - 1977.6MHz

	Rx Frequency
	869MHz - 894MHz
	925MHz - 960MHz
	1805MHz - 1880MHz
	1930MHz - 1990MHz
	2112.4MHz - 2167.6MHz


Espoo Pictures
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Espoo Exploded Diagrams
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Espoo Main Assembly
Espoo XCVR Rear assembly
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Espoo Slider Assembly
RF System Overview 
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Figure 1: System block Diagram
The RF/IF portion shown to the left of the block diagram shows the RF comprised of 5 ICs. Both the WCDMA and GSM/EDGE portions have a multi-band transceiver (XCVR) and associated power amplifier module. The fifth block of the RF section is a front-end module which handles the band selection filtering, signal routing from the antenna to the proper Rx input of the XCVRs and Tx output from the power amplifiers to the antenna.

The baseband section is at the right of the block diagram. It is composed of the ArgonLV baseband processor, the OMAP2420 Applications processor, the Atlas audio/power management IC, together with LCD, Cameras, keypad, SIM and MicroSD connectors etc.
Overview

The RF section is divided in 5 different blocks:

• Front-end

• TXWB including the following sub-blocks:

- PA WB 2100

- WB transceiver (Symphony)

• RXWB including the following sub-blocks:

- LNA WB 2100

- WB transceiver (Symphony)

• TXMB including the following sub-blocks:

- PA GSM/EDGE quad-band (Orphee)

- GSM transceiver (Transaam)

• RXMB including the following sub-blocks
- Quad band Saw Filter
- GSM transceiver (Transaam)

Figure 2 shown below illustrates the configuration of the various Rx and Tx functionality. The RF/IF conversion system is comprised of the following:

- The GSM/EDGE Transceiver uses Rx direct conversion (DCR) and very low IF (VLIF) converters while the Tx portion uses a combination of direct modulation, direct launch and polar modulation converter approaches.

- The WCDMA Transceiver is DCR for the Rx conversion path and the Tx uses a direct launch approach.
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Figure 2: WCDMA and GSM RF Block Diagram

Front End Module (FEM) 

The FEM (Figure 3) is composed of a diplexer connected to the antenna port, with each input  connected to its own SP4T switch. Therefore, the first SP4T drives only low band TX and RX signals, while the second SP4T drives high band TX and RX signals. 
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Figure 3:  FEM Block Diagram

The control pins Vctrl1, Vctrl2 and Vctrl3 are used to change the switch positions to different bands and are controlled by the ArgonLV. The Latch signal is used to latch the values present in the Vctrl1, Vctrl2 and Vctrl3 pins to the decoder. The latch is driven by the L1T of ArgonLV to ensure precise timing.  The following table is the FEM truth table.
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       Table 1: FEM Truth table

Below is the  hardware interface between FEM and ArgonLV IC.
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   Figure 4: FEM and ArgonLV Connection
WCDMA 

Melody and Viper constitute the Freescale WCDMA transceiver solution which is known internally as Symphony.


[image: image9]




Figure 5: Symphony Module

The Symphony Module is a Multi-Chip Module (MCM) integrated on an organic High Density Interconnect (HDI) substrate. The ICs integrated in the Symphony Module include Viper (WCDMA tri-band transceiver) and Melody (WCDMA Baseband processor). Passive circuitry integrated in the Symphony Module includes discrete impedance matching networks, Phase Locked Loop (PLL) filters, and power supply bypass circuitry. The Rx and Tx have two separate frequency synthesizers in the Viper IC (VCO’s and PLL’s), their operation is independent of the other. 
The Rx and Tx synthesizers need to tune over different frequency ranges in full duplex operation. They are both based on a fractional-N architecture and have independent VCOs. The Tx and Rx synthesizer operate at 2x the frequency range for UMTS and PCS band and 4x the frequency range for Japan Cellular band. The Synthesizer uses a course tune algorithm and the loop filter is partially integrated
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Figure 6: Symphony Block Diagram

WCDMA Tx
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Figure 7: WCDMA Tx Block Diagram
The RF Block diagram above shows the main circuits that are implemented in the Transmitter line-up:

• Melody groups the baseband transmit functions outlined below:

- Digital interface: a serial data interface operating at 46.08 MHz with independent I and Q data pins and a frame control signal to distinguish the first data bit in a word.
- Pulse shape filter and I/Q modulation block

- Transmit DC Offset, I/Q Gain and Phase Imbalance correction system block

- RF and Baseband Amplitude Offset Control

- Analog Transmitter in Tx modulation path: DAC and Output Driver

- Analog portion in AOC system: one DAC with output driver to control RF and baseband gain in Viper and a second DAC with driver to control PA biasing

• Viper contains the following TX functions

- Baseband reconstruction filters: 2-pole is used to provide all rejection needed to meet the 3GPP Spectrum Emission Mask and 1-pole used to meet far out noise

- Direct launch modulator with variable baseband gain: baseband section has 50

dB of gain control range, and is temperature compensated. The differential output

is converted to single-ended through an on chip 4:3 balun (<2 dB insertion

losses)

- RF VGA and PA driver: VGA has a typical 50 dB of gain control range. PA

driver amplifies the signal to provide sufficient drive for a 2-stage power amplifier

- Temperature compensation circuit for VGA

- Tx frequency synthesizer and VCO

• Passkey-W WCDMA module with the following transmitter functions inside:

- Interstage filter

- Power Amplifier

- Transmitter output filter

- Power detector

• Switchplexer (FEM): diplexer (high band-low band), switching between bands and control
The Tx portion of the Symphony IC has a single low band and dual high band outputs. The low band is used to support the deployment of WCDMA into the 800 MHz PDC bands in Japan. The dual high band outputs are used to support WCDMA in the UMTS band and the US PCS band. All lineups have similar specs and include 3-pole baseband I/Q filters, a direct launch I/Q modulator with variable gain, an RF variable gain amplifier, a PA driver. The IC is controlled through a SPI or Serial Programming Interface. There are three 64-bits long registers and two16-bits fast SPI registers. Out of 64/16 bits one bit is for R/W and three are address bits. Melody includes the receive ADCs that are sigma-delta design with ten effective bits of resolution. A high order over sampling is decimated down to a lower order for current efficiency. An AGC DAC, and stepped gain control functions are implemented to allow signal level tracking. The receiver transmits samples via one of two digital interfaces, the SSI or a wide SSI. Eight data lines are provided for the wide interface.
The modulation technique uses a classical IQ modulator, which consists of the interface to the digital baseband, the digital baseband sub-block, the analog baseband sub-block, and the Tx DAC bridging the digital and analog sub-blocks. This method can produce the baseband I and Q signals needed for modulation formats that contain AM components and supports the UMTS WCDMA standards. For WCDMA the baseband modulator will be an offset IF up converter to translate the baseband signal to the transmit frequency.

The transmitter receives inputs from a parallel data bus with eight data lines. A classical FIR is provided for WCDMA mode followed by two fixed interpolators. TX provides for closed loop TX correction of baseband DC offsets and I/Q gain imbalance. DC offset

correction and gain correction is limited to the pre-transmit warm up interval only. TX also provides for open loop correction of I/Q phase imbalance through factory tuning if desired. Feedback from locations off chip via the receive path from the baseband correction system is provided, to allow for baseband correction as close to the RF modulator block as possible.

The transmit DACs are sigma-delta design with twelve effective bits of resolution, and are capable of supporting 30.72Mb/s input rates. To support baseband power control, the Tx DAC incorporates an attenuator. The attenuator is also used to provide I/Q amplitude correction and phasing. The digital attenuator before the DACs is, however, the preferred method of providing baseband attenuation. Programmable active RC smoothing filters limit the amount of far out quantization noise and images due to aliasing. These filters are a mix of passive and active stages. A full digital AOC and one PA gate bias DAC are provided. The AOC system includes a baseband AOC controller to sequence between digital and analog baseband attenuators to provide a limited amount of baseband power control. Baseband power control is open loop, while the traditional power control applied through the VCAs or PA bias lines will be closed loop control. The Goal, however, is to only use RF power control for the full dynamic power range in order to meet carrier suppression requirements.
Power Amplifiers 

PASSKEY  -5W is a 50 Ohm, single-band, single-mode, WCDMA PA module intended for 3G radio applications. The module integrates an inter-stage filter, power amplifier, coupler, power detector, and the tx part of the duplex filter.
Passkey-5W : IMT-2000 BAND  (Tx 1920 - 1980 MHz)
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    Figure 8: Passkey 5W Block Diagram ( 1W and 4W for reference only)
These PA series is called "PassKey", which uses input and output filters are integrated within each module. The UMTS PassKey (-5W) includes only a band-pass filter at the output, since the receiver lineup is connected to an independent antenna, An RF detector is integrated also within each module, and the output is directly the detected voltage that is driven to the ADC of Melody. 
WCDMA Rx
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Figure 9: WCDMA Rx Block Diagram

Inside the Symphony module is the Viper RFIC RF transceiver that includes a Tri-band Direct Conversion Receiver and a Tri-band Direct Launch Transmitter. The receiver is comprised of a multi-band RF section and a single path baseband section. The RF section is comprised of three sets of quadrature mixers and an integrated 4GHz VCO. The advantage of this approach is to eliminate the need for external RF switches when using the available receiver frequency bands. The quadrature mixers directly convert the RF signals to quadrature baseband I and Q signals. The LO signal is provided by a fully integrated VCO

that drives a divide-by-two quadrature generator for high band and a divide-by-four for low band. In addition, a divide-by-three/five circuit is used to feed back the LO signal to the integrated Fractional-N synthesizer.

The baseband section is comprised of two separate I and Q paths each containing a post mixer amplifier (PMA), and an anti-aliasing filter which includes an IF amp (IFA) with an active pole, two bi-quad sections, and an output buffer. Also provided is an autonomous DC offset correction (DCOC) circuit, consisting of a comparator, digital DCOC logic and 8-bits DAC. The DAC is for injecting the analog DC offset correction at the virtual ground of the IFA. The baseband signal path has seven poles of baseband filtering distributed between mixer pole, the active PMA pole, the active IFA pole, and two bi-quad blocks. The PMA has quasi-continuous gain adjustment and is part of the AGC system. The AGC is controlled directly from the SPI through a series of control words with a simple decoding approach. This also provides compatibility with other competitive BB solutions. Some blocker filtering is provided in the IC while the selectivity is mainly done digitally in the WCDMA interface IC. All signals from the Mixer input to the BB buffer output are differential. Melody includes the receive ADCs that are sigma-delta design with ten effective bits of resolution.

A high order over sampling is decimated down to a lower order for current efficiency. An

AGC DAC, and stepped gain control functions are implemented to allow signal level tracking. The receiver transmits samples via one of two digital interfaces, the SSI or a wide SSI. Eight data lines are provided for the wide interface.
GSM 

The TransAAM Module is a highly integrated EGPRS Land Grid Array (LGA) module transceiver. The ICs integrated in the TransAAM Module include an ABB die (baseband interface per Dig RF rev. 1p1 standard and mixed signal Analog/RF IC) and ACE die(RF/IF Frontend IC), alos integrated are an IPD Balun and passive components. 
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Figure 10: TransAAm Block Diagram

This module is a quad band GSM/EDGE transceiver solution consisting of Fractional-N synthesizer, VLIF RX front end, GSM/EDGE TX modulator, power amplifier control 
circuitry, auto calibration functions, signal processing and auto sequencing functions. The TX modulator functions in a polar-lite mode completely contained within the module. The RX circuitry includes all circuitry required to convert RF inputs into digital I and Q signals. The baseband interface consists of a serial control and serial data configuration that can function in both full DigRF and ArgonLV compatible modes.
GSM Tx 
Espoo is Quad-band GSM (850/900/1800/1900 MHz) and supports EDGE. Figure 11 below is the GSM Tx block diagram. 
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           Figure 11: GSM Tx Block Diagram

The Espoo transmitter architecture is shown in the diagram above. It consists of the EDGE/GMSK TX modulator, Time/Scale Alignment circuit, TX synthesizer as part of a dual port modulated PLL, a TX VCO, an AM modulator, step attenuators, TRXQ, Digital Power control system, a 3 stage power amplifier, and a single pole six through RF antenna switch. 
TransAAM uses polar modulation for EDGE mode. TransAAM performs all of the necessary pulse shaping, and maps the data bits into amplitude and phase components for the required modulation. The AM component is corrected to AM to AM distortion. No correction is required for AM/PM distortion since the AM modulator does not produce significant AM/PM distortion.  

The EDGE/GMSK Digital Transmit Module (TXM) supports two modulation schemes (GMSK and 8-PSK) and supports the Amplitude/Frequency polar modulator. This is done by having two different modulators, a digital CORDIC algorithm and a phase derivative block.  The modulator supports GMSK and 8-PSK modulation per GSM specification 05.04. The output drivers can support AM/FM and AM/PM polar transmission. The symbols enter the modulator at a rate of ~270.8333 kHz (13 Hz/48). Each GMSK symbol contains 1 bit of information and each 8-PSK symbol contains 3 bits of information. For GMSK modulation, the initial state of the modulator and the final state of the modulator is assumed to consist of an infinite series of logic “1” data bits. For 8-PSK modulation, the initial and final state of the modulator is an infinite series of logic “111” symbols/data bits (This is marked ‘not defined’ in the GSM specification). The first 3 and last 3 symbols within a burst are called “tail bits”. These 3 symbols are always “0” for GMSK and “7”, i.e. 1,1,1), for 8-PSK. The start of the burst is defined as the center of the first symbol and the end of the burst is defined as the center of the 148th symbol. The useful part of the burst is therefore 147 symbol periods, even though 148 symbols are sent to the modulator.

Power Amplifier (Orphee)
The Orphee module is a 50( input/output, quad-band, dual-mode, GMSK/8PSK(EDGE) PA module intended for 2.75G radio applications.  The module consists of a dual line-up power amplifier, harmonic filter, logarithmic power detector, and analog power control circuit. This PA module is used in the final amplification stages in Espoo operating in either GMSK or EDGE mode.  

· EDGE Class 12 operation (Espoo only has support enabled upto class 10)
· GMSK power class 4 operation in the GSM850 and EGSM900 bands
· GMSK power class 1 operation in the DCS1800 and PCS1900 bands
· EDGE power class E2 operation
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Figure 12: Orphee Functional Block Diagram

GSM Rx

Espoo is Quad-band GSM (850/900/1800/1900MHz), figure 13 below is the GSM Rx block diagram 
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Figure 13: GSM Rx Block Diagram
Rx signals come from FEM then are single-to-differential converted by the SAW filter and sent to TransAAM for analog operations. Inside TransAAM there is an analog to digital converter and data is formatted to be transmitted to ArgonLV by the Rx SSI.
The RX architecture is digital VLIF/DCR. There are four separate LNAs providing functionality for GSM850, EGSM900, DCS1800 and PCS1900 frequency bands. The quadrature down mixer converts the RF signal to base band. The I and Q analog base band signals are passed through low pass anti-aliasing filters and dc offset correction circuits before being processed by the analog to digital converters. 

The TransAAM receiver is a quadband receiver, built around a Superheterodyne-infradyne architecture. A simplified block diagram for the receive path is depicted here above. The receive signal is down-converted to a VLIF of 122.7 kHz, after the LNA and is then passed through a polyphase filter in order to suppress the image frequency. The VLIF signal is then digitally converted to baseband and passed through a digital filter with a bandwidth of 90 kHz. The filter selected is suitable for the feature DARP (2X, 14th order). On TransAAM, POR programming sets up the necessary registers so as to meet the receiver topology architecture, the digital mixer, as well as the digital VLIF requirements as previously described. The values are directly derived from permanent data storage (SEEM_RF_DEFAULT_SPI).

The ACE receiver has multiple gain setting blocks, amongst which two need adjustment for automatic gain control: the low-noise amplifier (LNA) and the intermediate frequency amplifier (IFA) gain. The other two blocks are proposed to have fixed gain or attenuation.

The AGC is programmed on a receive activation basis. The vendor proposed AGC strategy  is based on a range approach where the headroom varies as a function of the antenna power.
Ability of on-chip matching results in little need to characterize the IFA gain. The LNA absolute gain, however, has the potential to vary from die to die in production. So only the LNA requires factory calibration, and the Layer 1 Stack expects knowledge of the accurate gain of the front end for each permissible setup, encompassing all static contributions from the antenna to the LNA. The front end gain, for up to 8 AGC settings, is stored in the SEEM_AGC_TABLE. 2 bytes per setting is allocated and a 2 compliment value having a resolution of 1/256 dB. Across the band frequency compensation of the receiver lineup is catered for by a set of seven first order interpolation chords.

Correction terms and first order interpolation models are directly derived from permanent data storage (SEEM_AGC_TABLE).

Stack Software derives antenna power for any given receive activation using normalized baseband power, and the associated receiver lineup gain. The receiver lineup gain is obtained by accumulating each contributor of the lineup.

The Receive coprocessor latency covers the following filters: noise cancellation, sinc, droop, 1st and 2nd alias, 38th FIR and selectivity (DARP). That latency amounts to approximately 98us. TransAAM is always set for EDGE filter line-up, even in GSM mode, therefore the latency remains constant independent of mode. If the selectivity filter is not used then the latency value needs to be reduced by approx 30us. Once the antenna data path is turned off, the filters clocked at 13 MHz will start to corrupt the slower clocked filters quicker with bad data due to multi-rate clocking, therefore it is not possible to flush the full latency of the Receive coprocessor, and data will only remains valid for 54us.

Latency from Antenna to DigRF Interface is approximately 102us –that is 2us for Analog, 98us for Receive coprocessor and 2us for DigRF. As for the total receive time -from Strobe to first baseband sample; it is approximately 230us.

The VLIF is set to 122.7 kHz. The complex quadrature mixer in ACE operates at a frequency based on the ARFCN to be received, which introduces some phase imbalance between I-and-Q paths. Provision is made for factory phased Imbalance correction coefficients to minimize imbalance and therefore to maximize image rejection of the receiver. This is particularly important for adjacent channel rejection in VLIF mode. This is done on a receive activation basis based on the ARFCN, with paired values of PHASEADJAx and PHASEADJBx for phase, and paired values of GAINADxA and GAINADxB for gain.

VLIF (DIF) is defaulted at POR, and the digital mixer topology (SIGN) is fixed to infradyne. When “IF toggling” is enabled, the Engine Stack shall keep track of the last IF topology used on a radio block basis. That mechanism shall be implemented for (E)GPRS as well as on the SACCH for voice calls. Apart from the calibration of the phase imbalance, and the monitoring windows, the “IF toggling” shall be active on every receive activation type. The reasons for those exceptions respectively come from the averaging the Layer 1 performs on phase errors responses during the RQPI operation (which would otherwise cancel out the measures), and the fact that monitoring and traffic channels can share the same ARFCN (which would otherwise prevent effective IF toggling on the serviced timeslot). The actual toggling is activated when the perceived SNR falls below the threshold listed in the SEEM_IQ_BALANCE table.

RF – BB  Interface 
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Figure 14: RF - BB Interface Diagram
Wide Band Interface

· RX_FRM - Frame sync data

· RX_I, RX_Q – RX I/Q data, 46.08 MHz data rate

· RX_Warmup – Trigger signal to the sequence manager to start the RX warmup.

· RX_Slot – Trigger signal to the sequence manager indicating the beginning of the slot

· TX_FRM - Frame sync data

· TX_I, TX_Q – TX I/Q data, 46.08 MHz data rate

· TX_Warmup – Trigger signal to the sequence manager to start the TX warmup.

· TX_Slot – Trigger signal to the sequence manager indicating the beginning of the slot

· TX_AOC_UPDWN – Trigger signal to the sequence manager selecting open loop or closed loop AOC
·  CE, CLK, DIN, DOUT – SPI interface

·  26MHz reference clock – reference clock for PLL in Argon

·  15.36MHz Clock – AFC corrected clock for L1T and RX/TX data.

·  STANDBY – Signal from DSM to put the RF into standby mode.

·  REF_EN_B – Enable for TCXO

GSM Interface

The HW interface between TransAAM and ArgonLV is based on the 8 DigRF pins (CntrlClk, CntrlData, CntrlEn, RxTxEn, RxTxData, SysClk, SysClkEn and Strobe) plus DEBUG_FRAME & DEBUG_DATA pins for the NonDigRF mode.

Control interface: The Ctrl interface is similar to the way SPI interface works. The MQSPI on the ArgonLV BB chip will communicate over the CTRL interface to the ABB plus DEBUG_DATA. 

SysClk & SysClkEn: SysClk is a 26MHz Clock line to the BB. SysClkEn is an active high signal that controls this Clock output. 
Rx/Tx Data signals: RxTxEn and RxTxData plus DEBUG_FRAME along with SysClk comprise of the data interface. The BBP on ArgonLV will communicate over the RXTX interface to the ABB. 

Strobe signals: Strobe is used as an accurate Layer 1 timing signal in the RF. Strobe signal is handled by L1T module in BB IC.
ResetB signal:  ResetB is the only other pin that links BB with RF. This pin when low forces TransAAM into its POR (power on reset) states. This will override all the data stored within registers in TransAAM. More details on POR is detailed in the chapter concerning Power Supply sequencing in this document. ResetB signal is control by ATLAS through BB control.
Baseband Section
The Architecture of Espoo is based upon the Suomi platform Hardware Architecture. This is a dual processor platform where OMAP2420 is the Applications Processor (AP), running Symbian and UIQ, and Argon LV processor is the Baseband Processor (BP), handling all the Mobile telephony functionality.

The AP (OMAP2420) interfaces to:-

· LCD – QVGA (320 x 240), transflective, 16.7Million colours

· Cameras - both

· 2Mega Pixel fixed focus with LED flash, for Still image and video

· VGA Fixed focus for video telephony, still image and video.
· Keypads – both navigation keypad (on top module), numeric keypad and side keys (both on the main transceiver unit). Both keypads have EL backlighting

· Bluetooth – Enhanced Data Rate (EDR) class 2.
· MicroSD card connector

· Connection to Argon LV via the Inter-Processor Communications (IPC) USB link

· Primary control of the Atlas power management, USB connection and Audio router device.

The BP (Argon LV) has a very limited set of interfaces:-

· The RF

· USIM interface

· Connection to OMAP via the Inter-Processor Communications (IPC) USB link

Both processors have memory attached – DDR and NAND Flash in the case of the AP, DDR and NOR Flash in the case of the BP.
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Figure 18: Baseband Block Diagram

Baseband Processor – Argon LV
The ARGONLV IC is the baseband “Modem” processor for the phone.  It combines the StarCore-SC140v3 DSP subsystem to execute the Layer-1 modem functions for very high downstream data rates, and the ARM11 subsystem for executing Layer2&3 modem-functions as well as running demanding applications such as video decoding or video telephony enabled by graphics and video accelerators. A large number of serial and smart card interfaces are integrated on the IC to guarantee high versatility. The memory interface has been designed to support most of the available and announced future volatile and non-volatile memory devices.

Main Features:

• Multiple wireless communication standards supported: 
– W-CDMA FDD

ARGONLV supports a downstream data rate of up to 384 kbps and an upstream data rate of 384 kbps;
 
– W-CDMA HSDPA

ARGONLV supports: 
Category 11, 12: 1.8 Mbps downstream HSDPA with simultaneous 32 kbit FDD, Category 5, 6: 3.6 Mbps downstream HSDPA with simultaneous 32 kbit FDD;
– EDGE 
– GSM/GPRS

• Hybrid architecture for support of both, dual-core modem and single core modem with possibility to execute DSP code from external memory;

• RF-Transceiver interface for:

– Harmony parallel interface (compatible with current Harmony device)

– New serial interface with diversity

• Highly increased processing power:

– Industry standard ARM1136FJ-S CPU running at up to 400 MHz;

– StarCore-SC140v3 VLIW DSP with increased performance and large I&D caches running at 208 MHz;

– Integration of mixed-signal parts from the HARMONY IC into ARGON to reduce system device count, cost, and power;

– Improved Inter-Processor Communication Processor (SDMA-DP) running at up to 133 MHz with increased performance (shorter task switch times, burst mode);

• Revised on-chip MCU memory architecture for higher performance:

– 16 KByte L11 instruction cache and 16 KByte L1 data cache clocked at 400 MHz;

– 128 KByte combined L2-cache clocked at 400 MHz;

– 32 KByte and 16 KByte on-chip M2 RAM clocked at 133 MHz;

• Revised on-chip DSP memory architecture for higher performance:

– 16 KByte L1 instruction cache and 32 KByte L1 data cache;

– 512 KByte on-chip M2 ROM clocked at 104 MHz;

– 128 KByte combined L2 cache

– 544 KByte on-chip M2 shared SRAM for the StarCore-SC140v3 DSP and several DMAs clocked at 104 MHz (including 48 KByte + 48 KByte HSTD RAM and 64 KByte WAMMO RAM);

– Code execution from external memory possible.

• Improved external memory interface, clocked at up to 133 MHz for high throughput:

– features advanced latency hiding techniques for SDRAM- and SyncFlash-types of memory in order to optimize memory access speed for multiple masters;

– provides access to a range of external memory devices such as NAND-Flash,  Burst-Flash, SRAM, PSRAM

– supports SDR-SDRAM, DDR-SDRAM, VSyncFlash, and DDR-VSyncFlash2;

• A range of advanced security features like secure boot;

• High-performance on-chip co-processors for various W-CDMA modem-related tasks. The WCSP used in POG is replaced by the W-AMMO (Wideband Advanced Multi-mode MOdem) and HSTD (High-Speed Trellis Decoder) co-processors;

• Aggressive power reduction modes;

• Enhanced Debugging features.
& Many other features that are not used within the Suomi dual processor architecture.
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Figure 18: Argon Block Diagram
Baseband Processor Memory Interface:

The Memory device used on Espoo contains 1 x NOR die (256Mbit) and 1 x DDR die (128Mbit) in a Package on Package (PoP) device (Part number 5103535B52), mounted on top of the Argon LV processor.
NOR Flash Interface
The Argon LV utilizes a 256Mb x16 data bus NOR FLASH device that will be responsible for retaining (and executing from) all system critical software. The NOR FLASH memory is located in the ARM11 memory map beginning at address 0xA0000000 (CS0)  from ArgonLV’s WEIM module. The WEIM is a sub-module of the EMI (External Memory Interface). The 256Mb die of the NOR FLASH memory is divided into 16 partitions of 16Mb each. There is one parameter partition (16-Mbit top or bottom parameter partitions contains four 16K Word blocks) and 15 main partitions (16-Mbit main partitions each contains sixteen 64-Kword blocks).
DDR SDRAM Interface
Argon has an SDRAM Controller which interfaces to the external SDRAM memory. The SDRAM Controller of Argon LV includes the SDRAM command state machine controller, bank register, row/column address multiplexer, configuration registers, refresh request counter, command sequencer, size logic, and mddr interface. The ArgonLV based units currently use a 128Mb x 16 DDR SDRAM part with core and I/O of 1.8V, starting at memory address 0x0800 0000 (..0x9FFF FFFF) and utilizing the SDRAM (ESDTCL) CS2_B (CSD0). This low power device includes Partial Array Self Refresh and Temperature Compensated Self Refresh. 

USIM Interface

The SIM Interface Module (SIM) in ArgonLV will provide support for T=1 type SIM cards. Of the two ports available in the ArgonLV SIM, only Port 0 is be used. Espoo provides one USIM connector for the use of 1.8V/3.0V cards.

According to the 3GPP specifications, USIM support should be available over at least the following ranges: 3.0V ±10% and 1.8V ±10%. In specifications such as TS 31.101, the 1.8V supply voltage range is called “Class B” while the 3V supply voltage range is called “Class C.” Both the 1.8V and 3V ranges will be supported by Espoo. USIM cards will contain an identification coded into bits 5-7 of their status information that will identify them as the appropriate technology USIM. USIM’s will communicate with Espoo via the SIM (Smartcard Interface Module) of the ArgonLV. Refer to ArgonLV IC Specification for further details on operation of the ArgonLV internal SIM. Table 1.4.3.1 lists the USIM signal connections to ArgonLV and Atlas.  According to ISO 7816, GSM 11.12, and GSM 11.18, the clock going to the USIM should be between 3 to 4 MHz. The exact frequency will be 3.25 MHz. The SIM module in ArgonLV contains a block designed specifically for generating the clocks used internal to the SIM module, and the clocks provided to the SIM cards.

The USIM block in Espoo is mounted on the Expansion flexrigid board, accessable by the user in a separate compartment on the rear of the unit, below the 2Mpixel camera. Because it is separate to the battery, the SIM can be removed whilst battery is inserted. There is a switch within the USIM block connected to the presence detect line, to allow SIM insertion / removal detection.
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Figure 20: USIM Block Diagram
Applications Processor – OMAP2420
The OMAP2420 is the Applications processor for the phone.  It combines an ARM11 together with TMS320C55x general purpose DSP and Multimedia accelerators, designed to support running of demanding applications such as video decoding The memory interface has been designed to support most of the available and announced future volatile and non-volatile memory devices.

MPU Subsystem (Based on ARM1136JF-S)

The MPU general-purpose processor consists of:

· v6 instruction set architecture (ISA)

· 32K-byte instruction and 32K-byte data caches
· Vector floating-point processor

· Jazelle Java accelerator

· ICECrusher/ETB/ETM for emulation and trace
· DMA controllers use system DMA (SDMA) configured for memory-to-memory, memory-to-peripheral, and peripheral-to-memory transfers - 32 logical channels, 256 x 32 bits FIFO depth

TMS320C55x_ DSP Subsystem

The general-purpose, fixed-point C55x_ DSP, designed for applications such as audio and video acceleration, includes these features:

· Revision 3.0 core with reduced power consumption and improved performance based on higher parallelism and new instructions

· 16K-byte, 2-way set associative instruction cache

· Two 4K-byte RAM sets

· 64K-byte, dual-access SRAM

· 96K-byte, single-access SRAM

· 24 logical channels

· 32 hardware requests

· 128- x 64-bit FIFO depth

· Video decoder/encoder hardware accelerators

On-Chip Memory

The on-chip memory configuration offers secure and non-secure memory resources for general-purpose program and data storage:

· 96K-byte ROM

· 640K-byte, single-access SRAM

External Memory Interfaces

The OMAP2420 device includes the following external memory interfaces:

· General-purpose memory controller (GPMC) interfaces to NOR flash, NAND flash, SRAM, and PSRAM asynchronous and synchronous protocols, 16 bit data, 128M-byte address bus x 8 chip selects giving 1G-byte total
· SDRAM controller (SDRC) interfaces to SDRAM, DDR, mobile SDRAM, mobile DDR - 16- or 32-bit data, two chip-selects, up to 2G bits on each chip-select

1.2.6 Multimedia Accelerators

· The OMAP2420 device uses the following multimedia accelerators for display

· and gaming effects and high-end imaging and video applications:

· 2D and 3D graphics accelerator (GFX)

· Supports geometrical functions and rasterization

· Minimizes external memory bandwidth and power with unique tilebased rendering

· Can sustain 2M triangles per second and up to 400 equivalent M pixels per second (100M pixels, depth of complexity of 4)

· Target screen size is HVGA at 30 fps with a depth complexity of 4

· Supports application programming interfaces such as OpenGL ES and Direct3D Mobile

· Imaging and video accelerator (IVA) for large screens, high frame rates, and low power; for example, H.263, H26L, MPEG4, JPEG, MJPEG encode and decode

· VTC + recording (2 encode + 1 decode)

· Camera interface up up to 10 bits data in Bayer RGB and ITU-R BT.656 formats

· Display controller - Color and monochrome displays up to 2048 X 2048 X 24 bpp resolution

· Picture-in-picture (overlay), color-space conversion, rotation, resizing support

· NTSC/PAL video encoder with integrated DAC output

Security

· The secure firmware resides in ROM and includes hardware security features that enable high-security devices and the following encryption/decryption accelerators:

· RNG / DES/3DES / SHA1/MD5 / AES / PKA

Comprehensive Power Management

· Clock and reset generation and distribution

· Wake-up event management

· Low-voltage operation modes

Debug Support

Comprehensive and concurrent JTAG-based, multiprocessor debug support uses the TI XDS560, ARM Ltd. Multi-ICE/Real-ICE, or third parties, such as Lauterbach emulation tools.

The ARM Ltd. embedded trace macrocell (ETM), in conjunction with an embedded 4K-byte trace buffer, supports the MPU trace.

TI cTOOLS supports the DSP trace. Window tracers and external trace trigger modules allow trace of internal bus activity and communication to the software programmer for debug.
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Figure 18: OMAP2420 Block Diagram
Application Processor (AP) Memory Interface:

The AP Memory device used on Espoo contains 1 x NAND die (1Gbit) and 1 x DDR die (512Mbit) in a Package on Package (PoP) device (Part number 5103535B69), mounted on top of the OMAP 2420 processor
NAND Flash Interface
The OMAP2420 utilizes a 1Gb x16 data bus NAND FLASH device that is responsible for retaining all Symbian and UIQ OS software, as well as used for Data file storage.
DDR SDRAM Interface
OMAP2420 has an SDRAM Controller which interfaces to the external SDRAM memory. It includes the SDRAM command state machine controller, bank register, row/column address multiplexer, configuration registers, refresh request counter, command sequencer, size logic, and mddr interface. The OMAP currently use a 512Mb x 16 DDR SDRAM part with core and I/O of 1.8V. This low power device includes Partial Array Self Refresh and Temperature Compensated Self Refresh.

The Power Management for the OMAP2420 (Menalaus) is covered in the power tree and MicroSD connector sections.

Keypad Interface

There are 2 Keyboard interfaces on Espoo – the Top Module keys which are routed through the Microcontroller. (This is covered in the Microcontroller section) and the matrix of the other keys (Numeric keys and Side keys), which are shown below. These connect to the XX module of the OMAP2420. All rows are pulled up with 10K resistors to 1.8V.
	
	Col 0
	Col 1
	Col 2
	Col 3
	Col 4
	Col 5

	Row 0
	1
	2
	3
	
	
	

	Row 1
	4
	5
	6
	
	
	

	Row 2
	7
	8
	9
	
	
	

	Row 3
	*
	0
	#
	
	
	

	Row 4
	
	
	
	
	
	User key

	Row 5
	
	
	
	
	M.player
	Vol. Up

	Row 6
	
	
	
	
	Camera
	Vol. Dn


Figure 19: Numeric and Sidekey matrix
Bluetooth

The TI BRF6300 is a Bluetooth 1.2 EDR compliant stand alone baseband processor with an integrated 2.4GHz transceiver. The baseband section controls all bluetooth functionality from the physical layer radio to the HCI layer. The radio section incorporates the complete receive and transmit paths, including PLL, VCO, LNA, PA, upconverter, downconverter, modulator, demodulator, and channel select filtering. It is implemented in a standard digital CMOS process, and packaged in a 64 pin uBGA (4.5mm x 4.5mm.) The fractional- N synthesizer can support multiple reference frequencies, from 12MHz to 38.4MHz.  For Espoo, a local 26MHz crystal is used.
The Bluetooth section is based on the TI BRF6300 integrated baseband and RF IC, working in conjunction with the OMAP2420, running the Symbian Bluetooth Host Controller Stack. The control and data messages will be transported via a 6 wire UART interface (see figure 15-1). The 6 wire mode is activated by a vendor specific command (HCI_. PCM audio will be transferred between ArgonLV and Bluetooth via ArgonLV audio port DAM1. The Bluetooth IC requires a 26MHz RF clock (fast clock) which is generated by the Symphony module. The Bluetooth IC will use an active low signal, connected to REF_CLK on Symphony to enable the clock when it requires a clock. The BRF6150 signal EXT_CLK_REQ_OUT line will need to be inverted externally to match the active low signal level of the Symphony input BT_CLK_REQ_B.  The RF and logic core will be powered by the phone battery. The chip can be reset by asserting the N_RESET_B signal for 5ms. The I/O voltage will be powered from the 1.8V VIOLO_1_8V power supply. It is important that the core supply is powered up no more than 100ms after the 1.8V supply. The solution will be compliant with Bluetooth Specification v1.2.


[image: image23]
Figure 22: Bluetooth Block Diagram
MicroSD Memory Card Interface

The OMAP2420 interfaces with MicroSD  flash memory card. The MicroSD contains a high-density flash memory as well as a controller. For more information about the microSD interface, see the SD Organisation documents. 
The OMAP2420 "MMC/SDIO Card Interface" (See OMAP2420 TRM Chapter 26) interfaces to the MicroSD push/push connector (mounted on the Expansion  Flexrigid) via a 4 bit SD interface, running at 24MHz. This interface runs via Menalaus, which deals with the level shifting (1.8V of the OMAP2420 I/Os to/from 2.8V required by the card). The hardware is compatible with SD High Capacity (SDHC) cards of 4GByte through to 32GBytes, as well as high speed cards (48Mhz interface). The MicroSD connector is accessible by the user without removal of any covers, under the Left Hand side bung & can be hot swapped at any time. Insertion / removal of the card is detected by the Card detect switch on the connector.

2.8V power to the card is only enabled when a card is inserted and the card is being read / written to. If the card does not respond to commands, the power is removed for safety reasons. The supply has a max current of 200mA as required by the High speed SD card specification. 

Although Menalaus has internal pullups for all of the SD card interface lines, these are currenly not enabled, instead Espoo has a 75 kOhm external pull-ups placed on the DAT lines and a 10 kOhm pull-up on the CMD line. This many change post SA. (MMC/SD and MS function block.
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Figure 23: MicroSD Memory Card Block Diagram
2 Mega Pixel Imager

Espoo has a Fixed Focus 2MP imager located on the rear of the phone.  The imager used is the Micron SOC2020.  It is driven by the OMAP2420 via a 24 pin connector.

- Mechanical

 Size:   8.5 x 8.5 x 6.5mm

 Focal Distance: 1m to ∞
  - Optical Spec
·  Optical format: ¼ inch (4:3)

·  Full Resolution: 1,600 x 1,200 pixels (UXGA)

·  Pixel Size: 2.2um x 2.2um

·  FOV: 60 deg

·  F#: 2.8

·  Distortion: <1%

VGA Imager

Espoo has a fixed focus VGA imager (640 x 480) located above the display in the top module. This is used primarily for self portraits and video telephony.   The imager used is the Micron SOC366. The YUV Data output path is serialized on the camera flex, by a FIN12AC (or FIN212AC) to reduce signal count and EMI noise in the top module and on the Dynamic flex. This signal is deserialised to YUV 8 bit + Vsync + Hsync + Pixel clock on the Main board before being fed into the OMAP2420 multiplexed onto the same lines used by the 2Mpixel camera (only 1 source is enabled at any one time)

The primary input clock is supplied by the 2420 and is passed through the Serialiser to generate a differencial pair clock to the clock. This clock is 13MHz, allowing VGA at 15fps and QVGA or below, at 30fps (Camera Subsystem)
- Mechanical

 Size:   6 x 6 x 4.5mm

 Focal Distance: 30cm to ∞
- Optical Spec
·  Optical format: 1/6-inch (4:3)

·  Resolution: 640 x 480 pixels (VGA)

·  Pixel Size: 3.6um x 3.6um

·  FOV: 66 deg

·  F#: 2.8

·  Distortion: <1%

LCD Display
The 240x320 display is 2.2” transflective, color Thin Film Transistor (TFT) Liquid Crystal Display (LCD) module of glass construction with black pixels on a white background. The display consists of 240 x 320 pixels, 24 bits RGB color (16.7 Million colors) graphic area.  The display is driven by the "Camera Subsystem" (OMAP2420 TRM Chapter 14) module using an 8 bit RGB sub-pixel interface, together with Pixal clock, HSync and VSync. There is 1 clock pulse per 8 bits of data (This is the Red, Green or Blue subpixel data). This RGB interface is serialized on the main board by a FIN12 (or FIN212) serialiser, to reduce signal count and EMI energy radiated by the Dynamic flex. The interface is Deserialised (again using FIN12 or FIN212) to the parallel 8 bit interface on the MicroNav board.
The Display Driver IC (Chip on Glass) is Smart, with memory, and command are sent via the SPI interface that connects to the Top Module Microcontroller 
· Display type: 
TFT (16.7Million colours, Transflective)

· Pixel Count: 240 (RGB) x 320

· Screen Size:  2.2 inch diagonal

· Pixel Pitch:  0.141 mm

· Active Area: 33.84 mm x 45.12 mm

· Viewing Area: 35.24 mm x 46.92 mm

· Power Supply: Analog – 2.8V typ., digital / I/O – 1.8V typ.
Lighting

Espoo provides lighting for the Numeric keypad, Navi Keypad and LCD displays, Sign Of Life and Privacy LEDs and camera flash.
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Figure 25: Top module - LCD Backlight / Navi Keypad EL Block Diagram

[image: image26]
Figure 26: Transceiver Module - Status LEDs / Keypad EL / Camera Flash Block Diagram
Microcontroller
An Atmel Mega48 Microcontroller, fitted on the MicroNav board, controllers the following:-

· Interfacing to the OMAP2420 via I2C

· Scanning and interfacing to the Navi Keypad

· Interface bridge to control the (SPI bus based) LCD from the I2C bus

· Controlling the enables and resets of the VGA camera & Camera Serialiser and LCD & Serialiser.

· Slider detect.

· Control of the LCD LED Backlighting and Navi keypad EL Backlighting.

· LCD ESD recovery

The Microcontroller is powered off the 1.8V supply from the main board. I2C clock from the main board runs at 200kHz maximum.
The Keypad matrix for the Navi Board is:-
	
	Column 0
	Column 1

	Row 0
	Nav_Down
	App_Back

	Row 1
	Nav_Right
	Softkey_Right

	Row 2
	Nav_Left
	Softkey_Left

	Row 3
	Nav_Centre
	App_Menu

	Row 4
	Nav_Up
	Call_Start


For Details of the Protocol used by the Microcontroller, see the latest Microcontroller TRM at http://compass.mot.com/go/213326983
Power Distribution
Voltage regulation is provided by the Atlas IC and the Menalaus IC. Multiple regulators are used to provide better isolation between sensitive load circuitry and noisy circuitry. The regulators and their load circuitry are listed below.
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Figure 27: Power Distribution Tree – See http://compass.mot.com/go/212050623 for more detail.
	Supply
	Voltage
	Powers..

	B+
	3.1 to 4.2V
	All supplies below + 
PASSKEY 5W PA
Orphee PA

Bluetooth (55mA)

Int. Audio Amp. (350mA)

Camera Privacy LED

	Menalaus SW1
	1.05V / 1.3V (DVS)
	OMAP2420 core (725mA)

OMAP2420 VDDDLL (5mA)

	Menalaus LDO4
	1.3V
	OMAP2420 PLL (5mA)

	Atlas SW1 A+B
	1.2V / 1.6V (DVS)
	Argon LV core (970mA)

	Atlas SW2 A+B
	1.8V
	Argon NOR core / I/O (75/80mA)

Argon DDR core / I/O (75/100mA)

OMAP2420 NAND core / I/O(15/15mA)

OMAP2420 DDR core / I/O(150/100mA)

OMAP2420 low volt I/O (90mA)

Argon LowVolt I/O (50mA)

2Mp Camera DigCore / I/O (50/5mA)

LCD Ser Parallel I/F

VGA Camera DeSer parallell I/F

uController supply

AP Clk En Inverter

BT I/O (10mA)

26MHz Clock Divider

HDQ level shifter

	(VDIG
	1.2V
	Symphony core (10mA)

	Atlas SW3
	5V/5.5V/Adaptive
	Fuse regulator (factory only)

	( VUSB
	3.3V
	Atlas USB Xcvr (20mA)

	VAUDIO
	2.775V
	Atlas Audio (180mA)

	VATLAS
	2.775V
	Atlas internal Cctry

	VRFDIG
	1.8V
	Symphony (10mA)

	VRFCP
	2.775V
	Symphony Charge Pump (3mA)

Transaam Charge Pump (3mA)

	VRFBG
	1.2V
	Transaam Ref

	VRFREF
	2.475V
	Symphony TCXO (1.2mA)

Transaam

	VRF1
	2.775V
	Transaam ACE (TxRx)

Symphony Viper (Rx) Melody (Rx)

MC13820 LNA

Antenna Switch

	VRF2
	2.775V
	Transamm ABB (TxRx)
Symphony Viper(Tx) Melody(Tx)

Orphee Vreg (GSM PA)

PASSKEY 5W Vreg

	VSIM
	1.8V/2.8V
	SIM card (50mA)

Argon LV NVCC_SIM(2mA)

	Menalaus LDO3
	3.0V
	MicroSD card (100mA)

	Top Module 1.8V
	1.8V
	LCD DeSer Parallel I/O (10mA)

VGA Camera I/O (5mA)

LCD I/O (5mA)

LCD Digital (1mA)

	Top Module 2.8V
	2.8V
	VGA Camera analog (20mA

LCD Analog (10mA)

LCD DeSer Serial I/O / Core / PLL (10mA)

	VVIB
	1.3 to 3V
	Vibrator Motor

	VCAM
	2.8V
	2MP Camera Analog (50mA)

Camera DeSer Serial I/O core PLL (10mA)

	VIOHI
	
	Flip Detect Switch (10uA)
Symphony Sequence manager

Camera Ser Serial I/O core PLL
LCD Ser Serial I/O core PLL (10mA)

HDQ level Shifter 2V8 supply (0.1mA)

	VIOLO
	1.8V
	Internal Atlas Cctry

	Numeric EL Backlight
	Current regulated
	3 segment backlighting of Numeric keypad

	Top EL Backlight
	Current Regulated
	Backlighting of Nai Keypad

	LCD LED Backlight
	Current regulated
	Backlighting of the LCD - series 4 LED LCD

	Flash Driver
	Current regulated
	Torch Mode (200mA) / Flash mode (700mA)

	
	
	

	Menalaus LDO1
	1.8V
	SDIO accessory link on Expansion board (not currently used)

	
	
	

	Menalaus LDO5

VBUS

VESIM

VMMC2

VMMC1

Menalaus TV_VREF

Menalaus LDO7

Menalaus SW2

Menalaus SW3
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Reset Architecture
During cold and warm starts, RESETb is deasserted. It is asserted when 32kHz is stable. When RESETBMCU is asserted, Argon software will start. Watchdog will be driven high within 62.5 ms. Argon will then reset and initialize the RF, and GPU.  The GPU_RESETb needs to be asserted for at least 10ms and be deasserted at least another 10ms before any bus cycles to the GPU. The GPU controls the imager and display.

Bluetooth is reset by Argon via Argon GPIO.
[image: image29.emf]
Figure 28: Atlas Power Up Sequence

[image: image30.emf]
Figure 29: Reset Architecture

Clock Distribution

Atlas runs off of the 32KHz clock.  Atlas has an internal 32KHz clock generator, however an external crystal oscillator is used for stable performance.  This clock is used for initial power up, reset, DSM, and Bluetooth.

The rest of the phone runs off of the main 26MHz oscillator.  The 26MHz clock is input into the Symphony module which uses a combination of PLL’s and multipliers to generate 13MHz, 15.36MHz, and 26MHz reference clocks for ArgonLV, Bluetooth, Atlas Audio and the GPU.
[image: image31.emf]
Figure 30: Clock Distribution

Audio

The Atlas IC Supports all audio needs for Espoo.  For the RX path, Atlas provides outputs for the earpiece speaker, loudspeaker, and stereo EMU headset.  For the TX path, Atlas has inputs for handset microphone (in the Endo), Speakerphone microphone (in the Top module, above the LCD) and EMU microphone.

To allow multiple use cases involving either (or both) the AP and BP, the Suomi platform and therefore Espoo has multiple audio busses as shown over page. For the full set of routing for each of the audio use cases, see the Audio use cases in  http://compass.mot.com/go/176852615
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Figure 31: Audio Routing Diagram
The Atlas IC is equipped with two independent digital audio busses. Both busses consist of a bitclock, wordclock, receive data and transmit data signal lines. Both busses can be redirected to either the voice codec or the stereo DAC and can be operated simultaneously. In addition to the afore mentioned signal lines, two system clock inputs are provided which can be selected to drive the voice codec or the stereo DAC. In the latter case a PLL is used to generate the proper internal frequencies.  During simultaneous use of the both busses, two different system clocks can be selected by the voice codec and the stereo DAC.  The reference clock is input on CLIA which is the System_BB_CLK (15.36Mhz for WCDMA voice call and 26MHz for everything else)

[image: image32.emf]
Figure 31:  Atlas  Digital Audio Bus Interface

Atlas TX:
Atlas TX consists of two paths: Handset Microphone and EMU headset audio in.  The handset microphone is powered by AMC1R.  The EMU headset audio in goes through the USB D+ path by switching between USB and Audio functionality.
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Figure 32: Atlas TX audio Gain Lineup

Atlas RX:
Atlas RX audio is consists of three different paths that can be enabled alone or in combination depending on the desired audio functionality.  The output paths include and earpiece speaker which is powered by the ASP amplifier.  The loudspeaker path requires a higher powered driver and is powered by the ALSP amplifier in differential mode.  Headset audio is routed through the EMU USB interface by switching to audio mode.  EMU headset operation has two modes of operation depending on which headset and multimedia mode is selected.  A stereo headset uses D+ and D- for the left and right audio channels.  A mono headset will use D- for RX audio and D+ for TX audio.
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Figure 33:  Atlas audio RX gain lineup

EMU Headset:
The EMU Mono Headset is a phone powered device, drawing its power only from the phone. It contains a gain stage for the microphone, as well as the earpiece speaker. All of the internal audio circuitry runs off of a 2.5V regulator. It is configured as a Mono headset, containing only one earpiece speaker. It also contains a send / end button to allow the user to initiate or end a phone call.

The EMU Stereo Headset is based off of the Mono headset. Additionally, the Stereo Headset has a separate, identical gain stage for the additional earpiece, two SPDT analog multiplexers to switch the analog signal going to / from the D+ pin on the EMU interface connector, and a comparator to sense the voltage shift on the ID pin to select Mono or Stereo mode
Mono Headset:

The EMU Mono Headset contains a 2.5V regulator to supply all the audio circuits, two op-amps, one for the speaker and one for the microphone, a microphone cartridge, an earpiece speaker, a momentary, normally open switch and several discrete parts. There are three basic modes of operation for the EMU Mono Headset. The first is identification mode. In this mode the phone software turns off SWB+ and the bias on the D- line. This will make sure that the user pressing the Send / End button cannot false the detection scheme. The second mode is standby mode. In this mode, the phone software turns off SWB+ but provides a DC bias on the Speaker Out / D- pin, which enables the Send / End button while leaving the headset in a low power mode. The third mode is active mode, where the phone will provide both bias on the Speaker Out / D- pin and turn on SWB+. In this mode the headset will be active and will pass all audio signals from the phone to the user and from the user to the phone.

Stereo Headset:

The EMU Stereo Headset contains a 2.5V regulator to supply all the audio circuits, four op-amps, two for the speakers, one for the microphone, and one for sensing Mono / Stereo mode, a dual, SPDT analog switch, a microphone cartridge, an earpiece speaker, a momentary, normally open switch and several discrete parts. There are four basic modes of operation for the EMU Headset. The first is identification mode. In this mode the phone software turns off SWB+ and the bias on the D- line. This will make sure that the user pressing the Send / End button cannot false the detection scheme. Additionally, after the phone detects a Mono headset, the phone will attempt to put the headset in Stereo mode to see if the headset changes from Dumb PPD #2 to Dumb PPD #0. This indicates the difference between the Mono and Stereo headsets. The second mode is standby mode. In this mode, the phone software turns off SWB+ but provides a DC bias on the Speaker Out / D- pin, which enables the Send / End button while leaving the headset in a low power mode. The third mode is active Mono mode, where the phone will provide both bias on the Speaker Out / D- pin and turn on SWB+. In this mode the headset will be active and will pass all audio signals from the phone to the user and from the user to the phone. The fourth mode is active Stereo mode. This mode is identical to active Mono mode except that the phone will switch an additional pullup resistor into the ID pin, effectively raising the voltage on the ID pin putting the headset in active Stereo mode. In this mode, the headset will connect the second earpiece stage to the D+ pin and disconnect the Microphone circuit from the D+ pin.

Detection and Identification:

The phone detects the connection of the headset when the ID pin transitions from its idle state to a voltage determined by the 102k, 1% ID resistor. The phone hardware will then interrupt the software.

The phone detects the removal of the headset when the ID pin transitions from a voltage determined by the 102k, 1% ID resistor to its idle state. The phone hardware will then interrupt the software.

The phone identifies the EMU Headset by first setting the D+ line high and then checking the D- line. If D- is low, then the headset is identified as a Dumb PPD #2. The phone then enables SWB+ and applies a bias to the D- pin to enable the Send / End switch. The headset can be put into a low power state by removing SWB+ without disabling the Send / End switch.

If the phone has stereo headset capability, it must go through an additional identification step to determine if the headset is a stereo or mono headset. After the phone identifies a Dumb PPD #2, the phone will attempt to switch the headset into stereo mode by connecting the additional pull-up into the ID pin. The stereo headset will respond by switching out the pull-up resistor on the D+ line so the D+ pin will be low, identifying the headset as a Dumb PPD #0. If the headset is a Mono headset, the device id will remain a Dumb PPD #2.

[image: image35.emf]
Figure 34: Atlas CEA936 Accessory Support – EMU Headset audio
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Figure 35: EMU Stereo headset circuit diagram
Battery Interface
The phone ships with the BK70 battery which is 3.7V Nominal (4.2V max) and has a capacity of 1120mAh at launch.  The battery interfaces to the main board via a 4 pin pogo, flexi and Board to Board connector.  Upon power up, the phone will read the battery’s EEPROM data to determine the battery characteristics as well as to validate the battery. This line is level shifted using a MAX3371 to interface between the 2.7V level of the battery and the 1.8V level of the OMAP2420.  Via a thermistor line, the phone gets temperature feedback from the battery to control charging and safety.
Charging accessory plug-in detection is performed through Atlas interrupt line. When user plugs in a charging accessory, Atlas tiggers an interrupt notification to Argon through PM_INT signal. Then SW can identify a charger plug-in by reading charger sense bit to see whether it has been removed or plugged in. The removal detection is exactly performed the same way as for plu-in with the exception that charger sense bit is now low and that low charge current threhold has been reached.  

The DoCoMO charger is similar to a Motorola midrate charger, but has a much higher output current limit. This increases the potential for thermal problems in the phone, especially at the transition point from the constant current to the constant voltage part of the charge curve. At no point does the charger source more current than the battery’s 1C charge rate, so as with a Motorola midrate charger we can request maximum current and allow the charger to fold back during constant current charging.  In most cases we can use this charger as we would a Motorola midrate charger. This means that our charge control scheme depends on whether or not the phone is transmitting.  The Argon-Atlas architecture also allows for EMU charging, although DCM has decided to remove this feature.
The Following table lists the different charging modes. 
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Figure 36: Dual  Path Charging Architecture

EMU Accessory Connector

The EMU (Enhanced Mini-USB) bus is an interface that incorporates support for the CEA-936A carkit specification, charging from a variety of sources, USB connectivity (including OTG), as well as support for phone-powered accessories. For Espoo, all circuitry provided for EMU support is integrated into the Atlas IC.
The EMU Accessory connector is a standard mini USB connector with a total of 5 pins and is directly connected to the Atlas IC. The Atlas IC is a custom IC designed to provide three different standard signaling modes. Within these modes, Atlas allows for two different audio test modes. In addition to the signaling modes, Atlas integrates all necessary logic to take on the task of controlling the dual path charging lineup.
When a device is connected to the EMU bus, Atlas will identify the device based on the states of the VBUS, D+, D-, and ID pins. Atlas utilizes three different detectors to determine which type of device is connected. A change in status on any of the following 3 detectors will generate an interrupt and the status can be read from the appropriate status register.

•Vbus Detector - Three comparators are used to detect the voltage level on VBUS. USBDET4V4 detects a valid VBUS while USBDET2V0 and USBDET0V8 support the USB OTG session request protocol. Each have a sense bit (USB4V4S, USB0V8S, and USB2V0S) located in the interrupt sense register. These sense bits are 1 when the VBUS level is above the detected threshold. On any rising or falling edge of the comparator outputs, a USBI interrupt is generated. VBUS can be connected to the charger input pin for joint charging and USB signaling. See Atlas Power section for more.

•SE1 Detector - To distinguish different phone accessories, an SE1 detector checks to see if the signal on D+ and D- are above a positive threshold. If so, the SE1S bit will be set high. Any change in SE1S generates an SE1I interrupt.

•ID Detector - Used primarily to distinguish between mini-A and mini-B style plugs being inserted into the mini-AB receptacle. However, the ID pin supports two additional modes outside of USB standards: factory test mode and non USB accessory mode. The state of the ID detector can be read by SPI via the IDFLOATS and the IDGNDS sense bits. An IDI interrupt is generated when one of these sense bits changes. The ID voltage can be read out via the ADC channel ADIN7. The ID detector thresholds are listed in the below table.

•Finally, the exact states of D+ and D- can be read through the USBOTG module in Argon through GPIO4 and 6. However, to get D+ and D- to pass through the USB transceiver on Atlas, USB must be suspended by setting bit 1 in SPI register 49. The GPIOs are read using capture mode which is discussed

further in the Argon DTS. Therefore GPIO4 and GPIO6 must be reserved for this feature. Although they will not be physically connected to VPIN or VMIN on the PCB, we must reserve them for this function because the control of the pins shifts between the MCU and DSP when reading the states of the lines.
USB is a serial bus that uses 5 lines (VBUS, D+, D-, ID, and GND) though the ID pin is used only for detection purposes. Each pin is connected directly to Atlas’ USB transceiver through which it forwards the signals to Argon. The USB transceiver is enabled when the SPI bit USBXCVREN is set high. The USB transceiver data formatting operates in four modes, defined by the DATSE0 and BIDIR SPI bits. The modes are listed and explained in the table below.
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Figure 37: EMU Block Diagram
Board Layouts
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Figure 15: Main board PCB Layout
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Figure 16: Main Board PCB Layout
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Figure 17: Flip Board PCB Layout
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Figure 17: Top Module Flex Back Side and Front Side Layout

Further Sources of Information
For more Details information the following sources are available:-

Suomi (Dual Processor) Platform design documents - http://compass.mot.com/go/suomi-hardware
Espoo hardware design documents - compass.mot.com/go/espoo-hardware
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