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| ntroduction

M300 (56E11) project is targeted to fulfill customer’s need of low cost GPRS model with digital camera
function. Major function including the following:

o Key features and Deliverable

Major features Deliverable
Size 102mm*44mm*18mm Small size product in its price point
Attractive, compact ID with 65k Color | Low cost phone on the market in its
CSTN LCD category while maintaining an

attractive design plus color LCD
GPRS Data Transmit / Pictures Capture | Cost-of-entry features plus features
/MMS / Tri-band targeted specifically at filling low-end
GPRS series core needs, such as
easy MMS messaging. Digital Still
Camera Sensor (CIF) provides instant
capture of images.

The following is the operation theory

|. RF Portion

Receiver Operation
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The Receiver structure in HD155155NP is a zero-IF solution. That means RF signal is directly
down-converted to the baseband signal. And by the way, all of the DC-offset canceling processes are done
within chip. We do not have to care about that.

The LNA amplifies the RF signal after passing the T/R switch and RF SAW filter and before it enters
the down-converter section. The RF signal is mixed with a local oscillator (LO) signal to generate the
baseband signal.

Three LPFs are used in the baseband signal processing for reducing blocking signals. The first LPF
employs two external capacitors, and we can check whether the front-end (LNA + Mixer) is functionally
well or not by probing these two capacitors to seeif there is any baseband signal (<200kHz).

After three stages of DC-offset canceling, the signal (1+/1-/Q+/Q-) then output to the baseband IC for
further processing.

Transmitter Operation
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The transmitter chain converts differential 1Q baseband signals to a suitable format for transmission by
apower amplifier.

The common mode voltage range of the modulator inputs is 1.05 V to 1.45 V and they have 2.0 Vpp
differentia swing. The modulator circuit uses double-balanced mixers for the | and Q paths. The Local
signals are generated by dividing the IFLO signals by 8 in GSM band and by 4 in DCS band, and then
passed to the modulator through a phase splitter / shifter. The IF signals generated are then summed to
produce a single modulated IF signal which isamplified and fed into the offset PLL block.

Within the offset PLL block there are a down converter, a phase comparator and a VCO driver. The
down converter mixes the first local signal and the TXVCO signal to create a reference local signal for
use in the offset PLL circuit. The phase comparator and the VCO driver generate an error current, which
is proportional to the phase differentia between the reference IF and the modulated IF signals. This
current is
used in athird order loop filter to generate a voltage, which in turn modulates the TXVCO.

The RF signal is then amplified by PA and power control loop to the assigned power level within the
burst ramping mask. After passing the LPF of the T/R switch, the signal is then radiated through the
antenna.
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VCXO Operation
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HD155155NP provides a VCXO function. With that function, we can build a reference clock
generation circuits as shown in the above graph. This means that the VCTCXO module is not
necessary for clock application, and only one crystal with 8ppm tolerance and one varactor are enough.

The transistor in HD155155NP and two internal capacitors (C1, C2) provide a negative resistance,
and the crystal (X1) combined with some other passive components (including varactor : D1) to
provide a positive resistance. When these two resistance values equal to each other at some frequency,
the oscillation will happen at that frequency. In our design target, the oscillation frequency should be
within 26MHz +/-15 ppm.
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|1. BaseBand portion

1.

56E11 utilizes TI' s chipsets (CALY PSO-Lite and IOTA) as base-band solution.
composed with two potions: Logic and Analog/Codec. CALYPSO-Liteisa GSM/GPRS digital
base-band logic solution included microprocessor, DSP, and peripherals.
anal og/codec solution and power management which contain base-band codec, voice-band codec,
several voltage regulators and SIM level shifter etc.
features such as LED backlight, color LCD display , DSC, vibration, melody tone and charging etc.
The following sections will present the operation theory with circuitry and descriptions respectively.

| ntr oduction:

2. Block Diagram

al- Theory of Operation
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3. Operation theory:

3.1 Calypso-Lite

CALY PSO-Lite (HERCROMA400) is a chip implementing the digital base-band processor of a
GSM/GPRS mobile phone. This chip combines a DSP sub-chip (LEAD2 CPU) with its program and
7
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data memories, a Micro-Controller core with emulation facilities (ARM7TDMIE) and an internal
2M-bit RAM memory, a clock squarer cell, several compiled single-port or 2-ports RAM and CMOS
gates.

Major functions of thischip are asfollows:

311 Real Time Clock (RTC)
The RTC block is an embedded RTC module fed with an external 32.768KHz Crystal. Itsbasic
functions are:
1. Timeinformation (seconds/minutes/hours)
2. Cdendar information (Day/Month/Y ear/ Day of the week) up to year 2099
3. Alarm function with interrupts (RTCINT is generated to wake up ABB)
4. 32KHz oscillator frequency gauging

312 Pulse Width Light (PWL)
This module alows the control of the backlight of LCD and keypad by employing a 4096 bit
random sequence .In the 56E11, we use the LT/PWL function to turn on the keypad light LED.

3.13 MODEM-UART
This UART interface is compatible with the NS 16C750 device which is devoted to the connection to
aMODEM through a standard wired interface. The module integrates two 64 words (9 and 11 bits)
receive and transmit FIFOs which trigger levels are programmable. All modem operations are
controllable either via a software interface or using hardware flow control signals. In56E11, we
implement software flow control by only two signals. TXDO0 and RXDO.

3.14 General Purposes|/O (GPI0O)
Calypso-Lite provides 16 GPIOs configurable in read or write mode by internal registers. 1n56E11,
we utilize 9 of them asfollows, others are used in the dual function mode or N/A:
I00:  N/A

101 N/A
I02:  Interrupt from Melody IC

103: N/A
104: N/A
1O5: N/A

I06:  Detection of earphone or download cable plugged-in
"H’  no accessory plugged-in

'L’ accessory plugged-in
8
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IO07:  Reset of external device such as melody IC and CSTN and DSC backend IC

108: Detect the DSC sensor modul e vendor

109: Backlight of CSTN switch’H” ON /L’ OFF

1010: DSC sensor Module 2.5V power switch’H ON L’ OFF
1011: N/A

1012: N/A

I013:  Receive the DSC backend IC busy or ready interrupt signal
1014: SRAM high-byte enable
I015: SRAM low-byte enable

3.15 Serial Port Interface (SPI)
The SPI isafull-duplex serial port configurable from 1 to 32 bits and provides 3 enable signals
programmabl e either as positive or negative edge or level sensitive. Thisinterface isworking on
13MHz and is used for the GSM/GPRS baseband and voice A/D, D/A with IOTA

3.1.6 Memory Interface and internal Static RAM

For external memory device (Flash and SRAM)), thisinterface performs read and write access with
adaptation to the memory width. It also provides 6 chip-select signals corresponding each to an
address range of 8 mega bytes. One of these chip-select is dedicated to the selection of an internal
memory. In56E11, we employ nCSO (NROM_CS0) for external 64 Mbits Flash and nCS1
(NRAM_CSI) for external 16Mbits SRAM. A 2Mbit SRAM is embedded on the die and memory
mapped on the chip-select NCS6 of the memory interface .The access cycle is guaranteed with O
wait-state for any cycle frequency up to 39MHz. About others chip selects allocation are nCS2
(NDSCM_CS2) for DSC backend IC and nCS3 (NLCDM_CS3) for LCDM driver and nC34 for
melody IC ..

3.17 SIM Interface
The Subscriber Identity Module interface will be fully compliant with the GSM 11.11 and ISO/IEC
7816-3 standards. Its external interfaceis 3 Volts only. 5 Volts adaptation will be based on external
level shifters.

3.18 JTAG
In 56E11, JTAG isused for software debugging.

3.19 Time Serial Port (TSP)
The TPU is areal-time sequencer dedicated to the monitoring of GSM/GPRS baseband processing.
The TSP is aperipheral of the TPU which includes both a serial port (32 bits) and a parallel interface.
The serial port can be programmed by the TPU with atime accuracy of the quarter of GSM bit. The

9
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serial port isuni-directional (transmit only) when used with IOTA. The serial port provides 4 enable
signals programmable either as positive or negative edge or level sensitive. This serial port is derived
from 6.5MHz and used to control the real time GSM windows for the baseband codec and the
windows for ADC conversion.

3.1.10 TSP Paralld interface (ACT)

The parallel interface allows control 13 external individual outputs and 1 internal signal with atime
accuracy of the quarter of GSM bit. These parallel signals are mainly used to control the RF activity.
In 56F05, we employ 5 of them to control RF activity.

TSPACTL: GSM_T/R
TSPACT2: DCS T/R
TSPACT3: PCS RX
TSPACTG: TX_ON
TSPACTO: Band Select

TSPACT10: Latch enable

3.1.11 Radiolnterface (RIF)
The RIF (Radio Interface) Module is a buffered serial port derived from the BSP peripheral
module of the defined for TMS320C5X. The external serial data transmission is supported by a
full-duplex double-buffered serial port interface. The interface is used for transfer of baseband
transmit and receive data and also to access all internal programmation registers of the device.

3112 Miscellaneous:
Some important Baseband /RF interface signals are defined as follows:
CLKTCXO: 13MHz VTCXO Clock from RF circuit
TCXOEN: 13MHz VTCXO Clock Enable signal

32 IOTA

Together with adigital base-band device (Calypso-Lite), IOTA ispart of a TI DSP solution intended
for digital cellular telephone applications including GSM 900, DCS 1800 and PCS 1900 standards (dual
band capability).

It includes a complete set of base-band functions to perform the interface and processing of voice signals,
base-band in-phase (1) and quadrature (Q) signals which support single-slot and multi-slot mode,

associated auxiliary RF control features, supply voltage regulation, battery charging control and switch
10
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ON/OFF system analysis. IOTA interfaces with the digital base-band device through a set of digital
interfaces dedicated to the main functions of Calypso-Lite, a base-band seria port (BSP) and a voice-band
serial port (V SP) to communicate with the DSP core (LEAD), a micro-controller serial port to
communicate with the micro-controller core and atime serial port (TSP) to communicate with the time
processing unit (TPU) for real time control.

IOTA also includes on chip voltage reference, under voltage detection and power-on reset circuits.

Major functions of this chip are asfollows:

321 Baseband Codec (BBC)
The baseband codec includes a two-channel uplink path and a two-channel downlink path.

The baseband uplink path (BUL) modulates the bursts of data coming from the DSP via the baseband
serial port (BSP) and to be transmitted at the antenna. Modulation is performed by a GMSK
modulator. The GM SK modulator implemented in digital technique generates In-phase (I) and
Quadrature (Q) components, which are converted into analog base-band by two 10 bits DACsfilters.
It also includes secondary functions such as DC offset calibration and 1/Q gain unbalance.

The baseband downlink path (BDL) converts the baseband analog | & Q components coming from the
RF receiver into digital samples and filters these resulting signals through a digital FIR to isolate the
desired data from the adjacent channels. During reception of burst | & Q digital data are sent to the
DSP viathe baseband serial port (BSP) at arate of 270 KHz.

3.2.2 Automatic Frequency control (AFC)
The automatic frequency control function consists of adigital to analog converter optimized for high
resolution DC conversion. Its purpose is to control the frequency of the GSM 13MHz oscillator to
maintain mobile synchronization on the base station and allow proper transmission and demodul ation.

323 Automatic Power Control (APC)

Purpose of the Automatic Power Control (APC) is to generate an envelope signal to control the
power ramping up, ramping down and power level of the radio burst.

The APC structure is intended to support single slot and multi-slots transmission with smooth
power transition when consecutive bursts are transmitted at different power level. It includesaDAC
and aRAM in which the shape of the edges (ramp-up and ramp-down) of the envelope signals are
stored digitally. This envelope signal is converted to analog by a 10 bits digital to analog converter.
Timing of the APC is generated internally and depends of the real time signals coming from the TSP
and the content of two registers which control the relative position of the envelope signal versus the
modulated | & Q.

3.24 Timeserial port (TSP)
Purpose of the time serial port isto control in real time the radio activation windows of IOTA
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which are BUL power-on, BUL calibration, BUL transmit, BDL power-on, BDL calibration and
BDL receive and the ADC conversion start.
These real time control signals are processed by the TPU of DBB and transmitted serially to ABB
viathe TSP, which consistsin avery ssimple two pins serial port. One pinisan enable (TEN) the
other onethe datareceive (TDR). The master clock CK13M divided by 2 (6.5MHz) is used as clock
for this serial port.

3.25 Voice band Codec (VBC)
The VBC processes analog audio components in the uplink path and transmits this signal to DSP
speech coder through the voice serial port (VSP). Inthe downlink path the VBC converts the digital
samples of speech data received from the DSP via the voice serial port into analog audio signal.
Additional functions such as programmable gain, volume control and side-tone are performed into the
voice band codec.

3.2.6 Micro-controller serial port (USP)
The micro-controller serial port is a standard synchronous serial port. It consistsin three terminals,
data transmit (UDX), data receive (UDR) and port enable (UEN). The clock signal is 13MHz clock.
The USP receives and sends data in serial mode from and to the external micro-controller and in
paralel mode from and to the internal GSM Baseband aVoice A/D D/A modules. The
micro-controller serial port allow read and write access of al internal registers under the arbitration of
the internal bus controller.

3.2.7 SIM card shifters (SIMS)
The SIM card digital interface in ABB insures the trandation of logic levels between DBB and
SIM card, for transmission of 3 different signals; a clock derived from a clock elaborated in DBB, to
the SIM card (DBBSCK=>»SIMCLK). areset signal from DBB to the SIM card
(DBBSRST=>»SIMRST), and serial datafrom DBB to SIM card (DBBSIO=>SIMIO) and vice-vera.
The SIM card interface can be programmed to drivea 1.8V and 3V SIM card

3.2.8 Voltage Regulation (VREG)

Linear regulation is performed by several low dropout (LDO) regulators to supply analog and digital

baseband circuits.

(1) LDO VRDBB generates the supply voltage (1.85V, 1.5V,and 1.35V) for the digital core of DBB.
In 56E11, it is programmed to 1.5V. Thisregulator takes power from the battery voltage

(2) LDO VRABB generates the supply voltage 2.8V for theanalog function of ABB. Itissupplied
by the battery.

(3) LDO VRIO generates the supply voltage 2.8V for the digital core of ABB and digital I/O’s of
DBB and ABB. It issupplied from battery voltage.

(4) LDO VRMEM generates the supply voltages 2.8V for DBB memory interfaces 1/0O’s.

(5) LDO VRRAM generates the supply voltages 2.8V for DBB memory interfaces1/0’s

12
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(6) LDO VRRTC generates the supply voltages (1.85,1.5, or 1.35V) and supply voltage 1.5V for the
following block of DBB (real time clock and 32K oscillator ). It’s supplied by UPR
(7) LDO VRSIM generates the supply voltages (1.8V, 2.9V) for SIM card interface 1/O’s

3.2.9 Baseband Serial Port (BSP)
The BSP serial interface is used for both configuration of the GSM baseband and voice A/D

D/A (read and write operation in the internal registers), and transmission of the radio data to the DSP
during reception of a burst by the downlink part of the GSM baseband & voice A/D D/A. Four
pins are used by the serial port: BFSR and BDR for receive, BFSX and BDX for transmit. BDX is
the transmitted serial data output. BFSX isthe transmit frame synchronization and is used to
initiate the transfer of the transmit data. BDR isthereceived serial input. BFSR isthe receive
frame synchronization and is used to initiate the reception data.

3.2.10 Battery charger Interface (BCI)
The main function of the ABB charger interface is the charging control of either a 1-cell Li-ion
Battery or 3-serie Ni-MH cell batteries with the support of the micro-controller. The battery
monitoring uses the 10 bit ADC converter from the MADC to measure the battery voltage, battery
temperature, battery type, battery charge current, battery charger input voltage. The magnitude of the
charging current is set by the 10 bits of a programming register converted by an 10 bit Digital to
Analog Converter, whose output sets the reference input of the charging current control loop. The
battery charger interface performs also some auxiliary functions. They are battery pre-charge, battery
trickle charge and back-up battery charge if it is rechargeable.

3.211 Monitoring ADC (MADC)
The MADC consistsin a 10-bit analog to digital converter combined with a nine inputs analog
multiplexer. Out of the nine inputs five are available externally, the four remaining being dedicated
to main battery voltage, back up battery voltage, charger voltage and charger current monitoring. On
the five available externally three are standard inputs intended for battery temperature, battery type
measurements.

3.2.12 ReferenceVoltage/ Power on Control (VRPC)

An integrated band-gap generates areference voltage. Thisreferenceis available on an
external pin for externa filtering purpose only. Thisfiltered referenceisinternally used for analog
functions. The external resistor connected between pin IBIAS and GNDREF sets, from the
band-gap voltage, the value of the bias currents of the analog functions. The VRPC block isin
charge to control the Power ON, Power OFF, Switch On, and Switch OFF sequences. Evenin
Switch OFF state some blocks functions are performed. These “permanent” functions are functions,
which insure the wake-up of the mobile such as ON/OFF button detection or charger detection.
Interrupts are generated at power-down detection of the PWON button and when abnormal voltage
conditions are detected.

13
I ——

Page 13 BENQ Corporation



BenQ

3.213 Internal busand interrupt controller (1BIC)
Read and write access to al internal registers being possible via both the BSP and USP, purpose of the
internal bus controller isto arbitrate the access on the internal bus and to direct the read data to the
proper serial port. During reception of a burst the internal bus controller assign the transmit part of the
BSP to the base-band downlink to transfer the | & Q samplesto the DSP.

This block also handles the internal interrupts generated by the MADC, BCI and VRPC blocks and
generates the micro-controller interrupt signal INT2.

14
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3.3 Power Supply diagram
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3.3.1 Description:

The voltage regulators embedded in IOTA consists of seven sub blocks.  Several low-dropout (LDO)
regulators perform linear voltage regulation. These regulators supply power to internal analog and digital
circuit, to DBB processor, and to external memory.
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-LDO (VRDBB) is a programmable regulator that generates the supply voltages(1.8V,1.5V and 1.3V) for
the core of the DBB processor. The main battery supplies VRDBB.

-LDO (VRIO) generate the supply voltage (2.8V) for the digital core and 1/0O of the TWL 3014 device. The
main battery supplies VRIO.

-LDO (VRMEM) is a programmabl e regulator that generates the supply voltages(2.8V and 1.8V) for
external memories (typically flash memories) and DBB memory interface 1/0. The main battery supplies
VRMEM.

- LDO(VRRAM) is a programmabl e regulator that generate the supply voltages(2.8V and 1.8V) the
external memory (typically SRAM memories) and DBB memory interface 1/0s. The main battery supplies
VRRAM.

- LDO (VRABB) generates the supply voltage (2.8V) for the analog functions of the TWL 3014 devices.
The main battery supplies VRABB.

LDO (VRSIM) is aprogrammable regulator that generates the supply voltages (2.9V and 1.8V) SIM
card and SIM card devices. The main battery supplies VRSIM.

LDO (VRTC) isaprogrammable regulator that generate the supply voltage (1.8V.1.5Vand 1.3V) for
real time clock and the 32-KHZ oscillator located in the DBB device during all modes. The main or
backup battery supplies VRTC.

3.4 System power on/off Sequence

3.4.1 Power on mode
On the plug-in of the valid main battery or backup battery, an internal reset is generated (POR).
After a power-on sequence, the TWL 3014 deviceisin the BACKUP or OFF state.

When these conditions occur in the power on state, the hardware power on sequence starts:

1. Enable band-gap (VREF and IREF)
2. Check if Main Battery voltage is greater than 3.2V
3. Enable charge VRDBB-VRABB-VRMEM-VRRAM

16
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Regulator OK.

ON_nOFF=1, ABB RSTz=1
NRESET pinisset from‘L’ to‘H’
13MHz clock oscillator is enabled

N o o kA

3.4.2 Power off mode
This state is reached when there is not enough voltage in the main battery and backup battery or when
both batteries are disconnected.

Send INT1
Start 5* T watchdog Timer , T= 32K period
ON_nOFF=0
ABB RSTz=0
Disable the LDO’ s using M SKOFF content and the band-gap
“MBATLOW”=0

o 0k~ owbdPE
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3.5 Memory circuit

3.5.1 Description:

Above diagrams show the memory circuit of 56E11 .One is 64-Mbit core 1.8 Volt , 1/0 2.8Volt Intel

Wireless Flash Memory W30 series, another is 16M bit 1-T SRAM

3.5.2 Schematic
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ALS gi s o E35 p13 1 &\\\g\\\\ \\k,
Al4 b A odF \ \ \
AL3 BL|AS  DI2gy 11 \\\\
AL2 AL|M2 DUTT 10 e
AlL co|AL DO g iy .
AL B2 ﬁéo BZ Gl 8 - SN
A2
m I : 2.8V cm L
A7 D6
AT WF
e e ] : VRMEM T
A5 D4 Q
A5 A Gs
A B ﬁg Bg E5
C8
ﬁ L DL E? 80‘ [77
AL D0 {5 BOND  BGND BOND
M CK
2 NROM_CSO [ e rove S
ZRN Fo| WE#  WAIT 56X
2 NF e OF% WP e
2D DT{RSTE  VSS
¥ggNC  VSS|e
VSSQ VSsQ
[77

Inel_28F640030
77
B0

Intel 80 series control

Above schematic is the Flash , below isthe 1-T SRAM schematic

2.8V
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VRRAM

U201 e |A[0..22] 2
A21
&L [Vee a0 |8
vce A19 At
€200 B5 | — AL8 T3 718
NRAM_CS1[ > A6 | CE1 Al7 Ez
1uF B2 | CE? Al6 M AI8 4
2 NBHE AL | HB ALS MF3 /
2 NBLE Ao | LB Al4 7
b’ 2 s ke P —
2 D15 Gl All %ﬂ
2,57 D[0..15] <__> = 21 o015 AL0 At
B3 1/014 A9 15— AS—
B g 1/013 A8 %RS—
Bit D2 1/012 A7 Tﬁ—
D16 c2 | /O11 A6 e A6
B ¢1 | vo1o A5 g5
B8 Bl 1/09 A4 TM—
7 e Vo8 A3 TAs 7S
B6 F6 1107 A2 TAZ—
B5 F5 1/106 Al Tﬁd—
B4 ES 1/05 AO —~
5] D5 1/104 E3
el e
U
o gg /o1 &nD FES MB82D01161-85L_16M
1/00 /77 K6F1616U6A 16M
£ SV6P8016_8M 1T

IC SRAM SV6P1615UFA70l FBAG48 EM56161_8M_6T

LP62S16256E-T_4M_6T
SV6P4016_4M_1T

3.6 LCD module(LCDM)

3.6.1 Connector between PCBA and LCDM
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VRIO
'I 11 117 /J7 T
CN328
J___ CN325 J_J_ CN26 oNa27 ll__ o0 - -
DNI100PF (8P4 T T onitooee @Ay ] | | DNI0OPF (@P40) > LED_OUT
DNI100PF (8P4 o shortjump | cezs
v X
+ o 1o S9326 shortjum
D[0..15] ryequ dreqid i 79 open jump Jump
2 1
s LED_IN
218 3325 ‘{H} <
D14 - DB15 LED2+(A) g ]
2 | 1 DBL4 LED2K) [5g [ 51325
Now DB13 LEDL+(A) 57 |
Dil DBL2 LEDL(K) 55 ) 1 oM H o
D10 — DB1L HW_ID [5s RFeET (=) _HW|
DB10 IRESET 5 NRSTOUTIG7
be 4 00328
2 DBY M1 [5g 2 T
D1 5| DB8 M2 shortjump
5 1 ggé egg 2L | open jump R330 rGNLCDM_csa
ns 1 0 ics R320
o 177 D85 1cs Mo A A2
= 5084 RS [ 0
\o: 141083 FIWR) [ N 0 %NFV&E
o 15082 RW(RD) g
00  DB1 DBO [~ o« 1
R == fF C33L T €329
DNI0.1uF
CSTN LCDM Connector DN“””F; g [OVOF 4 .

BGND

LCDM_HW _ID ( ADIN1) voltage allocation vs LCDM vendor : (we usethe ADIN1 (lota) to detect
the LCDM vendor)

272, /* LCDM_Nanya : 0.0 ~ 0.272V */

410, /* Reserve : 0.273 ~ 0.410V */
616, /* Reserve : 0.411 ~ 0.616V */
926, /* Reserve : 0.617 ~ 0.926V */
1390, /* LCDM_GiantPlus : 0.927 ~ 1.390V */
1718, /* Reserve ©1.391 ~ 1.718V */

3.6.2 LCM mechanical outline

3.6.3 Description

This display module is atransmissive color STN (CSTN) Liquid crystal display (LCD) module of
glass construction with a black background. The display has an internal transflector. The display consists
of 128 ( xRGB Stripe) x 128 pixel with 65K colors. bar connectionsto a flex foil accommodating
components to drivers and the backlighting system. The backlighting system will consist of one light
guide illumination both cells with awhite backlight. Interconnection to the main board will be by a board
to board connector.

This display module consists of::

20
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CSTN Cell with polarizers, COG
Enhancement films (DBEF + 2* BREF)
Mechanical support/carrier system with Magnesium frame

One illumination system with 2 White LED’s.

® ¢ 6 0o o

Flexfoil with SMD component (include board to board connector for connection to the main part of
the phone and between the module)

3.6.4 WhiteLED driver schematic

€327
2 |1
I

1uF (0603)

L325
YY)

VBAT
33uH D325
RB5205-30
BL32S
BEAD(0603) U325

OovP PGND

VIN SwW

8
7
EN Fe -2 T
AGND ne FX - 47K
N o 82K

MIC 2287 WHITE LED DRIVER

NLED_DRIVE_SD/I09 > ?

c3zs
€1

R331

-T-
1UF(0603)
47K o

l;> w v e
1
C333

BGND BGND
BGND

DACrange 0~1023 step

21

Page 21 BENQ Corporation



BenQ

3.7 Audiocircuit

1.1.1. 3.7.1 Uplink path

2.0V
MICBIAS R164 R163
AAN ANN
1K 1K
TP150 TP151
-10dBmO
. R172 1K leﬁ 0.1UF
1 EMI Array  EN150 MICROPHONE_0
. Al bmhm C1l X150
C169 3
Cl68—— ——4.7uF(0603) J- J— -
DNI A3 c3
-10dBmO ) il
wmeiw RE31K [l
C165 |0|.1UF 8
R162 1K
— N NN—
~
BGND seNp e
3.7.2 Downlink path
EARN-
Py { >RECEVER_N 9
> { >RECEVER P
EARP+ -
Ci181 C182
|ota part 21PF 27PF

/

/
BGND  BGND

22

Page 22 BENQ Corporation



BenQ

TP400 TP401

— —

RECEVER_N | 2 @ 1
LS1

short ium RECEIVER-
$J402 Jump RECEIVER+

RECEVER_P | 2 1 _
Receiver

. —
$J403 short jum

. T401
\ TVS

T400
TVS

N

BGND

3.7.3 Description
The audio circuit is divided into two parts, uplink and downlink path.

For uplink path, the analog voice signals are fed into IOTA from the microphone differential input
and then transmitted to G2 DSP viathe voice-band series port (VSP). After being modulated, the signals
go through the uplink 1/Q path to the RF transceiver and transmitted from the antenna.

The microphone circuit is biased from MICBIAS of IOTA. The bias circuit, R163, R164, R162
mainly provides the optimal operation point for the microphone signals, MICP and MICN. For downlink
path, the signals received from the antenna are down-converted to 1/Q signals and then transmitted to G2
DSP. After being demodulated, the signals are fed to IOTA via voice-band interface and then amplified
to drive the receiver in the EARP and EARN .

3.8 MelodyIC

3.8.1 Schematic

Y amaha 16 tone melody

[ IV
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249 D[o.15) < ——{___>Loupb_SPk P 9
D7 ——1__>LOUD_SPK N 9
gg VBAT
D4 0o
D
D:
D1
D!
— [Te] < ™) N — (=) o ] ~|
~N [52] < [Te) © ~ ~N N —
o o o [a] a o = = =
x 2 2
U o ©
o o
26 0o 16
D1 SPVSS
271 bo spvop |22
2 A0..22] 2 RNW D—ZS /WR EQ3 14
20 YMU759 13
2  NMELODY cs4 [ >————=1/cs EQ2
12
EQ1
Al 30 1
A0 11 0.1uF R403
VRIO 5 npoE[ > 311 pp HPOUT-R 20K
? . 5 - HPOUT-LIMONO |—2—x Gain = R407 / R404
SO o - o 9o o b 1 =1/ (2pi * R412 * C404)
0 R405 a s 2@z f2 =1/ (2pi * R414 * C407)
| NJ( o <« w o ~ o o C405
2 |1
) . I
3 18MOUT[_>—— €T o4 shorjump 0.1uF
ST [ SJ401 VRIO
2 NMELODY_INT/O2 < }—9 OLls| T
3 !
TPL400 N
of LT
—]
2
<
o
o
<
o

2 NRsTOUT/IO7T [ >—"""——

R401
1
1

1.1.2. 3.8.2 Description:

TheYamaha Melody IC (YMU759 MA2) mainly generate multi-tone for speaker. The main features are

1.  Equipped with FM generator function and ADPCM playback function
2. Number of voice simultaneously generated

When only 2-operator tone are used : up to 16 voices can be generated simultaneously
When only 4-operator tone are used : upto 8 voices can be generated simultaneously

Built-in 4-bit 1ch ADPCM decoder, and supports two kinds of sampling frequency , 4kHz and 8kHz.
Built-in output 550mW (AVDD=3.6V) speaker amplifier
Built-in hardware sequencer
Built-in circuit for sound quality correcting equalizer

o 0k~ w
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7. Supports stereophonic D/A converter

8. Provided with a stereophonic analog output terminal for headphone

9. 4wireseria interface or 12 wire paralel interface can be selected

10. PLL isbuilt-in to support master clock in 2MHz to 20MHz range

11. Support power down mode(Typical current: 1UA or less)

12. Power supply is divided into analog power supply for speaker amplifier and power supply for the
others
Analog power supply for speaker amplifer (SPVDD): 2.7V~4.5V (Typ 3.6V)
Digital power supply for the others (VDD):2.7V~3.3V(Typ 3.0V)

3.9 10Pins|/O connector

3.9.1 Schematic
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To solve TDD issue

BL450

OO < HF_HSO 3
BEAD(0603)
VRIO
450 sp1| || | Discharging component
12
R453 VRIO
o)
100K
/
TP450 o
{>ACCESSORUNMOG 2 Ras1
1K
SJ451 B
< JTxD 2.3 —41®2—DSIM o 2 s I
N R452
short jump 4.7uF DNI
{—>RxD23 2K N
300
! BGND
To solve TDD issue
8 AL op et
B2 C450
GND
9 13 o032 % 2 & HF_AUXI 3
11 10 N ) N o N CSPEMI204 1uF sJasp  shortjump
T452 T454 Taso  T451 3/
% T453 % % J 8%7 U451
TVS EARPHONE_IN 3
/77  VOCONN vs Jvs Jvs VS o > |
BGND o -
BGND7 R455
10K
SEND_END_KEY anog
3 SEND_END
of v <
U452
PEMH2
[ PN
HoND R466  VRIO
100K

Accessory type table:

0.8V < ADIN3 < 1.3V Define: Handsfree
0.45V < ADIN3 < 0.65V Define: DataCable

2. 3.9.2 Description

The 10 Pins 1/O connector circuit is used either for the headsfree or the data service.  The SIM_CD
will be pulled to low level when headsfree or data cable is plugged-in.

And the SEND_END_KEY function isthat when handsfree work , user can send the call or end the
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call in the handsfree push bottom key. This function use the Keypad interrupt (G2-Lite) to generate the

send-end function.
The HF_HSO isthe handsfree speaker output and the HF_AUXI is the handsfree Micphone input for

the lota.
The EARPHONE _IN is connected to the lota ADINS to judge accessory type (refer to the Accessory

typetable)

3.10 Keypad LED circuit

3.10.1 Schematic

27
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T

VBAT

2y

ALY
ALY

R351

C
W
a
o

2 kPBL [ >— 1

M)
4
Y
1
-

3

1.2M

R350

BQ350

DTC143ZET1
BGND

2
Pre_Charge_Ind <:'—

2K

UMT4403

3 K1

- Theory of Operation

D350

W Clisoo W7
N N
N N

D351
CL190

RN350

47 (8P4R)

3.10.2 Description

N
™

D352 D353

D354

D355

cugo% CLI% wgr clLigo W CL1%0
~ ~

\- ~

8

A

BGND

RN351
47 (8P4R)

56E11 employs six blue LEDs for keypad backlight and pre-charging indicator. The ON_OFF timing
of (D350, D351, D352, D353, D354, D355) are controlled by U350 according to KP_BL =H (ON) /L
(OFF). Under the default condition (VBAT=3.8V), the average current of one keypad backlight LED is
about 6.25mA. So total current through LEDsis40mA. If VBAT < 3.2V, as charger plug in handset ,lota
will do the pre-charging function and LEDC will L(ON) then these six LEDs will be turn on.

3.11 Vibrator

3.11.1 Schematic

LFlip open : High 28
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TP351 TP352
(from battery )
i —
VBAT
®)
J— C351
DNI -
M350 o
s D357
BGND i
RB520S-30
i
N

g R353
27(0805)

3 VIB_LON_OFF <}

lota LEDB

3.11.2 Description

Vibrator is enabled by LEDB control logic in IOTA. When the logic is set to ‘H’, the motor will activate.
R353 are used to control operating current and D1 is used to reduce EMF.  Under the condition of VBAT
= 3.8V, the average drain current is around 66.5mA.
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3.12 SIM Circuit

3.12.1 Schematic

CALYPSO G2 IOTA SIMCARD

SIM_RS DBBSRST SIMRST RESET

SIM_CLK DBBSCK SIMRST @ CLK
SIM_IO DBBSIO SIMRST

R8
5.1KF

SIM_PWCTRL VRSIM VvCC

3.13.2 Description

The SIM interface of IOTA is composed by adedicated LDO and 1/0 level shifters. It supports 3V
and 1.8V SIM cards (In 56E11 just use the 3V ).

SIM_1O(1/0):  Data
SIM_RST(0O): Resetsigna
SIM_CLK(O): Clock (1.6MHz/3.2MH2z)

The SIM card digital interface insures the tranglation of logic levels between CALY PSO-Lite and
SIM card. Selection of pull-up resistor is trade-off between the SIM 10 rising time and current
consumption
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3.13 Keypad

3.13.1 Schematics

BGND

CN350
DNI

lal- Theory of Operation

2 ROW4§
2 ROW3
2 ROW2
2 ROW1
2 ROW0<__} l
7| o0 2 coo [>
NI
bl ° l S350 l S351 l S352 l S353 (L
PR PE | PR | O EL |
R R U R AR A O
2 cot [ >
l S355 l S356 l S357 l S358 (L
P RE L BE e b
A U A O R I R O
2co2 [_>
l S360 l S361 l S362 l S363 (L
PR R R
7 p.
R U A O A I R O
2co3 [>
[# [0] 1 [Right]
e B B B B el
RB520S-30 0
st 1
_‘%—o [ >PWON 2
Ksw
BGND {EC\?I]Q] TP355
[Z] Fixture
3.13.2 Description
1. Thekeypad is made of a5 Column x 5 Row matrixes.
2.  Thekeypad matrix is as follows:
Function COLO [coLl [coLz2 [coL3 | coL4 | ROWO | ROW1 | ROW2 | ROW3 | ROWA4

S354
Ksw

[Menu]

S359
Ksw

[SEL]

S364
KSw
[SEND]

S369
Ksw

[QuIT]

< SEND_END 2
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al- Theory of Operation

END/PWR | S371

3 S350 |0

2 S351 |0

1 S352 |0 0

DOWN | S353 |0 0
MENU |S354 |0 0
6 S355 0

5 S356 0

4 S357 0 0

LEFT S358 0 0
YES/Sen | S359 0 0
d

8 S361 0

7 S362 0 0

UP S363 0 0

SEND S364 0 0
9 S360 0

# S365 0

0 S366 0

* S367 0 0

RIGHT | S368 0 0

NO S369 0 0

3.14 RTC Circuit

3.14.1 Schematic
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CLOSE TO 10TA
Vbackup R159 1K R[;izSog-so R174 VRIO
| — AN 2 "H 1 NN T
2 T 330
#1 charge path
lota charge around U152 47mE
50uA until the backup 7::1uF S S Fast charging path until the
battery reach 3.1V -1 backup battery to 2.6 V
N Gold cap
#2 charge path
BGND BGND

3.14.2 Description

Gold cap is employed as backup battery. When main battery is removed or battery voltage islower
than backup battery voltage, backup battery will supply real-time clock and the 32.768Hz oscillator.
The supply current for backup battery is about 50uA. There are two charging paths for backup
battery. The charge path #1 charge backup battery until backup battery voltage reachs around 2.6V.
The charge path #2 is always on until backup battery is full-charged
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3.15 Charging circuit

3.15.1 Schematic

euEEEg,
o** .

. ‘e
. . H
— . > Double power on mechanism
& | w0y @f .
RPWON @ U255 o
- PEMH2 ®
= R1=47K 1
® R2=47K &«w -
. L]
% " o L
* ® [ owp  .guauuEEREREREEREERgg, » .
S EEN PWR_ wan® Pre-charging path
. * .® ta,
aman® F250  |e® T ",
BOND AV > ; : Yo,
FUSE(1a06b3) s
““ | 1251 7| T250
BQR50 R v Y
BC807-40W| * OVCHG N ’,‘
R251 lczm from VBAT “‘
) 1K oni 10TA®s BCI 86w Q

an
3PCHG [ oA Tf59 TP251 TP252 253
® ,‘ Ll -H - .
l * wF -
L D250 o6 . IP250
«
’ . ;L 2 ¢ '3 1 { vBAT
CRS03 0.2(1%) 0805 ol 2
( to 10TA for BB power) (1%) 3 BATEMP<} o BATTEMP
u2s1 _| cost 21 enp
FDC6506P VBATBB oF
\d BATTERY CONNECTOR
$3250
IG. ” |
M *
hd *
ey ——<__JiciL 3 0 R /77
. . BGND
. *
L]
c254 v, %4
— e .®
0.1uF , .
ag, TS
Taa, R Lant s
-
L e L L L -
1
’ BGND
q s Charging circuit part
DTC143ZET1
R:
R1=4.7K
RY | R2=47K
N U252
1 Vout Vss 4
BGND VBAT
Q 2 3 BGND

vin  NC X

XC61CC4302NR

OVP circuit

3.15.2 Description

This circuit mainly contains OV P, Charge circuit part , and Double power on mechanism . The OVP
gives system avoltage protection of over charger voltage or battery over charged. If the charger voltageis
over 6.8V and the battery isover charged to 4.4V the OV P mechanism will work.

F250 isa 1A fuse to assure charging current under 1A limit. The group of BQ250 and DZ250
compose the charger over-charge protection circuit. The cut-off voltageis 6.8V. While the charger
voltage is over 6.8V, the circuit will turn off U251 PMOS to stop charge process. The group of 253,
BQ250 and U252 compose the battery over-charge protection circuit. While the battery voltage is over

4.4V, the circuit will turn on U252 to turn off U251 PMOS to stop charge process.

The normal charging operation theory (battery voltage above 3.2V) isthat IOTA monitors charger
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voltage viaVCHG pin to decide whether charger plug in or out, and control power P-MOSFET (U251.1)
vialCTL pin. If phone enters into charging mode, the ICTL pin will limit the maximum charging
current at 750mA (max) by sensor the R256 and control CC_H / CV mode. When VBAT equalsto 4.2V,
lotawill stop the charge function . The charging current will decrease until the charging current is lower
than 30mA. In charging process, IOTA BCI aways monitor the charging status. It can monitor charging
current by current sense resistor (R256), VBAT and temperature by ADC pin, and charging time by
internal timer. If there is any abnormal status happened while charging, IOTA BCI will turn off power
P-MOSFET (U251.1) vialCTL pin to prevent any hazardous condition happening.

When VBAT<3.2V, charging state entersin “pre-charge” state. In this state, U251 is off and IOTA
will supply pre-charge current from VCHG through VBAT to charge battery. We use R257 and R260 to
set the pre-charge current between 35mA(VBAT=3V) to 75mA(VBAT=2V).

Double power on mechanism , this mechanismisto avoid the VCHG > Vbat power on function
fail , therefore we use the Remote power on function to double turn on the power on sequence.
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