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B Baseband description

System module block diagram

The device consists of two different main modules: transceiver and UL The transceiver board consists of
baseband and RF components. The UI board consists of key domes and keypad backlights. Connection between
the UI and the transceiver board is established via a board-to-board spring connector.

Note: In this description, the user interface HW covers display, camera, keyboard, keyboard backlight

and ALS.
User Interface HW
UI Module Series 60 Displ
ernes 15pla
C - Keyboard Play
dMerd - Keyboard backlight LEDs
ZMP
o
ALS
Engine HW
Engine Module
- (PUs
- Memories
- EM ASICs BSEIEF
- RF ASICs
- Audio HW
- Connectivity HW
CShclacrEEir aznfzgn-'a;T Microphone Earpiece IHF Vibra
Legend:
Pogo sticks/ Spring contacts. Contact
ﬁ quality depends from the tightness of the
mechanics screws.
Other contacts /
Interfaces
Figure 1 System level block diagram
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Baseband functional description

Digital baseband consists of an ISA (Intelligent Software Architecture) based modem and Symbian based
application sections. The modem functionalityisin RAP3G,and OMAP acts as a platform for Symbian applications.
The terms ISA and Symbian are used refer to the software environment of these devices.

The modem section consists of a RAP3G ASIC with NOR FLASH and SDRAM memory as the core. RAP3G supports
cellular protocols of WCDMA (3GPP R-4) and GSM (EDGE class 10, GPRS phase2). The modem SDRAM memory has
64Mbits of memory and NOR flash has 64Mbits of memory. RAP3G operates with the system clock of 38.4 MHz,
which comes from the VCTCXO.

The application section includes an OMAP ASIC with DDR/NAND combo memory as the core. The OMAP ASIC uses
a 19.2MHz clock, which comes from the RAP3G divided by two from the 38.4 MHz system clock.

TEST IF
I— LED
—_DRIVER CHARGER
NOR . =
FLASH RAP3G TAHVO T:'—&
BATTERY
SDRAM
RF |-
=
\K BT |4 = | ’_ S
| S
1l S
NAND/DDR OMAP1710 RETU =
MB =
% o —(9) VIBRA
X[ A —d MIC
FLASH 9 —(] IHF
BACK CAMERA | . o T ——| EARPIECE
AN TR R
O/ N ] | N
* : 5
FRONT CAMERA =ao)|: . PI?E’;'ER SIM [ ALS
{ [ Jumi |
@ e : DISPLAY
KEYBOARD
MMC

*if applicable
Figure 2 Functional block diagram
OMAP processor (Helen3 (OMAP1710)) is also called an application ASIC because it is processing application SW

and handles the UI SW. It consists of OMAP3.3 and peripheral subsystems such as camera, display and keyboard
driver blocks.
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Figure 3 OMAP1710 high level block diagram

Section Description

Helen3 (OMAP1710) processor also called an application ASIC because it is
processing application SW and handles the UI SW. It
consists of OMAP3.3 and peripheral subsystems like
camera, display and keyboard driver blocks.

OMAP3.3 consists of ARM926 (MPU subsystem), TMS320(C55x
(DSP subsystem), DMA and OMAP3.3s internal
peripherals.

Helen3 (OMAP1710) MPU subsystem based on an ARM926E]. MPU is able to perform most
of the application operations on the chip.

System DMA component mainly used to help the MPU and DSP perform data
memory transfer-specific tasks, leaving more
available MIPS for both processors.

DSP subsystem based on a TMS320C55x™ DSP core, which is
responsible for intensive data computing tasks like
real-time audio and video handling on application
side, e.g. voice recording.

Internal memory subsystem composed of a single port SRAM.

Secure modules Helen3 (OMAP1710) contains a set of several
components, including ROM, a single port SRAM, and
eFUSE cells. These components enable the system to
support secure applications.

Memory interfaces The memory interfaces define the system memory
access organization of Helen3 (OMAP1710).
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Section Description

USB & modem interface These two modules enable the platform to supporta
universal serial link and a dedicated modem
interface, enabling a high data transfer rate between
the modem and the application chip.

System components System components are group of modules
responsible for managing system interactions such
as interrupt, clock control and idle.

Peripheral subsystem The peripheral subsystem defines all the
components used to interface Helen3 (OMAP1710)
with specific external devices such as camera,
keyboard, display, etc.

Absolute maximum ratings

Signal Min Nom Max Unit Notes
Battery voltage (idle) -0.3 +45 |V Battery voltage maximum value is
specified during charging is active
Battery voltage (Call) +3, +43 |V Battery voltage maximum value is
2 specified during charging is active
Charger input voltage -0.3 +16V | V
Back-Up supply voltage 0 25 | 2.7 vV Maximum capacity of the backup

power supply assumed to be 15 pAh.

Phone modes of operation

Mode Description

NO_SUPPLY (dead) mode means that the main battery is not present or its voltage is too low (below
RETU master reset threshold) and that the back-up battery voltage is too low.

BACK_UP The main battery is not present or its voltage is too low but back-up battery voltage is
adequate and the 32kHz oscillator is running (RTC is on).

PWR_OFF In this mode (warm), the main battery is present and its voltage is over RETU master reset
threshold. All requlators are disabled, PurXis on low state, the RTCis on and the oscillator
is on. PWR_OFF (cold) mode is almost the same as PWR_OFF (warm), but the RTC and the
oscillator are off.

RESET RESET mode is a synonym for start-up sequence. In this mode certain regulators are
enabled and after they and RFCIk have stabilized, the system reset (PurX) is released and
PWR_ON mode entered. RESET mode uses 32kHz clock to count the REST mode delay
(typically 16ms).
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Mode Description

SLEEP

SLEEP mode is entered only from PWR_ON mode with the aid of SW when the system’s
activity is low. There are in principle three different sleep modes:

e OMAP1710 sleep
e RAP3G sleep
e OMAP and RAP3G sleep (deep sleep)

In SLEEP mode RETU’s regulators VIO, VDRAM, VSIM1, VSIMZ2, VAUX and Vana are in low
quiescent current mode (output voltages still present but reqgulators will not give as much
current out). Other regulators including VR1 supplying system clock oscillator are
disabled.

In SLEEP mode, TAHVO VCORE SMPS regulator is in low quiescent current mode (if sleep

mode is not internally disabled). Linear regulator VOUT state depends on the accessory
connected to the system connector (Pop-Port), if there is any.

FLASHING

FLASHING mode is for SW downloading. FLASHING mode is not really a RETU or TAHVO
state but rather a system state. From RETU and TAHVO point of view, it is like PWR_ON.
The state is entered from PWR_ON. It is possible to use external voltage (VPP) during
flashing to speed up the process (provided that the memory components support the
feature).
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Voltage limits

State transitions:

1

10

11

-PwrOonX low OR
-Charger connected OR

-IBl pulse on BTEMP OR
-RTC alarm occured OR
-MBUS high AND
VBAT>VCOFF+

-VBAT is and stays over VCOFF- AND
-RETU state machine delay elapses

-PwrOnX high during RESET OR
-VBAT falls below VCOFF- OR
-Thermal shutdown OR
-oscillator fails OR

-VCHAR goes low during RESET

-VBAT falls below

-Back-uptime

-Battery voltage rises over
(fresh battery inserted or battery

-Flashing mode requested by
prommer

-Flashing

-PwrOnX high after WD time has elapsed OR

-PwrOonXMASK-bit="1"

All possible transitions are not shown!

NO_SUPPLY

BACK_UP

PWR_OFF '—@

_Q_

RESET

_Q_
_ﬂ_

Figure 4 State diagram

FLASHING

Parameter Description
VMSTR Master reset threshold (RETU) 2.2V (typ.)
Threshold for charging, rising
VMSTR+ (TAHVO) 2.1V (typ.)
Threshold for charging, falling
VMSTR- (TAHVO) 1.9V (typ.)
VCOFF+ Hardware cutoff (rising) 2.9V (typ.)
VCOFF- Hardware cutoff (falling) 2.6V (typ.)
SWCOFF SW cutoff limit ~3.2V
Page 1-12 Company Confidential Issue 1
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The master reset threshold controls the internal reset of Retu / (Tahvo). If battery voltage is above VMSTR,
Tahvo’s charging control logic is alive. Also, RTC is active and supplied from the main battery. Above VMSTR,
Tahvo allows the system to be powered on although this may not succeed due to voltage drops during start
up. SW can also consider battery voltage too low for operation and power down the system.

Power key
The system boots up when power key is pressed (adequate battery voltage, VBAT, present).

Power down can be initiated by pressing the power key again (the system is powered down with the aid of
SW). Power on key is connected to Retu ASIC via PWRONX signal.
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Power distribution
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Figure 5 Power distribution diagram
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¢ backlight SMPS
All the above are powered by the main battery voltage.

Battery voltage is also used on the RF side for power amplifiers (GSM PA & WCDMA PA) and for RF ASICs Hinku
(Rx) & Vinku(Tx).

Discrete power supplies are used to generate 2.8Vto BT, 1.5V for the camera I0 voltage, 2.8V for the front camera
10 voltage, 1.3V/1.5V for Helen 3 and 18V for the backlight LEDs.

The device supports both 1.8V/3V SIM cards which are powered by RETU / VSIM1. RETUs VSIM?Z is used to power
RS MMC( 1.8V only. USB accessories which needs power from the device are powered by TAHVO / VOUT.

Because LED driver in TAHVO is not used, the external SMPS is used instead. External LED SMPS is still controlled
by TAHVO and powered by battery voltage.

System power-up

After inserting the main battery, regulators started by HW are enabled. SW checks, if there is some reason to
keep the power on. If not, the system is set to power off state by watchdog. Power up can be caused by the
following reasons:

e Power key is pressed

¢ Charger is connected

e RTCalarm occurs

* MBUS wake-up

After that:

e Retu activates sleep clock and VANA, VDRAM, VIO and VR1 regulators.

» Voltage appearing at Retu’s RSTX pin is used for enabling Tahvo ASIC.

¢ Tahvo enables VCORE regulator and its internal RC-oscillator (600kHz).

e VCTCXO regulator is set ON and RF clock (main system clock) is started to produce.

¢ Retu will release PURX ~ 16ms after power up is enabled (the RF clock is then stable enough).

¢ Synchronizing clock (2.4MHz) for Tahvo is started to be produced. After PURX is released and two rising edges

of 2.4MHz synchronous clock have been detected in SMPSCIk input Tahvo is starting to use that instead of
600kHz internal RC-oscillator.

e HW start-up procedure has been finalized and the system is up and running. Now it is possible for SW to
switch ON other needed regulators.
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VDRAM is powered up to 1.8V at start and after SW starts, the decision whether to use 1.8V or 2.5V is done.

Figure 6 System start-up timing

Clocking scheme

There are two main clocks in the system: 38.4MHz RF clock produced by VCTCXO in RF section and 32.768kHz
sleep clock produced by RETU with an external crystal.

RF clock is generated only when VCTCXO is powered on by RETU regulator. Regulator itself is activated by SleepX
signals from both RAP3G and Helen3. When both CPUs are on sleep, RF clock is stopped.

RF clock is used by RAP3G that then provides (divided) 19.2MHz SysClk further to OMAP. Both RAPG and Helen3
have internal PLLs which then create clock signals for other peripheral devices/interfaces like RS MM, SIM, CCP,
I2Cand memories.

32k Sleep Cock is always powered on after startup. Sleep clock is used by RAP3G and OMAP for low-power
operation.

SMPS [k is 2.4MHz clock line from RAP3G to Tahvo used for switch mode regulator synchronizing in active
mode. In deep sleep mode, when VCTCXO is off, this signal is set to '0'-state.

BT Clk is 38.4MHz signal from Hinku ASIC to the Bluetooth system.

CLK600 is 600KHz signal from Tahvo to APE VCORE SMPS. The clock sourceisinternal RC oscillatorin Tahvo (during
the power-up sequence) or RAP3G SMPS (lk divided by 4 after the power-up sequence.
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Figure 7 Clocking scheme

Bluetooth/FM module

The Bluetooth and FM radio solutions of the device are realised with a combined BTFM module. This module
has the Bluetooth solution and FM radio solution combined into a single component. However, the two solutions
are electrically isolated from one another.

Bluetooth

Bluetooth provides a fully digital link for communication between a master unit and one or more slave units.
The system provides a radio link that offers a high degree of flexibility to support various applications and
product scenarios. Data and control interface for a low power RF module is provided. Data rate is regulated
between the master and the slave.

The device Bluetooth is based on CSR's BC(4 BT ASIC (BTHFM1.0).

The UART1 interface handles the transfer of control and data information between OMAP1710 and the BT system
(BC4).

The PCM interface is used for audio data transfer between RAP3G and the BT system (B(4).

FM radio
The second part of the BTFM module contains the FM radio.

The antenna for the FM radio is provided by plugging in an external wired headset to the Pop-port™ connector.
It is not possible to listen to the FM radio without a wired headset connected. The FM radio is controlled by I2C
commands from RAP3G. The audio output of the FM radio is fed to the headset via the RETU ASIC, so the rest of
the phone can sleep while the FM radio is active.

USB
USB (Universal Serial Bus) provides a wired connectivity between a USB host PC and peripheral devices.

USB is a differential serial bus for USB devices. USB controller (RAP3G) supports USB specification revision 2.0
with full speed USB (12 Mbps). The device is connected to the USB host through the Pop-Port™ connector. The
USB bus is hot plugged capable, which means that USB devices may be plugged in/out at any time.

SIM interface

The device has one SIM (Subscriber Identification Module) interface. The SIM card is located under the battery.
The SIM interface consists of an internal interface between RAP3G and Retu and of an external interface between
Retu and SIM contacts. The main SIM interface functionality is in RAP3G while Retu takes care of power up/down,
card detection, ATR (Answer To Reset) counting and level shifting. For Retu external SIM IF connections, see SIM
interface connections (Page 1-39).

The SIM IF is shown in the following figure:
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From battery contact
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SIMRstC1

Y

+(2) (3]

+{R1[E]
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SIMDac1

A 4

2RI

Y

VSIM1

Figure 8 SIM interface

Retu handles the detection of the SIM card. The detection method is based in the BSI line. Because of the location
of the SIM card, removing the battery causes a quick power down of the SIM IF.

The Retu SIM1 interface supports both 1.8V and 3.0V SIM cards. The SIM interface voltage is first 1.8V when the
SIM card is inserted, and if the card does not response to the ATR a 3V interface voltage is used.

The data communication between the card and the phone is asynchronous half duplex, and the clock supplied
to the card is 1-5MHz, which is 3.2MHz by default (in GSM system). The data baud rate is the SIM card clock
frequency divided by 372 (by default), 64, 32 or 16.

RS MMC(interface

The reduced size (24mm x 18mm X 1.4mm) multimedia card slot is located under the battery. The device
supports RS MMC hot insertion, which enables to remove/insert the card when the phone is powered on.

The RS MMC card is connected to the Helen3 processor MM(/SDIO2 (1.8V) interface. The MMCinterface is shown
in the following figure:

Helen3
Vsim2
VSIm2 AS' P M M C
R10
|{:| 7] DAT
—ov.,
B-TH i | CLK
mmec2_cmd 4 o @ R1 M+ | 'P%Vnn
= V..
= mme2_clk {« > R2 ¢ ] chib
£ P Lk [CIRSV
g mmc2_datd > R3 e
= &n {Bottom view)
F al o
MMC switch E

Figure 9 MMCinterface

The basic multimedia card concept is based on the following communication signals: CLK, CMD and DAT.

With each cycle of the CLK signal, one bit transfer on the DAT and CMD line is performed. The maximum CLK
frequency is 20MHz.
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(MD is a bi-directional command channel used for card initialization and data transfer commands. The CMD
signal has two operational modes: open-drain and push-pull mode. The open-drain mode is used for card
initialization and the push-pull mode for fast command transfer. CMD commands are sent by the host and C(MD
responses are sent by the card.

DAT is a bi-directional data channel, which operates in the push-pull mode.

The detection of the RS MMC card removal/insertion is done via the RS MMC cover switch. The RS MMC cover
switch gives an interrupt to the SW when the cover is opened or closed. After opening the RS MMC cover lid (RS
MMC SW signal is connected to GND via cover switch), SW powers down the card and switches off the RS MM(
power supply (VSIM2). When the RS MMC cover lid is closed (RS MMC SW signal is internally connected in Helen3
to 1.8V), the card inserted is identified.

Note: Removing the RS MMC while writing to it, may corrupt the data stored in the card.

See Also
¢ RS MMC(interface connections (Page 1-39)

Battery interface

The battery interface supports the NMP 3-pole battery interface. The interface consists of three connectors:
VBAT, BSI and GND.

The BSI line is used to recognize the battery capacity by a battery internal pull down resistor.

b - = '|-_|_::-:r

£

GND | VBAT
BSI
Figure 10 Battery pin order

Battery temperature is estimated by measuring separate battery temperature NTC via the BTEMP line, which is
located on the transceiver PWB, at a place where the phone temperature is most stabile.

For service purposes, the device SW can be forced into local mode by using pull down resistors connected to
the BSI line.

Camera interfaces

Back camera

The back camera of the device uses a 2.0 megapixel camera module with a sensor resolution of 1600 x 1200.
The following block diagram shows how a (CP bus is used to transfer image data from the camera module to
the phone engine. This bi-directional control bus is a software-implemented I2C interface.

The camera regulator N1470 powers the digital parts of the camera, and a VAUX power rail is used for powering
the analogue parts.

A CAMVC(TRL signal (Vctrl) is used for activating the camera module. When the Vctrl signal is High, the module
enters the power on mode. When the signal is Low, the module enters the power off mode.

A CAMCLK signal feeds the system clock for the camera module.
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Camera construction

Figure 11 Block diagram of the back camera module

This section describes the mechanical construction of the camera module for getting a better understanding
of the actual mechanical structure of the module.

Table 1 Camera specifications

Sensor type CMOS Sensor
Photo detectors 2 million
F number/Aperture f/3.2

Focal length

4.8 mm (35 mm equivalent 37 mm)

Focus range 40 cm to infinity
Still Image resolutions 1600 x 1200, 640 x 480
Still images file format EXIF (JPEG), *.jpg

Video resolutions

352 x 288,176 x 144, 128 x 96. All 15 frames per
second

Video clip length

Maximal clip length is 1 hour or limited to MMS size

Video file format

MPEG-4 *.mp4 and 3GPP, *.3gp

Exposure

Automatic

White Balance

Automatic or adjustable
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ISO

250 - 1000 (Automatic)

Colours

16.7 million / 24-bit

Capture Modes

Still capture: Auto, User, Portrait, Landscape, Night,
Sports

Video capture: Normal and Night

Dust gasket

amera protection
window

EMI shielded
camera body

Passive components

Lens unit

Sensor array
PWB

Figure 12 Camera module cross section and assembly principle

T
g IIIIIII @
| I

Figure 13 Camera module bottom view including serial numbering
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The camera module as a component is not a repairable part, meaning that the components inside the module
may not be changed. Cleaning dust from the front face is allowed only. Use clean compressed air.

The camera module uses socket type connecting. For versioning, laser marked serial numbering is used on the
PWB.

The main parts of the module are:

e Lens unitincluding lens aperture.

¢ Infrared filter; used to prevent infrared light from contaminating the image colors. The IR filter is glued to
the EMI shielded camera body.

¢ (Camera body; made of conductive metallized plastic and attached to the PWB with glue.

¢ Sensor array including DSP functions is glued and wire-bonded to the PWB.

e PWB, FR-4 type

¢ Passive components

e (Camera protection window; part of the phone cover mechanics

¢ Dust gasket between the lens unit and camera protection window

Back camera slider detection switch
The back camera and flash LED have a cover slider, which position is detected with a slider switch (slider sensor).

When the slider covers the back camera and flash LED (upper position), the slider switch is open circuit (not
pressed) and the OMAP1710 is connected to VIO. When the slider is slid down, the switch is pressed and it
connects the Helen pin mcbspl_sync to GND (typical 160mV) and activates the back camera application
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Helen
VIO mcbsp1_sync

V/

R4408

R4409

Slider

H.
R4410 I\ switch

Figure 14 Slider switch connection

Flash LED

The device back camera has a flash LED (FLED), providing better lighting conditions in darker environments. The
same LED is also used as an indicator light to indicate video clip recording.

The FLED is located next to the back camera under the camera slide. It cannot be used when the slide is closed,
and it is only used in the still image mode or as an indicator for video recording or image capturing. The
operating range of the FLED is approximately 1 m (~22 Lux) and 1.5 m (~9 Lux).

The connections between the main PWB and the FLED are implemented with a small PWB attached to the device
mechanics.

The FLED has four white LEDs connected in series in one module. The module also includes a lens with its plastic
housing.

The dimensions of the FLED are 6.5 x 7.5 x 3.5 mm.
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Camera I
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Figure 15 Simplified flash LED connection

Front camera

The front camera has VGA (640x480) resolution, and it is mainly used for video calls. It can also be used as a still
camera and camcorder.

The front camera is controlled and its data is collected by Helen APE. The I/0 voltage of Helen is 1.8V and the I/
0 voltage of the camera is 2.8V. Because of this, a level shifter is used for the interface between Helen and the
camera.

The front camera has the following characteristics:

Sensor type: (MOS

Sensor Photo detectors: VGA

F number/Aperture: f/2.9

Focal length: 4.5 mm

Focus range: 40 cm to infinity

Still Image resolutions: 640 x 480

Video resolutions: 176 x 144, 128 x 96 both 15 frames per second.

Video clip length: 30 seconds or free, maximal clip length in free mode is 1
hour

Video file format: MPEG-4 *.mp4 and 3GPP, *.3gp (64 kbps in short clip
mode, 128 kbps in maximum mode)

Exposure: Automatic and manual

White Balance: Automatic or adjustable

ISO: 250 - 1000 (Automatic)

Capture Modes: Still capture mode, video mode, sequence mode 10,20 or
30 seconds.
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Figure 16 Front camera connections
User interface
Display interface

Display module mechanical concept

Connector

Metal frame
.‘-_.—
Glass panel

[ — e —]

Figure 17 General diagram of the LCD module

Display features:
e 262,144 colours
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o Partial display function Power saving by pausing display process on part of the screen.

¢ Built-in RAM capacity 176rows x 208lines x 18bits = 658,944 bits

The display has two different operating modes:

1 Normal mode, Full screen, 260k colours

2 Normal Partial mode, 260k colors but only part of the display is active

The module includes:

* FPWB foil including connector and discretes and driver circuits

o display panel (glass)

¢ drivers including display controller and 176 x 208 x 18 bits RAM
¢ backlight system: lightguide, LEDs and necessary optical sheets

e supporting mechanics
¢ metal frame (stainless steel)
¢ plastic frame

The interconnection between the LCD module and the Nokia engine is implemented with a 24-pin board-to-

board connector.

Display is controlled via MeSSi-8 interface by Helen3. All MeSSi-8 signals go through the EMC filtering ASIPs.
The display module does not require any tunings in service.

Keyboard

The device keyboard is connected to the main PWB with a board-to-board connector.

The keymatrix has six rows and four columns. The voice key on the main PWB and the navigation key are
connected to the same keymatrix.

Table 2 Keymatrix

Key Rowit kbc_# Column# kbr# Switch Ref.
0 6 0 uz21

1 3 2 u19

2 2 1 u14

3 2 2 ul6

4 5 3 uz23

5 3 0 u18

6 3 3 u20

7 2 0 u15s

8 2 3 u17

9 4 0 uz22

* 4 1 uz21

# 4 3 S2

END 5 0 u13

SEND 1 1 Ul

EDIT 6 1 Uil
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Key Rowit kbc_# Column# kbr# Switch Ref.
CLEAR 6 2 u10
APPS 6 3 u12
Operator 5 2 U9
NAVI Left 0 2 S320
NAVI Right 0 3
NAVI Up 1 2
NAVI Down 1 3
NAVI Select 1 0
Left Soft Key 0 0 u7
Right Soft Key 0 1 (1]
(amera 4 2 S1
Voice Not Required
Issue 1 Company Confidential Page 1-27

Copyright ©2005 Nokia. All Rights Reserved.



NOKIA RM-84/99

Nokia Customer Care System Module

Keyboard layout

Mt el B A il

r
AIBICIDIEIFTGIHT T

Figure 18 Keyboard layout

Display and keyboard backlight
The device has one LED Driver (SMPS) that is used to drive both display and keyboard LEDs.

The LED driver consists of two LED chains: display LED chain and keyboard LED chain. Both chains contain four
LEDs, eight in total.

The current adjustment of the driver is done from the display LED branch. The keyboard current also depends
on the display brightness.

Typically, keyboard LEDs are turned ON only in dark ambient lighting conditions.
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Table 3 LED driver control signals

From To Voltage Function
GenOutl TAHVO R2302 (10k) ov/1.8v Maximum current
Genout2 TAHVO R2301 (4k7) 0V / 1.8V Eﬁ?rt;"' (0V ->max
PWM TAHVO J2309, N2301 PWM 0%-100%, Current PWM
1.8V control (16 steps)
GenOut3 TAHVO V2300 ov/1.8v Keyboard LEDs ON
(1.8V) /OFF (0V)

ALS interface

Ambient Light Sensor (ALS) is located in the upper part of the phone. It consists of the following components:
lightguide (part of the front cover)

phototransistor (V4400) + resistor (R4401)

NTC + resistors (R4400, R4402, R4403)

RETU EM ASIC (N2200)

Information on ambient lighting is used to control the backlights of the phone:

¢ Keypad lighting is switched on only when the environment is dark / dim

* Display backlights are dimmed, when the environment is dark / dim

The ambient light sensor itself is a photo transistor, which is temperature-compensated by an external NTC
resistor. Retu reads the light sensor (LS) and temperature (LST) results.

ALS calibration is not possible in the service points. ALS is serviced by replacing faulty phototransistors.

VRFConv RETU

VANA
MUX L h(2:0)
Switch ( E
LS 10 bit LSTEMP
) ADC I

NTC- R7
§ Photo- Resistor

transistor

Figure 19 ALS HW implementation

Table 4 ALS resistor values

NTC-res
470 100 470
Value 5kOhm | 15 kOhm | 30 kOhm | 50 kOhm kOhm kohm kohm 47 kOhm
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ASICs

RAP3G ASIC
RAP3G ASIC is a 3G Radio Application Processor. RAM memory is integrated into RAP3G.
In general RAP3G consists of three separate parts:

¢ Processor subsystem (PSS) that includes the main processor and related functions
e MCU peripherals that are mainly controlled by MCU
e DSP peripherals that are mainly controlled by DSP

RAP3G core voltage (1.4V) is generated from Tahvo VCORE and I/0 voltage (1.8V) is from Retu VIO. The core
voltage in sleep mode is lowered to 1.05V.

Retu EM ASIC
Retu EM ASIC includes the following functional blocks:

e Start up logic and reset control

¢ Charger detection

e Battery voltage monitoring

e 32.768kHz clock with external crystal
¢ Real time clock with external backup battery
¢ SIM card interface

¢ Stereo audio codecs and amplifiers

e A/D converter

e Regulators

¢ Vibrainterface

¢ Digital interface (CBUS)

Tahvo EM ASIC
Tahvo EM ASIC includes the. following functional blocks:

e (ore supply generation

¢ Charge control circuitry

o Level shifter and requlator for USB/FBUS

¢ (Current gauge for battery current measuring
e External LED driver control interface

¢ Digital interface (CBUS)

Device memories

RAP3G memories NOR flash and SDRAM

Modem memory consists of 64 Mbit SDRAM and 64 Mbit NOR flash memories.

SDRAM is a dynamic memory for ISA (Intelligent Software Architecture) SW.

NOR is used for ISA SW code and PM data and CDSP (Cellular Digital Signal Processor) SW code.

16-bit wide SDRAM interface consists of a DDR SDRAM controller from ARM, DCDL/DLLSs and wrapper logic. 32-bit
wide flash interface is implemented by using an EMC module.

SDRAM core voltage (1.8V) is generated from Retu VDRAM and I/0 voltage (1.8V) is from VIO. NOR flash uses VIO
for both core and I/0 voltages.

Page 1-30 Company Confidential Issue 1
Copyright ©2005 Nokia. All Rights Reserved.



RM-84/99 NOKIA

System Module Nokia Customer Care

Combo memory

The application memory of the device consists of NAND/DDR combo memory. The stacked DDR/NAND application
memory has 512 Mbits of DDR memory and 512 Mbits of flash memory. DDR DRAM memory is stacked above
the NAND flash.

OMAP includes a 16-bit dedicated memory interface called External Memory Interface Fast (EMIFF). This is used
to support an interface for the DDR memory. Helen3 (OMAP1710) provides also a NAND flash controller located
in the shared peripheral bus, providing support for 8-bit NAND flash. The interface requires an 8-bit address bus
multiplexed with 8-bit data bus and several control signals.

The core voltage for DDR is 1.8V, which is generated by a discrete LDO (LP3999-1.8). 1.8V (VIO) is for DDR I/0
voltage. Both NAND core and I/0 voltages are 1.8V generated by VIO.

B Audio concept

Audio HW architecture

The functional core of the audio hardware is built around two ASICs: RAP 3G CMT engine ASIC and the mixed-
signal ASIC Retu.

Retu provides an interface for the transducers and the accessory connector. Because audio amplifiers are also
integrated into Retu, the only discrete electronics components needed for audio paths are audio filtering
components and EMC/ESD components.

There are three audio transducers:

¢ 8mm dynamic earpiece
e 16mm dynamic speaker
¢ electret microphone module

In addition to the audio transducers, Retu also provides an output for the dynamic vibra component.
All galvanic audio accessories are connected to the Pop-Port™ accessory connector.

A Bluetooth audio module that is connected to RAP3G supports Bluetooth audio functionality.

There is a separate application ASIC, OMAP 1710, for Symbian applications.
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Internal microphone
Internal microphone is used for HandPortable (HP) and Internal HandsFree (IHF) call modes.
An analogue electret microphone is connected to Retu ASIC's Mic1P and Mic1N inputs via asymmetric electrical

connection.

Microphone module
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<
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Figure 20 Audio block diagram

The microphone is biased by Retu ASIC MicB1 bias voltage output.
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External microphone
Galvanic accessories are connected to the system connector (Pop-Port™).

i _{:-':l'-ID

Figure 21 Internal microphone circuitry
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Accessory audio mode is automatically enabled/disabled during connection/disconnection of dedicated phone
accessories.

External microphone circuitry is biased by Retu ASIC MicB2 bias voltage output. The circuitry provides a
symmetrical connection for the microphone from the Pop-Port™connections, XMICN and XMICP, to Retu ASIC
inputs, Mic2P and Mic2N.

R2000
T 1—=
220R
R2001
C2002
2 BFG100
Voo
1k0
=N i Meas J2000
L2001
_ Z2n 2K2 n0 1n0 EXC24CB102U
C2003 || | .l 50R l 4 WJ—LM-I_‘I
Ca004 to UEME to Mic =
H | ] 50R ] > 3 /'v—r]_m 2
Zn 2%z nl nd ;
GND o005 | C2006
nd 1D GND 10n 10n
GND
GND
BND GND GHD
GND

Figure 22 External microphone circuitry (Pop-Port connects to the right side)

Internal earpiece
The internal earpiece is used in the HandPortable (HP) call mode. A dynamic 8 mm earpiece capsule is connected
to Retu ASIC’s differential outputs EarP and EarN.

NF
B2101

EARP

2

1 1
EXC24CB102U
L2100

“Tczi03 | czioa
ni nd

GND GND

3 5140251

T

EARN

4

Figure 23 Internal earpiece circuitry

Internal speaker

The internal speaker is used in Internal HandsFree (IHF) call mode.

A dynamic 16 mm speaker is connected to Retu ASIC’s outputs HFSpP and HFSpN.
The IHF amplifier integrated in Retu is a Digital Pulse Modulated Amplifier (DPMA).
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Figure 24 Internal speaker circuitry

External earpiece
All galvanic accessories are connected to the system connector (Pop-Port™).

The accessory audio mode is automatically enabled/disabled during connection/disconnection of dedicated
phone accessories.

Retu ASIC provides two output channels in either single-ended or differential format. Retu ASIC outputs XearL
and XearLC form the left channel audio output, and XearR and XearRC the right channel audio output. XearLC
and XearRC are the ground pins if the output works in a single-ended operation.

In the Pop-Port™ side, HSEAR P and HSEAR N form the left channel output, and HSEAR R P and HSEAR R N the
right channel output. Respectively, HSEAR N and HSEAR R N are the ground pins if the output works in a single-
ended operation.

2002 03
10R | | 10R
L2002
R2004 | R2005 .
10R H 10R H 4EXCFCB1£U1
g Y2
L2003
EXC24CR102U
* w7 L
R200G
—r —r— —— —— B -
Czoor| C2o08| C2008| Caoio [P 404 A0 5
10n 10n 10n 10n M
A3
- . - e ol ez
GHD  GND  GND  GND o %
jor]

Figure 25 External earpiece circuitry (Pop-Port connected on the right)

Vibra circuitry
Vibra is used for vibra-alarm function.
The vibra motor is connected to the Retu ASIC VibraP and VibraN Pulse Width Modulated (PWM) outputs.
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Figure 26 Vibra circuitry

Pop-port™ connector

Pop-Port™ connector provides a fully differential 4-wire stereo line-level output connection and fully
differential 2-wire mono line-level or microphone level input connection.

The handsfree driver in Retu is meant for the headset.

The outputis drivenin a fully differential mode. In the fully differential mode, the handsfree pin is the negative
output and the HFCM pin is the positive output. The gain of the handsfree driver in the differential mode is 6 dB.

The earpiece and headset signals are multiplexed so that the outputs cannot be used simultaneously.

PWB

2 ag a 2
- 2 zx &
Y Q@ = §+.©Zm2mmn¢ e
E: Bl izapEgg9%%is oS
S @ £E2zZ 22 88 <SSggzxx =
> g O&E >0 00 aXk Xz axX &
Figure 27 External audio connector

Table 5 Audio connector pin assignments

Pin #/ Signal Signal Spectral range Voltage/ Max or nominal Notes
description Current levels serial
impedance
1/ Charge V Charge DC 0-9V/ 0.85A
2/ GND Charge GND - 0.85A 100mQ (PWB+
conn.)
3/ Ad Al 1kbits/s Digital 0 / 47Q Insertion &
25278V detection
4/Vout DCout DC 2.78V 70 mA 100mQ (PWB+ | 200mW
2.5V 90mA conn.)
9 /XMICN Audio in 300-8k 1Vpp &
2.5-2.78VDC
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Pin #/ Signal Signal Spectral range Voltage/ Max or nominal Notes
name description Current levels serial

impedance
10/ XMICP Audio in 300-8k 1Vpp &
2.5-2.78VDC
11 /HEARN Audio out 20-20k 1Vpp 10Q
12 / HEARP Audio out 20-20k 1Vpp 10Q
13 /HEARRN Audio out 20-20k 1Vpp 10Q Not conn.in
mono
14 [ HEARR P Audio out 20-20k 1Vpp 100 Not conn.in
mono

B Baseband technical specifications

External interfaces

External interfaces
USB X2001
Charger X2000
Headset X2001
SIM X2700
RS MM( X5200
Battery connector X2070

Ad interface electrical characteristics

Description Parameter Min

Accessory detection

Headset 1.75 1.9 2.05 v Retu specific
detection
threshold

Headset 25 mvV
detection
hysteresis

Headset 1 2 4 uA
detection
pull ups

After Mbus is switched to HeadDet
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Description Parameter Min

High-level Viy 0.7 X Vpps Vobs v RAP3G
input specific
voltage
(VDDS=1.8V)

Low-level Vi 0 0.3 X Vpps vV
input
voltage

High-level Vou 0.8 X Vpps Vobs v
output
voltage

Low-level Voo 0 0.22xVDDS |V
output
voltage

Rise/fall tR/tF 25 ns
time

VOUT electrical characteristics

Description Parameter Min

Vout regulator | VOUT 243 2.57 v Max load 90mA
for external

accessories

USB IF electrical characteristics

Description Parameter Min Max Unit Notes
Absolute Vp+/p- -1 4.6 vV USB
maximum specification
voltage on D+ revision 2.0
and D-
Supply voltage | VBUS 4.4 5.25 v
Supply current:
Functioning Iveus 100 mA
Suspended Iyus 500 UA
Unconfigured Ivgus 100 mA
High-level v
input voltage:
High (driven) Viy 2
High (floating) | Viz 2.7 3.6
Low-level input | Vy 0.8 v
voltage
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Description Parameter

Differential Vp; 0.2 v |(D+) - (D)
input
sensitivity

Differential Vem 0.8 2.5 vV Included VDI
input voltage range
range

Low-level VoL 0 0.3 v
output voltage

High-level Vou 2.8 3.6 vV
output voltage
(driven)

Output signal Vers 1.3 2 v
crossover
voltage

FBUS interface electrical characteristics

Description Parameter Min Max Unit Notes
High-level ViH 0.7 X Vppsuvz | Vboshvz ' Helen2/3 specific
input voltage
Low-level Vi 0 0.3 X Vppsuvz v
Input voltage
High'|EVE| VOH 0.8 x VDDSHVZ VDDSHVZ v
output
voltage
Low-level VoL 0 0.22 X Vppspvz | V
output
voltage
Rise/fall time | wrpr 0 25 ns

(VDDSHV2 =1.8V)

Headset hook detection interface (XMICN) electrical characteristics

Description Min Typ Max Unit Notes
Hook detection | 1.25 1.35 1.45 v Two fixed
threshold 1 thresholds
Hook detection | 0.5 06 0.7 v 'S"esl'e‘iia';‘;;”b
threshold 2 y
SW

Hook detection 25 mV
hysteresis
Hook detection | 1 2 4 uA
pull ups
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Audio signal electrical characteristics

Description Parameter

XMICN Audio in 1 Vpp DC Offset 2.5-2.78V

XMICP Audio in 1 Vpp DC Offset 2.5-2.78V

HSEAR N Audio out 1 Vpp 10Q nominal serial
impedance

HSEAR P Audio out 1 Vop 10Q nominal serial
impedance

HSEARRN Audio out 1 Vpp 10Q nominal serial
impedance
Not connected in
mono

HSEARRP Audio out 1 Vop 10Q nominal serial
impedance

Not connected in
mono

SIM IF connections

Engine connection

(1 VSIM Out Retu VSIM1 Supply voltage
to SIM card,
1.8V or 3.0V.

2 SIMRST Out Retu SIM1Rst Reset signal to
SIM card

(€] SIMCLK Out Retu SIM1CIkC Clock signal to
SIM card

() GND - GND Ground

7 SIMDATA In/Out Retu SIM1DaC Data input /
output

RS MMC interface connections

Engine connection

1 RSV NC NC Reserved for
future use

2 (MD <-> Helen2/3 MM(2_CMD Command/
Response

Vssl GND Ground

4 Vop <- Retu VSIM2 VSIMZ, supply
voltage 1.8
(Max 70mA)
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Engine connection

5 (LK <- Helen2/3 MM(2_CLK External clock
for the MMC
card, Max 20
MHz

V/ss2 GND Ground

7 DAT <-> Helen2/3 MM(2_DATO Bi-directional
data bus

- MMCDET -> Helen2/3 btwakel(in) MMC card
[P10] detect

Charger connector and charging interface connections & electrical characteristics

v1913|_

2 -F

Figure 28 Charger connector
Table 6 Charging interface connections

Engine connection

1 Vchar In Tahvo VCharlnl, 2 Charging
voltage /
charger
detection,
Center pin

2 Charge GND Ground Charger ground

Table 7 Charging IF electrical characteristics

Description
Vchar V Charge 0 9 v Center pin
Vchar I Charge 0.85 A Center pin
Charge GND 0.85 A
Page 1-40 Company Confidential Issue 1

Copyright ©2005 Nokia. All Rights Reserved.



RM-84/99 NOKIA

System Module Nokia Customer Care

Description Parameter Min

Threshold for VMsTR+ 2.1 v Typical value
charging, rising
(TAHVO)

Threshold for VMSTR- 1.9 v Typical value
charging,
falling (TAHVO)

Battery connector and interface connections & electrical characteristics

- TETEA-,
E a ES I
fir.-.l ] Il

| [ ) ; [ I !
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[\ w5

rd i 'l.

 VBAT

GND

Figure 29 Battery connector

Table 8 Battery interface connections

Engine connection
1 VBAT -> Retu VBAT Battery voltage

2 BSI -> Retu BSI Battery size
indication
(fixed resistor
inside the
battery pack)

3 GND GND Ground

Table 9 Battery IF electrical characteristics

Description LETET Max Unit
Operation voltage Vin 4.23 VDC
Current rating IiN 0.9 A

Internal interfaces

Internal interfaces
Name of Connection Connector reference
UI connector X4400
Display X4401
Back camera X1470
Front camera X1472
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Name of Connection Connector reference
ALS V4400
Vibra M2100
Microphone B2100
Earpiece B2101
IHF speaker B2102

UI module connector and IF connections

S
= ﬁ EO
UI connector 5
l 2
g —
(S =] =
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> £
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o
= M !
N x
2 2 I
) %]
-

Figure 30 UI connector

Table 10 User interface connections

Engine connection

1 GND GND
Discrete
Backlight SMPS
(controlled by
2 LED+ <- N2301 VLEDOUT?2 Tahvo)
3 Col2 -> Helen3 Kbc 2
-> Serial resistor +
Transistor
switch
(controlled by
4 LED- R2305 +V2300 | SETCURR2 Tahvo)
-> Voice switch
5 Coll Helen3 Kbc 1 connection
6 GND GND
Page 1-42 Company Confidential Issue 1

Copyright ©2005 Nokia. All Rights Reserved.



RM-84/99 NOKIA

System Module Nokia Customer Care

Engine connection

Row3 -> Helen3 Kbr_3
8 Row? -> Helen3 Kbr_2

Rowl -> Helen3 Kbr_1
10 Row6 -> Helen3 Kbr_6
11 Row0 -> Helen3 Kbr_0
12 Col0 -> Helen3 Kbc 0

Voice switch
13 Row5 -> Helen3 Kbr_5 connection
14 Row4 -> Helen3 Kbr_4
15 GND GND
16 Col3 -> Helen3 Kbc_3
Keyboard interface electrical characteristics
Description Parameter Min Typ Max Unit Notes
High-level Viy 0.65* Vpps Vobs 0.3+ Vpps vV Row
input voltage
Low-level Vi -0.3 0 0.35* Vpps vV Row
input voltage
High-level Vou 1.62 Vbps 1.98 vV Column
output
voltage
Low-level Voo 0 0.45 vV Column
output
voltage
(VDDS =1.8V)
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Display connector and interface connections
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Figure 31 Display connector
Table 11 Display interface connections
Pin Signal I/0 Engine connection Notes
1 GND
WRX Write Enable
2 -> Helen3 Lcdwrx (active low)
3 GND
4 DO <-> Helen3 Lcdda0 Data
5 D1 <-> Helen3 Lcddal Data
6 D2 <-> Helen3 Lcdda? Data
7 D3 <-> Helen3 Lcdda3 Data
8 GND
VDDI Interface
9 <- Retu VIO voltage
10 VDD <- Retu VAUX Core voltage
11 GND
LEDin N2301 is
controlled by
12 <- N2301 VLEDOUT1 Tahvo
13 LEDout -> R2304 SETCURR1 Sink resistor
14 GND
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Engine connection

(SX Chip Select
15 <- Helen3 Lcdesx (active low)
D/CX Data/
Command
select
(high=data,
low
16 <- Helen3 Lcdcmd =command)
17 GND
18 D7 <-> Helen3 Lcdda7 Data
19 D6 <-> Helen3 Lcddab Data
20 D5 <-> Helen3 Lcddas Data
21 D4 <-> Helen3 Lcddad Data
22 TE -> Helen3 Te Tearing Effect
RDX Read Enable
23 <- Helen3 Lcdrdx (active low)
RESX Reset (active
24 <- Helen3 Gpio_60 low)

Camera interface connections and electrical characteristics

Table 12 Camera interface connections

Engine connection

Ground line
corresponding
1 GND1 to VDD

I2C serial
control bus
2 SDA <-> Helen3 sda data

Differential
serial data,
3 D+ -> Helen3 Ccpdap positive node

I2C serial
control bus
4 SCL <- Helen3 sl clock

Differential
serial data,
5 D- -> Helen3 Ccpdan negative node

System clock
for camera
6 CAMCLK <- Helen3 ExtClk module
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Engine connection

Camera Digital
7 VDDI <- Regulator VCAM Voltage

Ground line
corresponding
8 GND3 to ExtClk

Differential
serial clock,
9 CLK+ -> Helen3 Ccpclkp positive node

Camera
module
activating
10 CAMVCTRL <- Helen3 V(trl signal

Differential
serial clock,
11 CLK- -> Helen3 Ccpclkn negative node

Camera
Analog
12 VDD <- Retu VAUX Voltage

Strobe timing
13 Strobe -> Camera Cam_strobe pulse

Ground line
corresponding
14 GND2 to VDDI

Table 13 Camera CCP IF electrical characteristics

Description Parameter Min Typ Max Unit Notes
Common VCMF 0.8 0.9 1 v -1
mode
voltage
Differential VoD 100 150 250 mV -2
voltage
swing
Operating fCLK 1 175 MHz SW controls
frequency frequency
Differential 300 800 ps -3
rise and fall
time

Note:

Common mode voltage is a mean value of high and low states of one single-ended signal.
Differential voltage swing is differential amplitude between signals of differential pair.
Differential transitions should be only measured with good equipment (bandwith > 1GHz),
otherwise results will seem too slow.
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Table 14 Camera supply voltage characteristics

Description Parameter

Camera analog | VDD 2.37 2.5 2.63 vV
voltage

Camera digital | VDDI 14 15 1.65V v
voltage

Table 15 Camera control IF electrical characteristics

Description Parameter Min Typ. [ F) Unit Notes
SDA, SCL, VIH 1.5 1.8 VDD vV High-level
Vctrl, ExtClk input
voltage
SDA, SCL, VIL 0 - 0.54 vV Low-level
Vctrl, ExtClk input
voltage
SDA VoL 0 - 0.4 v High-level
output
voltage
Regulator VOH 1.35 1.8 2.3V v Helen3 GPIO
Enable High-level
output
voltage
Cam_strobe | VOH 0.8 x VDD - VDD High-level
output
voltage
Cam_strobe | VOL 0 - 0.4 V Low-level
output
voltage
ExtClk fExtClk 9.6 MHz SW controls
frequency
SDA, SCL tR 300 ns Risetime

Front camera interface and electrical characteristics

Table 16 Front camera interface connections

Description

1 PVDD LDON1472 (VCAM2) [ Camera VDD for camera
sensor (photo
diode) 2.8V. LDO
N1472is
manufactured by
National
Semiconductor
and type is LP3985
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Description

2 EXTCLK Helen ETMTS1 Camera via level Clock for external
shifter input
3 RESET Helen ETMPSTATO Camera via level Camera module
shifter reset (active low)
4 SCI Helen scl (Helen Camera via level I2C clock signal
GPIO11) shifter (Camera control)
5 SDA Helen sda (Helen Camera via level [2C data signal
NFCS_0) shifter (Camera control)
6 \VDDD LDO N1470 (VCAM) | Camera VDD for camera
digital circuits and
sensor (A/D
converter) 1.5V
7 DVSS Camera GND GND for camera
digital circuits and
sensor
8 VD Camera Helen ETMPSTAT?2 Vertical
via level shifter synchronization
pulse
9 HD Camera Helen ETMPSTAT1 Horizontal
via level shifter synchronization
pulse
10 DCLK Camera Helen ETMCIK via Camera output
level shifter data clock
11 DOUTO Camera Helen ETMPkt0O via | Camera data out
level shifter (LSB)
12 DOUT1 Camera Helen ETMPktl via | Camera data out
level shifter
13 DOUT2 Camera Helen ETMPkt2 via | Camera data out
level shifter
14 DOUT3 Camera Helen ETMPkt3 via | Camera data out
level shifter
15 I0VSS Camera GND GND for camera I/0
16 I0VDD LDON1472 (VCAM2) | Camera VDD for camera I/0
2.8V
17 DOUT4 Camera Helen ETMPkt4 via | Camera data out
level shifter
18 DOUT5 Camera Helen ETMPkt5 via | Camera data out
level shifter
19 DOUT6 Camera Helen ETMPkt6 via | Camera data out
level shifter
20 DOUT7 Camera Helen ETMPkt7 via | Camera data out
level shifter
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Description

- VCAMZ_EN Helen ETMTS2 LDO N1472 Enable signal for
LDO N1472 (source
of VCAM2 VDD 2.8V)

- FCAMLSEN Helen GPIO_15 N1474 Enable signal for
Level Shifter
N1474.

Table 17 Front camera voltage levels from Helen point of view

Parameter Min Max Unit
Vhigh 0.7*VIO VIO Vv
Viow 0.3*VIO vV

Table 18 Front camera voltage levels from camera module point of view

Parameter Min Max Unit
Vhigh 0.7*Vcam?2 Vcam?2. v
Vliow 0.3*Vcam?2 vV

Table 19 Front camera supply voltage characteristics

Description Parameter

Cameral/0 and VCAM2 2.6 2.8 3 v
photo sensor
voltage

Camera digital VCAM 14 1.5 1.6 vV
circuitsand A/D
converter
voltage

Flash LED interface and electrical characteristics

Table 20 Flash LED interface connections

Signal name Description

GP1028 OMAP N1471 Indicator mode enable
signal

ARMIO4 OMAP N1471,V1472 Flash mode enable test
signal (only test use)

VBAT Battery N1471 Battery nominal voltage

STROBE Camera N1471,V1472 Flash light enable signal
from back camera
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Table 21 Flash LED interface electrical characteristics

Description Parameter

GP1028 GPIO output 1.72 1.8 1.92 Vv

ARMIO4 GPIO output 1.72 1.8 1.92 Vv

STROBE Strobe signal 2 - 2.5 v
output

Slider switch electrical characteristics

Signal name Low value High value Description
GPIO53 Helen $5202 160mV 1,8V Slider switch
cover status
signal.

Back-up battery interface connections and electrical characteristics

Table 22 Back-up battery connections

Pin name Connection

L2207, VBack -> Retu, VBack Back-up battery G2200 is connected to RETU via
coil

Table 23 Back-up battery electrical characteristics

Description Parameter Min
Back-Up Vback 0 2.5 2.7 v
Battery Voltage

B RF description
Receiver

Introduction to receiver functionality
Receiver functions are implemented in RF ASIC N7500.

The receiver is a linear direct conversion receiver consisting of separate front ends (LNA and demodulator) for
each supported system.

After the demodulators, the signal paths are combined to one common BB path.

WCDMA receiver

In the WCDMA mode, the received signal is fed from the antenna to the duplex filter. After the duplex filter the
signal goes via balun to the integrated LNA (Low Noise Amplifier) residing in N7500. After the LNA, the signal
goes trough an off chip band pass SAW filter. The main task of the filter is to attenuate the Tx signal which
amplified by LNA and is leaking trough the duplex filter.

After filtering, the signal goes to the down conversion mixer, which converts the signal to baseband I and Q
signals (90 degrees phase shift). After the demodulator output, there is an RC low pass filter with f0 of ca. 1.5
MHz. It is a part of the BB selectivity filtering.
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At BB frequency the signal is amplified and fed to a low pass filter giving the selectivity of the receiver. The
filters need RC constants, which suffer of process variations. Therefore the integrated resistors are adjustable
by a digital control word.

The Rx channel filter must be calibrated with an automatic routine whenever N7500 IC is changed to a phone.

In the WCDMA mode, the corner frequency of the filter is set to ca. 2.1MHz. The filter is followed by an AGC
(Automatic Gain Control) amplifier with an adjustable gain. The signal is further amplified before it is fed to
balanced analogue IQ output pins. The analogue output pins are accompanied by reference voltage output,
which sets the DC level for the AD converter in BB ASIC RAP3G.

The gain of the Rx chain can be adjusted in multiple phases. The first adjustable gain is in LNA which has low,
mid and high gain settings and isolation mode. After the mixer, there are adjustable gains (AGC) inside the
N7500 IC.

The last stage of the RF Rx chain is an output buffer which feeds the signal and a reference voltage (VREFCM) to
the BB ASIC. The AGC stages are used to maintain the voltage swing at the input of the AD converters at an
adequate level.

The gain of the Rx chain is measured in production at one RF frequency and power level, so that RSSI (Receiving
Signal Strength Indicator) reporting gets calibrated. If N7500 IC is changed, this calibration needs to be
performed.

GSM receiver

As GSM900, GSM1800 and GSM1900 Rx branches are functionally identical, the following description is applicable
to all of them.

The received signal goes from the GSM antenna to the antenna switch module. The antenna switch module
contains PIN diode switches for a band and Rx/Tx selection and also Rx SAW filters.

The antenna switch module is followed by integrated LNAs residing in N7500.
The LNAs are followed by demodulators which downconvert the signal to baseband I and Q signals.

After the down conversion mixer, the Rx chain is similar to the WCDMA Rx. The channel select filter is set to 115
kHz in the GSM mode.

In the GSM mode, the DC compensation is carried out before the reception slot.

During a DC1 operation, a sample of the DC level of the signal is stored in sufficiently large off chip capacitors.
During reception, information is in turn used for subtracting the DCinformation from the input signal of the
AGC (Automatic Gain Control) amplifier.

A DCNO operation is carried out to discharge any charge from the capacitors before DCN1. This guarantees that
the starting point for the DC compensation is always the same.

Transmitter

Introduction to transmitter functionality

Transmitter functions are implemented in the RF ASIC N7501. It contains a BB frequency low pass filter, which
is tunable according to the signal bandwidth of the system in use.

In addition, N7501 contains separate RF paths comprising a final frequency IQ modulator and VGA amplifiers.

In order to eliminate the effect of process variations on the low pass filter characteristics, a tuning procedure
is carried out in production. The same tunings must be performed if the RF ASIC N7501 is changed.

WCDMA transmitter

In the transmitter side, an analogue I/Q modulated signal is received from the digital baseband into N7501 and
fed through the low pass filter. The corner frequency of the filter is set to approximately 3 MHz.
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After the filter the signal is fed to the IQ modulator, which converts the signal to final Tx frequency. There are
two separate I/Q modulators:.one for WCDMA and another for EGSM900 and GSM1800/1900 signals.

The modulator is followed by two VGA stages giving 85 dB of gain control range. The signal then exits N7501
via a balanced line. In order to attenuate the out of band noise of the transmitter, the signal is band pass filtered
by a SAW filter before it is fed to the WCDMA PA module.

After the PA the transmitted WCDMA signal is fed through an isolator and a duplex filter to the antenna.
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Figure 32 WCDMA transmitter

WCDMA power control
WCDMA Tx power control is accomplished by the two VGA amplifier stages in N7501 Tx ASIC.

The VGAs have a common temperature compensation circuit and one voltage mode analogue input for gain
control (TXQ).

The gain of the VGA amplifier chain is controlled by a DA converter in BB. The same DA converter is shared by
GSM Tx power control function.

It is required that phone can measure its output power in high power levels. A sample of the output power is
taken by a capacitor between the power amplifier and the isolator, and fed to a diode power detector. The
output of the detector is low pass filtered, and the voltage is then AD converted in BB. The power detector
circuitry is calibrated in production.

Another function of the detector voltage is to steer the DC/DC converter, which is providing a variable supply
voltage for the WCDMA PA.

WCDMA PA module
The WCDMA PA is housed in a separate module having:

e avariable supply voltage input for the amplifier stages (Vccll),

¢ a battery supply voltage for the bias circuits (Vcc12),

¢ and two bias current inputs.

Bias currents are generated by 5-bit DA converters in N7501 RF ASIC. The converters are controlled by BB via
RFBus.

In production the PA quiescent current is set according to PA vendor’s specifications. If another PA is changed
to the phone, this setting must be set again.
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The bias currents are also used as PA on/off controls. The structure of the WCDMA PA is shown in the following
figure. The supply voltage for the output stage is got from a DCDC converter in order to improve the efficiency
at low power levels.

PA DCDC converter
The control of the DCDC converter is fed back from the power detector circuit.

The DCDC converter limits the lowest supply voltage to 1.5 V. At highest power levels the DCDC converter output
settles nominally to 3.2 V.

WTXDET <

i VbatRF

Bypass —» Vcontrol
DCDC [«

|l

V4

Enable —»

Icont12

Icont11| ypatRF
Vee11  Veel12

ﬁDD i

WCDMA PA
Figure 33 Block diagram of DCDC converter and WCDMA PA

GSM transmitter

N7501 receives an analogue IQ modulated signal N7501 from digital BB, which is first low pass filtered with
filter corner frequency set to approximately 200 kHz. After the filter, the signal is routed to the GSM modulator.
The appropriate routing after the modulator is selected by biasing either EGSM900 (/GSM850) or GSM1800/1900
variable gain amplifier. The amplifier gives 40 dB of power control dynamic range.

After the VGA stage the signal exits N7501. In case of GSM1800/1900 the signal goes directly to the GSM PA
module. In case of EGSM900 (and GSM850), the PA module is preceded by a SAW filter. After the filter, the signal
is fed to GSM PA module. Finally the signal is routed via the antenna switch to the antenna.
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Figure 34 GSM transmitter

GSM power control

A closed control loop comprise an integrated power detector (in PA module) and an error amplifier. The error
amplifier resides in N7501, and it controls the transmitter power of GSM.

Detector output from the PA gives a DC level proportional to the output power. The DC voltage is fed to the
negative input of the error amplifier, where it is compared to the level of the reference signal, TXC. TXC is got
from the BB circuitry. The output of the error amplifier is fed to a buffer amplifier, which in turn steers the VGA
amplifier.

The TXCsignal also contains an output power ramp waveform, which is optimized in order to meet the transient
spectrum and burst timing requirements. PA is switched on and off by changing the bias currents. As a result
the output power ramping and final power level of the transmitter are set in a controlled manner.

During EDGE operation 8-PSK modulation is utilized. In the 8-PSK modulation, there are envelope variations
during the data transmission. Therefore the PA is set to a dedicated EDGE mode by setting a specific mode
control signal up (Vmode). The bias currents are also adjusted in order to improve the linearity.

Because of the 8-PSK modulation, the power control loop has to be opened during the data transmission in
EDGE mode. The Loop is opened with a dedicated TXA-signal via RFBus. When the power is ramped up, a
modulating bit sequence producing a constant envelope waveform s used, and the power controlloop is closed.
Once the desired power level has been reached, the loop is opened and the power control voltage is kept
constant by a capacitor integrated to N7501 Tx ASIC. When the active part of the burst is over, the loop is again
closed and the power is ramped down. The TXA signal is disabled during GMSK transmission.

The power control loop is enabled and disabled by writing an appropriate register in N7501 RF ASIC. In case of
dual slot transmission, the output power is ramped down between the consecutive slots.
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Figure 36 Power control signal usage in GSM (GMSK) and EDGE (8PSK) transmission
Note: Timings are not shown accurately in the previous figure.
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GSM PA module

A single GSM/EDGE PA module contains two separate amplifier chains, one for EGSM900 (and GSM850) and
another for GSM1800/1900. Both amplifiers have a battery supply connection and two bias current inputs. The
bias current for final amplifier stage is adjusted according the power level in use in order to optimise efficiency.
The bias currents are also used as on/off switching signals for PAs.

In the EDGE mode, PA linearity has to be higher than in the GMSK mode because of envelope variations of the

8-PSK modulations. This is achieved by increasing the bias currents compared to the GMSK mode and setting a
dedicated Vmode control signal up. Increasing bias currents improves the linearity of the amplifiers, but it also
tends to unnecessarily increase the gain of the PA. Vmode control aims to keep the gain of the amplifiers down.

The bias current needed for the maximum and the lowest output powers is specified by a PA manufacturer.
The current for the intermediate power levels is then linearly adjusted between these two values.

Frequency synthesizers
RF has separate synthesizers for Rx and Tx. Both synthesizers consist of:

¢ PLL (Phase-Locked Loop)

o |oop filter

¢ V(O (Voltage Controlled Oscillator)
e balun

The VCO frequencies are locked by PLLs into a reference oscillator, VCTCXO0 (Voltage Controlled Temperature
Compensated Crystal Oscillator).

The PLLs are located in N7500 and N7501 respectively and controlled via RFBus. PLL charge pump charges or
discharges the integrator capacitor in the loop filter depending on the phase of the measured frequency
compared to the phase of the reference frequency. The integrator output voltage is connected to the control
input of the VCO.

The VCOs operate at the channel frequency multiplied by two in the upper bands (for example, GSM1800/1900/
WCDMA) and by four in EGSM900 (and GSM850, if applicable). The required frequency dividers required for
modulators are integratedin N7501 and those for demodulatorsin N7500. The dividers are controlled via RFBus.

N7500/N7501
o —— | sz
- R |:| VCTCXO
-
fref l
PHASE CHARGE —<_
DET PUMP —~—_
fout/M VCO
S —
M=NP+A

Figure 37 Phase locked loop in N7500 and N7501 (PLL)

Reference oscillators
A 38.4MHz VCT(XO is used as a reference oscillator for the frequency synthesizers.
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The output signal of the VCTCXO is directly connected to both N7500 and N7501 where it is used as synthesizer
reference. N7500 also contains a balanced buffered output for supplying the clock signal to the digital BB ASIC
and a single ended buffer for Bluetooth.

The frequency of the reference oscillator is locked into the frequency of the base station with the help of an AFC
(Automatic Frequency Control) voltage, which is generated in BB by DSP (Digital Signal Processor) and converted
by a dedicated DAC (Digital-to-Analogue-Converter).

Regulators
N7500 and N7501 contain integrated regulators to supply regulated voltages for their internal circuitry and

other RF parts. Rx VCO supply is got via a switch from N7500 VR1 regulator. VCO can be switched on and off by
controlling the switch via RFBus.

Supply voltage for the VCTCXO is provided by a BB mixed mode ASIC. The same supply is used for reference clock
input buffers (in N7500 and N7501), output buffers (from N7500 to BB) and for the digital control blocks of both
RF ASICs. When the VCTCXO regulator is set active, the control blocks of the RF ASICs also wake up. After that the
integrated regulators can be controlled via RFBuS.

Other supplies, like 4.7V supply for PLL charge pumps and bias reference (VREFRF01) are also provided by the
BB mixed mode ASIC.

VbatRF

N7501 Vbat
VR1 DCDC conv ‘_,
VCICXO
- N7501 Tx
VR2
power det
-N7501 Tx
TXVCO
v Vhat
RETU 4
VCP2 DA converters Ibias WCDMA
(4.75V) for PA bias PA MODULE
VX0 -Ref buffer
- GSM PA
> -D | part:
(25V) > igital parts MODULE
Vref /N
(1.35V)
vort N7500
(4.75V)
-Ref buffers
-Digital parts
VR1
VbatRF
& - N7500 Rx ||
( RX VCO

Figure 38 RF supply connections from the BB mixed mode ASIC
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EGSMI00 frequencies

CH |[TX RX VCO TX|VCO RX||CH |TX RX VCO TX|VCO RX|[CH|TX RX VCO TX|VCO RX
975 880,2| 925,2| 3520,8| 3700,8 1 890,2| 9352| 3560,8] 3740,8( 63| 902,6] 947,6| 3610,4| 37904
976| 880,4| 9254| 3521,6| 37016 2| 890,4| 9354| 3561,6] 3741,6| 64] 902,8] 947,8] 3611,2[ 37912
977 880,6| 925,6| 3522,4| 37024 3| 890,61 9356| 3562,4| 37424| 65| 903,01 9480 3612,0] 3792,0
978| 880,8] 925,8| 3523,2] 37032 4] 890,8] 935,8| 3563,2] 3743,2)] 66] 903,2|] 9482 3612,8] 37928
979| 881,0f 926,01 3524,01 3704,0 5 891,01 936,01 3564,0] 3744.,0]| 67 903,4] 948,4| 3613,6| 37936
980 881,2| 926,2| 3524,8| 37048 6] 8912 936,2| 3564,8] 3744.8| 68| 9036| 9486| 3614,4| 37944
981 881,4| 926,4| 3525,6| 3705,6 7] 8914 9364| 3565,6] 3745.,6| 69] 903,8] 9488 3615,2| 37952
982| 881,6| 926,6] 3526,4| 37064 8| 891,6] 936,6| 3566,4| 3746,4| 70| 904,01 949,0| 3616,0( 3796,0
983| 881,8] 926,8] 3527,2| 3707,2 9] 891,8] 936,8| 3567,2| 3747.2|| 71 904,21 949,2| 3616,8] 3796,8
984| 882,01 927,01 3528,0] 3708,0| 10] 892,01 937,01 3568,0] 3748,0| 72| 904,4| 949.4| 36176 37976
985| 882,2| 927,2| 3528,8| 3708,8| 11| 892,2| 937,2| 3568,8| 3748,8| 73] 904,6] 9496| 36184 37984
986| 8824 927.4| 35296| 37096| 12| 8924| 937 4| 3569,6| 37496 74| 904,8] 9498| 36192 37992
987| 882,6| 927,6| 3530,4| 3710,4| 13| 892,68 9376| 3570,4] 37504 75| 9050 950,01 3620,0/ 3800,0
988| 882,8| 927,8] 3531,2| 3711,2| 14] 892,8] 937,8| 3571,2| 3751,2| 76] 9052 950,2| 3620,8] 3800,8
989| 883,01 928,01 3532,0/ 3712,0) 15| 893,01 938,01 3572,0] 3752,0|| 77| 9054| 9504| 3621,6/ 38016
990 883,2| 928,2| 3532,8| 3712,8| 16| 893,2| 938,2| 3572,8] 3752,8[ 78] 905,6| 950,6| 3622,4| 38024
991| 883,4| 9284| 3533,6| 3713.6| 17| 893,4] 938,4| 3573,6] 3753,6| 79| 9058] 9508| 36232 38032
992| 883,6| 928,6] 3534,4| 3714.4| 18 893,6| 938,6| 3574,4| 37544 80| 906,0] 951,0] 3624,01/ 3804,0
993| 883,8] 928,8| 3535,2| 37152| 19] 893,8| 938,8] 3575,2] 3755,2[ 81 906,2] 951,2| 3624,8| 38048
994| 884,01 929,01 3536,01] 3716,0| 20 894 0| 9390 3576,0] 3756,0(] 82| 9064 9514| 36256| 38056
995| 884,2| 929,2| 3536,8| 3716,8| 21| 894,2] 939,2| 3576,8| 3756,8| 83| 906,6] 951,6| 3626,4| 38064
996| 884,4| 929.4| 3537,6| 3717.6| 22| 8944 9394| 3577,6] 3757,6( 84| 906,8] 951,8| 3627,2 38072
997| 884,6| 929,6| 3538,4| 3718.,4| 23| 894,6| 939,6| 3578,4| 3758,.4| 85| 907,01 952,01 3628,0/ 3808,0
998| 884,8] 929,8| 3539,2| 3719.2| 24 894.8| 939,8| 3579,2| 3759.,2| 86] 9072 952,2| 3628,8/ 3808,8
999 885,0f 930,01 3540,0|f 3720,0|f 25| 895,00 940,0| 3580,0] 3760,0 87| 9074 9524| 36296/ 38096
1000 885,2| 930,2| 3540,8| 3720,8| 26| 8952 940,2| 3580,8| 3760,8|| 88] 9076] 9526| 3630,4| 38104
1001 8854| 930,4| 3541,6( 37216| 27| 8954| 9404| 35816] 3761.,6|| 89] 907,8] 9528 3631,2| 38112
1002| 885,6| 930,6| 3542,4| 3722,4| 28| 8956| 940,6| 3582,4| 3762.4| 90| 908,0| 9530 3632,0/ 38120
1003| 885,8| 930,8| 3543,2| 3723,2| 29| 8958 940,8| 3583,2| 3763,2|| 91 908,2] 953,2| 3632,8] 38128
1004| 886,01 931,01 3544,0| 3724,0| 30| 896,01 941,0| 3584,0] 3764,0|| 92| 908,4| 953,4| 3633,6/ 38136
1005 886,2| 931,2| 3544,8| 3724.,8| 31 8962 941,2| 3584,8] 3764,8[ 93] 908,6] 9536| 36344 38144
1006| 886,4| 931,4| 3545,6| 37256 32| 896,4| 9414 3585,6| 3765,6]| 94| 908,8] 9538| 3635,2| 38152
1007| 886,86/ 931,6| 3546,4| 37264 33 896,6| 941,6| 3586,4| 37664 95| 909,0| 9540| 3636,0)/ 3816,0
1008] 886,8| 931,8| 3547,2| 3727,2| 34| 896,8] 941,8| 3587,2| 3767,2|| 96] 909,2| 954,2| 3636,8] 3816,8
1009 887,01 932,01 3548,01 3728,0f 35| 897,0 942,0| 3588,0| 3768,0|| 97| 909.4| 954.4| 3637,6| 3817,6
1010| 887,2| 932,2| 3548,8| 3728,8| 36| 897,2| 942,2| 3588,8| 3768,8| 98] 909,6] 954,6| 3638,4| 38184
1011 8874 932,4| 3549,6( 3729,6| 37| 8974| 942,4| 3589,6] 3769.,6|| 99] 909,8] 954,8| 3639,2| 38192
1012| 887,6| 932,6| 3550,4| 3730,4| 38| 897,6] 942,6| 3590,4| 3770,4|[100] 910,01 9550| 3640,0/ 3820,0
1013| 887,8| 932,8] 3551,2| 3731,2f 39 897.8| 9428 35912 3771,2||101 910,2] 9552| 3640,8| 3820,8
1014 888,01 933,01 3552,01 3732,0f 40| 8980 9430| 3592,0 3772,0]||102] 9104| 9554| 3641,6| 382186
1015 888,2| 933,2| 3552,8| 3732,8| 41 898,2| 9432| 3592,8] 3772,8(|103] 910,6] 9556| 36424 38224
1016] 888,4| 933,4| 3553,6| 3733,6| 42| 898,4| 943,4| 3593,6| 3773,6([104] 910,8] 9558| 3643,2| 38232
1017| 888,6| 933,6| 3554,4| 3734,4| 43| 898,6| 943,6| 3594,4| 3774,4|[105] 911,0] 956,0] 3644,0 3824,0
1018| 888,8| 933,8| 3555,2| 37352| 44| 898,8] 943,8| 35952 3775.2[[106] 911,2] 956,2| 3644,8| 38248
1019] 889,01 934,01 3556,0]{ 3736,0| 45| 8990 9440 3596,0] 3776,0{[107] 9114| 956,4| 36456| 38256
1020] 889.,2| 934,2| 3556,8| 3736.,8| 46 899,2| 944 2| 3596,8| 3776,8|[108] 911,6] 956,6| 3646,4| 38264
1021 889.4| 9344| 3557,6| 37376| 47| 8994| 9444| 3597,6] 3777.,6/|109] 911,8] 956,8] 3647,2| 38272
1022 889,6| 9346| 3558,4| 3738,4| 48 8996| 9446| 3598,4| 3778.4(|110] 9120 957,0| 3648,0] 38280
1023] 889,8| 934,8| 3559,2| 3739,2| 49| 899,8] 944,8| 3599,2| 3779.2|[111] 912,2] 957,2| 3648,8| 38288
0| 890,01 935,0| 3560,0( 3740,0) 50| 900,0] 945,0| 3600,0] 3780,0(|112] 912,4| 957,4| 3649,6| 38296
51| 900,2| 9452 3600,8| 3780,8(113] 912,6] 957,6] 36504 38304
52| 9004| 9454| 3601,6] 3781,6[114 912,8] 957,8] 3651,2| 3831,2
53| 9006 9456| 36024 37824||115] 913,0] 958 0| 3652,0| 38320
54| 900,8] 945,8| 3603,2 37832(116] 913,2] 958,2| 3652,8[ 38328
55| 901,01 946,01 3604,0] 3784,0]||117] 913,4] 9584| 3653,6| 38336
56| 901,2] 946,2| 3604,8| 3784,8([118] 913,6] 958,6| 36544 38344
57| 901,4| 946,4| 3605,6| 3785,6(119] 913,8] 958,8| 36552 38352
58| 901,6] 946,6| 3606,4| 3786,4(120] 914,0] 959,0| 3656,0/ 3836,0
59| 901,8| 946,8| 3607,2 3787.2||121 9142 959,2| 3656,8] 3836,8
60| 9020 947,0| 3608,0] 3788,0]||122] 914 4| 9594| 3657,6| 3837,6
61 902,2| 947,2| 3608,8] 3788,8[[123 914 6] 9596| 3658,4| 38384
62| 902,4| 947,4| 3609,6] 3789,6([124] 914,8] 959,8| 3659,2 3839,2
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cn| 1x | rx [vcorx| veorx |cn| X Rx_|vcotx|vcorx [ch| Tx | Rx |vcotx|veorx fcn| Tx | Rx |vcoTx| veorx
547| 17172 | 18122 | 34344 | 36244 |625] 17328 | 18278 | 34656 | 36556 |712| 17502 | 18452 | 35004 | 36904 |799| 17676 | 18626 | 35352 | 37252
54| 1717.4 | 18124 | 34348 | 36248 |626] 17330 | 18280 | 3466.0 | 36560 |713| 17504 | 18454 | 35008 | 36008 |s0o| 1767.8 | 18628 | 35356 | 37256
549 | 17176 | 18126 | 34352 | ae252 |627| 17332 | 18282 | 3466.4 | 36564 |714| 17506 | 18456 | 35012 | 3s012 |80 | 1768.0 | 18630 | 35360 | 37260
550 | 17178 | 18128 | 343506 | 36256 |628] 17334 | 18284 | 34668 | 36568 |715| 17508 | 18458 | 35016 | 36916 |02 | 17682 | 18632 | 35364 | 37264
551] 1718.0 [ 18130 | 34360 | 36260 |62 17336 | 18286 | 34672 | 36572 |716] 17510 | 18460 | 35020 | 36920 |803| 17684 | 18634 | 353658 | 372658
552 | 17182 | 18132 | 34364 | 36264 |630| 17338 | 18288 | 34676 | 36576 |717| 17512 | 18462 | 35024 | 36024 |s0a| 17686 | 18636 | 35370 | 37270
553 | 1718.4 | 1813.4 | 34368 | 36268 |631] 17340 | 18200 | 3468.0 | 36580 |718| 17514 | 18464 | 35028 | 36028 |s0s| 17688 | 18638 | 35376 | 372756
554 | 17186 | 18136 | 34372 | 3e272 |632] 17342 | 18292 | 34684 | 36584 |719| 17516 | 18466 | 35032 | 36932 |e06| 1769.0 | 1864.0 | 35330 | 37280
556 | 17188 | 18138 | 34376 | 36276 |633| 17344 | 18004 | 34688 | 36588 |720| 17518 | 18408 | 35036 | ac03e |eo7| 17602 | 18642 | 35384 | 37284
556 | 1719.0 | 18140 | 3438.0 | 36280 |634| 17346 | 18206 | 34602 | 3650.2 |721f1752.0 | 1847.0 f 3504.0 | 36940 }6808 1769.4 | 18644 | 35388 | 37288
557 17192 | 18142 | 34384 | 36284 |635| 17348 | 18208 | 34606 | 36506 17522 | 18472 | 35044 | 36044 |800| 17696 | 18646 | 35302 | 37202
558 | 1719.4 | 18144 | 34388 | 36288 |636 | 17350 | 18300 | 34700 | 3860.0 17524 | 18474 | 35048 | 36048 |a10| 17698 | 18648 | 35306 | 37206
559 | 1719.6 | 18146 | 3439.2 | 36202 |637) 17352 | 18302 | 34704 | 36604 |724] 17526 | 18476 | 35052 | 36952 |@a11 1770.0 | 18650 | 35400 | 37300
560| 17198 | 18148 | 34306 | 36206 |o638| 17354 | 1830.4 | 3470.8 | 3ce0s |725] 17508 | 18478 | 35056 | 36956 |e12] 17702 | 18652 | 35404 | 37304
561 | 17200 | 18150 | 34400 | 36300 | 639 | 17356 [ 18306 | 34712 | 38612 |726] 17530 | 18480 | 26060 | ac0s0 |e1a| 17704 | 18654 | 35408 | 37308
562 | 1720.2 | 18152 | 34404 | 36304 64017358 | 18308 | 34716 | 36616 [727) 17532 | 18482 | 3506.4 | 36064 68141 1770.6 | 18656 | 35412 | 37312
563 | 17204 | 18154 | 34408 | 36308 |641]1736.0 | 1831.0 | 34720 | 36620 |728] 17534 | 18484 | 35068 | 36968 |815) 17708 | 18658 | 35416 | 37316
564 | 17206 | 18156 | 34412 | 36312 |ea2| 17362 | 18312 | 34724 | 38624 |720| 17536 | 18486 | 36072 | asor2 |e1s| 1771.0 | 18660 | 35420 | 37320
565 | 17208 | 18158 | 34416 | 36316 |e43| 17364 | 18314 | 34728 | 36608 |730| 17538 | 18488 | 35076 | acore |ei7| 17712 | 18662 | 35424 | 37324
566 | 17210 | 18160 | 34420 | 36320 |eaa| 17366 | 18316 | 34732 | 38632 |731] 17540 | 18490 | 35080 | acos0 |s1a| 17714 | 18664 | 35428 | 37328
567 | 17212 | 18162 | 34424 | 36324 |45 | 17368 | 18318 | 34736 | 3636 |732| 17542 | 18402 | 36084 | 36984 |e19| 17716 | 18666 | 35432 | 37332
568 | 1721.4 | 1816.4 | 34428 | 36328 |646] 17370 [ 18320 | 34740 | 36640 |733] 17544 | 18404 | 35088 | 30088 |20 17718 | 18668 | 35436 | 37336
560 | 17216 | 18166 | 34432 | 36332 |ear| 17372 | 18322 | 34744 | 3644 |734| 175406 | 18496 | 35002 | 36002 |eo1| 17720 | 18670 | 35440 | 37340
570 | 17218 | 18168 | 34436 | 36336 | 648 | 17374 | 18324 | 34748 | 36648 |735] 17548 | 18498 | 35096 | 36096 |822) 17722 | 18672 | 35444 | 37344
571 17220 | 18170 | 34440 | 36340 |40 | 17376 | 18326 | 34752 | 38652 |736| 17550 | 18500 | 36100 | 37000 |eoa| 17724 | 18674 | 35448 | 37348
572 | 17222 | 18172 | 34444 | 36344 |660] 17378 | 18328 | 34766 | 36656 |737) 17552 | 18502 | 35104 | 37004 |824) 1772.6 | 18676 | 35452 | 3735.2
573 | 1722.4 | 1817.4 | 34448 | 36348 | 651 | 1738.0 | 18330 | 34760 | 3650 | 738 | 17554 | 18504 | 35108 | 37008 |e2s| 17728 | 18678 | 35456 | 37356
574 | 17226 [ 18176 | 34452 | 36352 |652| 17382 | 18332 | 34764 | 3ee64 |739] 17556 | 18506 | 35112 | 37012 |826| 1773.0 | 1868.0 | 35460 | 3736.0
575 | 17228 | 1817.8 | 34456 | 36356 |653] 17384 | 18334 | 34768 | 36668 |740f 17558 | 18508 | 35116 | 37016 )87 1773.2 | 1868.2 | 35464 | 37364
576 | 1723.0 | 1818.0 | 3446.0 | 36360 |654] 17386 | 18336 | 3477.2 | 36672 |741{ 17560 ] 1851.0 | 3512.0 | 37020 )828| 17734 | 18684 | 3546.8 | 3736.8
577 | 17232 | 18182 | 34464 | 36364 |055 | 17386 | 18338 | 34776 | 3cere |742] 17562 | 18512 | 35124 | 37024 o0 17736 | 18086 | 35472 | 37372
578 | 17234 | 1818.4 | 34468 | 35368 | 656 | 1739.0 | 18340 [ 24780 | 2e680 |743| 17564 | 18514 | 35128 | 37028 30| 1773 | 18688 | 354756 | 37376
579 | 17236 | 18186 | 34472 | 36372 |667| 17392 | 18342 | 34784 | 36684 [744 | 17566 | 1851.6 f 3513.2 | 37032 Je31| 1774.0 | 1869.0 | 35480 | 37380
580 | 17238 | 18188 | 34476 | 36376 |658| 17304 | 18344 | 34788 | 38688 |745| 17568 | 18518 | 36136 | 37036 |szp| 17742 | 18602 | 35484 | 37384
581 | 1724.0 | 18190 | 34480 | 36380 | 650 | 17306 | 183456 | 34702 | 3602 |746] 17570 | 18520 | 35140 | 37040 |g33| 1774.4 | 18694 | 35488 | 37388
582 | 1724.2 | 18192 | 34484 | 36384 | 660 17308 | 18348 | 34706 | 36606 | 74717572 | 18522 | 35144 | 37044 [g834| 17746 | 18696 | 35492 | 37392
583 | 1724.4 | 18194 | 34488 | 36388 |661] 17400 | 18350 | 34800 | 36700 |748 17574 ) 18524 | 35148 | 37048 )83s| 1774.8 | 1869.8 | 35496 | 3739.6
584 | 17246 | 18196 | 34492 | 36392 |662] 17402 | 18352 | 34804 | 36704 |7491 17576 | 18526 | 35152 | 37052 1836 1775.0 | 18700 | 35500 | 37400
585] 17248 | 18198 | 34496 | 36306 17404 | 18354 | 34808 | 3670.8 |750] 17578 | 18528 | 35156 | 37056 |837| 17752 | 18702 | 35504 | 37404
586 | 17250 | 18200 | 34500 | 3cs00 | 664 ] 17406 | 18356 | 34812 | 36712 |751) 17580 | 18530 | 35160 | o70s0 |ess| 17754 | 18704 | 35508 | 37408
587 | 17252 | 18202 | 34504 | 36404 |665 | 17408 | 18358 | 34816 | 36716 |752| 17582 | 18532 | 35164 | 37064 |839| 17756 | 18706 | 35512 | 37412
588 | 17254 | 18204 | 34508 | 36408 [ 666 | 17410 | 18360 | 34820 | 36720 |753] 17584 | 18534 | 35168 | 37068 |e40| 17758 | 18708 | 35516 | 37416
580 | 17256 | 18206 | 34512 | 3sa12 | 667 | 17412 | 18362 | 34824 | 36724 |754| 17586 | 18536 | 36172 | a7072 |ear| 17760 | 18710 | 35520 | 37420
500 | 17258 | 18208 | 34516 | asa16 |668| 17414 | 18364 | 34828 | 36728 |755| 175858 | 18538 | 35176 | o707e |sso| 17762 | 18712 | 35524 | 37424
501 | 17260 | 18210 | 34500 | asap0 |669] 17416 | 18366 | 34832 | 36732 |756| 17500 | 18540 | 25180 | a7080 |esa| 17764 | 18714 | 35528 | 37428
17262 | 18212 | 34504 | 3sapa |670| 17418 | 18368 | 34836 | 36736 |757| 17502 | 18542 | 35184 | a70s4 |esa| 17766 | 18716 | 35532 | 37432
17264 | 18214 | 34508 | 3saps |671] 17420 | 18370 | 34840 | 36740 |758| 17504 | 18544 | 35188 | 37088 |84s| 17768 | 18718 | 35536 | 37436

504 | 17266 | 18016 | 34532 | 36432 |672] 17422 | 18372 | 34844 | 36744 |750| 17506 | 18546 | 35102 | 37002 |846] 1777.0 | 18720 | 35540 | 37440
505 | 17268 | 18218 | 34536 | 36436 |673| 17424 | 18374 | 34848 | 36748 |760| 17508 | 18548 | 35196 | 37006 |847]1777.2 | 18722 | 36644 | 37444
506 | 1727.0 [ 18220 | 34540 | 36440 |674| 17426 | 18376 | 34852 | 36752 |761] 17600 | 18550 | 35200 | 37100 |848]1777.4 | 18724 | 35548 | 37448
597 | 1727.2 | 18222 | 34544 | 36444 |675] 17428 | 18378 | 34856 | 36756 | 762 17602 | 18552 | 35004 | 37104 |849| 1777.6 | 18726 | 35552 | 37452
508 | 1727.4 | 18224 | 34548 | 36448 |676| 1743.0 | 1838.0 | 34860 | 3676.0 | 763) 17604 | 18554 | 35008 | 37108 ]850 1777.8 ) 18728 | 39556 | 37456
509 | 1727.6 | 18226 | 34552 | 36452 |677| 17432 | 18382 | 34864 | 36764 |764 17606 | 18556 | 35212 | 37112 |891| 17780118730 | 35560 | 3746.0
600 | 1727.8 | 18228 | 34556 | 36456 |678| 17434 | 18384 | 34868 | 36768 |765| 1760.8 | 18558 | 3521.6 | 37116 [852) 1778.2 ] 18732 | 35564 | 37464
601 | 1728.0 | 1823.0 | 3456.0 | 3646.0 |67 | 17436 | 18386 | 34872 | 36772 766 17610 | 1856.0 | 35220 | a7120 8531 17784 | 18734 | 35568 | 37468
602 | 1728.2 | 18232 | 34564 | 36464 |680 | 17438 | 1838.8 | 34876 | 3677.6 |767| 17612 | 18562 | 35004 | 37124 |854)1778.6 | 18736 | 35572 | 3747.2
603 | 17284 | 18234 | 34568 | 36468 |681 17440 | 1830.0 | 34880 | 36780 |768| 17614 | 18564 | 35008 | 37128 |B855) 1778.8 | 18738 | 35576 | 3747.6
604 | 17286 | 18236 | 3457.2 | 36472 |682| 17442 | 1839.2 | 34884 | 36784 |76 17616 | 18566 | 35232 | 37430 856 1779.0 ] 18740 | 35580 | 37480
605 | 17288 | 18238 | 34576 | 36476 |683| 17444 | 18304 | 34888 | 36788 | 770 17618 | 18568 | 35236 | 37136 |857| 17792 ] 18742 | 35584 | 37484
606 | 1729.0 | 18240 | 34580 | 36480 [684| 17446 | 18396 | 34892 | 36792 | 771 17620 | 1857.0 | 35240 | 37140 858 1779418744 | 35588 | 374838
607 | 17202 | 18242 | 34584 | 36484 |685) 174458 | 18308 | 34806 | 36796 |772| 17622 | 18572 | 35244 | 37144 | 859117796 L 187461 36592 | 37492
608 | 17204 | 18244 | 34588 | 36485 |686) 17450 | 18400 | 34900 | 36800 |773 17624 | 18574 | 35248 | 37148 | 860117798 | 18748 1 35596 | 37496
600 | 17206 | 18246 | 34502 | 36402 |67 17452 | 18402 | 34904 | 36804 |774| 17626 | 18576 | 35252 | 37152 | 801117800 | 18750 | 35600 | 37500
610 | 17208 | 18248 | 34506 | 36496 |688) 17454 | 18404 | 34908 | 36808 |775| 17625 | 18578 | 35056 | 37156 |862] 17802 | 18752 | 35604 | 37504
611 1730.0 | 1825.0 | 3460.0 | 36500 |689 | 17456 | 18406 | 34912 | 36812 |776| 17630 | 18580 | 35260 | 37160 [863] 17804 | 18754 | 35608 | 37508
612 | 1730.2 | 18252 | 34604 | 36504 |600 | 17458 | 1840.8 | 34916 | 36816 |777| 17632 | 18582 | 35064 | 37164 |B864)1780.6 | 18756 | 35612 | 37512
613 | 17304 | 18254 | 34608 | 36508 [691] 17460 | 18410 | 34920 | 36820 [778 17634 | 18584 | 35068 | 37168 |865| 17808 ] 18758 | 35616 | 37516
614 | 17306 | 18256 | 34612 | 36512 |602) 17462 | 18412 | 34904 | 36824 |779| 17636 | 18586 | 35272 | 37172 |866] 17810 | 18760 | 35620 | 37520
615 17308 | 18258 | 34616 | 36516 |693| 17464 | 18414 | 34908 | 36828 |780| 17638 | 18588 | 35276 | 37176 |807{1761.2 118762 | 35624 | 37524
616 | 1731.0 | 18260 | 34620 | 36520 [694| 17466 | 18416 | 34932 | 36832 |781 17640 | 18500 | 35280 | 37180 |808 17814118764 | 35628 | 37528
617] 17312 | 18262 | 34624 | 36504 |605| 17468 | 18418 | 34036 | 36836 |78 17642 | 18502 | 35284 | 37184 809117616 | 18766 1 36632 | 37632
618 17314 | 18264 | 34628 | 36528 [696| 17470 | 18420 | 34940 | 36840 [783| 17644 | 18594 | 35088 | 37188 |870| 17618 ] 187658 | 35636 | 37536
619 | 1731.6 | 18266 | 3463.2 | 36532 |607 [ 17472 | 18422 | 34944 | 36844 |784| 17646 | 18506 | 35002 | 37192 |B71) 17820 | 1877.0 | 35640 | 3754.0
620 | 17318 | 18268 | 34636 | 36536 |608| 17474 | 18424 | 340458 | 36848 |785| 176458 | 18508 | 35006 | 37196 |O72] 17822 | 18772 | 35644 | 37544
621] 17320 | 18270 | 34640 | 36540 |699) 17476 | 18426 | 34952 | 36852 |7s6| 17650 | 18600 | 35300 | 37200 |873] 17824 | 18774 | 35648 | 37548
622 17322 | 18272 | 3464.4 | 36544 |700| 17478 | 1842.8 | 34956 | 36856 | 787 17652 | 18602 | 35304 | 37204 |874| 17826 ] 18776 | 35652 | 37552
623 | 17324 | 1827.4 | 34648 | 36548 |701| 17480 | 1843.0 | 34060 | 36860 [788| 1765.4 | 18604 | 35308 | 37208 |B75) 17828 | 18778 | 35656 | 3755.6
62417326 [ 18276 | 34652 | 36562 |702| 17482 | 18432 | 34064 | 3864 |789 17656 | 18606 | 35312 | 37212 |876117830 | 18780 | 35660 | 3756.0
703 | 17484 | 18434 | 34068 | 3sses |790| 17658 | 18608 | 35316 | 37216 |877| 17832 | 18782 | 35664 | 37564

704 | 17486 | 18436 | 34972 | ase7o |791| 17660 | 18610 | 35320 | 37200 |a7a| 1783.4 | 18784 | 35668 | 37568

705 | 17488 | 18438 | 34076 | 3es7e |792| 17662 | 18612 | 35324 | 37224 |879| 17836 | 187856 | 35672 | 37572

706 | 17490 | 18440 | 34080 | assso |793| 17664 | 18614 | 35308 | 37208 [8s0| 17838 | 187858 | 35676 | 37576

707 | 17492 | 18442 | 34084 | 36884 |794| 17666 | 18616 | 35332 | 37232 |ssi| 7840 | 18790 | 35680 | 37580

708 | 1749.4 | 18444 | 34088 | 3csss | 795| 17668 | 18618 | 35336 | 37236 |ss2| 17842 | 18702 | 35684 | 37584

709 | 17496 | 18446 | 34902 | asmo2 | 796 1767.0 | 18620 | 35340 | 37240 [8s3| 17844 | 18704 | 35688 | 37588

710 | 17498 | 18448 | 34096 | asage |707| 1767.2 | 18622 | 35344 | 37244 [884] 17846 | 187056 | 35602 | 37502

711 17500 | 18450 | 35000 | 3se00 | 798| 1767.4 | 18624 | 35348 | 37248 [ses| 17sas | 18708 | 35606 | 37506

Issue 1

Company Confidential
Copyright ©2005 Nokia. All Rights Reserved.

Page 1-59



NOKIA

Nokia Customer Care

RM-84/99
System Module

GSM1900 frequencies

CH

X RX

VCO TX

VCO RX|

X

RX _|VCO TX

VCO RX|

CH

RX

VCO TX]VCO RX[ CH

X

RX

VCO TX

VCO RX|

512,
513

1850.2| 1930.2

37004

3860.4

1869.0]

1949.0f 3738.0

3898.0)

700)

1967.8

37756 39356

794]

1906.6

1986.6

1850.4] 19304

3700.8

3860.8

1869.2]

1949.2| 37384

3898.4]

1968.0

3776.0| 3936.0,

795

1906.8|

1986.8

38132
38136

3973.2
3973.6

514,

1850.6| 19306

3701.2

3861.2

1869.4]

1949.4) 37388

38988

1968.2

3776.4| 39364

796

1907.0

1987.0

3814.0

39740

515

1850,8| 1930.8

3701.6

3861.6

1869.6

1949,6] 3739.2

38992

1968.4

3776,8| 39368

797

1907.2]

1987.2

3814.4/

3974.4

516

1851,0] 19310

3702,0

3862,0

1869.8|

1949,8| 37396

3899,6|

1968.6

3777.2| 39372

798

1907 4

19874

3814.8]

3974.8

617

1851,2| 19312

37024

38624

1870.0]

1950,0f 3740,0

3900,0)

1968.8

37776 39376

799

1907.6

1987.6

3815,2

39752

518

18514| 19314

3702,8

3862,8

1870,2|

1950,2| 37404

39004

1969,0

3778,0| 39380,

800]

1907.8

1987.8

38156

39756,

519

18516| 19316

3703.2

3863,2

1870.4f

19504 3740.8]

3900,8]

1969,2

3778.4| 39384

801

1908,0|

1988,0

3816.0;

39760,

520

1851,8| 19318

3703.6

3863,6

1870,6f

1950,6] 37412

3901,2]

19694

3778,8| 39388

802

1908,2]

1988,2

38164

3976.4

521

1852,0] 19320

3704,0

3864,0

1870.8]

1950,8] 37416

3901,6)

1969,6]

3779,2| 3939.2

803

1908.4

19884

3816,8

3976,8

522,

1852.2] 19322

37044

3864,4

1871,0]

1951,0] 3742,0

3902,0

1969,8]

3779,6| 39396,

804)

1908,6

1988,6

3817.2

3977.2)

523

1852.4] 19324

3704.8

3864.8

1871.2]

1951.2| 37424

39024

1970.0

3780.0] 3940.0

805

1908.8

1988.8

3817.6

3977.6)

524

705.2

3865.2

1871.4]

19514 3742.8

3902.8)

1970.2

3780.4| 39404

308

1909.0

1989.0

3818.0

3978.0

1852.6] 1932.6
1852,8| 19328

705.6| 3865.6

1871.6|

19516 37432

3903.2)

1970.4

3780.8| 39408

807|

1909.2

1989.2

1853.0] 19330

7086.0]

3866,0

1871.8]

1951.8] 37436

39036

1970.6

3781.2| 3941.2

808

1909.4

1989.4

38184

38188

3978.4

3978.8)

18532 19332

3706.4

3866.4

1872.0]

1952,0] 37440

39040}

1970.8

3781.6| 39416

809

1909, 6|

1989,6

3819.2)

3979,2

18534| 19334

37086.8

3866.8

1872.2]

1952,2| 3744.4)

3904,4]

1971.0

3782,0| 39420

810]

1909,8|

1989,8

3819.6]

3979.6)

18536 19336

3707.2

3867.2

1872.4f

1952.4| 37448

3904, 8]

1971.2

3782.4| 39424

18538 19338

3707.6

3867.6

1872,6f

1952,6] 37452

3905,2]

19714

3782,8| 39428

1854,0] 19340

3708.0

3868,0

1872,8

1952,8] 3745,6]

3905,6|

1971.8

3783,2| 39432

1854,2| 19342

37084

38684

1873,0]

1953,0f 3746,0

3906.0)

1971,8

37836 39436

1854,4| 19344

3708,8

3868,8

1873,2]

1953,2| 37464

390864

1972,0

3784,0) 39440

1854,6] 19346

37092

3869.2

18734

19534 37468

3906.8)

1972,2

3784,4| 3944.4

1854.8| 1934.8

3709.6

3869,6

1873.6]

19536 3747.2

3907.2)

19724

3784.8| 39448

1855.0] 1935.0

3710.0

3870.0

1873.8]

1855.2| 19352

37104

3870.4

1874.0i

1954.0f 3748.0

1953,8] 3747.6| 39076

1972.6

3785.2| 39452

3908.0;

1972.8

3785.6| 39456

1855.4] 19354

3710.8

3870.8

1874,2]

1954.2| 37484

39084

19730

3786.0| 3946.0

1855,6] 19356

3711.2

38712

1874.4]

1954.4| 37488

3908,8)

1973.2

3786.4| 3946.4

18558 19358

3711.6

3871,6

1874,6|

1954,6] 3749.2)

3909, 2]

19734

3786,8| 39468

1856,0] 1936,0

37120

3872,0

1874,8|

1954,8] 3749.6]

3909,6|

1973,6

3787.2| 39472

1856,2| 1936,2

37124

38724

1875,0]

1955,0f 3750,0

3910.,0)

19738

3787.6| 3947.6

1856,4| 19364

3712,8

3872,8

1875.2]

1955,2] 37504

39104

19740

3788,0] 3948,0

1856.6| 1936.6

37132

3873.2

1875.4]

19554 3750.8

3910.8)

1974.2

3788.4| 3948.4

56,8 1936.8

37136

73.6

1875.8]

55.6] 37512

3911.2)

74.4

3788,8] 3948.8]

57,0] 1937,0

3714.0

74.0

1875.8]

55,8] 37516

3911.6)

74,6

3789,2| 3949,2

57,2| 1937.2

37144

74.4

1876.0]

56,0] 3752,0
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74,
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56,2| 37524
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19752
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3914,0]
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1858,4| 19384
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3792,4| 39524
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3916,0

1896.8]
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3793,6| 3953.6
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3719.2
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1977.0
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3916.8)

1897.2
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3794.4| 3954.4

1859.8| 19398

3719.6

3879.6

1878.6

19586 3757.2

3917.2]

1897.4

19774

3794.8| 3954.8
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37200

3880.0
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1958,8| 3757.6]

3917.6|

1897.6

1977.6

3795,2| 39552

1860.2| 19402

37204

3880.4

1879.0i

1959,0] 3758.0]

3918,0]
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3795.6| 39556

18604| 19404

37208

3880.8

1879,2]

1959,2| 37584

3918,4]
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1978,0

3796,0| 3956,0,

1860,6| 1940.6

37212

38812

18794

1959.4| 37588

3918,8]

1898,2

1978,2

3796.4| 3956.4

1860,8| 19408

37216

3881.6

1879,6f

1959,6] 3759.2)

3919,2]

1898.4

19784

3796,8| 3956.8

1861.0] 1941.0

3722.0

3882.0

1879.8]

1959,8] 3759.6

3919.6)

1898.6

1978.6

3797.2| 3957.2

1861,2| 19412

37224

3882,4

1880,0

1960,0f 3760,0]

3920,0]

1898.8

1978,8

3797,8| 39576

18614| 19414

3722,8

3882,8

1880,2]

1960,2] 37604

39204

1899,0]

1979,0

3798,0] 3958,0

1861.6| 19416

37232

3883.2

1880.4|

19604 3760.8

39208

1899.2

1979.2

3798.4| 3958.4

1861.8] 19418

37236

38836

1880.6|

1960.6] 37612

3921.2)

1899.4

1979.4

3798.8| 3958.8

1862,0] 19420

3724.0

3884.0

1880.8]

1960,8] 37616
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3799.2| 3959.2

1862.2| 19422

3724.4

3884.4
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1961.0] 3762.0]

3922.0]
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1979.8

3799.6| 3959.6
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3884.8

1881.2]

1961,2| 37624

39224
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1980,0

3800,0] 39600

1862,6| 19426

3725.2

3885,2

1881.4f

1961.4] 3762.8]

39228

1900.2

1980.2

3800.4| 3960.4

1862,8| 19428

37256

3885,6

1881,6

1961,6] 37632

3923,2]

19004

1980,4

3800,8| 39608

1863,0] 1943,0

3726,0

3886,0

1881,8

1961,8] 3763,6]

3923,6|

1900,6

1980,6

3801,2| 3961,2

1863,2| 19432

37264

38864

1882,0]

1962,0f 3764,0

39240

1900.8

1980.8
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1863.4| 1943.4

3726.8

3886.8

1882,2]

1962.2| 37644

3924 4

1901.0

1981.0

3802,0| 3962.0

1863.6] 1943.6

37272

3887.2

18824

19624 3764.8

3924.8)

1901.2

1981.2

38024| 3962.4

1863,8] 1943.8

37276

3887.6

1882,6]

1962,6] 37652

39252

1901.4

1981.4

3802,8| 3962.8

1864,0] 19440

3728.0

3888.0

1882.8

1962.8| 3765.6]

3925,6]

1901.6

1981.6

3803.2| 39632

1864.2| 19442

37284

3888.4

1883.0]

1963,0] 3766.0

3926,0)

1901.8]

1981.8]

3803,6| 39636

1864.4| 19444

3728.8

3888.8

1883.2]

1963,2| 3766.4]

39264

1902,0

1982.0

3804.0| 3964.0

1864,6| 19446

3729,2

3889,2

1883.4f

19634 3766.8]

3926,8]

1902,2

1982,2

3804.4| 39644

1864,8| 1944.8

3729,6

3889,6

1883,6|

1963,6] 37672

39272

19024

1982,4

3804,8| 3964.8

1865,0] 19450

3730,0

3890,0

1883,8|

1963,8] 37676

39276

1902,6

1982,6

3805,2| 3965.2

1865,2| 19452

37304

38904

1884,0

1964,0] 3768,0]

3928,0]

1902,8

1982,8

3805,6| 39656

18654| 19454

3730,8

3890,8

1884,2]

1964,2| 37684

39284

1903,0

1983,0

3806,0| 3966.0

18656 19456

3731.2

3891.2

18844

1964.4] 3768.8

39288

1903.2]

1983,2

3806.,4 3966.4

1865,8] 19458

37316

38916

18846

1964,6] 37692

3929,2)

19034

1983.4

3806,8| 3966.8

1866,0] 1946,0

37320

1884,8

1964,8] 3769,6]

39296}

1903,6

1983,6

3807.2| 3967.2

37324

3892,0
38924

1885,0]

5.0] 3770.0

3930.,0

3.8

3807.6] 3967.6|

37328

3892,

1885,2

5.2] 37704

39304

34,0

3808,0| 3968.0

37332

3893.2

1885.4

54| 37708

3930,8)

34.2

3808,4| 39684

37336

3893.6

1885,6

5.6] 37712

3931.2)

984.4

3808,8| 3968.8

598

1867,0] 1947.0

3734.0

3894.0

1885.8

1965.8] 3771.6]

39316}

1984.6

3809.2| 39692

597

1867.2| 19472

3734.4

3894.4

1886.0]

1966.0] 37720

3932,0)

1984.8]

3809.6| 3969.6

598

1867.4| 19474

3734.8

3894,8

1886.2]

1966.2] 37724

3932 4

1985.0

3810,0] 3970.0

599

1867,6| 19476

3735.2

38952

1886.4f

1966.4| 3772.8

3932,8]

1985,2

3810.4| 39704

600,

1867,8| 19478

37356

3895,6

18866

1966,6] 37732

3933,2]

19854

3810,8| 39708

601

1868,0| 1948,0

3736,0

3896,0

1886.,8|

1966,8] 37736

3933,6)

1985,6

3811,2| 39712

602,

1868,2| 19482

3736.4

3896.4

1887.0

1967,0] 37740

3934,0]

1985,8

3811,6| 39716

603

18684 19484

3736,8

3896,8

1887,2]

1967,2| 37744

39344

19886,0

3812,0) 39720

18686 1948.6

3737.2

3897.2

1887.4]

19674 3774.8

3934.8)

1986.2

38124| 39724

605

1868,8] 19488

3737,8

3897,6

1887.6]

1967,6] 37752

3935,2)

19864/

3812,8| 39728
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W(DMA Rx frequencies

Ch RX VCORX e RX VCORX h | JRX VCORX Eh  JRX VCORX Jch  JRX  JVCORX
0562 |21124 |azzas J 0025 2z Jazoo Joceefziare Jazroz JOToT[zio0z |is00s Jiociz|ziecs |aszoe |
0565 |21126 42252 0626 |21252 42504 70680 |21376 42756 | 10752 21504 [43008  f 10815 [2163 4326
0564 |21128 42256 0627 |21254 42508 10600 [2136 4276 70753 [2160.6  |43012 | 10616 21632 [43264
0565 |2113 4226 0626 |21256 42512 0601 21362 42764 | 10754 21508 |e3016  f 10817 [21634 |43268
0566 |21132 42264 0620 |21258 42516 10602 |21364 42768 J 10755 2151|4302 10818 |2165.6 |43272
0567 |21134 42268 0630|2126 [4252 10603 |21366 |a2772 | 10756 21512 |43024 10819 |21638 [43276
0568 [21136 42272 10631 |21262 42524 0604 (21368 |42776 10757 21514 |43028 10820 [2164 4328
70560 [21138 |42276 0632 |21264 42528 10605 [2130  |4278 10758 [21516  |43032 | 10821 21642 |43264
0570 [2114 4228 10633 |21266 42532 10606 [21302 |42784 | 10750 21518 |4303.6 | 10822 [21644 |4328.8
0571 |21142 42284 0634 |21268 42536 10607 |21304 42788 J 10760 2152|4304 10823 |2164.6 |4329.2
10572 |21144 |42288 10635 |2127 4254 10606 |21306 |a2702 | 10761 21522 |43044 | 10824 |21648 [43296
0573 |21146 42292 10636 |21272 42544 70600 [21308 42706 | 10762 21524 |43048 10825 [2165 4330
0574 |21148 42296 10637 21274 |4254.6 70700 [2140 4280 70763 [21626 |43062 | 10626 [21652 |a3304
0575 |2115 4230 70636 |21276 42552 70707 21402 42804 | 10764 21528 |43056 10827 [21654 |43308
0576 |21152 |42304 10630 |21278 42566 10702 |21404 |42808 | 10765 2153|4306 10828 |2165.6 43312
0577 |21154 42308 0640 |2128 4256 10703 |21406 |42812 | 10766 21532 |43064 10829 [21658 [43316
0578 |21156 42312 0641 |21262 42564 10704 |21408 42816 | 10767 21534 |43068 [ 10830 [2166 4332
70570 |21158 42316 0642 |21264 42568 10705 |2141 |4z82 10766 [2165.6 [43072 | 10831 [21662 [43324
0580 |2116 4232 0643 |21266 |42572 10706 |21412 42824 | 10760 21538 |4307.6 10832 [21664 |43328
0581 |21162 42324 0644 |21268 42576 10707 (21414 42828 Ji0770 2154|4308 10833 |2166.6 |4333.2
0582 [21164 42328 0645 |2120 4258 10708 21416 |42832 | 10771 21542 |43084 [ 10834 [2166.8 [43336
70583 [21166 42332 0646 |21202  [42584 0700 [21418 |4z836  J 10772 21544 |43088 10835 267 |4334
0584 |21168 42336 0647 |21204 42588 0710 (2142|4284 0773|2156 |43002 | 10836 [2167 2 [43344
0585 |2117  |4234 0648 |21206 42502 0711 21422 |a2844 | 10774 21548 |43006 10837 [21674 |43348
0586 |21172 42344 10649 |21208 42506 o712 21424 |azs48  Ji0775 2158|4310 10838 |2167.6 |4335.2
0587 |21174 42348 10650 [2130 4260 0713 21426 |42852  J 10776 [21552 43104
0586 |21176 42352 0651 |21302 42604 0714 21426 |a2856 10777 21554 43108
70589 [21178 42356 10652 |21304 42608 0715 |2145 4286 10776 |21656  |a5112
0500 [2118 4236 10653 |21306 42612 0716 21432 |4z864 10770 21558 43116
0501 [21182 42364 10654 |21308 [42616 0717 [21434 42868 J10780 2156|4312
70502 [21184 42368 0665|2131 4262 0716 21436 |42872  fi0781 21562 [43124
0503 |21186 42372 10656 |21312 |42624 0710 21438 |42876  f10782 21564 |43128
0504 |21188 |42376 0657 |21314 42628 10720 (2144|4288 10783 |2156.6  |43132
0505 |2110 4238 10656 |21316 42632 10721 21442 |az884 | 10784 21568  |43136
70506 |21192 42384 0650 |21318 42636 10722 21444 |a2s88 | 10785 2157|4314
0507 |21194 |42388 0660 |2132 4264 10723 21446 42802 f107%6 [2157 2 [43144
70508 |21196 42392 0661 |21322 42644 0724 (21446 |a2806  fi07e7 21574 |43148
70509 [21198 42396 0662 |21324 |42648 10725 |2145  |4290 10788 [21676  |43152
70600 [2120  |4240 0663 |21326 42652 10726 |21452 |42004  J 10780 21578 |43156
0601 |21202 42404 0664 |21328 42666 10727 |21454 42908 10790 2158|4316
70602 |21204 |42408 0665 |2133 4266 10726 |21456 |42012  J10791 21582 |43164
70605 [21206 42412 10666 |21332 42664 10729 |21456 42916 f10792 21584 |43168
0604 |21208 42416 0667 |21334 42668 10730 |2146 4292 70703 [21666  |43172
0605 [2121 4242 0668 |21336 42672 10731 |21462 |42004 | 10794 21588 [43176
0606 |21212 |4z2424 70669 21338 42676 10732 |21464 |4z028 [ 10795 [z159  |4318
0607 [21214 42428 0670|2134 4268 10733 |21466 42032 1079 [21502  [43184
0608 [21216 |4243.2 0671 |21342 42684 10734 |21468 |42036 10797 21504 |43188
70600 [21218 42436 0672 |21344 42688 10735 |2147 4294 10706 [21696  |43192
10610 |2122 4244 0673 |21346 42602 10736 |21472 42044 J 10790 21508 |43196
0611 |21222 42444 0674 |21348 |42606 10737 |21474 42948 J 10600 2160|4320
10612 |21224 424438 0675|2135 4270 70736 |21476 42952 J 10601 21602 |43204
0613 [21226 42452 0676 |21352  |42704 70730 21478 |42056  J 10802 [21604 43208
0614 |21228 |4245.6 10677 |21354 42708 10740 |2148  |4296 10803 [21606  |43212
10615 [2123 4246 0678 |21366 |42712 10741 21462 42064 | 10804 [21608  |43216
10616 |21232 42464 0670 |21358 42716 10742 |21484 42968 10805 [2161  |4322
0617 |21234 42468 0680|2136 4272 10743 |21486 42072 | 10806 [21612  |43224
10616 [21236 42472 0681 |21362 42724 10744 |21468 42976 f10807 [21614  |43228
0610 |21238 42476 0682 |21364 42728 10745 |2140 4298 10808 [21616  |43232
0620 |2124  |a248 0683 |21366 42732 70746 |21492 42984  J 10600 21618 |43236
0621 |21242 42484 0684 |21368 42736 10747 (21494 42988 Ji0si0 |26z |e324
0622 |21244 42488 0685|2137 4274 10748 |21496 42002 fi0811 2622 |43244
0623 [21246 42492 0686 |21372  |42744 10749 21498 |42006  Ji0812 [21624 |43248
0624 |21248 42496 0687 |21374 42748 10750 [2150 [4300 10813 [21626  |4325.2
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W(DMA Tx frequencies

Ch RX VCORX [JCh RX VCORX fCh RX VCORX [ICh RX VCORX [Ch RX VCO RX
9612 [1922.4 |3844.8 9671 |1934.2  |3868.4 9730 |1946 3892 9789 [1957.8 |3915.6 9848 |1969.6  |3939.2
9613 [1922.6  [3845.2 9672 |1934.4 |3868.8 9731 |1946.2  |3892.4 9790 |1958 3916 9849 |1969.8 [3939.6
9614 [1922.8 |3845.6 9673 |1934.6  |3869.2 9732 |1946.4 |3892.8 9791 [1958.2 |3916.4 9850 |1970 3940
9615 [1923 3846 9674 |1934.8  |3869.6 9733 |1946.6  |3893.2 9792 |1958.4 |3916.8 9851 |1970.2 [3940.4
9616 [1923.2 [3846.4 9675 | 1935 3870 9734 |1946.8  |3893.6 9793 |1958.6  [3917.2 9852 |1970.4 [3940.8
9617 [1923.4 |3846.8 9676 |1935.2 |3870.4 9735 |1947 3894 9794 [1958.8 |3917.6 9853 |1970.6  |3941.2
9618 [1923.6 |3847.2 9677 |1935.4 |3870.8 9736 |1947.2 |3894.4 9795 [1959 3918 9854 |1970.8 |3941.6
9619 [1923.8 |3847.6 9678 |1935.6 |3871.2 9737 |1947.4 |3894.8 9796 [1959.2 |3918.4 9855 |1971 3942
9620 [1924 3848 9679 |1935.8 [3871.6 9738 |1947.6  |3895.2 9797 |1959.4 [3918.8 9856 |1971.2 [3942.4
9621 [1924.2 |3848.4 9680 |1936 3872 9739 |1947.8  |3895.6 9798 [1959.6 |3919.2 9857 |1971.4 |3942.8
9622 (19244 |3848.8 9681 |1936.2 |3872.4 9740 |1948 3896 9799 [1959.8 |3919.6 9858 |1971.6  |3943.2
9623 [1924.6 |3849.2 9682 |1936.4 |3872.8 9741 |1948.2  |3896.4 9800 1960 3920 9859 |1971.8  |3943.6
9624 [1924.8  |3849.6 9683 |1936.6  |3873.2 9742 |1948.4 |3896.8 9801 |1960.2  |3920.4 9860 |1972 3944
9625 [1925 3850 9684 |1936.8  [3873.6 9743 |1948.6  |3897.2 9802 |1960.4 |3920.8 9861 |1972.2 [3944.4
9626 [1925.2 |3850.4 9685 |1937 3874 9744 |1948.8 |3897.6 9803 [1960.6 |3921.2 9862 |1972.4 |3944.8
9627 [1925.4 |3850.8 9686 |1937.2 |3874.4 9745 |1949 3898 9804 |1960.8 |3921.6 9863 |1972.6 [3945.2
9628 (19256 |3851.2 9687 |1937.4 |3874.8 9746 |1949.2 |3898.4 9805 [1961 3922 9864 |1972.8 |3945.6
9629 [1925.8  [3851.6 9688 |1937.6  [3875.2 9747 |1949.4 |3898.8 9806 |1961.2 [3922.4 9865 |1973 3946
9630 1926 3852 9689 |1937.8 |3875.6 9748 |1949.6  |3899.2 9807 [1961.4 |3922.8 9866 |1973.2 |3946.4
9631 [1926.2 |3852.4 9690 |1938 3876 9749 |1949.8 |3899.6 9808 [1961.6 |3923.2 9867 |1973.4 |3946.8
9632 [1926.4 [3852.8 9691 |1938.2 [3876.4 9750 | 1950 3900 9809 |1961.8  |3923.6 9868 |1973.6 [3947.2
9633 [1926.6  [3853.2 9692 |1938.4 |3876.8 9751 |1950.2  |3900.4 9810 |1962 3924 9869 |1973.8 [3947.6
9634 [1926.8 |3853.6 9693 |1938.6  [3877.2 9752 |1950.4  |3900.8 9811 |1962.2  |3924.4 9870 |1974 3948
9635 1927 3854 9694 |1938.8 |3877.6 9753 |1950.6  |3901.2 9812 [1962.4 |3924.8 9871 |1974.2  |3948.4
9636 [1927.2  |3854.4 9695 | 1939 3878 9754 |1950.8  |3901.6 9813 |1962.6  |3925.2 9872 |1974.4 [3948.8
9637 [1927.4 |3854.8 9696 |1939.2 [3878.4 9755 |1951 3902 9814 |1962.8  |3925.6 9873 |1974.6 [3949.2
9638 [1927.6  [3855.2 9697 |1939.4 |3878.8 9756 |1951.2  |3902.4 9815 |1963 3926 9874 |1974.8 [3949.6
9639 [1927.8 |3855.6 9698 |1939.6 |3879.2 9757 |1951.4  |3902.8 9816 [1963.2 |3926.4 9875 |1975 3950
9640 (1928 3856 9699 |1939.8 |3879.6 9758 |1951.6 |3903.2 9817 [1963.4 |3926.8 9876 |1975.2 |3950.4
9641 [1928.2  |3856.4 9700 | 1940 3880 9759 |1951.8  |3903.6 9818 |1963.6 [3927.2 9877 |1975.4 [3950.8
9642 [1928.4 |3856.8 9701 |1940.2  |3880.4 9760 |1952 3904 9819 [1963.8 |3927.6 9878 |1975.6  |3951.2
9643 [1928.6  [3857.2 9702 |1940.4 |3880.8 9761 |1952.2  |3904.4 9820 |1964 3928 9879 |1975.8 [3951.6
9644 [1928.8 |3857.6 9703 |1940.6 |3881.2 9762 |1952.4  |3904.8 9821 [1964.2 |3928.4 9880 |1976 3952
9645 (1929 3858 9704 |1940.8 |3881.6 9763 |1952.6  |3905.2 9822 [1964.4 |3928.8 9881 [1976.2 |3952.4
9646 [1929.2 |3858.4 9705 |1941 3882 9764 |1952.8  |3905.6 9823 |1964.6  [3929.2 9882 |1976.4 [3952.8
9647 [1929.4 |3858.8 9706 |1941.2 |3882.4 9765 |1953 3906 9824 [1964.8 |3929.6 9883 |1976.6  |3953.2
9648 [1929.6  [3859.2 9707 |1941.4 |3882.8 9766 |1953.2  |3906.4 9825 [1965 3930 9884 |1976.8 |3953.6
9649 [1929.8 |3859.6 9708 |1941.6 |3883.2 9767 |1953.4 |3906.8 9826 [1965.2 |3930.4 9885 |1977 3954
9650 [1930 3860 9709 |1941.8  |3883.6 9768 |1953.6  |3907.2 9827 |1965.4 |3930.8 9886 |1977.2 [3954.4
9651 [1930.2  |3860.4 9710 |1942 3884 9769 |1953.8 |3907.6 9828 [1965.6 |3931.2 9887 |1977.4 |3954.8
9652 (19304 |3860.8 9711 |1942.2 |3884.4 9770 |1954 3908 9829 [1965.8 |3931.6 9888 |1977.6 |3955.2
9653 [1930.6 |3861.2 9712 |1942.4 |3884.8 9771 |1954.2  |3908.4 9830 [1966 3932
9654 (1930.8 |3861.6 9713 |1942.6  |3885.2 9772 |1954.4  |3908.8 9831 [1966.2 |3932.4
9655 (1931 3862 9714 |1942.8  |3885.6 9773 |1954.6  |3909.2 9832 |1966.4 |3932.8
9656 [1931.2 |3862.4 9715 |1943 3886 9774 |1954.8  |3909.6 9833 [1966.6 |3933.2
9657 (19314 |3862.8 9716 |1943.2 |3886.4 9775 |1955 3910 9834 [1966.8 |3933.6
9658 (19316 |3863.2 9717 |1943.4 |3886.8 9776 |1956.2 |3910.4 9835 1967 3934
9659 [1931.8  |3863.6 9718 |1943.6  |3887.2 9777 |1955.4 |3910.8 9836 |1967.2 |3934.4
9660 1932 3864 9719 |1943.8 [3887.6 9778 |1955.6  |3911.2 9837 [1967.4 |3934.8
9661 (19322 |3864.4 9720 |1944 3888 9779 |1956.8 |3911.6 9838 [1967.6 |3935.2
9662 [1932.4 |3864.8 9721 |1944.2  |3888.4 9780 | 1956 3912 9839 |1967.8  |3935.6
9663 (19326 |3865.2 9722 |1944.4 |3888.8 9781 |1956.2 |3912.4 9840 (1968 3936
9664 [1932.8 |3865.6 9723 |1944.6  |3889.2 9782 |1956.4 |3912.8 9841 |1968.2 |3936.4
9665 (1933 3866 9724 |1944.8  |3889.6 9783 |1956.6 |3913.2 9842 [1968.4 |3936.8
9666 (19332 |3866.4 9725 |1945 3890 9784 |1956.8 |3913.6 9843 [1968.6 |3937.2
9667 [1933.4 |3866.8 9726 |1945.2  [3890.4 9785 | 1957 3914 9844 |1968.8 |3937.6
9668 [1933.6  [3867.2 9727 |1945.4  |3890.8 9786 |1957.2 [3914.4 9845 |1969 3938
9669 [1933.8 |3867.6 9728 |1945.6  [3891.2 9787 |1957.4 |3914.8 9846 |1969.2 |3938.4
9670 (1934 3868 9729 |1945.8 |3891.6 9788 |1957.6 |3915.2 9847 [1969.4 |3938.8
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