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Abbreviations in fault finding charts

ASIC
BB
BT
ESD
GPRS
HSCSD
LO
PA
PCS
PLL
PWB
RF
RX
SA
X
UEM
UHF
VCO
VHF

Introduction

Application Specific Integrated Circuit
Base band

Bluetooth

Electro Static Discharge

General Packed Radio Service
High Speed Circuit Switched Data
Local Oscillator

Power Amplifier

GSM1900

Phase Locked Loop

Printed Wired Board

Radio Frequency

Receiver

Spectrum analyzer

Transmitter

Universal Energy Management
Ultra High Frequency

Voltage controlled oscillator

Very High Frequency

Two types of measurements have to be done for repair of the phone boards:

® RF measurements shall be done using a Spectrum Analyzer together with a high-fre-
quency probe. (Note, that signal will be significantly attenuated). Correct attenua-
tion can be checked by using a "good” phone board, for example.

e LF (Low frequency) and DC measurements shall be done with a an oscilloscope
together with an 10:1 probe.

Always make sure that the measurement set-up is calibrated when measuring RF param-
eters at the RF connector. Remember to include the correct losses in the module repair

jig and the connecting cable when realigning the phone.

Most RF semiconductors are static discharge sensitive. ESD protection must be taken
into account during repair (ground straps and ESD soldering irons).

Mjoelner RF ASIC is moisture sensitive. Therefore, Mjoelner RF ASIC must be pre-baked
prior to soldering.
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Rx calibration done via Phoenix software is temperature sensitive because of cali-
bration of 26 MHz reference oscillator (VCX0). According to Mjoelner specification
ambient temperature has to be in a range from 22°C to 36°C.

Apart from key-components described in this document there are a lot of discrete com-
ponents (resistors, inductors and capacitors) for which troubleshooting is done by check-
ing if soldering of the component is done properly and checking if the component is
missing from PWB. Capacitors can be checked for short-circuiting and resistors for value
by means of an ohm-meter, but be aware in-circuit measurements should be evaluated
carefully.

RF Key component placement
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Figure 1: RF key component placement
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Reference Name Reference Name
number number
N601 Mjoelner RF ASIC X600 Antenna signal clip
B601 26 MHz Xtal X601 Antenna ground clip
7603 GSM1900 RX SAW X602 RF Connector
7604 850 RX SAW filter L801 Directional Coupler
7701 850 TX SAW filter V801 Detector Diode
T701 GSM1900 TX Balun 7601 Antenna switch
V802 850 TX buffer N801 Power Amplifier
G701 3.7 GHz VCO V701 1900 TX buffer
1702 VCO Balun

RF Measurement points

RF Supply points

VR2a o

J612
VR1A
~

J616
VR5 w ~

J604
RFBUSEATA

J603
RFBUSCLK = == ==

J605 ,*
RESET Ve

Y4
J602 o
RFBUSEN1

VDDXO Vref1

Figure 2: RF Supply points inside Mjoelner can

RF power supplies are generated in the UEM and can be measured either in the Mjoelner
can or in the baseband can. Arrows mark the measurement points inside the pictures.
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Measurement of VR7 inside Mjoelner can requires removal of RF shielding frame. There-

fore, VR7 shall be measured inside baseband can

Measurement points in the receiver
Measurement points are indicated on the picture below.
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e : B 2604
850 SAW B : 3
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Figure 4: Rx measurement points at Rx SAW filters and Mjoelner RF ASIC
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Measurement points in the transmitter
Measurement points are shown in the picture below,
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J611

TXC ISEEmNwEEEN

Figure 7: Tx measurement points for TXC, TXP signals

RF in general

The RF part is a multi-band direct conversion transceiver, however, only two bands are
used. Using direct conversion no intermediate frequencies are used for up- or down-
conversion.

The VCO is set to either twice or four times (depending on the band used) the wanted RX
or TX frequency. The VCO frequency is divided by either 2 or 4 and fed to the mixers
(down-conversion) or modulators (up-conversion). Up- or down- conversion is done in
one step, directly between RF frequency and DC. All up and down-conversion takes place
in the RF ASIC named Mjoelner (N601).

Mjoelner RF ASIC also contains PLL and LNAs for all used bands. A DC control section is
included in to power and/or control TX buffers, detector and antenna switch. The Mjoel-
ner RF ASIC is controlled via a serial bus.

Mjoelner RF ASIC contains an integrated VCXO which uses an external 26 MHz Xtal. No
analogue AFC signal is needed. AFC is done via the serial interface of Mjoelner.

The interface between Mjoelner RF ASIC, UPP and Bluetooth uses a 26 MHz reference
clock. An external 26 MHz reference clock buffer is used to drive Bluetooth module.

The RF supports GPRS (General Packed Radio Service), meaning multi-slot operation, this
will not require special equipment or procedures in repair situations.
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Figure 8: RF frequency plan
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Figure 9: RF Block diagram
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RF Power Supply Configuration

All power supplies for the RF Unit are generated in the UEM IC (D200). All RF supplies
can be checked either in Mjoelner can or in BB can.

The power supply configuration used is shown in the block diagram below. Values of
voltages are given as nominal outputs of UEM. Currents are typical values.

Charge Pump Supply : Vddcp(0.5mA)
VRIA L — TX Modulators(85mA), Bias :
(4.7v) / Vddtx(8mA)
VR2 I Mijolner registers: Vdddig(10uA)
2.78V
N VCXO Supply : Vddxo(2.7mA)
VR3
2.78V) —
 + BT Buffer (1mA)
VR4 ||
2.78V \
RX LNA, RX Mjoner BB :
Vddrxf(7mA), Vddrxbb(30mA)
VR5 S
2.78V - ————— 3] PLL Supplies : Vddpli(0.5mA). Vddio
+ Vddpre(36mA)
VR7 ||
578V e External VCO supply (13mA)
VIO »| 26MHz Buffer, logic : Vddbbb(0.7mA),
1.8V Vvddl (1uA)
VREFO01 > Bias Reference : VBEXT(-10uA)
(1.35V)
VBAT Y PA, Bluetooth

Figure 10: RF Power distribution diagram
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‘s Phoenix
@Edit Product  Flashing  Testing Tuning Tools Window Help
New Profile
Open Prafile...
Save Profile

Save Profile Az...

Manage Connections. ..

Chl-R

E_Inse Praduct

E it

Phone Information
Product Information
Software Version

[ NoM [ =

Scan the connected product

Q\_-';EEH . 22-04-03 . MHM-10, [ic) NﬁE‘}

& Phoenix
File Edit Product Flashing | Testing Tuning Took window Help

J O = n Jgperating mc QDI;Heading
Audio Test

Dizplay Test
Factory Settings
IR Test
Keyboard Test

SSI Reading
Self Tests
SIM Test

SIM-Lock Status
SHR Meazurement
Yibra Control

RF Contrals [ CE11, 22-04-03 , MHM-10, =] MMP. LM nm =

Receiver

General instructions for RX troubleshooting

Connect the the phone to a PC with DAU-9S cable and dongle and follow the following
instructions:

Measuring RX 1/Q signals using RSSI reading
Start Phoenix Service Software

Open the FBUS connection

Select Scan Product Ctrl-R
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Wait until phone information shows in the window at the bottom of the screen.

Set operating mode to local mode
Select Testing Alt-S
RF Controls R

Wait until the RF Controls window pops up

Select Band GSM 850 or GSM 1900
Active unit RX
Operation mode Burst
RX/TX Channel 190 or 661
Select Testing Alt-S
RSSI reading G

The setup should now look like this:

js Phoenix =1

File Edit Product Flashing Testing Tuning Toolz ‘window Help

J == J Dperating mode: ILocaI *I Head | H Band: | G5 850 J Fanitar Channel:| 130 8g1.600000
J Operation Mode:IBurst 'I J RixdTw Channel: |190 881 600000

= RF Controls =10

4 RSS| Reading  MEIE3

= R551 Headlng

Band:IGSM 250 'I Tx P Mode: IHigh 'I

teasuring mode Reading mode
Active Unit: |Rx = Tw Power Level: |5 'I ; % Contiruous
Operation Mode:IBurst "l T Data Type: IAII 1 YI O branch ¢ Once
Ru/Tw Channel: 190 831.600000 Edge:lElff 'I ¢ | branch Read now |

Muonitar Channel:| 130 881.600000

RSS| level I dBErm Help |

AGC: |14: FEG_ON + 24 dB + canst_BE_gain =

AFC: |31 37

Ready W CE1 , 22-04-03 , NHM-10, [c] HMP. HUM n
A

Apply a signal with a frequency of

GSM 850: 881.667 MHz (channel 190 + 67.710kHz offset)
GSM1900: 1960.067 MHz (channel 661 + 67.710kHz offset)

and a power level of -80dBm to the RF-connector (remember to compensate for cable
attenuation).

In RSSI reading click on Read now.

The resulting RSS! level should be -80dBm in each band.
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Measuring RX performance using SNR measurement

Start Phoenix Service Software
Open the FBUS connection

Select Scan Product Ctrl-R

Wait until phone information is shown in the lower window at the bottom of the screen.

Set operating mode to local mode
Select Alt-S

RF Controls R

Testing

Wait until the RF Controls window pops up

Select Band GSM 850 or GSM 1900
Active unit RX
Operation mode Burst
RX/TX Channel 190 or 661

Select Testing Alt-S

SNR Measurement N
Radio Button

select Fast SNR

The setup should now look like this:

/% Phoenix [_ (O]
File Edit Product Flashing Testing Tuning Tools 'Window Help
J O = n J Dperating mode: ILocaI 'l Read | |J Active Unit: IF!x ﬂ J Band:IGSM 850 j |J Operation Mode:IBurst 'l
%= RF Controls =] E3 ‘s SNR Measurement M= E3
BandlcoM 50 & Ts P Mode: lm r Meésurement resulk Measurement mode
- Signal " Signal
Active Urit: IHx 'l Tx Power Level: |5 'I Clipping Distance: SHR: I  Moise
-2 Sl I— &+ Both
Operation Mode: I Burst 'l Tx Drata Type: IAII 1 'l e ™ Fast SMR
Fi=/T« Channel: | 1590 881.600000 Edge: | 0Iff R _
Clipping Digtance: I
onitor Channel| 130 881.600000 -3 l— (B Fantons.. |
AGC: [14: FEG_ON + 24 dB + canst_BE_gain El f
AFC: |31 7 Hel |
= Signal | Signal O Hoize | Hoize 0

1

2

El

4

E

[

7

8 -

Ready

[ NOM [ [ NN [—e%=FBUSCOMT  /

[ CE11 . 22.04-02 , WHM-10, (c) MMP.
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Choose respective band (GSM850 or GSM1900)
Press measure. A window pops up, e.g. for GSM850 band:

Signal Measurement
& Turn OM the RF generatar and then prezs OK buttan.
Frequency: 881667710 bHz
Level: -92.0 dBm [ + attenuations |

Cancel I

Connect an external signal generator to the RF connector of the phone and set the gen-
erator as told in the window, taking care for external cable losses.

Press ok and the window closes.

Read the SNR result. SNR should be: GSM850 >20dB
GSM1900 >18dB

Measuring frontend power levels using Spectrum analyzer

Spectrum Analyzer (SA) level values depend on the probe type and should be vali-
dated using a good sample.

The levels that are given here are measured using a resistive probe (500hm semi-rigid
cable).

Start Phoenix Service Software
Open the FBUS connection
Select Scan Product Ctrl-R

Wait until phone information shows in the lower right corner of the screen.

Set operating mode to local mode
Select Testing Alt-S
RF Controls R

Wait until the RF Controls window pops up

Select Band GSM 850 or GSM1900
Active unit RX
Operation mode Continuous
RX/TX Channel 190 or 661

Please refer to the fault finding chart for proper levels at different test points.
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Measuring analogue RX 1/Q signal voltages using Oscilloscope

Measuring with an oscilloscope on "RXIINN" or "RXQINN" is recommended only if RSSI
reading does not provide enough information. No dedicated test points exist for RX | and
Q signals, but they can be accessed by probing on via hole plating. Input level = -80dBm

Start Phoenix Service Software

Select Scan Product Ctrl-R

Wait until phone information shows in the lower right corner of the screen.

Set operating mode to local mode
Select Testing Alt-S
RF Controls R

Wait until the RF Controls window pops up

Select Band GSM 850 or GSM 1900
Active unit RX
Operation mode continuous
RX/TX Channel 190 or 661
AGC 14

Following picture should be seen on a working 850 receiver:

Tek

VAR ANAN,
VARVARVRVARY,

Ch1 500mv Chi

Signal amplitude 1.25V

DC offset 1,35V
Frequency 67kHz
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Receiver RSSI readings from Phoenix
Open Phoenix and select Fbus connection.
Set up signal generator to 881.668MHz, -80dBm.
Select 'File’, ‘Scan Product’ from pull down menu.
Select 'RF', Tuning', 'RF Controls'".
Select 'RF', ‘Testing', 'RSSI reading'.
Observe RSSI level in the box.

Change band to GSM 1900 in RF control box and frequency to 1960.0668MHz on signal

generator.
Observe RSSI level.

‘e Phoenix M= B I

File Edit Product Flashing | Testing Tuning Tools Window Help

=S Operatingme 20 C Reading
J n J — - Audio Test

Dizplay Test
Factory Settings
IR Test
Keyboard Test
ML contral
B ot

Self Tests

SiM Test
SIM-Lock Status
SMA Measurement

‘e RF Controls

Wibra Contral

Ik Pd Mode: IHigh 'l

Active nit: IHH j

Operation Mode: I Burst - l

R#/T# Channel: |190

881.600000

Manitor Channel: | 130 §81.600000

T Power Lewvel: |5 'l
TxData Type: IAII 1 'l
Edge:Ifo 'I

AFC: |31 7

/s Phoenix

File Edit Product Flashing Testing Tuning Tools

AGLC: |14: FEG_OM + 24 dB + conzt_BE_gain

=

window Help

IS[=] B3

DEHE

| Dperating mode: [Local  »| _Bead | |J Band[GSM 850 ] |J Monitor Channel[130 | 881600000

J Operation Mode:IBurst 'I

2 RF Controls

Band:IGSM 950 'l

Active Unit: |Ax ~

Operation Mode:IBurst 'l

Rx/Tx Channel: |130 831.600000

Fanitor Channel: | 130 831.600000

| BT Chanret. [130

881.600000

Ti P Mode: [High -

Tx Power Level: Iﬂ

T Data Typpe: Im
Edge:lﬂ

AFC: |31 7
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Receiver fault finding

Set up Phoenix as if doing RSSI measurements.

Ascertain which Rx band is faulty.

Refer to Rx fault finding flow chart.

Set signal generator frequency to 881.67MHz for 850 or 1960.07MHz for PCS 1900.
Set signal generator amplitude to -60dBm.

Note: That checking the RF inputs to SAW filters Z603 & Z604 will be extremely diffi-
cult with the Mjoelner Can Shield in place. If this is impossible to get to, try
checking the test points shown on the antenna switch Z601.

Select Receive Band

Y

Check RSSI using Phoenix.

YES

For Testi ng. Does it match Sig. Gen Output level?
NO
Eleofv?/r é%gnth. NO IsLO Running?
YES
Check Antenna Probe J606-609 for RX | &
Switch Cont. o Ch(_ack Antenna _NO Check SAW NO | Does Waveform Q
lines Dothey |« Switch Test Point. < Output / Mjoelner | 100k lik le?
match the results Signal OK? Input for band. OK? Lokl EEEmpIEE
in the table? YES YES YES
YES NO
Check P! Filter & SAW | N0 [ MeasureVgear | YES 5’2"{29.”&1 & | vo
Inspect RF Components. OK? same point. 0.2V? -Isdigit
Connector. datavisible?
OK? YES Nol YES
YES NO Inspect P! filter & Replace UPP | | Replace UEM |
SAW for S/c. SIC?
A4 Replace Replaceal 3 f -
Replace || Replace RF SAW Filter Components | 755 \_N(i Check Mjoelner NO
Antenna || Connector Voltage Supplies &
Switch RFBUS lines.
Check All OK?
L813 & NO_ | Replace Rectify S/IC YES v
L703. OK? Inductor Replace Refer to BB
YES Mjoelner Fault Finding | "o aver isworking
correctly.
KEY || Test With Test With Inspect/ || End
Spectrum Analyzer || Oscilloscope || Check || Action

Rx Signal paths

The signal paths of the receiver are shown in following block diagram. Note that the pic-
ture shows GSM850 receiver (top) and GSM1900 (PCS) receiver (down).
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Antenna switch (RX/TX Switch)

From the antenna-pad (X600) the RF signal is fed through the antenna connector (X602)
to the RX/TX switch (Z601). The antenna connector represents a mechanical switch
between internal antenna and external antenna feed.

The RX/TX switch (Z601) works as diplexer.

From 850-RX output of the antenna switch the RX signal is routed in the inner layers of
the PWB to the GSM850 SAW filter (Z604). From 1900-RX output the RX GSM 1900 sig-
nal is routed to the GSM1900 SAW filter (Z603).

The RX/TX switch with routed lines has following typical insertion losses:
0.9dB@GSM850 and 1.0dB@GSM 1900.

C ENEE e
VE2amnnn wumms 2604 Input

RX1 850

VClauan, |0
Ny ¥

7603 Input Lm==jd L
RX3 PCS 1900

L
>
Antenna*

Figure 11: Antenna switch Rx test points
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Front-end

The RX front end includes two SAW filters (GSM850 (Z604) and GSM 1900 (Z603)). Each
of the SAW filters is matched with a differential matching circuit (LC-type) to the corre-
sponding LNA input of Mjoelner RF ASIC (N601). The SAW filters provide out-of-band
blocking immunity, the integrated LNAs provide the front-end gains. Each of the SAW fil-
ters has a single-ended input and a balanced output which provides a balanced RX signal
to the corresponding input of the Mjoelner RF ASIC.

The SAW filters have maximum insertion losses of
3.5dB@GSM850 and 4.0dB@GSM1900.

RX paths of Mjoelner RF ASIC

The balanced RX signal is amplified by the integrated LNA and the subsequent Pre-Gain
stage. After amplification the RX signal is down-converted with a LO signal coming from
the local oscillator.

The RX paths of Mjoelner RF ASIC consist of following building blocks:
e Separate LNAs for each band: GSM850 and GSM1900.

e Two PREGAIN amplifiers, one for GSM850 and one for GSM1900.
e Two passive I/Q mixers (MIX), one for GSM850 and for GSM1900.

The resulting BB signal is further amplified in the BB chain. For that no external circuitry

is required:

e Base band amplifiers (BBAMP1). That amplifiers implement the initial channel filter-
ing.

e Low pass filters (LPF1).

e DC compensation [ AGC amplifiers (DCN1). They implement gain steps from 0dB to
24dB in 6dB steps.

e Attenuators (AGC). They implement gain steps from -48dB to 0dB in 6dB steps,
yielding a total gain range of 72dB together with DCN1.

e Bi-quad filters (LPF2).
e DC compensation amplifiers (DCN2).

The differential base band outputs are internally DC coupled and can be connected
directly to the ADC inputs of the RF converter chip. The common mode level is set equal
to the VBEXT reference voltage.

GSMS850 Transmitter

General instructions for GSM850 TX troubleshooting

Apply a RF-cable to the RF-connector to allow the transmitted signal to act as normal.
RF-cable should be connected to measurement equipment (GSM Test equipment, Power-
meter, Spectrum Analyzer, or similar). Be sure to use at least a 10-dB attenuator, other-
wise the analyzer may be overloaded.
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Connect the phone to a PC with DAU-9P cable and dongle and follow the following
instructions:

Connect the phone to a power supply (3.5 ... 4V).

Open Phoenix and select Fbus connection.

Select ‘File’ and 'Scan Product’ from the pull down menus.

Select 'Testing', ‘RF controls' from the pull down menu.

Chose Transmit Band for testing, Use the automatically selected channel.
Set Operation Mode to ‘Burst'.

Choose the Power level you want the phone to operate at.

Set spectrum analyzer centre frequency, 836.6MHz for 850 & 1880MHz PCS 1900 and
set Span to TMHz.

Set Amplitude of spectrum analyzer reference level to one that you can clearly see the
transmit pulse according to the kind of test probe you are using.

Diagnose as per fault finding flow chart.

Note: Be careful when selecting the operation mode, if ‘Continuous’ is selected
prolonged transmission may damage the phone

/s Phoenix
,E Edit Product Flashing Testing Tuning Toolke Window Help
Mew Prafile
Dpen Profile. ..
Save Prafile

Save Profile As...

Manage Connections. ..

Scan Product
Choosze Product...
Cloze Product

E xit
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= Phoenix
File Edit Product Flashing Testng Tuning Tooke ‘window Help

J O = H DOperating mode: m ﬂl
% RF Controls [ [00] ]
Band:lm Tx PA Mode: I@
Active Urit: 4 T Powser Level: Iﬂ
Dperation Made: | Buf£ctive Unt defines if the phone is |0 Im
receiving [Fix] or transmitting [T=).

Fi#dT® Channel: |130 836, 600000 Edge:Ifo VI

Maonitor Channel:| 130 EE . B

AGC: |14 FEG_ON + 24 dB + const_BB_gain =]

AFC: |31 7 Help |

‘= Phoenix
File Edit Product Flashing Testing Tuning Toolz: ‘Window Help

J == u |J DOperating mode: ILo-:aI "I Bead |

/& RF Controls =] E3
Band:IGSM 850 'I Tx P& Mode: IFree 'I
active Unit, |Ta = Tx Power Level: I'IEI 'I

s
Operation Moﬁﬁ T Data Type: I.-’-\II 1 'I

R/Tw Channel: |190 836.600000 Edge:Ifo 'I

tanitar Channel | 190 e

AGC: [14: FEG_OM + 24 dB + corst_BE_gain =
AFC: [3137 Hep |
s Phoenix

File Edit Product Flashing Tesgting Tuning Tool: ‘Window Help

J O = m J Dperating mode: ILDE:a| 'l Bead |

= AF Controls

Band:IGSM 250 'I T P Mode: IFIBB 'I
Active Unit [Ta - T Poweer Lesel: |10 "l

]
Operation MUde:IBurst 'I TwData Type: |B 'I
7
Fix/Tw Channel: {190 836.600000 Edge:Ifo ﬂg
Monitar Channel: (1900 251 EUD00E W
12
AGLC: |14: FEG_OM + 24 dBE + const_BE_qgain j 13
14
aFt: [3137 I
17
18
13
base
Fleady | [ CET1, 22-04-03 , NHM-10 , [c] NMP. [ [NUM nm =
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‘= Phoenix

File Edit Product Flazhing Tesgting Tuning Toolz: ‘wWindow Help

J == u |J DOperating mode: ILcu:aI vl Bead |

/s RF Controls

Band:IGSM 350 'I T Pé Mode: IFree "I

Active Unit |Tw = T Pawer Level: I vI
O peration MUde:IBurst "I TxData Type: a1 | Transmitting power level number. Smal

poveer level number values mean high
power level and large power level number
walues mean low power level.

R/Tw Channel: {130 836.600000 Edge: I [Ife 'l

tanitar Chatnel:[130 I B

AGC: [14: FEG_ON + 24 dB + const_BE_gain =

AFLC: |31 37

Ready | [ CET1, 22:04-03 , NHM-10, (2] NMP. MNUM m =

TX Digital | & Test Points

H

1

[ | - e
3.-‘-.
St

i
-
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Tx Digital | & Q Data, J123 & 124

Tek Run: 50.0KkS/s Samlple | o
=

i I 4
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l@: 347 Hz

C1 Fre
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| resolution

= Mhoi 1y B2 .. 4 C1+width
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] & i i i i 1 resolution
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2.20V
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C1 Ampl
1.84 V
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1 histogram
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TX Analog | & Q Data, C715 & C716

Tek Run: 50.0KkS/s Samlple 0

P | 3

E ¥ i 1 3
R i - i T,
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TXP & TXC Lines during Transmission
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E + i | .1
| i S
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850 TX Can Test Points
850 TXIN

R732 R733 R727 PCS In R805
* H H % H
s H . kY l
“ : [l \J =..| (]
| [ |

------

VTXB_850 (850 V802 Pre-Amp Biasing Waveform)
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850 Transmit Waveform (Burst, Power Level 19)
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TX Path of the transmitted GSM850 signal

For easy error tracing it is important to know the signal path of the GSM850 transmitter.
The components can be grouped into blocks and drawn as shown below. Note that the
following picture shows both GSM850 transmitter (bottom) and GSM1900 transmitter

(top).
I MJOELNER
VANTL /
VANTH
' RF ‘ VDDDIG
I Controls
VB_DET I VDDRXBB 12 va
VTXLOL ‘
I =
VTXBH & | Controls
VTXBL I
v
RX Balun OUTHP I
Dir. Coupler PA Y <«
GsM ' H 3t E [ opencotecor
< < < |
5 PCS
= ™
H VTX I
g RX SAW g_g
< - ]
PCS |4 < 4— %4 l | opencotiector
~ OUTLP
A A Gsweso OUTLM I
™ \AJ 1
Pw- Eﬂm |
PWC
DET > }°°” PLFB2 |
ilter
—_ — e e e el e
VPCHNPCL ol © x
& B 4
2 [a)
>
Supply || R
filter % %
3
s
x X =
=
> 5| |&
A S K
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GSM850 TX path of Mjoelner RF ASIC

The balanced TX signal is provided by the base band and is coming to the Mjoelner RF
ASIC. The TX paths of the Mjoelner RF ASIC include mainly two RF modulators for up-
conversion of the base band signals, one for GSM850 and one for GSM1900. The base
band signal is modulated with the LO signal corresponding to the wanted TX channel.
The GSM TX output of the Mjoelner RF ASIC is a balanced signal.

From the output of the Mjoelner RFASIC the signal is fed through the 850 TX SAW filter
(Balanced to single ended), the 850 MHz buffer, and a 10 dB pad to the PA input.

GSM850 TX path of the Power Amplifier (PA)

The PA GSM850 part has a maximum output power of app. 35dBm. Voltage supply is
coming directly from the Battery connectors.

The GSM850 output is controlled by the power control loop. From the GSM850 output
of the PA the RF signal is fed through the directional coupler (one of the power control
loop components) to the antenna switch.

Antenna Switch (TX/RX switch)

The antenna Switch works as a diplexer for the RX and TX signals. Moreover, it sup-
presses the TX harmonics generated by the PA. The antenna switch is controlled by the

Mjoelner RF ASIC using the control signals VC1and VC2. The following table shows the
possible different states.

[\\ﬂ] [\\fﬁ] 850 Rx | PCSRx | 850Tx | PCSTx
0 0 X
0 0 X
0 2.7 X
0
2.7 0 X

Antenna Switch Test Points

_ i 4
| b BT s
‘

VC2 et L L L Ll

VC1

. PC5 1900
Input

GSM 850
Input
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Antenna Switch Control Line During GSM850 Transmission
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850 Tx fault finding flow chart
The first flow diagram assumes the following:

® Phoenix has been set up as shown in the following screen (the Tx power level may be
increased using Phoenix if it makes the Tx pulse easier to see).

® Relevant components have been visually inspected for orientation, placement, etc.

® The transmit signal has been checked with a spectrum analyzer at RF connector,
X602 and was found to be too low or non-existent.

e The VCO is running correctly.
® The power amplifier is getting a correct VBATRF suply via L381.
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Mjoelner's supply voltages VR1A, VR2, VR3, VR4, VR5 & VR7 are all working correctly.

START
no |IsSignal at ves| IsSignal | ves 1s 850 No [ |sSignal at | Mo NO
Ceon . [*[TX. 8500t | at 81 TXINsigna [ *| RT330K? | °| Cra5& G718, OK?
on L801 OK? OK? at R828 OK? —
YES NO YES YES — A\ 4
Aredigital | & Q
Issignal at Are TXP & signals OK on
IsSignal at L807 OK? TXCvisible? | | J123 & J214?
Antennapin |-NO v YES NO | |NO YES NO
?
of Z601 ok~ Probe VPD_850 Signal YES NO TXP| |TXC i
VES on R818 and set Power YES | |s Signal at V802 Change
Level to 19 using Phoenix. Collector OK? * UPP
I's Pulse Pk-Pk 2.8V? e IsVR2
Change X602 - ¥ 2.8V on Change
RF Connector N vES ISVTXB C731? UEM
\ 4 _850 OK? NO|  YES
Check Antenna NO VES
Switch Control
YES Lines. Do they Replace PA v v
in the table? Biasing components | | Mjoelner
l NO Check / Replace
R826,R827,R828, Check V802 &
22?3%?51 Check L703 s C820,C821 associated components
? \ 4
Switch and L813 OK?
\4
NO »>
A 4
Replace KEY
Inductors Test using Test using Check/ | | End
Spectrum Analyzer | | Oscilloscope || Inspect | [ Action

GSM1900 Transmitter

General instructions for GSM1900 TX troubleshooting

Apply an RF-cable to the RF-connector to allow the transmitted signal to act as normal.
RF-cable should be connected to measurement equipment (GSM Test equipment, Power-
meter, Spectrum Analyzer, or similar).

PCS 1900 Tx fault finding flow chart
The following diagram assumes the following:

box).

, X602 and was found to be low or non-existent.

Issue: 1 07/2003

The VCO is running correctly.

The Power Amplifier is getting a correct VBATRF supply via L381.
Mjoelner's supply voltages VR1A, VR2, VR3, VR4, VR5 & VR7 are all working correctly.
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Phoenix has been set up as shown previously (selecting PCS 1900 in the RF control

Relevant components have been visually inspected for orientation, placement etc.

The Transmit Signal has been checked with a Spectrum Analyzer at the RF connector
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Path of the transmitted 1900 signal

For easy error tracking it is important to know the signal path of the GSM1900 transmit-
ter. The components can be grouped into blocks and drawn as shown below. Note that
the picture shows both 850 transmitter (bottom) and GSM 1900 transmitter (top).

I MJOELNER
VANTL /
VANTH |
' RF ‘ VDDDIG
I Controls
VB_DET VDDRXBB v2 1a
VIXLOL -
[ = [ |
VTXBH Controls V v
VTXBL I
\ 4
RX OUTHP I 2l 2
Bal
_ PA ¥ 2L GUTHM
Dir. Coupler 3§ < I
= o]
GSM | - 2
< PCS
£ X
s VTX
2]
= RX SAW 4% ;
< <
PCS [« q— % - l Opencollect
~ OUTLP
A A Gswmss0 OUTLM I
X Yy o
PW- =
DET loop PLFBL | PWC
hatl P
filter ez |
| I—— —_———— L
VPCHVPCL ol © x
Bl R 5 1 ]
2 S
Supply XA
filter % %
3
X =
g s 2
o] [on
A & [
VBATTRF TXP TXC VR2

The path of Mjoelner RF ASIC

The balanced TX signal from base band is coming to Mjoelner RF ASIC. The GSM 1900
path includes a RF modulator for GSM1900. The BB signal is up-converted with the LO
signal corresponding to the wanted TX channel. The GSM1900 TX output of Mjoelneris a
balanced signal.

From the output of Mjoelner the signal is fed through the Balun T701 (Balanced to single
ended), the 1900 buffer, and a 7 dB pad.

The path of the PA

The GSM1900 part of the PA has a maximum output of approximately 33dBm. The sup-
ply is coming directly from the Battery connectors.

The output is controlled by the power control loop. From the output of the PA the signal
goes through the directional coupler (one of the power control loop components) to the
Antenna Switch.
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Antenna Switch

The Antenna Switch works as a diplexer between RX and TX Bands. Moreover, it partly
suppresses the harmonics generated by the PA. Mjoelner RF ASIC controls the antenna
switch by two voltages VC1 and VC2. The following table shows the different states.

[\\ﬂ] [\\fﬁ] 850 Rx | PCSRx | 850Tx | PCSTx
0 0 X
0 0 X
0 2.7 X
0
2.7 0 X

Fault finding chart for GSM1900 transmitter

Issignal at - START
Pcs |, Yes |lssignd on| ves | isTX Signdat [ IsTX Signa | YES| IsV/r2 2.8V
Input of Z601 €823 OK PCSIn on at L705 OK? on R720?
OK? NO L812 OK? o o VES
YES NO v
v IsVPD_1800| Y& =
Replace signal OK? Replace PA AreTX 1 & Q
L801 Si gnds OK?
¥ v NO YES NO
Are Z601 .
Control lines |_© 5| Investigate ves | AreTXP &
as per table? Mjoel ner TXC OK?
YES TXC| TXP|
u/s u/s
A 4
v v v Are Digital ghzcs‘;;i?;)tled
Check RF | s Replace Change | | Change I & Q Signals Components.
Connector Antenna UEM UPP OK at J213 &
X602. OK? Switch J214
NO NO YES
A 4
Replace RF KEY
Connector. Test With Refer T(; 'B&band
| "
Spectrum Tedt With Check / End. Fault Finding
Analyzer Oscilloscope || Inspect || Action

If the Tx output is too high, then it is most likely that there is a problem within the Power
Control loop.

Mjoelner is receiving the Reference TXC from Baseband and not getting any feedback
from DET to compare with TXC. The result is that Mjoelner drives VDP_850/VPD_1900
high to try and increase the power output so that the DET signal is matching TXC. With a
break in the Power Control loop, the DET signal never reaches Mjoelner so it assumes
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that the PA is not outputting enough power so it tries to compensate by increasing the
gain.

When checking the Power Control loop, make sure that VBD is pulsing at 2.8V Peak to
Peak. Check the DET pulse at Mjoelner input on R706.

This case is the same for 850 & PCS1900.

YES | |sDET Pulse | NO

on C805 OK?
| IsRF Signal | N°__,| Replace
2
No [ Are R706, R707 | ves at V801 OK*~ L801
& R708 OK? YES
Replace | n~o | ISDET Pulse | ves | Replace
veol | on C804 OK? R802
A
v Eunsure that VBD
Replace Faulty ispulsing 2.8V
Components Pk - PK and
investigate Mjoel ner
KEY
;g;‘cm Test With Check / || End
Analyzer || ©Scilloscope || Inspect || Action

NHM-10 Synthesiser

There is only one PLL synthesiser generating frequencies for both Rx and Tx for all three
bands. VCO frequency is divided by 2 or by 4 in Mjoelner depending on which band is
active.

General instructions for Synthesiser troubleshooting

Connect the the phone to a PC with DAU-9P cable and dongle and follow these instruc-
tions:

Start Phoenix Service Software (dongle needed):

Select Scan Product Ctrl-R

Wait until phone information shows in the lower right corner of the screen.

Set operating mode to local mode.
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Start RF Control window:

Select Testing Alt-S
RF Controls R
Wait until the RF Controls window pops up

Set the synthesiser to the following mode:

Select Band GSM 850
Active unit RX
Operation mode Continuous
RX/TX Channel 190

The setup should now look like this:

‘s Phoenix =] B

File Edit Product Flashing Testing Tuning Tools Window Help

J = n J Dperating mode: ILc-caI VI Bead |

‘= RF Controls

Band:IGSM 250 'I Tx PA Mode: IHigh 'l
Active Unit:  |Rx - Tu Power Lewel: |5 'I

Operation bMode: |{EagyPrE Tx Data Type: Im
F/TuChannel: [150 881800000 Edge0 ]

Monitor Channel:| 130 881.600000

AGC: [14: FEG_DN + 24 dB + const_BB_gain =l

AFLC: |3'I 37

Since VCO chamber is completely shielded, it is not easy to measure frequency of
3526.4MHz at the output of the VCO (G701) using a resistive probe and a spectrum ana-
lyzer. It is possible to measure tuning voltage at charge pump output (C710) easily. For
fyco = 3526.4MHz the tuning voltage should be 2.3Vpe .. 2.8Vpc (Tuning sensitivity of

VCO is 240MHz/V typ.).
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PLL Synthesizer Test Points

VCO
1702 Out
Input *==u
1702
Balanced
Output
VC
oV - 4.7V
n
Charge Pump [E¥ A o 3 s e i M g VR7
0/p Test Point 1 IR g . BRERR 2.8V
c7i0 -

If this is not the case, then go to Fault finding chart in this document for troubleshoot-
ing.
Mjoelner Can Test Points

)

=y )]
:.f-l o ]
N me e w

26 MHz reference oscillator ( VCXO )

The 26 MHz reference oscillator (VCXO) is part of Mjoelner RF-ASIC (N601). It needs only
an external 26 MHz Xtal (B601) as external circuitry.

The reference oscillator has three functions:

e Reference frequency for the PLL synthesiser.
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VCO

e System clock for BB (RFCIk_I = 26 MHz).
e 26 MHz Reference clock (LPRFCIk_I) for Bluetooth Module (N430) via buffer V601.

For an error free initial synchronization, the 26MHz frequency of the VCXO must be
accurate enough. Therefore, a VCXO-calibration (cal) value is written via the serial Bus
into the RefOSCCAL register of Mjoelner and an additional bit in the RefOSCCntl register
of the Mjoelner. That is necessary for the rough calibration of the VCXO.

The VCXO is fine tuned by programming the AFC value via the serial bus of Mjoelner. The
necessary AFC value is written into the RefOSCAFC register in Mjoelner.

The VCO is able to generate frequencies in the range from 3290MHz to 3980MHz when
PLL is in function. The frequency of the VCO signal is divided by 2 or by 4 in Mjoelner RF-
ASIC. So it is possible to generate the frequency of all channels in GSM850 and
GSM1900 (both RX and TX). Frequency of the VCO is controlled by DC voltage (Vc) com-
ing from the PLL loop filter. Range of Vc when PLL is in function is 0.7V- 3.8V. Typical
tuning sensitivity of the VCO is 250MHz/V. Even if PLL is not working (Vc out of range)
there is a frequency at the output of the VCO, which is between 3 and 4 GHz (if the VCO
itself is ok).

Fault finding chart for PLL Synthesiser

- KEY
Set up Phoenix RF Controls -
Band: GSM 850 Testwith |Freqwith || Check/ | | End
Mode: RX Continuous iFr)%C;VZUQ Oscilloscope || Inspect | | Action
Channel:190 START
vEs | ISLO@ ves | Check VCOOut. | No | CheckVR7VCO | o -
3.53GHz IsLO visible? > 3358%730' >
NO YES
A 4
Check T702 Replace G701
Balanced O/P. | "5°
Signal same?
YES NO
Check Mjoelner Voltage Supplies | NO
7'y > VR1A, VIO, VR3, VREF1. OK?
e Ch kT‘7'02 1P M YES A 4
t0220.DoesLO ec -
change frequency? LO Present? Doesthe VC \C;gzc(lgll/’57 J618.
YES ~no | Vgechange !
YES NO when you change NO YES
v channels?

PLL isworking NO Fault Finding | | R730

Change | | Change

T702 R731 e ’ Replace Mjoelner

»| Check Loop Filter v v
Components. OK?
P Refer to BB Change

Replace Faulty Loop
Filter Components
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It is important to say that power supply for VCXO ( VR3) is only switched ‘OFF" in the so-
called 'Deep Sleep Mode' and power supply for VCO (G701 VR7) is switched 'OFF" in so-

called ‘Sleep Mode'.

PLL Blockdiagram
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PLL power supply

VIO VRS VR1A E8 SELADDR
~ N N
Al VDDRXF
[ vro B7 VDDRXBB
» H6 VDDLO
J3 VDDTX
R623 100R G7 VDDCP
F9 VDDPRE
L G8 VDDPLL
RE30 A6 | vbbxo
— A9 VDDBBB
—
47R 1 NA
L b7 | voobie
D8 VDDDL
A4 VBEXT
BS RBEXT
c623 c624 C629 | c625 | c626 | C627 | C628 | C63:
10n an7 27p | w0 | 2p7 | 4u7 100n 27p R626

Loop Filter

o R7TI1T— 5k6
L

270p 180

R71 0
C71 0 C712
p

C711

2n7

VCO and power supply

VR7 T702

R730 LDB213G6010C-001

5R6 | -,-72

4

G701 e |

R731 § S

VT EnFvdswasoz [2UT 5

C610 C740 c741 1
3u3 17R6 3

100n 4p7 G [j—:l—«[l]

RESNET_3DB

292R
292R

26MHz Bluetooth buffer

V601
BC848W VR3

R627
LPRFCLK_I < } 7 ) -— :J

R601
| —

R602
100k C602
27p
RFCLK_I < I -
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Phoenix tuning
Before any tuning the phone should synchronised with the PC.

Connect the phone to a PC with DAU-9P cable and dongle and follow the following
instructions:

Provide the phone with power supply
Start Phoenix Service Software and open FBUS connection
Select File  Scan Product

Wait until phone information is shown in the lower right corner of the screen.

RF tuning after repairs

Different repairs require different tuning. In general it is necessary to determine in which
section the repair was done to select which tunings to perform. To determine if RF tuning
is necessary after repair it is important that the functionality of the repaired circuit is
understood well.

® In general repairs in the TX part will require "TX Power Level Tuning" and "TX 1Q Tun-
ing".

® |ngeneral repairs in the RX part or PLL part always require "RX Calibration", "Rx Band
Filter Response Calibration”.

e If Mjoelner is changed all calibrations have to be done.

Other parts interfacing to TX, RX or PLL might require tuning, but common sense should
be used, e.g. if a component that has no influence on RF performance has been changed,
e.g. the microphone, on/off key, mechanical parts or similar, there is no need to do any RF
tuning.

RX Calibration (incl. VCXO Calibration)

The "RX calibration” is used to determine gain at different gain-settings for front-end
and Mjoelner and needs to be done in all three bands.

RX-calibration requires an external signal generator.

RX-calibration in GSM850 combines two tunings, VCXO-calibration and AGC-calibra-
tion:

Calibration of GSM1900 band only determines AGC values.

The VCXO-calibration finds out a calibration value for VCXO control, an AFC initial
value and 3 AFC-slope coefficients.
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A value (RF_TEMP), which represents the RF hardware temperature, is determined during
RX Calibration. This temperature value is used by DSP to RSSI reporting in Normal mode
of the phone. It is not visible in the calibration process.

AGC-calibration:

The AGC-calibration finds the gain values of the RX-gain system.

The AGC consists of RF LNA, which can be either on or off (gain difference between on
and off state is nominally 30dB) and BB gain which can be controlled in 6dB steps. This
gives 15 gain steps RSSIO to RSSI14. LNA is off for steps RSSIO to RSSI4.
AGC-calibration measures the gain at gain step RSSI4 and RSSI7. The other gain values
are calculated.

VCXO-calibration:

The VCXO0-calibration ensures the function of an initial synchronization (before location
update is done) when the mobile station is in Normal mode. For an error free initial syn-
chronization, the 26MHz frequency of the VCXO must be accurate enough. Therefore, a
VCXO cal value is written into the RefOSCCAL register of the Mjoelner.

During VCXO-calibration, the VCXO cal value is changed by a DSP-algorithm until a syn-
chronization is possible. This means the VCXO oscillates at 26 MHz with a sufficient min-
imum frequency error.

To further minimize the frequency error, an initial AFC value is determined by the DSP
and written into RefOSCAFC register of the Mjoelner.

Also the DSP algorithm determines 3 AFC slope coefficients Slope C1...3 during VCXO
calibration. One AFC slope value is not sufficient for Mjoelner F3, because the AFC slope
is non-linear in this chip.

GSM 850
Set operating mode to local mode
Select Tuning AltU
RX Calibration C

Wait until the RX Calibration window pops up.
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The setup should now look like this:

& Phoenix

Fil= Edit Product Flashing Testing Tuning Toolz: ‘Window Help

J W= Jgperating mode:; IanaI 'I Read | J Band:IGSM 250 'I

‘= Rz Calibration M= E
P walues Z ;
e e BOTtTLE |
Help |
Feady | [+ CE11, 22.04-03 , NHM-10 , [c] NMP. MLIR i =

Press Start and a window pops up:

Tuning step 1 of 2 - Rx Calibration with band G5M850 [E3

Set the Rf zignal generator:

Power level:
-60 dBri

Input zignal frequency:
881667710 MHz

Fress OF to tune, press Cancel or ESC to exit tuning process.

Cancel |

Connect an external signal generator to the RF connector of the phone and set the gen-
erator as told in the window, taking care for external cable losses.

Press OK and the window closes.
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A typical result will look like this:

‘s Phoenix
File Edit Product Flashing Testing Tuning Tools Window Help
J O=E J Dperating mode: ILocaI 'l Bead | H Band:IGSM 850 ‘I
‘2 Rz Calibration H=lE
r— Calibration walues:—————————
Stark |

00 cal 5E8.000000
e walue : N52.000000 |
Slope C1: ZBR0.000000
Slope C2: -516.000000
Slope C3: 1.000000 Help |
Rssill B0.031250
Rzl GE.031250
Rasi2 72031250
Rasid 78031250
Fszid 84.031250
Rzsib 97 671875
RssiB 103671875
Fzsi? 109.671875
Rz @ 115 E71875
Fssid 121 E71875
Rz 10 127671875
Rzzill 133E71875
RasilZ 139671875
Fs:il3 145671875
Rzzild 151 E71875

Ready [ [ CE11 . 22-04-03 , NHM-10 , [c] NMP. MLk i =

Press Save and Continue in the RX Calibration window:

GSM1900 (PCS)
A window pops up:

Tuning step 2 of 2 - Rx Calibration with band G5M1900 |

Set the BF zighal generatar:

Paower level:
-60 dBm

Input zighal frequenc:
1960.067710 MHz

Preszz OF. to tune, press Cancel or ESC to exit tuning process.

Cancel |

Connect an external signal generator to the RF connector of the phone and set the gen-
erator as told in the window, taking care for external cable losses.

Press OK and the window closes.
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A typical result will look like this:

% Phoenix |_[O] x

File Edit Product Flazhing Tesgting Tuning Toolz: ‘wWindow Help

J = J Operating mode: ILcu:aI j Fead I |J Band: I G5k 1900 j
/2 Rx Calibration [ [O] x|
r— Calibration values: —————
Start |

Rssil E1.671875
Rsxil E7.E71875
Rssi2 T3E71875
Rzzid TIE71875
Rssid - 85.E71875 Heln |
Rsxi5 93125000 —
RsziB 93.125000
Rssi 7 105.125000
Rzzig 111.125000
Rzzi9 117.125000
Rsxi 10 123.125000
Rszill 129.125000
Rssil2 135.125000
Rzzild 141.125000
Rzzild 147.125000

Ready | [V CET1, 22:04-03 , NHM-10 , [c] NMF. NUM m =

Press Save and Continue in the RX Calibration window and a new window pops up:

RX Calibration ]|

@ R« Calibration was completed successully.

Press OK and the RX Calibration is finished.

RX AGC limits

The Rx calibration is only valid if it is within certain limits.
For the most recent limits see NHM-10 Production Testing Requirements,

If calibration is not within limits, there is a fault in the RX chain.
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Below the values for RSSI4 and RSSI7 are given:

RSSI4:(Rx A5)
band min typ max
GSM850 81 85 91
GSM1900 79 87 89
RSSI7:(Rx A8)
band min typ max
GSM850 103 109 13
GSM1900 100 105 110
RX Band Filter Response Compensation
GSM850
Set operating mode to local mode
Select Tuning Alt U
RX Band Filter Response Compensation B
Issue: 1 07/2003 Copyright [J 2003 Nokia Corporation
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The setup should now look like this:

o Phoenix

File Edit Product Flashing Tesgting Tuning Tool: Window Help

J 00 = n J DOperating mode: ILDCEI| 'l J Band:IGSM as0 'l

‘s Rx Band Filter Response Compensation =] E3
Input Signal Level (dBm} | 60 j
Meazured Level - Sayet Eonthue |
Channel Input Frequency [MHz] Difference (dB) —
Help |
Tuning made
& Automatic
' Manual
Copying table to clipboard:
press mouse left button
ah the |eft top of the table
- [with text ‘Thannel’].
Ready [+ CE11, 22.04-03 , NHM-10 , [c] NMP. MUk nm =

Manual Tuning
Press Manual Tuning and Start and a window pops up:

Tuning step 1 of 2 - Bx Band Filter Rezponse Compensation for GS5M

850 |

kanual Tuning - stage 1 of 9.
Set the Bf zignal generatar;

Pawer level:
-60 dBm + cable attenuation

Input zignal frequency:
BEY 26771 MHz

Fresz OF to tune, presz Cancel or ESC to exit tuning process.

Cancel |

Connect an external signal generator to the RF connector of the phone and set the gen-
erator as told in the window.
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Press OK and a new window pops up:

Tuning step 1 of 2 - Ax Band Filter Responze Compenszation for G5ME50 [EX

kanual Tuning - stage 2 of 9.
Set the Rf zignal generator:

Power level:
-B0 dBm + cable attenuation

Input gignal fregquency:
26926771 MHz

Prezs OF to tune, prezz Cancel or ESC to et tuning process.

Cancel |

Set the generator as told in the window.

Press OK and a new window pops up. Repeat this sequence 9 times until all channels are
done.

Press Save and Continue and repeat the process for the 1900 band.

Rx Band Filter Response Compensation |
R Band Filter Response Compensgation tuning was completed
succezziully.

Auto Tuning

A faster and more convenient method for Band Filter Calibration can be performed by

clicking on "Auto Tuning". This requires a signal Generator that can be programmed to
seep a user defined list of frequencies.

Press Auto Tuning and Start.

Program the signal generator to the list of frequencies that are visible in the column
"frequencies to sweep” .
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Tuning step 1 of 2 - Ax Band Filter Rezponse Compenzation for G5ME50

Autormatic Tuning.
Set the Rf zignal generator:

Power lewvel:
-60 dBm + cahle attenuation

[nput zignal frequencies to sweep:
BE7. 26771 MHz
BE9.26771 MHz
871 66771 MHz
g8¥8.06771 MHz
851.66771 MHz
887 06771 MHz
891.86771 MHz
89386771 MHz
89586771 MHz

Press OF. to tune, press Cancel or ESC o exit tuning process.

Cancel ‘

Connect an external signal generator to the RF connector of the phone and let the signal
generator step sweep through the programmed frequency list.

Press OK.

Press Save and Continue and a window pops up for 1900 band:

Tuning step 2 of 2 - Ax Band Filter Bezponse Compensation for G5M1900

Autamatic Tuning.
Set the Rf gignal generatar:

Paweer level:
-60 dBm + cable attenuation

Input zignal frequencies to sweep:
1927 06771 MHz
193026771 MHz
193526771 MHz
1945.06771 MHz
1960.06771 MHz
1975.06771 MHz
1986.66771 MHz
198986771 MHz
1994.86771 MHz

Fress OF to tune, press Cancel or ESC to exit tuning process.

Cancel |

Press OK and Repeat, the process for the 1900 band..

RX Channel Select Filter Calibration

This calibration is calibrating the Base band filter inside Mjoelner. It is done by internally
measuring a prototype filter, for this reason the calibration is done once, not separately
in 2 bands.
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Set operating mode to local mode

Select Tuning Alt U
RX Channel Select filter Calibration H

The RX Channel Select Filter Calibration window pops up.

The setup should now look like this:

2 Phoenix M=l E3 I

File Edit Product Flashing Testing Tuning Tools ‘Window Help

DEHE |J Operating mode: [Local  ~ ] H Rs/Ts Channel: [190 81,600000 H Active Urit. [Rx ¥
| Bang[Gomes0 <]

2 Bx Channel 5elect Filter Calibration

— Filter Adjustment Sitart |

Decimnal I 32

Hex I 0x20 wTau I :
¥ Sayve to Phone Stop |

Binam 100000

Help |

|l I eI (e (S

" Capacitor array

Ready [ [W CE11 , 22-04-03 , NHM-10 , [c] NMP. UM nm =

Press Tune and the optimal values are found.
Press Stop and the RX Channel Select Filter Calibration is finished.

TX Power tuning

This tuning must be done in both bands.

Note: TX Power tuning must be done with a peak power meter, e.g. Anritsu
model ML2408A with Anritsu Peak Power Sensor MA2442A and a suitable atten-
uator.

The use of power meter in GSM testers is likely to cause larger error than the use of a
dedicated power meter and might cause the phone to be non-compliant with GSM spec-
ifications.
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GSM850
Set operating mode to local mode

Select RF Tuning TX Power Level Tuning
Wait until the TX Power Level Tuning window pops up.

Connect a calibrated powermeter or spectrum analyser to the RF connector of the
phone.

Press Start and a window pops up:

‘# Phoenix = O] =

Eile Edit Product Flashing Tesgting Tuning Tool: *indow Help
J 0O = n H Dperating mode: m H Tx P& Mode: m H TxData Type: Im |J AFC: W
| ctiveUnitc [To =] || Rw/TxChannel: [130 36600000

= Tx Power Level Tuning - O] x|

Coefficient | Target dBm Srbarh |
5 0.7242 32.5 E———

ave & Continue |
2 06340 210 = Spectrum Analyzer Settings
g

0.53RE 240
0.4535 arn Frequency: 836.6 MHz
E] 03982 250
10 0.3432 23.0 Rezolution Band ‘width 3kHz
11 0.3099 21.0 Video Band ‘Width 3kHz
12 0.2783 19.0 Band: [G5M 850 Video Trig Free Fun
. | Sweep Tima 3z
I il 180 TP mode: i Span 200 e
15 7163 110 Detector: tdau Peak.
16 0.2037 11.0
17 0134 9.0
18 0.18v0 7.0
19 0.1825% 50

T# channel 130
Frequency: 836.60 MHz Help |

Ready W CETT, 22-04-03 . NHM-10 , [c] MMP. LR 0N =4 FELS COM1
Z

Tune Base level to -27 dBm.

Adjust DAC Values for Power Level 5 (32.5 dBm), 15 (13 dBm) and 19 (5 dBm) according
to Target values. The Power levels may differ from Phoenix mentioned target power lev-
els.

Press Save and Continue.

Ignore table for low PA mode.

Press Save and Continue.
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GSM1900 (PCS)
The setup should now look like this:

‘= Phoenix

File Edit Product Flashing Testing Tuming Tool: ‘Window Help

J = H Dperating mode: ILocaI ‘I H T P Mode: IHigh 'I |J T Data Type: IAII'I 'l “ SFC: |3148

JActiveLlnit: IT:-: 'I JF!:-:.-’T:-: Channel: |E61 1880.000000

‘% Tx Power Level Tuning = O] ]

Coefficient | Target dBm Sitarh |
0 08867 295 -
L 07843 230 —ISave # Continue Spectrum Analyzer Settings
2 0.6547 26.0
3 05518 24.0 Frequency: 1880.0 MHz
4 04837 220
5 0.4083 200 Rezolution Band Wwidth 3kHz
g 03552 180 ideo Band Width 3kHz
Band: [GSM 1300 "ideo Trig Free Fun
7 0.313z2 16.0 Sweep Time 2s
8 0.2807 14.0 Tx PA mode: [High Span 200 kHz
3 02550 12.0 Detectar: tax Peak
10 0.2349 10.0
11 02206 a.0
12 0.2095 E.0
13 0.2000 4.0
14 01320 20
15 01867 0.0
Base 0.1652] -30.0
Test 01852

Tx channel: BE1
Frequency: 1880.00 MHz Help |

Ready | [WCET1 , 22-04-03 , NHM-101, [c] HMP. UM | I [—e=FEUSCOMI

Press 'OK’
Tune Base level to -27 dBm.

Adjust DAC Values for Power Level 0 (29.5 dBm), 11 (8.2 dBm) and 15 (1 dBm). The Power
levels may differ from Phoenix mentioned target power levels.

Press Save and Continue.

The TX Power Level Tuning is finished.

TX 1/Q Tuning

This tuning must be done in both bands.

GSM850

Caution: If a spectrum analyser is used make sure that the external attenuation (20 -
30dB) between phone and spectrum analyser is high enough that the input of
the analyser can't be destroyed. Adjust the reference level offset according to
the insertion loss from the phone to the spectrum analyser .

PC/Phone operation:
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Set operating mode to local mode

Select

Tuning

Alt U

TX'1Q Tuning I

Wait until the TX 1Q Tuning window pops up.

Connect a Spectrum Analyzer or GSM tester with the option *Narrow Spectrum’ to the
RF connector of the phone.

If a spectrum analyzer is used then use the following settings.

Page 6(b)-54

GSM850
Center Frequency 836.6 MHz
Frequency Span 300 kHz
Resolution Bandwidth 3kHz
Video Bandwidth 3kHz
Sweep Time 3 sec.
Sweep Type Clear/Write
Detector Type Max Peak
Reference level 35dBm
EGSM/EGSM900
Marker 1 836.6 -67 KHz
Marker 2 836.6 MHz
Marker 3 836.6 +67 KHz

Copyright (2003 Nokia Corporation
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The setup should now look like this:

The Spectrum Analyzer now shows a plot like this:

GSMa5s0

— o GSMI50

Yo B3IEA32500 MHz
23.9460 dBm

GSMEA0
Yo 836.600000 MHz
-16.8930 dBm

© GBMES0
N Y 836667500 MHz

i ; -12.3770dBm
Iy \‘m I |

MW w J/ l\

R —
[ e

oy

Centre: 836.600000 MHz Span: 300.000000 kHz
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The purpose of this tuning is to tune the carrier signal and the +67kHz signal to a mini-
mum level (Marker 2 and 3).

Use the variables 'TX | DC offset' and 'TX Q DC offset' to adjust the carrier signal to a
minimum level (Marker 2).

After tuning to the minimum the level difference between the peak levels at marker 1
and 2 must exceed 40dB.

Tuning is possible by using arrow keys on the keyboard. Pushing the sliders by using the
mouse is less sensitive but even possible.

The Spectrum Analyzer now shows a plot like this:

GSM350

! GSMas0
Yoo BIEA32500 MHz
23.9440 dBrn

Yo B3IE.600000 MHz
-35.9420 dBm

/|

. GSM350
N Y B36.B67000 MHz

ﬁ,ﬂ" \%Lm -17.9100 dBm

=

Lllﬂl’%

Centre: 836.600000 MHz Span: 300.000000 kHz

Use the variables 'Amplitude difference' and 'Phase difference' to adjust the +67kHz sig-
nal to a minimum level (Marker 3). After tuning to the minimum the level difference
between the peak levels at marker 1 and 3 must exceed 40dB. Tuning is possible by using
arrow keys on the keyboard. Pushing the sliders by using the mouse is less sensitive but
even possible.
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The Spectrum Analyzer now shows a plot like this:

GSMas0

T
_ﬂ__::-i] -

s

Centre: 836.600000 MHz

Select "Save and Continue"

Span: 300.000000 kHz

Press Stop and the values are stored in the phone.

The 850 TX 1Q Tuning is now finished.

1 GEMES0
Vo B36.532000 MHz
23.9150 dBrm

: GSmMaa0
Yo 836600000 MHz
-35.9350 dBm

: GSMIs0
YV 836667000 MHz
-332.0090 dBm

Note: The optimal values for "TX | and Q Offset" and "Amplitude and Phase Difference"

vary from phone to phone.

GSM1900 (PCS)

Caution: If a spectrum analyser is used make sure that the external attenuation (20 -
30dB) between phone and spectrum analyser is high enough that the input of
the analyser can't be destroyed. Adjust the reference level offset according to
the insertion loss from the phone to the spectrum analyser .

Wait until the RF Controls window pops up.

Connect a Spectrum Analyzer or GSM tester with the option *Narrow Spectrum' to the

RF connector of the phone.

If a spectrum analyzer is used then use the following settings.

GSM1900
Center Frequency 1880MHz
Frequency Span 300 kHz
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Resolution Bandwidth 3 kHz
Video Bandwidth 3 kHz
Sweep Time 3 sek.
Sweep Type Clear/Write
Detector Type Max Peak
Reference level 35dBm
Marker 1 1880 -67 KHz
Marker 2 1880 MHz
Marker 3 1880 +67 KHz

The setup should now look like this:

S

Set the zpectrum analyzer

©
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The Spectrum Analyzer now shows a plot like this:

PCs51300

o PCS14900

Voo 1878932 GHz
14.0010 dBm
PCE1300

ﬁ ? 1.880000 GHz
/|

-18.1190 dBrm

: FCS14900
Voo 1.880067 GHz

r,'H.( \‘L -21.1100 dBm

! T
P

Centre:; 1.880000 GHz Span: 300.000000 kHz

The purpose of this tuning is to tune the carrier signal and the +67kHz signal to a mini-
mum level (Marker 2 and 3).

Use the variables 'TX | DC offset' and 'TX Q DC offset' to adjust the carrier signal to a
minimum level (Marker 2).

After tuning to the minimum the level difference between the peak levels at marker 1
and 2 must exceed 40dB.

Tuning is possible by using arrow keys on the keyboard. Pushing the sliders by using the
mouse is less sensitive but even possible.
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The Spectrum Analyzer now shows a plot like this:

FC51900

! PCE1900
Yoo 1.879932 GHz
13.9930 dBrm

: PCS1300
Yoo 1.880000 GHz
-40.1260 dBm

: PCE1900
Yo 1.8BO06Y GHz

/.r/ -20.5660 dBm
.II H\‘\L :

M
’___:a.:] -

2
—

Centre: 1.880000 GHz Span: 300.000000 kHz

Use the variables 'Amplitude difference’ and Phase difference’ to adjust the +67KHz sig-
nal to a minimum level (Marker 3). After tuning to the minimum the level difference
between the peak levels at marker 1 and 3 must exceed 40dB, Tuning is possible by using
arrow keys on the keyboard. Pushing the sliders by using the mouse is less sensitive but
even possible’
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The Spectrum Analyzer now shows a plot like this:

FC51900
! PCE1900
Yoo 1.879932 GHz

14.0150 dBrm
PCS1300

ﬁ 'ﬁ 1.880000 GHz
A

-34.4170 dBm

: PCE1900
Yo 1.8BO06Y GHz
-44 G770 dBm

Centre: 1.880000 GHz Span: 300.000000 kHz

Press Save and Continue in the TX IQ Tuning Window and the values are stored in the
phone.

The TX IQ Tuning is now finished.

Note: The optimal values for “TX | and Q Offset" and “"Amplitude and Phase Dif-
ference” vary from phone to phone.
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