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1. Introduction:

The GAB LO system in synthesizer mode was earlier working for default Reference LO, and
Step-Size values of 10 MHz and 10 KHz respectively. The ADF4351 wideband PLL synthesizer
with a integrated VCO" used in GAB system allows reference LO settings from 10 to 250 MHz and
Step-size (Channel Resolution) from 10 to 1000 KHz. To enable custom settings for Reference LO,
and Step-sizes using the Web-based interface and TGC (Tango based GMRT Control system), the
GAB M&C system firmware on Rabbit (RCM 4300) card is modified to accept new command for
setting Reference LO, and Step-size. At present, considering the GAB hardware limitations,
Reference LO and Step-size has to be same for both the Polarisations.

Modifications done in control-monitoring chain from the TGC to rabbit-firmware are summarized
as follows:

¢ List of modifications & features added in TGC System:

(i) “set reflo (<REF_LO1>, <REF_LO2>, <CH_Sp1>, <CH_Sp2>)” command added in the
TGC system to set the GAB reference LO, and Step-size.

(ii) Warning message: GUI Module written to show warning-message to the Control-room user
about hardware change in the GAB system is needed before issuing command to set reference LO.
(iii) Rejecting invalid LO: To avoid incorrect input settings of LO-values, constraints based on
existing reference LO and step-size values are added for rejecting invalid LO values.

(iv) New monitoring parameters are added in the TGC system i.e., values of doubler-bit, Channel
spacing, Reference-L.O, GAB-LO, and SPI-bit pattern set.

e List of modifications & features added in Rabbit Firmware (jointly done by the GAB
and Operation group):

(i) Reference LO setting was fixed to either 10 or 105 MHz, this is now changed to set from 10 to
250 MHz possible values for testing.

(ii) doubler-bit: Logic for doubler-bit setting is implemented, and command provided to set the
doubler-bit of ADF4351 at web browser UL

(iii) R-counter: To avoid bug of offset in LO settings, R-counter value of ADF4351 is set equal to
input value given for the reference, so that PFD (Phase Frequency Detector) frequency always
remains 1 MHz.

(iv) Web-page of the GAB rabbit-card is modified to include monitoring feature for Reference LO,
Channel Spacing (Step-size), doubler bit, and SPI pattern generated to set the registers of ADF4351.
(v) LO monitoring: To monitor GAB-LO value set in system against the value given by user, LO
value is calculated from parameters which are used to set bit pattern of six registers of ADF4351
using the SPI port.

1 See Appendix-I for Functional Block diagram of ADF4351, and Appendix-II Register Details of ADF4351



* Validation Testing of Revised GAB Firmware:

(a) Simulator for ADF4351 on Linux:

To avoid direct firmware changes in the Rabbit-card and testing it using the antenna GAB system, a
new simulator tool “setgabLLO” is developed on Linux machine which uses the same algorithms
from Rabbit-card. This tool shows resultant ADF4351 control-parameters for desired LO settings,
which are used to generates a LO bit-pattern. Thus, required changes first can be done in the
“setgabL.O” tool, and then resultant control-parameters and LO bit-pattern can be independently
verified with a Window’s based ADF435x Shareware software (developed by Analog devices)
application.

(b) Validation Testing in Lab, and GMRT observations:

For authentication of the changes done in Rabbit-firmware, Analog group used a Lab test setup
consisting GAB MCM PIU, LO Synth PIU, Frequency Counter & Spectrum Analyzer, and
measured different LO frequencies with multiple combinations of Reference LO(s) and step-sizes.
Also, visibility data was acquired on calibrator sources from band-3 to band-5 (on Feb 23, 2022,
and Mar 3, 2022) to ensure that amplitude and phase stability is within a threshold.

After validation testing of updated Rabbit-firmware version 1.09 is released from Mar 3™, 2022
onwards, default observatory values of GAB-system for reference LO, and step-size have been
fixed to 105 MHz and 1 MHz respectively.

In subsequent sections, section-2 describes modifications carried in firmware and validation testing.
section-3 contains technical details related to algorithms used to generate LO pattern values,
because legacy Dynamic-C program on Rabbit-card lacks any kind of document. Therefore, it is
important to have a clear understanding of what software does especially when two groups are
working collaboratively. Last, Section-4 gives TGC implementation details as a SOP.

2. Rabbit Card Firmware Changes
(I) Control and Monitoring:

Although, command to Set reference-L.O was available previously, it was allowed only for two
values viz. 10 MHz or 105 MHz. Therefore, firmware modified to set Reference LO value ranging
from 10 to 250 MHz (only integer values in MHz) with a command to set doubler Bit On or Off.
Both these commands are made available on web-based interface of the GAB rabbit-card.

Figure-1 (a) depicts Control web-page of Rabbit-card for commands available to users. And
Figure-1 (b) shows new data variables added on monitoring page of Rabbit-card mainly (i) doubler
bit (ii) Step-Size for channel-1, and channel-2, and (iii) SPI Bit pattern generated for setting register
0 to 6 of ADF4351.

‘LO Frequency’ monitoring in Figure-1 (b) previously were displaying values which are received to
set the LO frequency, i.e., input parameters of command ‘set lo <LO1> <L.LO2>’ from user or TGC
system.

During testing, it is found that certain resultant ADF4351 register-values deduced by Rabbit
firmware module “Set_L.O( )” may generate different LO than the expected/given ( based on set
Reference LO, Step-Size, and input gab-LO value asked to set ). Therefore, parameters which are
used to set ADF 4351 registers are taken to recalculate the LO, and same value is assigned for
monitoring ‘LO Frequency’ parameter. This ensures the correctness of asked LO frequency to set by
user Vs actual generated LO-Frequency by ADF4351.
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(IT) Bug Resolving - Wrong LO value due to fixed R-Counter value:
The legacy Set_LO() module of GAB firmware was having fixed value of R-Counter equal to 10.

The constant value of R=10 was causing setting of wrong LO frequency value for Reference LO
value 105 MHz with step-size of 1 MHz. Figure -2 shows ADF 435X shareware display where
1459.5 MHz incorrect resultant value of RF Out when RF Frequency (‘GAB LO Frequency’) is
given 1460 MHz with Reference LO 105 MHz, Step Size 1000 KHz, and R-Counter=10.

Figure-2: Incorrect GAB-LO 1459.5 MHz with R=10, Reference LO 105 MHz, & Step-Size 1 MHz
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R counter allows the input reference frequency to be divided down to produce the reference clock to
the PFD (Phase Frequency Detector). Therefore, after consulting with the GAB personnel, it was
decided to keep R-Counter value equal to the Reference LO value (Reference Frequency mention
in Figure-2). Hence, PFD value now onwards will be always of 1 MHz cycle.

2.1 Validation Testing
I. Lab Testing:

After the Rabbit-firmware updates, various GAB LO settings with a multiple combination of
Reference-LO, Step-size, and doubler-bit On/Off were tried using web-browser interface, and
measured it using the Agilent make Frequency counter, and Spectrum Analyzer. Expected values of
GAB-LO(s) are observed correctly with Reference L.O(s) 10, 105, 86 and 120 MHz and varying



step-sizes (10 KHz to 1000 KHz as an integer values). Please refer the Web Browser based Lab
testing for revised GAB Firmware by Analog group (Reference - Sweta Gupta, Abhijeet Dhende
etal.)’.

II. GMRT Observations:

After successful Lab-testing of the revised GAB-LO firmware working at different reference LO(s)
and Step-sizes, firmware is changed for GAB systems in the Receiver-room for all antennas. With a
revised firmware, test observations were conducted using calibrator sources at band-3, 4, and 5.

Figure-3 show cross amplitude Vs UV-distance (in KA) data taken on 3C48 source at L-band (Date:
Mar 2, 2022, Test Log No — 2531, Reference — Navanath Shinde, Settings: RF Full Band, GAB
LO-1460 MHz, BW 200 MHz). Plot (3a), and (3b) in Figure-3 show data taken using the
Reference LO of 10 MHz and 105 MHz respectively with a 1 MHz Step-size is having stable
amplitude. Plot (3c) is also depected to show the amplitude Vs UV-distance plot with a Common
Reference LO mode of 10 MHz.

Similarly, amplitude, and phase gain of individual antenna is checked on Feb 23, 2022 using 3C147
source data at Band-3, Band-4, and Band-5. Amplitude, and phases are stable for the data (TestLog
2525, Reference: Sweta Gupta).
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Figure-3a Cross-Amplitude Vs UV-Distance data on 3C48 with Reference LO 10 MHz in GAB
Synth. Mode at L-Band (Mar 2nd, 2022)

Hence, it can be concluded that based on Lab-tests, and visibility data taken on calibrator sources
with a multiple combination of Reference LOs (i.e. Ref LO 10, 105 MHz, Channel Resolution
1MHz, and Band 3 to 5), GAB LO in Synthesize mode is working correctly with a revised Rabbit-
Firmware.

2 http://iflab/analogbackend/Reports/Web%20Browser%20based%201.ab%20testing%20for
9%20revised%20GAB%20Firmware.pdf
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Figure-3b Cross-Amplitude Vs UV-Distance data on 3C48 with Reference LO 105 MHz in

GAB Synth. Mode at L-Band (Mar 2nd, 2022)

Figure-3c Cross-Amplitude Vs UV-Distance data on 3C48 with Common LO mode at L-Band

(Mar 2nd, 2022)




3. ADF4351 Set LO Module

ADF4351 is a wide-band synthesizer with integrated VCO that allows implementation of fractional-
N or integer-N phase-locked loop (PLL) frequency synthesizers when used with an external loop
filter, and external reference frequency. The ADF4351 has an integrated voltage controlled
oscillator (VCO) with a fundamental output frequency ranging from 2200 MHz to 4400 MHz In
addition, divide-by-1/-2/-4/-8/-16/-32/-64 circuits allow the user to generate RF output frequencies
as low as 35 MHz’.

To set the LO for GAB system in synthesizer mode, Rabbit-card sends Control-bit pattern to the
ADF4351 using the SPI port. The Set_L.O_Pattern( ) Module is used for this purpose in firmware.
Till now, technical note for this module was not available to understand such as which variable is
considered for what, and rationale to assign particular default value (for example, R was fixed to 10,
D=T=0). Therefore, it is necessary that control-logic details must be understood, and agreed upon it,
especially when two teams from software and hardware groups are involved in the development.
For these purposes, a simulator software plays a key role in validation of actual software which can
be again reverified for correctness using the external tool such as Windows based 435X Shareware
application.

The ‘setgabLo’ simulator is written in C language which prints the ADF4351 control-parameters
along with the register Bits to be send using SPI port to ADF4351. The control parameters are
responsible to generate user specified GAB-LO, and generated Hex-words for six registers that can
be used to diagnosis whether changes done in algorithm is working correctly or not.

Appendix-I show the functional block diagram, and Appendix-II show ADF4351 control

parameters values used in six register which is used to generate the desire LO frequency in
synthesizer mode.

(i) RF OUT:

The INT, FRAC, and MOD values, in conjunction with the R-counter, make it possible to generate
Output Frequencies RF_OUT that are spaced by fractions of the PFD frequency.

The RF VCO frequency (RF OUT) equation is
RF OUT = fprp X (INT + (FRAC/MOD)) .ucceeercnensunssarsessansassasssans (1)

The RF N divider allows a division ratio in the PLL feedback path. The division ratio is
determined by the INT, FRAC, and MOD values, which build up this divider.

N = INT + FRAC/MOD )

In above equation (1) and (2), variables used are as follows:
e RF OUT is the Output Frequency range: 35 MHz to 4400 MHz

e INT is the preset divide ratio of the binary 16-bit counter (23 to 65,535 for the 4/5
prescaler; 75 to 65,535 for the 8/9 prescaler).

Int = (UNSIGNed INt) TfoUT — cevceerrresserssanesssnssancssssssassssssssassssssoasese (2a)

3 Analog Devices Data sheet ADF 4351 — Wideband Synthesizer with Integrated VCO
(https://www.analog.com/media/en/technical-documentation/data-sheets/ADF4351.pdf)



e FRAC is the numerator of the fractional division (0 to MOD — 1).
FRAC = (RFour — INT) * MOD ....cuceuevvurrensuenensressaesesans (2b)
® MOD is the preset fractional modulus (2 to 4095) counter.
MOD = (unsinged int) ( ( frrp/ Channel-Spacing ) * 1000 ) ........... (2¢)

Where Channel Spacing is a step-size, default value is 1 MHz.
Note that as per the data sheet, MOD value is minimum kept to 2.

(ii) Phase Frequency Detector ( Fpep) :

PFD takes inputs from the R-counter & N-counter, and produces an output proportional to the
Phase and Frequency difference between them.

The PFD frequency (frep ) equation is
fPFD = REF[N X [(1 + D)/(R X (1 + T))] ................................... (3)
Variables used in equation (3) are as follows:

¢ REFy is the Reference input frequency, default value is 105 MHz, allowed value is
10 to 250 MHz

¢ D is the REFydoubler bit (0 or 1), default value is 0

¢ Ris the preset divide ratio of the binary 10-bit programmable Reference counter (1
to 1023).
At present R = REFin

e Tis the REFydivide-by-2-bit (0 or 1) T = 0.

e Note that rounding logic is applied for MOD, FRAC values if the last decimal place is equal
to greater than 9.

4. Changes in Tango based GMRT Control System:
I. ‘Set Reference LO’ Command:

GAB-LMC, and CMC databases modified to add set reference LO command along with the Step-
Size value for POL1 and POL2 of antenna. The new command at CMC and GAB-LMC is as
follows:

set reflo (KREF_LO1>, <REF_LO2>, <CH_Sp1>, <CH_Sp2>)

Where, REF_LO1, REF_LOZ2 - is reference LO to set from 10 to 250 MHz, default value is 105
MHz. And CH_sp1, CH_Sp? is a step-size or Channel-spacing in KHz from 10 to 1000 KHz , with
Default value is 1000 KHz.

Above command in the GUI is also available with alias SETREFLO. In Scripting interface, this
command is available as:

set_gab_reflo(<antenna-name or subarray_number>,<ref lo1>,<ref lo2>,<ch_sp1>,<ch_sp2>)



II. Warning Message: A configurable GUI Module tgcWarn.py in python is written, where
warning message can be configured and displayed at the CMC GUI if command being issued needs
some preparatory setup, or consequences of command after issuing it shall be noticed by the
Control-room user (For example, Servo Park command may give warning about check the stow-
locked status, as stowing of some antenna may give problem). This warning message is up for
maximum 10 seconds or User can cancel or forward the command by clicking ‘OK’ button
immediately. In case, user doesn’t respond for 10 second, command is automatically issued.

Figure 4(a) shows that warning message ‘Ensure Hardware changes for GAB Reference LO (Other
than default 105 MHz)’ is configured for ‘set reflo’ (Set reference LO command) to inform user that
changes in GAB Reference LO settings required GAB-hardware setup changes in the Receiver-
room.

ITII. Rejecting invalid LO: GAB IO Server-code in CPP (Subsystem.cpp) is modified to validate
the GAB-LO value given by user based on the Step-Size, and Reference LO. The setgabL.O()
simulator module used here to calculate correct LO by using the ADF4351 Control-parameters
(INT, FRAC, MOD etc. see equation-1 in section-3) , and if GAB-LO value given by the user is not
same that of resultant calculate GAB-LO value, then command is rejected.

Figure 4(b) shows that GAB-LO 555590 KHz is not allowed when the Step-Size is set to 1000
KHz.
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APPENDIX-I: ADF4351 Functional Block Diagram
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APPENDIX-II : ADF4351 REGISTER MAPS

ADF43351

REGISTER MAPS

RESERVED

INT

REGIETER 0

FRAC

16-BET INTEGER WALLE (INT) 12-BST FRACTIONAL VALLUE [FRAC) L
Mhlbl.‘llmmlmlmDHIDHIDIHDI?JDBIIMDIIEWI!DIITI:IHWI ona4 |oeaa | ez | oeai | oeae | e | ooo | oer | oos | ces | osa | oea | ez | oo | ceo
k_ulmu h15 umlm e e e L A L L O e e N e e I I I O S S e A )

REGISTER 1
's ™
E
- . MoD
o
gﬂ CONTROL
RESERVED | 3 12-BIT PHASE VALUE [PHASE) parl 128IT MODULLS VALUE [MOD] oeat e
@31 |oaa (oaze (oem | oe27 |oazs |Dees |opes | DRz | peez | oB21 (peen |oeas |oeis |DEI7 |DB1G | DELS | CB14 |0E13 | peiz | D11 | ce1e| oes | ces | oe7 | oo | 0es | oes | pes | o8z | Del | oo
SRR L L L L e A e e R e R e L e L A A e L B L e e e Ty
RECISTER 2
r = = s
o w2 E § &
Low = CHARGE W
E |woimE anp Eg it REF IN ;ﬁ PUMP El e |E EE
g |Low soum 1 = i CURRENT E EE
¥ | wooes MLEOUT § g L-BIT R COUNTER Dl §i EETTING D&l § g PR 5t ﬁﬁ CONTROL
b |oan (oae | omen | ot o (oS |oe2a | oned | oee: | oe2 | oo | o | e (o |oaoe | oees | onds |oaia | oni | oeal |oeas | oes | oas | o7 | oos | oes | ooa | cas | ez | oo | oo
R L L L L L R A L A S o e R S el e e e S I S S A ) ) G
BSCM REGISTER 3
' (x] ] b
o
= o & ek
RESERVED gl . Eg RESERVED E 8 = T CLOCK DIVIOER VALLS CONTROL
so| ¥ |83 £ | wooe BITs
DELED |30 | DEr9 | o | OR2 T | D26 |Oees |oegda | om2d |one2 |0R21 | 0eeo |omng (oss |DmT | DRLE | omes | e ol | oniz | onal | oo | pes | Dne | De7T | ORes | s | ooa | ond | oz | o | oeo
| ® o | o | o [ [ a o | e | F3 | F2 | o0 o [P | o ez | ¢ |oiz|on (oo | oo | o6 |or | o6 || o8 | oa | o3 | o2 | o1 [Caoex I:l.l;!_!"
s J REGISTER 4
index
e - ™
ora? E
SE - g g ga AL E 2
RESERVED CIDER - E x| = 3| ourpur UTPUT s
mﬁ SELECT B-AIT BAND FELECT CLOCK DNDE LLIE §§ Edm EE POWER | POWTR i
o021 |pam |cazs | cam | oee? | oazs |oazs |oaza | pez | oaz |oee |oem | oe1s |oein | oea7 |oeis | oeas | ope |oeas | ez |oes (oeie | ces | oo | ce7 | oes | pos | opa | ooa | oez | o | cao
\o e || e]|o]e| o] e |majoa|on|on|ns|nes|os| o os o5 6sfes) e | oo oo os| oo o) o |cacan e,
FEGISTER S DX 00580005
' ™,
g
LD FIN E
RESERVED monE | E |meseRvED RESERVED Ll
a1 | paas |mass (cass |oasr |paze |pass |caz | a2t | pas |cax (pam | pais |pais|ca1r | o | ceis |pess oe1s |oeis |pest | oewn | pes | oes | pe? | oes | oes | oeq | oea | a2 | bes | eeo
\o|o]ofofefo]o|ofosfou]o|a|s]ofofe]ejojo|jofjojojofofa]o]ol|e]o |cuylcmenm)

1pER = DOUBLE-BEUFFERED REGISTER—BUFFERED BY THE WRITE TD REGISTER 0.
EDEE = DOUBLE-BUFFERED BITS—BUFFERED BY THE WRITE TO REGISTER 0, IF AND ONLY IF DE13 OF REGISTER 2 15 HIGH.,

Figure 23. Register Sumrmary

[t ]



Table — Register-Map values set setgabLO Simulator or Set_LO_Pattern( ) Rabbit-card Dynamic-C Module

# | ADF4351 Parameter | Register | Data Bit Range Remark
INT Minimum 23 |The INT value is used in Equation 1 (see the INT, FRAC, MOD, and R Counter
for the 4/5 Relationship section). INT is integer part of Rfout (i.e., GAB LO Frequency entered by
1 INT 0 30:15 |prescalar, and 75 |user- Range 35 MHz to 4400 MHz).
for 8/9 prescalar
Max — 65,535 INT = (unsigned int) RF ouyr
FRAC set the Numerator of fraction that is input to the X-A modulator. This fraction, along
9 FRAC 0 14:03 10 to MOD - 1 with thg INT value, spec1f1es the new fre.quency channel that the synthesizer locks to, as
shown in the RF Synthesizer, see Equation 1.
FRAC = (RFour— INT) * MOD
The choice of modulus depends on the reference LO signal (REF IN) available, and Channel
Resolution required at the RFqur,
See equation (2c)
3 MOD 1 14:03 | 2 to 4095
MOD = (unsinged int) ( ( frrp/ Channel-Spacing) * 1000 )
Where, Channel Spacing is a step-size, default value is 1 MHz. Note that, 1000 is multiplied
to convert Reference LO from MHz to Khz.
The dual-modulus prescaler (P/P + 1), along with the INT, FRAC, and MOD values,
4 PreScalar 1 27 Oor1l determines the overall division ratio from the VCO output to the PFD input. Prescalar is 1 if
RFOUT is > 3.6 Ghz, otherwise 0.
Reference LO (REFin) allow from 10 to 250 MHz,
REFin hex = (unsigned int) REFin
> REFin 2 23:14 1t0 1023 The 10-bit R-counter allows the input reference frequency (REF IN) to be divided down to
produce the reference clock to the PFD.
R-Counter, R = REF_IN
6 2 25 Oor1l (i) D= 0: (a) Disables the doubler, and feeds REFin signal directly into the 10bit R-Counter.

Reference Doubler

(D)

(b) REF IN falling edge is the active edge at the PFD input to the fractional synthesizer. (c)
The phase noise is insensitive to the REF IN duty cycle in the low noise mode and when the
doubler is disabled.

INT = (unsigned int) Rfout




(ii) D = 1: (a) Multiplies the REFin frequency by a factor of 2 before feeding into the 10-bit
R counter. (b) Both the rising and falling edges of REF IN become active edges at the PFD
input. (c) When the doubler is enabled and the low spur mode is selected, the in-band phase
noise performance is sensitive to the REF IN duty cycle. The phase noise degradation can be
as much as 5 dB for REF IN duty cycles outside a 45% to 55% range.

INT = (unsigned int) Rfout /2

BSCM

23

Oorl

Band-Select Clock Mode: Default value is 1. Setting the DB23 bit to 1 selects a_faster logic
sequence of band selection, which is suitable for high PFD frequencies and is necessary for
fast lock applications. Setting the DB23 bit to 0 is recommended for low PFD (<125 kHz)
values

ABP

22

Oorl

The PFD includes a programmable delay element that sets the width of the antibacklash
pulse (ABP). This pulse ensures that there is no dead zone in the PFD transfer function.

(i) ABP=0, the ABP width is programmed to 6 ns, the recommended value for fractional-N
(ii) ABP =1, the ABP width is programmed to 3 ns, the recommended value for integer-N

Charge cancel

21

Oorl

Setting charge cancel bit to 1 enables charge pump charge cancel action. This has the effect
of reducing PFD spurs in integer-N mode. In fractional-N mode, this bit should be set to 0.

10

RF Divider
or
outputdivider_index

22-20

0Oto6

select the value of the RF output divider, based on RFout (or GAB-LO value):

Rfout < 2200? outputdivider_index = 1; Rfout < 1100? outputdivider_index = 2; Rfout <
550 ? outputdivider_index = 3; Rfout < 275? outputdivider_index = 4; Rfout < 137.5 ?
outputdivider_index = 5; Rfout < 68.75? outputdivider_index = 6;

Just for information - The DB23 bit selects the feedback from the VCO output to the N
counter. When this bit is set to 1, the signal is taken directly from the VCO. When this bit is
set to 0, the signal is taken from the output of the output dividers. The dividers enable
coverage of the wide frequency band (34.375 MHz to 4.4 GHz). When the dividers are
enabled and the feedback signal is taken from the output, the RF output signals of two
separately configured PLLs are in phase.




Annexure-I GAB LO characterisation for revised Firmware using TGC is attached to the Next
page.



Annexure-I

GAB LO characterisation for revised Firmware using TGC
---AMV/ATD/SGA/JPK

Objective:

The existing GAB firmware is being revised to provide default LO reference 105MHz with
1000KHz Step-size. The revised firmware supports custom LO reference range from 10MHz to
250MHz with step size ranging 10KHz to 1000KHz. A separate command is being added in TGC to
set any Reference LO and Step-size in the range mentioned above.

Various combination of GAB-LO using 10MHz and 105MHz reference frequency and varying step-

size has been measured using Agilent make Universal Frequency Counter and Spectrum Analyzer.

e Below are the snapshots of the measured GAB-LO using Frequency counter and

Spectrum Analyzer.

Integer LO Frequencies measurement @ 1000KHz Step-size:

Ref: 10MHz Ref: 105MHz

CH 3 Freque e CH 3 Frequenc

300. 000003443731\". 300. 000003516004M..,

A xevsionr 12: 10124 23-02-2022
Mkl 300,0000HHz e ——

Ref 16.75dBa Atten 36dB 6.63dBn ¢ xevapony 12148149 29-02-2

§ 16.72dBa

Start Frea
299, 500000MHZ

Stop Frea
300.500000MHz

7B 10. oum YBH_10.00kHz

Freq: 300MHz, Step-size : 1000KHz Freq: 300MHz, Step-size : 1000KHz




: 105MHz

Ref: 10MHz

¢iid Frenuency

500 000005670207, 500.000005784223..

Signal Strength [T, 1

gnal Strength

AV evsicnr 12111307 28-02-2022 A kevsiout 12148127 28-02-2022
500,0022MHz ent Mkr1 500.0022MHz

L] Ref 16.77dBn Atten 36dB 6.81dBn
Start Freq

Atten 36dB
499.502174MHz

Ref 18.84dBa

Stop Freq 2 |
500.502174HHz
2 500.002174MH:z

100.000kHz [
o Han 1p |
Freq Offset Freq Offset
0.000Hz

0.000Hz
| signal Track

Signal Track
et OFF
g Span 1.000MHz | e
Sueep 21.49ns

500 . OMHz
Hz YBW_10,00kHz

Freq: 500MHz, Step-size : 1000KHz

Freq: 500MHz, Step-size : 1000KHz

Ref: 105MHz

Ref: 10MHz

CH 3 Frequency

550.00000635833 1w

CH 3 Frequency

L), 000006275046MH,

Signal Strength 1

CrmGer 12341142 23-02-2022
550.0022MHz

AV xevsinr 12:12:24 23-02-2022
7.25dBw

Mkr1 550.0022MHz =2y
Ref 17.33dBa Atten 37dB 7.33dBn
o 7.27dBn Atten 37dB

Loe
Start Freq

/ruv Start Freaq
549.502174MHz [
{ 5495021 74MHz
Stop Freq
550.5021 741z

CF Step
- 000kHz

Stop Fregq
550.502174HHz

Auto

Freq Offset |
Freq Dffset

0.000Hz

Signal Track ; 1
v Signal Track
| are

Span 1.000MHz
Sueep 21.49ns

Freq: 550MHz, Step-size : 1000KHz

Freq: 550MHz, Step-size : 1000KHz




Ref: 10MHz

CH 3 Frequency Gate

900. 000010213985M..,

AV xevsionr 12:12:51 23-02-2022
Mkr 1 900.0022MHz
ef 19.97dBa Atten 39dB 9.92dBn

Start Fret
899.502174MH:

Stop Freq

900. 5021 741H2
CF Step
100.000KkHz
Auto Han
Frea Offset
0.000Hz

Signal Track
otr

" Span 1,000MHz
Sweep 21.49ms

Ref: 105MHz

CH 2 Frequency

900.00001036039 1.

Freq Offset
0.000Hz

| Signal Track
ot

Freq: 900MHz, Step-size : 1000KHz

Freq: 900MHz, Step-size : 1000KHz

Ref: 10MHz

CH A Frequarioy)

1.45000001652940..

signal Strength  EEEEITEEEIE

AN xevsiGer 123 13:28 28-02-2022
1.450004348GHz
Ref 15.40dBa Atten 35dB 5.44dBn

Start Fre
1.449504356H,

Stop Fre:
I - 4505043561

CF Step
lﬂll lﬂﬂknl

Freq Offset
0.000H2

Signal Track

Ref 105MHz

CH 3 Frequency

1 .45000001 686802

A kevsionr 12:48:03 23-02-2022
Mkel 1.4500043486Hz

Ref 15.40dBa Atten 35dB 5.43dBn

Stop Freq
1.450504356H2

Freq Offset

i) 00Kz

M
1)
{on ot

Center 1.450GHz N Span 1.000MHz
RBH 10.00kHz VBW 10.00kHz Sweep 21.40ms |

Freq: 1450MHz, Step-size : 1000KHz

Freq: 1450MHz, Step-size : 1000KHz




Ref: 10MHz

CH 3 Frequency

1.46000001662724.

Signal Strength (Er=a|

ANV nevsionr 12:13:58 23-02-2022
1.460004348GHz
Ref 15.71dBn Atten 35dB 5.71dBn

l:e‘ntE. ol
1.46000435|

Start F
1.458504351(

Stop Fr

1.460504356

CF St
100.000k
U

Auto

Freq Offs
0.000

Signal Tra

Ref: 105MHz

CH 2 Frequency

1.46000001688828..

Signal Strength

AN xevsiont 12:48:32 23-02-2022
1.4600043486Hz

Ref 15.71dBa Atten 35dB 5.69dBn

Stop Freq
1.460504356H2

Freq Offset

N A \“"A A N i 0.000H.
l,\f\."j‘lf,(,‘w.ﬁ\f"w‘ LR TS W e

Signal Irack

Span 1.000MHz
VBW_10.00kHz Sueep 21.49ns

Freq: 1460MHz, Step-size : 1000

KHz

Freq: 1460MHz, Step-size : 1000KHz




+ Fractional LO Frequencies measurement @ 10KHz Step-size :

Ref: 10MHz

CH 3 Frequency

550.4000063820% 9.

Signal Strength

AN nevsionr 12115312 23-02-2022
Mkr1 550, 4022MHz
Ref 17.20dBa Atten 37dB 7.21dBn

UL

\ A\

r( ¥
ey |
FC

Center 550.4HHZ
RBW 10, 00kHZ

Signal Track
gtt
= Span 1,000MHz o

YBW_10.00kHz Sueep 21.40ns

Ref: 105MHz

Gate|

CH 3 Frequency

500.33000580771 2.

Signal Strength

A xevsiowr 12:53:08 23-02-2022
Mkr1 500.3304MHz tenie |

Ref 16.72dBa Atten 36dB 6.77dBn o
500.3304351

Start Fr
499.830435¢

Stop Fr
500.830435M

CF St
100.000k
o N

Freq Offs
0.000

Signal Tra

Center 600,3MHz ~ Span 1,000z
Sueep 21.49ws

RBW_10,00kHz VBH_10.00kHz

Freq: 550.40MHz, Step-size : 10KHz

Freq: 500.33MHz, Step-size : 10KHz

Ref: 10MHz

CH 3 Frequency

5650.17000627111 1w

AN ssvmicwr 12:16:45 23-02-2022
550. 1717THHz
7.28dBa

Ref 17.20dBa Atten 37dB
Start Freaq
549 .67 1739MHz

Stop Freaq

CF Step
100.000kHz
Auto et

| Signal Track
|00 are

Span 1,000MHz
Susep 21.48ms

——y -

550.671739MH2

W\W\V\V" W) »Tﬂ{:ﬁ

Ref: 105MHz

CH 3 Frequency

550.70000641717 2.

ength T T ]

AR xevsionr 12:51:01 23-02-2022
Mkr1 550.,7022MHz
7.24dBn

Ref 17.25dBn Atten 37dB
2

0
Start Freq
55 74MHZ
Stop Freg
551.202174MHz
CF Step
100_000kHz
Auto

Freq Offset

Signal Track
o5

ey 2 . . ~ Span 1.000MHz
REW 10 VBW 10.00KHZ Sueep 21.49ns

RBW_10.00kHZ

Freq: 550.17MHz, Step-size : 10KHz

Freq: 550.70MHz, Step-size : 10KHz




Ref: 10MHz

Gate

CH 3 Frequency

1.45036001649487..

AN covsewr 12317:28 23-02-2022
1.450363043GHz
5.43dBn

Ref 15.61dBa Atten 35dB
Start Freaq
1.449863046Hz

Stop Freg
1.450863046H2
CF Step
100 . DDOKHz
Auto o
Frea Offset
0. 000Kz

Signal Track
are

——

Ref: 105MHz

1 3902400159916 1

Strength 7|

A xevsionr 12:53148 23-02-2022
Mkrl 1.390243478GHz
3.81

Ref 13.76dBa Atten 33dB dBn

Start Freq
1.389743486Hz

Stop Freq
1.390743486Hz

CF Step
100. 000kHz
o Han

Freq Offset
0.000Hz

Center 1.390GHz “Span 1.000MHz
Sweep 21.489ns |

RBW_10.00kHzZ VBH_10.00kHz

= —

Freq: 1450.36MHz, Step-size : 10KHz

Freq: 1390.24MHz, Step-size : 10KH

Ref: 10MHz

CH 3 Frequency

1.46070001672304s..

| e | B

Signal Strength

AN wEvmGnr 12:15:46 23-02-2022
% 1.460704348GH:
15.93dBa Atten 35dB 5.75dHm i

Start Freq
1.460204356H2

Stop Freq
1.461204356Hz

A (& \‘/\\J ) ﬁi 'S

Y|
I

!

7 Ref: 105MHz

CH 3 Frequency

1.460990016848960:.

Signal Strength T I 1

A wevsiont 12:54:27 23-02-2022
Mkr1 1.460893478GHZ

Ref 15.91dBa Atten 35dB 5.73dBn
Start Freq
1.460453486Hz

Stop Freq
1.461493486H2

CF Step
100.000kHz
Auto Man
=

Freq Offset
0.000Hz
| signal Track
on ot
I =

Span 1.000MHZ

Center 1.46106Hz |
Sueep 21.4%as

RBM 10,00kHz VBN _10,00kHz

Freq: 1460.70MHz, Step-size : 10KHz

Freq: 1460.99MHz, Step-size : 10KHz




e CONCLUSION:
(M For all combinations of Step-size, and reference LO mentioned above, different set

GAB-LO(s) and the measured LO frequencies are same.

(I) Using the TGC, input GAB-LO(s) asked to set with a resolution of less than 1000KHz

are not allowed, as the default Step-size is 1000KHz.




