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1 Introduction

This application note details a PEO003 script that demonstrates the programming steps required to
achieve fast tuning and lock of the CMX940 REF_PLL and SPLL synthesizers (whilst coupled to the
internal RVCO and SVCO oscillators) without the use of the internal calibration process. This reduces
the setup time to retune and achieve lock which is important in frequency hopping applications.
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3 REF_PLL/SPLL Calibration

3.1 To achieve reliable locking of the Reference PLL (REF_PLL) and the Synthesizer PLL (SPLL)
whilst utilising their associated on-chip VCOs, an internal automatic calibration process may be invoked
which adjusts various PLL and oscillator parameters to achieve satisfactory performance. These
parameters will vary with SPLL programmed frequency and over temperature. The SPLL and internal
SVCO are calibrated together; and the calibration process may take several milliseconds to complete.

If the CMX940 is employed in a critical time-to-lock application, such as frequency hopping or channel
scanning, the calibration time may exceed the requirements of the application.

With prior knowledge of the required parameter values for each desired frequency in the hop sequence
the CMX940 allows the PLL and oscillators to be directly programmed with these values, therefore
removing the need for the calibration process and thus reducing the tuning time and achieving lock for
each frequency.

This application note assumes that the calibrated parameter values were determined previously by pre-
calibrating the CMX940 in the individual end device in which it is to be used and then recorded.

3.2 Following a successful REF_PLL and SPLL lock phase using the automatic calibration function,
the relevant parameter values for the wanted target frequency may be read back from the following
C-BUS read registers. They are:

REF_RVCO_FREQ_CAL_RD ($DB) — 16 bit
REF_RVCO_BIAS_CAL_RD ($D9) — 8 bit
REF_RVCO_AMP_CAL_RD ($D6) — 8 hit

SVCO_FREQ_CAL_RD ($93) — 16 bit
SVCO_AMP_CAL_RD ($B7) — 16 bit

These values may then be re-written to the CMX940 when a change to this specific target frequency is
required. It is worth noting that the calibration values will vary between devices. The associated write
registers are:

REF_RVCO_FREQ_CAL ($0B) — 16 bit
REF_RVCO_BIAS_CAL ($09) — 8 bit
REF_RVCO_AMP_CAL ($2C) — 8 bit

SVCO_FREQ_CAL ($53) — 16 bit
SVCO_AMP_CAL ($67) — 16 bit

3.3 During operation the frequency calibration values may vary across time and temperature. The
Status Registers REF_DEVICE_STATUS_RD ($83) and DEVICE_STATUS_RD ($C4) may be read to
determine if the REF_RVCO_FREQ _CAL or SVCO _FREQ_CAL codes should be modified to
compensate for any frequency drift.

For example, if the RVCO output and therefore the REF_PLL frequency slows, the Vtune voltage will
drift. In this example the event will be indicated by the setting of the RVCO_CAL_HI bl in the
REF_DEVICE_STATUS_RD register to 1.

It should be noted that, as both RVCO and SVCO have negative tuning slopes, a decrease in frequency
will trigger the CAL_HI bit whilst an increase in frequency will trigger the CAL_LO bit.

To compensate for this drift the value REF_RVCO_FREQ_CAL code may be incremented, evaluation
suggests typically by +/- 2 bits. This example is illustrated in Figure 1.
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REF_DEVICE_STATUS_RD Register ($83)

RVCO_CAL_HI (b1) RVCO_CAL_LO (b0)
0 | RVCO Vtune is below the high threshold RVCO Vtune is above the low threshold
1 | RVCO Vtune is above the high threshold RVCO Vtune is below the low threshold
DEVICE_STATUS_RD Register ($C4)
SVCO_CAL_HI (b3) SVCO_CAL_LO (b2)
0 | SVCO Vtune is below the high threshold SVCO Vtune is above the low threshold
1 | SVCO Vtune is above the high threshold SVCO Vtune is below the low threshold
Low
Threshold |
VCO Output i
Frequency High
Y Threshold
Wanted L __t f
Frequency aree VCO Frequency

N

Vtune

VCO Tuning Voltage Notto scale

Figure 1 VCO is too slow

The method proposed below has been considered using the EV9400 Evaluation Kit. It is necessary to
read and follow the description of the CMX940 and its Reference PLL and Synthesizer PLL in the
CMX940 Datasheet to use this application note. Some knowledge of PLL design and optimisation
would be an advantage.

4 REF_PLL/SPLL Fast Tuning Process

For the purposes of this application note an SVCO Low Frequency and a High Frequency together with
a suitable SPLL output divider ratio was selected to be representative of a typical frequency hopping
application. A REF_PLL frequency was also chosen with a suitable division ratio, to provide a low noise
reference to the SPLL.

Both REF_PLL and SPLL are auto calibrated initially but are not during the hopping routine as only
the SVCO_FREQ and SVCO_AMP parameters require updating between frequencies.

A script has been written based on a notional flow diagram that demonstrates hopping between the Low
SVCO and High SVCO frequency extremes. Selected frequencies are as follows:

SPLL Ref Frequency
(MHz) SVCO Frequency (MHz) LOOUT[g/eg(u)e/né:]y (MH2)
[REF_PLL / 10]
96 2720 340
96 4080 510

Table 1 Selected REF_PLL and SPLL frequencies for CMX940 fast tune hopping test
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REF_PLL & SPLL Reset

v

Write Initial REF_PLL and Source Settings
Initial REF_PLL Auto Cal

A

Write SPLL Div, CP, PD, CON
Write Initial SPLL Divider Settings
Write SPLL O/P Divider & Buffer
Write SYN_GCR = $0469
Write 2720 MHz SVCO Cal Values

'

Note: Auto calibration is
initially performed in this
procedure to ensure that all
calibration paramters for
the REF_PLLand SPLL are
setup correctly. During the
frequency hopping phase
predetermined amplitude
and frequency calibration
parameters are recalled
from memory and written
directly on every hop.

Y # Hops .
<X-1? -

Increment X

A
Disp “Tuning SVCO to 4080 MHz in
5 Secs, no calibration”

A
Write SPLL Div Values

A
Write SVCO Cal Values

Write SVCO Cal Vals
A

Write SPLL Div Vals
A

Disp “Tuning SVCO to 2720 MHz in
5 secs, no calibration”

A

Figure 2 Fast tuning frequency example hopping flow diagram
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5 PEOO003 Script

The following PE0O0O3 extract demonstrates fast SVCO switching between 2720 and 4080 MHz. This

is performed 20 times using a while/end loop.

Lok ok ok ok o Kok ok ok o o o o KoK oK oK o o K K oK oK o o o K oK oK oK o o KK oK K oK o o KoK oK oK ok o o K Kok oK ok o o K ok ok ok ok o K ok ok ok ok o K K ok ok ok ok R K KKk ok R R K
;

; Script start

« 3k 3k 3k 3k 3k 3k 5k %k 3k ok %k ok ok 3k ok 5k %k ok ok 3k ok 5k 3k ok 5k %k ok 5k %k ok ok 3k ok 5k %k ok 5k 3k ok 5k 3k ok 5k %k ok 5k ok ok 5k ok ok 5k 3k >k 5k 3k >k >k %k ok >k %k ok 3k ok 5k 3k ok >k 3k ok >k 5k 3k >k %k ok >k %k ok >k >k %k >k %k k *kkk
’

start

device #1

disp "C-BUS 1"
; General Reset

copy 0, *REF_GEN_RST
copy 0, *SYN_GEN_RST

; REF_PLL General Reset
; SPLL General Reset

; Enable REF LO Buffer and REF LO Divider for REF_PLL checking via EV9400 REF_LOOUT (J8)

copy $00, *REF_LO_DIV
copy SOB, *REF_LO_BUF

; Master Clock Frequency Setup
copy $26, *REF_MCLK_FREQ

et eereee—e et e et eei—eeaieeeetaeeteeabeeebeeeateeeaeeeataeeateeetees REF_PLL Initial Setup

; Reference PLL Divider setup
copy $19, *REF_PLL_MDIV

; Source Divider setup
copy SOA, *SYN_SDIV

; GCR for initial REF_PLL/RVCO calibration
copy $3F, *REF_GCR

; delay 100

disp" "
disp "REF_PLL Divider values loaded & REF_GCR Write = Ox3F"

; SYN_MCLK frequency setup
copy SEO, *SYN_MCLK_FREQ

e erte e et b e e et et he st e s te e be et e st e benbteebaeteeeenane SPLL Initial Setup

; SPLL initial setup @ 16 bit Resolution
copy $12, *SPLL_CON

copy $0527, *SPLL_CP

copy $8307, *SPLL_BLEED

copy $00, *SPLL_PD

; Divider values for 2720 MHz
copy $001C, *SPLL_IDIV
copy $5555, *SPLL_FDIVO

;Output Divider & Buffer Setup
copy $05, *OUTPUT_DIV
copy $OC, *LOOUT1_BUF

; GCR for SPLL with an initial calibration
copy $0469, *SYN_GCR

disp

;0DIV=0
;s PWR_CTRL = +3.2 dBm

; 38 MHz to nearest integer

; Set Integer Divider to 25 for 960 MHz

; Set Source Divider to 10 for 96 MHz

; GCR enable REF_PLL/RVCO (& MCLK output)
; Optional delay

; Set to the output frequency of the Source Divider in MHz
; 96 in Hex with leading bit set to 1

; 16 bit FracN

; CP bias to 1600uA, current to 2000uA

; Set bleed current 100uA

; Set Minimum phase detector pulse width

; Integer = 28 dec
; Fraction 16 bit, for 2720 Mhz = $5555

; Output divider = 8
; Tx output buffer set to max power

; Cal bit cleared when complete
; Enable all SYN functions minus VCO and LO1 OUTPUT.
; SPLL_CAL bit 3 Cleared following automatic calibration cycle
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disp 2720 MHz SVCO, SPLL divider, CP, buffer loaded & SYN_GCR Write = 0x0469"
disp " "
disp "LOOUT1 (J5) = 340 MHz"

ettt bttt et s s b e et e st e be bt e e bee it e e nenaee Initial setup complete

; Hop Counter
while (loop<20) ; Number (N-1) of hops between 4080 and 2720 MHz

add 1, loop

; SPLL frequency = 4080 MHz setup for fast tune
disp" "

disp "Tuning SVCO to 4080 MHz in 5 Secs, no calibration”
disp" "

disp "Output Buffer ON during Transition"

delay 5000

; SVCO divider values for 4080 MHz
copy $002B, *SPLL_IDIV ; Integer = 43 dec
copy $8000, *SPLL_FDIVO ; Fraction 16 bit, for 4080 = $8000

; Write SPLL calibration values for fast tuning to 4080 MHz SVCO frequency

copy $81B2, *SVCO_FREQ_CAL ; Set SVCO_FREQ_CAL for fast tuning

copy $55, *SVCO_AMP_CAL ; Set SVCO_AMP_CAL for fast tuning

disp" "

disp "4080 MHz SVCO, SPLL divider, CP, buffer loaded & SYN_GCR remains set to 0x0461"
disp" "

disp "LOOUT1 (J5) = 510 MHz"

; End of fast tuning to 4080 MHz

; SPLL frequency = 2720 MHz setup for fast tune
disp" "

disp " Tuning SVCO to 2720 MHz in 5 secs, no calibration"
disp" "

disp "Output Buffer ON during Transition "

delay 5000

; SVCO divider values for 2720 MHz
copy $001C, *SPLL_IDIV ; Integer = 28 dec
copy $5555, *SPLL_FDIVO ; Fraction 16 bit, for 2720 = $5555

; Write SPLL calibration values for fast tuning to 2720 MHz SVCO frequency

copy SO09E, *SVCO_FREQ_CAL ; Set SVCO_FREQ_CAL for fast tuning
copy $5D, *SVCO_AMP_CAL ; Set SVCO_AMP_CAL for fast tuning
disp “ “

Disp “2720 MHz SVCO, SPLL divider, CP, buffer loaded & SYN_GCR remains set to 0x0461"

disp
disp "LOOUT1 (J5) = 340 MHz"

; End of fast tuning to 2720 MHz
endwhile

disp
disp "Script Run Complete"

stop
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6 Results

Using the above script, it was possible to measure REF_PLL/SPLL lock time across a wide frequency
range. A frequency vs time sweep was initiated at the end of the last C-BUS write (CSN Low to High)
and stopped when LOOUT1 was stable to within 1kHz of the wanted frequency. It can be seen that the
above method achieves lock times <50 ps.

The test frequencies were chosen to ensure that both the high band and low band SVCO were being
used, i.e. the greatest possible frequency jump.

Note: The C-BUS transaction time to set up the PLL with the required divider settings and VCO
Calibration values would be approximately 10 ps assuming a 10MHz C-BUS SCLK while the host
processor is able to write concurrently.

[ x [ BH- B~ H~- H~ H-— B H- B BIEE
RefLevel 5.00 dBm Offset 0.50 dB
Att 14dB  AQT 200pus DBW 1.6 MHz Freq 510.0 MHz
TRG:EXT1 YIG Bypass
1 FM Time Domain 1AP Clrw DC Ref:0.00 Hz
M1[1] -217.634063721 Hz
50.000 ps
Ml mm
Ml mm
il mm
kHZ
il mm My ety g bt | Al Jod ae g “ . A
mm A VA WVWVU W‘”UV\[ U“’“’ VTR v VA TWTY
il mm {ff
il mm f
il mm /
1l ‘l“ /
CF 510.0 MHz 1001 pts 20.0 ps/ |
4 Result Summary
Carrier Power 3.70 dBm Carrier Offset -813.96 Hz
1.8583 MHz -1.6464 MHz 1.7523 MHz 273.12 kHz -== -== -==
Aborted IIIIIIIII 23.11.2020

16:03:39

16:03:40 23.11.2020

Figure 3 Time to lock for 340 to 510 MHz jump, < 50 ps
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u s n phee n s n s n e u seme n s n s n poed n-

RefLevel 5.00 dBm Offset 0.50 dB
Att 14de  AQT 200pus DBW 1.6 MHz Freq 340.0 MHz
TRGEXTL YIS Bypass

1 FM Time Domain W
96.849891663 Hz

50.000 ps

P Ry A = A W e T P e e

CF 340.0 MHz 1001 pts 20.0 ps/ |
4 Result Summary
Carrier Power 4.25 dBm Carrier Offset 2.06 kHz
1.3843 MHz -1.6769 MHz 1.5306 MHz 290.9 kHz -—- --- ---

avortod  NNNENIEN Wo 23112020

6:04:55

16:04:56 23.11.2020

Figure 4 Lock time for 510 to 340 MHz jump, < 50 ps

By using the fast tuning method and only updating the SPLL to achieve a 10MHz hop from 456.250 to
466.250 MHz, a tuning time <30 ps was achievable. This is shown in figure 5 below.

Wl = S [ x [E [ x [, H-- B B - [ x [ x| -
Ref Level 5.00 dBm

Att 15dB  AQT 100ps DBW 1.6 MHz Freq 456.25 MHz

TRG:EXT1 DC YIG Bypass

1 FM Time Domain DC Ref:0.00 Hz
190461364746 Hz
] 29,9000 ps
f U‘
2 lv“m\
it
P
Lo &
Lin |
Lio
[CF 456.25 MHz 1001 pts 10.0 us/
4 Result Summary
Catrier Power 3.39 dBm Carrier Offset 37,51 Hz
1.5663 MHz -1.7495 MHz 1.6579 MHz 836.77 kHz 240.6689 kHz == ===
06.04.2021
Aborted  INNNNNENN LTyt

15:46:38 06.04.2021

Figure 5 10 MHz step tuning time <30 ps

The above measurements compare extremely well with typical results achieved using automatic
calibration for both REF_PLL and SPLL. In earlier testing it was found that that REF_PLL tuning time
to achieve lock at at 921.6MHz with /2 at the output divider took approximately 2.2 ms. The SPLL total
tuning time took approximately 7.2 ms to achieve 500 MHz whilst both REF_PLL and SPLL took
approximately 9.2 ms to achieve 500 MHz.
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7 Conclusion

Whilst the automatic REF_PLL and SPLL calibration function within the CMX940 is very convenient and
accurate it may not be possible to use it in applications that require very fast tuning times. This
application note has demonstrated a method to reduce this time considerably by using calibration values
determined by previous characterisation and applied directly to the Reference PLL and Synthesizer PLL
in the application.
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