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VCO Current Calibration for
Optimal Synthesizer Phase
Noise

Introduction

The phase noise of the AX5043 VCO depends on the setting of the
parameter VCOI (register PLLVCOI). There is an optimum setting for
each carrier frequency. The optimum setting of VCOI can vary from
device to device and from application board to application board.
Depending on the regulatory environment being targeted by an
application, a constant setting of VCOI for all devices/boards during
TX operation may not be good enough. For those cases we suggest to
follow the VCOI calibration scheme that is described in this
Application Note.

In summary, the calibration routine consists of finding the VCOI
setting that results in a local minimum of the voltage at node FILT for
the desired carrier frequency. The voltage at node FILT is measured
with the AX5043’s on—chip GPADC. To be able to run the calibration
a connection on the application board from pin FILT to pin GPADC1
needs to be available. The calibration can be run using device mode
TX_SYNTH, meaning that there is no spurious emission generated
during calibration as the PA need not be active. It is not required to
re-run calibration for each data transmission, as dependencies on
VDD _IO and temperature are not significant, it must only be re-run if
the carrier frequency is changed.

Hardware Prerequisites
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Figure 1. Configuration for VCOI Calibration
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Table 1. COMPONENT VALUES FOR 868 MHz
OPERATION

Component C1 Cc2 Cc3 C4
Value 39 pF 10 nF 10 nF 12 kQ
not
mandatory

Calibration Procedure
1. Setup the device for CW transmission at the
desired carrier frequency.
2. Setup for GPADC operation, for an 4§ MHz
reference clock this is:
Register 0xf34 = 0x81
3. Loop over VCOI values and take GPADC readings
of the VCO control voltage for each VCOI setting:
a. Set the PLLVCOI register.
b. Set power mode TX_SYNTH, register
PWRMODE = 0x0C.
c¢. Run the VCO ranging routine; if PLL cannot
be ranged for this VCOI value then go to the
next one.
d. Make the VCO control voltage available at
device pin FILT, register PLLLLOOP |= 0x04.
e. Trigger GPADC conversions and read the
results; register GPADCCTRL = 0x84, wait for
GPADCCTRL BUSY bit to clear; read
GPADCI13VALUE1 and GPADC13VALUEQ.

A suggestion is to run 100 — 1000 dummy
conversions and then use the mean of the next
20 conversions.

f. Set PLLLOOP back to its original value.

4. Find the local minimum in the GPADC readings,
use the corresponding VCOI value for all RX and
TX operation at this carrier frequency. Care must
be taken to avoid mistaking a VCO range
boundary as s local minimum, see the graphs in
the next chapter.

Example Results

In the following adjacent channel power measurements
for two application boards are shown along with the
corresponding VCOI calibration data. It can be seen that the
optimum adjacent channel power is obtained where the
VFILT has a local minimum. The VCOI calibration outlined
in this Application Note is an algorithm to find the VCOI at
the VFILT local minimum by measuring the VFILT values
using the GPADC.

Jumps that can be seen both in the adjacent channel
measurements and in the calibration data are caused by VCO
range changes. The internal VCO auto ranging was run for
each VCOI setting. In a microcontroller implementation of
the local minimum search care has to be taken to avoid
mistaking a range boundary for a local minimum.
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D#2, 868.3 MHz, CW, 25 kHz channels, internal VCO,
Pout =13.2 dBm
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Figure 2. Adjacent Channel Power vs. VCOI for Board #3

BD#3, 868.3 MHz, CW, 25 kHz channels, internal VCO,

VCOI Calibration Data
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Figure 3. VFILT Value Measured with the GPADC vs. VCOI for Board #3,

the Local Minimum can be seen at VCOI = 26,
a VCO Range Boundary can be seen at VCOI = 59
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BD#2, 868.3 MHz, CW, 25 kHz channels, internal VCO,
Pout =13.2 dBm
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Figure 4. Adjacent Channel Power vs. VCOI for Board #2

BD#2, 868.3 MHz, CW, 25 kHz channels, internal VCO,
VCOI Calibration Data
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Figure 5. VFILT Value Measured with the GPADC vs. VCOI for Board #2,

the Local Minimum can be seen at VCOI = 24,
VCO Range Boundaries can be seen at VCOI = 45 and VCOI = 60
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Implementation in AX-RadiolLab

The VCOI calibration procedure described above has function of easyAX5043.c. By default, this is disabled, but
been implemented in AX-RadioLab for AX5043, can be easily enabled in the Pin Configuration panel of
AX8052F143, and AXMOF243 development kits. The AX-RadioLab by selecting “VCO Calibration” in the “VCO
calibration algorithm can be found in the axradio_init() Cal Config” field.

- AX5043 Pin Configuration = £ X

Analog Pin Control Digital Pin Control

ANTSEL config g 1

5 Pin 21 € weakpulbup ¢ invert

g VCO calbration

Pin 25,26, 8 VCOI Calibration requires extra A PWRAMP config g Output TCXO Enable
ware Aop Note AX5043 VO 2 Z 3R K 9 g
hardware, see App Note AX5043 VCOI Calibration f R - Pin 20 e P o
g8 825 2
Ref Osc Config gTCXO > EE N E NS
Pin 27, 28
voo Al IRQ config g RQ
anofz] )
PA Config gDrffenhal PA . 2 Pin 19  wesk DR Taai
Pin 3,4,5 o] AX5043 (Ehne
ante1 5] [Tjvos :
anoje] Edwso S‘YSCLK config g
oot Conﬂgg e voD_AnA[T] Efcwx Pin 13 ¢ weak pull-up
Pin 8
[£] 1 fo] §i] ) f3] [id
S 5383 B
i e g Q E -
VCOConfig  3VCO 1 (intemal inductor) ot - DCLK Config - [
Pin 12 r c
Pin 9,10 weak pull-up invert
DATA Config =
Pin 11

€ weakpulkup ¢ invert

(c) AXSEM AG, 2011-2015 -

distribution prohibited

Figure 6.

ON Semiconductor andoare trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free  ON Semiconductor Website: www.onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Phone: 421 33 790 2910 - . .
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada For additional |nformat|on, please contact your local
Email: orderlit@onsemi.com Sales Representative

0 AND9858/D


http://www.onsemi.com/
www.onsemi.com/site/pdf/Patent-Marking.pdf

