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Yusuf Agoro

ABSTRACT

This application note describes the NCO-based frequency hopping capability of the RF-sampling AFE7422
and AFE7444 (AFE74xx). The AFE7422 and AFE7444 are quad-channel, wideband, RF-sampling analog
front ends (AFE) based on 14-bit, 9-GSPS DACs, and 14-bit, 3-GSPS ADCs. With operation at an RF of
up to 6 GHz, these devices enable direct RF sampling into the C-band frequency range without the need
for additional frequency conversions stages. The AFE74xx improvement in density and flexibility enables
high-channel-count, multimission systems, and makes these devices a very attractive option for wideband,
frequency-hopping applications.
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Introduction

Frequency hopping describes a method in which communication systems rapidly change the operating
frequency for a specific application. Applications such as radar, electronic warfare (EW), and
communications use frequency hopping in order to avoid interference, avoid detection, or find signals that
are attempting to remain undetected. The faster these systems can change frequencies, or frequency hop,
the more agile these systems become, thus increasing the chance to avoid interference and detection. In
a traditional frequency hopping system, where an analog mixer and PLL or VCO is used as a local
oscillator, changing frequencies can take quite a long time. As RF sampling has become more prevalent,
frequency hopping is moving toward a NCO-based hopping technique.

Phase Coherency vs Phase Continuity

Phase coherency, or phase memory, defines the ability for a synthesizer to maintain phase so that when
switching to another source, the original frequency source runs continuously in the background and
maintains phase, even when not selected. Therefore, upon returning to the original frequency, the original
phase is unaltered. Phase coherency is especially useful in systems where multiple frequency sources
use a single reference clock. The overall system may switch sources to reflect the desired frequency
source on the RF output, while all other synthesizers run continuously in the background while maintaining
phases relative to the reference. Phase-coherent radar systems eliminate the need for recalibration when
switching between multiple frequencies because the phase relationship relative to the reference is
maintained. Figure 1 shows an example of phase-coherent frequency hopping between NCOO and NCO1
(programmed to frequencies f1 and f2, respectively), and run continuously, even when not selected.

NCOO0: F1 W

RF output

Time —> T

NCOO0: F1 NCO1: F2 NCOO: F1
Selected Selected Selected

Figure 1. Example of Phase Coherent Frequency Hopping

Phase continuity, however, refers to a smooth and continuous transition from one frequency to another on
the RF output when the selected source changes frequencies. Noncontinuous or abrupt transitions in the
output frequency may lead to unwanted spurious content during fast Fourier transform (FFT) analysis.
Figure 2 shows an example of continuous frequency hopping, where the selected source switches from
NCOO0 (programmed to F1) to NCO1 (programmed to F2). As seen in Figure 2, when frequency hopping
from frequency 1 to frequency 2, there is a continuous transition between frequency 1 and frequency 2.

NCOO: F1 \/\/\/\/\/\

RF output M\/\/V\/\

e = | |

NCOO: F1 NCO1: F2 NCOO: F1
Selected Selected Selected

Figure 2. Example of Phase Continuous Frequency Hopping
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3 AFE74xx Architecture
3.1 AFE74xx Receivers: Multiband DDC
The AFE74xx receivers contain two digital-down converters (DDCs), also known as a multi-DDC, each
with a complex digital mixer, 32-bit numerically controlled oscillators (NCOs), and digital decimation
filtering. There are three independent NCOs (NCOO0, NCO1, NCO2) in the top DDC chain, called DDCO.
The bottom DDC chain, called DDC1, has only one NCO (NCO3). The NCOs allow for flexible frequency
tuning within the Nyquist zone before digital filtering. Figure 3 shows a basic block diagram of the
AFE74xx Multi-DDC architecture.
2x Dual DDC -
RXBDSALP 0 NCO 0
RXBDSAIM O DSA YNAL
ADC
RXBDSA2P o |
yMAL _E STX1P
RXBDSA2M DSA NGO 3 ﬁ STXIM
A A Q N STX2P
Analog Digital |« Bypass Path 2 3 E STX2M
Detociors Detotiors |« Bypass Path ANEE
X4 &4 2xDualDDC__ = 3 .
X 3 || STX8P
RXDDSALP & NCOO ‘:‘f E STX8M
& % Hen\ [
RXDDSA1IM
DSA ADC
RXDDSA2P -
; P
RXDDSA2M DSA NCO 3
Figure 3. Basic Block Diagram of AFE74xx Multi-DDC Architecture
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AFE74xx Architecture

3.2

Path AB

Path CD

Path AB

Path CD

AFE74xx Transmitters: Multiband DUC

As for the transmitter, each DAC in the AFE74xx contains a dual-band digital upconverter (DUC), also
known as a multi-DUC, and each DUC contains two, independently programmed, back stage NCO
accumulators. Figure 4 shows the basic block diagram of one TX_TOP (including two transmitters) in the
AFE74xx, where the signal processing features of each of the two multi-DUCs is highlighted in the

shadowed area.

N=15,23,4,6x

— £

Multi-DUC

M =4, 6x

NCO4 NCO6

Output |

Delay

l—% TXDSASW
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—ta
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TXTDD
| TXA DSA |

Output
Delay
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IFS
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TXENABLE
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DAC TXA

I
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Figure 4. Basic Block Diagram of AFE74xx Multi-DUC Architecture
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3.3 Numerically Controlled Oscillator (NCO)

The complex digital mixers in the AFE7444 DDC and DUC include digital quadrature modulator (DQM)
blocks with independent NCOs. The NCOs converts the complex input signal to a real output signal with
flexible frequency placement between 0 and fo,c / 2, where fp,c is the DAC sampling clock frequency. The
NCOs have a 32-bit frequency accumulator value that generates the sine and cosine terms for the
complex mixing. The NCO block diagram is shown in Figure 5.

32

16

Accumulator sin
Pl S - 2] oy 1) o |
Register > Table 6
CLK RESET / cos
16
I Phase
foac_front NCO SYNC Register

Figure 5. NCO Block Diagram

The NCOs in the AFE74xx receivers and transmitters run continuously, whether currently selected or not,
maintaining phase coherency over time. The numerically controlled oscillators in the DDC and DUC
generate a complex exponential sequence, as shown in Equation 1:

x[n]=¢e*" 1)

A 32-bit register setting, also known as the accumulator word, determines the frequency (®) in Equation 1.
The complex exponential sequence is multiplied by the real input from the ADC or DAC to mix the desired
carrier to a frequency equal to:

fIN + fNCO

where
« f is the analog input frequency after aliasing (in undersampling systems)
e fyco is the programmed NCO frequency (2

331 Programming the NCO frequency

A 32-bit accumulator word programs the desired NCO register address to determine the corresponding
NCO frequency. Programming the NCO register addresses are done through the AFE74xx GUI using
serial peripheral interface (SPI) commands. Equation 3 shows how to derive the 32-bit accumulator word
for a given frequency:

oo x 932

EZbitword =~ o

where
*  famiwoa = 32-bit accumulator value
*  fuco = NCO output frequency
o foac = AFE74xx DAC sampling clock 3)
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3.3.1.1 Example: Programming NCO to 1700MHz

Equation 4 gives an example that shows how to derive a 32-bit accumulator word for an NCO frequency
of 1700 MHz when the DAC sampling clock is 8847.36 MHz.

Bobitword = sermsaiz x 232 — 825268148 . 1 @

Converting the decimal value of 825268148.1 to hexadecimal yields the 32-bit NCO word.
fco= HEX(825268148.1) = 0x313097B4 (5)

Each AFE74xx NCO contains four designated register addresses, each responsible for storing a byte of a
32-bit accumulator word corresponding to the NCO output frequency.

Table 1 displays an sequence of register writes that program the TXNCOL1 frequency to 1700 MHz by
writing the hex value 0x313097B4 to the TXNCOL register addresses.

Table 1. Programming TXNCOL1 to 1700 MHz

Read or Write Address Value Comment
W 0x10 0x55 \\ Open DUC register page of all four DACs
W 0x110 0xb4 \\ TXNCO1_word[7:0]
w 0x111 0x97 \\ TXNCO1_word[15:8]
w 0x112 0x30 \\ TXNCO1_word[23:16]
w 0x113 0x31 \\ TXNCO1_word[31:24]

To program TXNCO1 to 1700 MHz, copy the lines of register addresses and values found in Table 1 into
a text file, and save the document as a configuration file by adding the .cfg extension at the end of the file
name. After the AFE74xx is fully configured in a desired mode, the TXNCO1 configuration file is loaded to
the device through the Low-Level tab in the AFE74xx GUI, as shown in Figure 6. The register address for
all of the available RX and TX NCOs in the AFE74xx are listed in Section 7.

B

| File Debug Script Setfings Help

AFE74xx Selectthe device AFE7444 ~ Broadcast @ Reconnect?

! Quick Start @Advanced Configuration @ LMK0428  AFET4xx RX ~ AFET4xx TX J[:Z] Low Level View USE Status @

Register Mapﬂ 5 S 8 Linked Update Mode | Immediate |+ il Net
[ Registe! _ | Address | Default | Mode | Size | Value |7 |6 [5 |4 [3[2 1[0 ] Fieldview

i Choose or Enter Path of File 'Y
- < 4 || « AFETAe » Configuration Files > Philip - Click Here > Load TXNCO1 v ® | SearchLoad TXNCO1 P
Organize + New folder By @m @
I This PC i : Type ize
) 30 Objects [& TxXNCO1.cfg G A9 KB
Desktop
2| Documents
4L Downloads
B Music
&1 Pictures
B videos
i Windows (C:)
g HSP_DC (Vientti.ci
= HSP_CAD (Vient.ti.
=% hsc (\\secswhsecur
¥ Network v
File name: v| | Custom Pattem (".cfg) v
regrsTeT
£ Block Address Write Data Read Data_Generic
ol x o ® o x 0
= Write Register Read Register
Figure 6. Loading the TXNCO1 Configuration File
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3.3.2 Direct Digital Synthesis (DDS) Mode

Direct digital synthesis (or DDS) mode is a technique to generate an analog signal at a frequency
specified by a digital code. The AFE74xx supports DDS mode where the DAC outputs a constant analog
signal at a frequency specified by the 32-bit accumulator word of the active TX NCO. Each DAC can
operate in DDS mode independent of all other DACs. For example, it is possible to transmit a modulated
waveform on DAC A and DAC C, while DDS mode is enabled in DAC B and DAC D. DDS mode is
enabled by navigating to the Configuration tab in the AFE74xx GUI and selecting on in the constant tone
drop-down menu of the respective DAC, as shown in Figure 7.

B Areman - X
File Debug Script Settings Help
AFET74xx Selectihe device | AFETAM v Broadcast % Reconnect?
Quick Start E'Mvanced @ LMKO428 AFE74xx RX  AFET4xx TX Low Level View UsB Status @
Block Diagram  AFE CLK Config Read = Notes for Quick Start
Constant Ouput TX0_BB_Sum 11 - TX2_BB_Sum Constant Ouput
0 oN [v Upper [+ & H -¢ Upper |v orf [~ |[o
T
1b s T 14b 0
@ [o & : 5} U 5)
TX1_to TXORF_S |[oFF[w ) == iy OFF || |Tx3_to_TX2_RF_S

Jesp| [lesp

TX0_to_TX1_RF_S | OFF [ TX2_to_TX3_RF_S

™
14b <
M DS Fee

(039
ﬁ
-

Upper |

o—" 14b X

e [ oo
0 OFF [

Constant Quput 2! -

PXADSAL A
v
mDsaz
DSAD 0

DSAT |0 RX0_ADC_Fano| orp 1o
ut
RX1_ADC_Fano
t

FF v Rx2_ADC_Fana

JESD | |JESD

OFF {88 FF |v | Ria_ADC_Fana

0 DSAO

3 0 DSA1
i \ RADDSAL
v AHm =3
e

DSAD| 0
D3A1|0

RXBDSAL A .
=l = ﬂ
‘ SERDES ‘ ‘ SERDES
Idie @ swusmon | AP TeExas INSTRUMENTS

Figure 7. Enabling DDS Mode in DAC A

Although each DAC contains two NCOs, TXNCOOQO is the selected by default and is programmed to 1700
MHz. Therefore, when DDS mode is enabled, the DAC A output signal is 1700 MHz. Figure 8 shows the
output of DAC A on a spectrum analyzer.

R T [PeakSearch

Mkrl 1.700 88 GHz
Ref @ dBm Atten 19 dB =D Next Peak

Next Pk Right

Next Pk Left

Min Search

Pk-Pk Search

Mkr 5 CF

Center 1639 97 GHz Span 50 MHz HorSS
|Res Bi 470 Kz UBM 479 kHz Sweep 1 ms (601 pts) =

| Copyright 2000-2007 Agilent Technologies

Figure 8. DAC A Output of 1700 MHz in DDS Mode

8 Evaluating the frequency hopping capability of the AFE74xx SLAA870—February 2019
Submit Documentation Feedback
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAA870

13 TEXAS

INSTRUMENTS
www.ti.com Frequency Hopping Methods
4 Frequency Hopping Methods
4.1 Maintaining Phase Continuity

When updating the output frequency of single RX or TX NCO, phase continuity is maintained using SPI.
The programmed frequency is reflected at the receiver or transmitter output only after the newly
programmed NCO is reset. NCO reset can occur through SPI, SYSREF, or JESD SYNC signal. For the
scope of this application report, both SPI and SYSREF are evaluated as methods for issuing the NCO
reset.

In the following experiments, the hop time is characterized using the AFE74xx transmitter and transmitter
NCOs. Phase continuous frequency hopping is implemented using a single TX NCO. The DAC is
configured in DDS mode to output a single tone, and The TXNCOO accumulator word is continually
reprogrammed to effectively hop the constant tone output anywhere between 0 Hz and f5 / 2, where fg is
the sampling frequency. Figure 9 is a visual depiction that shows how phase continuous frequency
hopping is implemented with the AFE74xx.

Frequency Hopping for Phase Continuity

2. Continually update Frequency Word of

active NCO 3. TX Frequency Hopping Sequence

- ~
7 N
s AN
Lot . A
/ Y TXNCOO 4 \
: ]
/ ' \
1. Constant Tone Generation / \
\:\ SPI I
\ To DAC RF /
\ Output /
\ >
\0 MSPs /
AN 7 .
/ Ll
\\ e
N\~
OHz Frequency (Hz) Fdac/2
N /s
Digital
. Complex »| DAC
Interpolation e s - >
Filters Digital Mixer RF output

Digital Up Converter (DUC)

Figure 9. Implementing Phase Continuous Frequency Hopping With the AFE74xx Evaluation Module
(EVM)
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41.1 Phase Continuous Hop Time

When frequency hopping to maintain phase continuity, the hop time is an accumulation of the time
required to write the 32-bit frequency word plus the time required for the RF output to update after toggling
the NCO reset.Figure 10 shows a model scope shot of the theoretical hop time when the SPI is used to
reset the NCO.

NCO used and output
frequency

NCOO - FO >/ NCOO - F1

SPI_Write NCOF1 + Reset ><

>

SPI

AN N

Hop time

Figure 10. Model Timing Diagram for Phase Continuous Frequency Hopping

4.1.1.1  Serial Peripheral Interface (SPI)

Understanding the SPI instruction cycle is critical to approximating the time required for the AFE74xx to
hop frequencies after the command is received through SPI. Each SPI read/write operation is framed by
signal SDEN (serial data enable bar) asserted low. The first two bytes are the instruction cycle that
identifies the following data transfer cycle as read or write, as well as the 15-bit address to be accessed.
The last byte labeled D7 through DO in the SPI instruction cycle contains the data written to the
designated AFE74xx register address.

SDEN\ |

ST& 1. T . Y A

Addr N Addr N+1 (ascending), Addr N-1 (descending)

e —_————S—_—_..-
SDI | rW [A15 | a14 [ A13 ] [A2 [ a1 [ a0 [ o7 [ D6 [ Ds [ 4] D3 [D2]D1[Dpo[D7[D6]D5[D4a] 03] D2]01]00]
SDO -
Figure 11. SPI Bus Write Cycle
The reprogramming the NCO frequency in the AFE74xx DAC, the first four SPI writes program the 32-bit
NCO accumulator word. The last two SPI writes toggle the NCO reset bit to reflect the change in
frequency on the designated DAC output.
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41.1.2 Test Setup

The next experiment characterizes the time required for DAC A on the AFE74xx to hop from 10 MHz to

100 MHz using a maximum SPI clock of 39.4 MHz to reprogram a single 32-bit NCO. Figure 12 shows the
test setup for measuring the hop time when updating the frequency in a single NCO. The output of DAC A
on the AFE74xxEVM (AFE7422EVM or AFE7444EVM) is connected to the channel 1 input of an
oscilloscope. Channel 2 of the oscilloscope is connected to SDEN SPI pin, which indicates the start of the

SPI write sequence.

Oscilloscope

AFE74xXEVM

DAC A output

Figure 12. Test Setup for Measuring Hop Time From 10 MHz to 100 MHz

41.1.3  Software Configuration

To conduct the experiment, bring up the AFE74xxEVM in any mode. For this experiment, the AFE74xx
EVM is configured to mode 4 (for more information on EVM operating modes, see the RF DAC and ADC

Operating Mode Configurations table in the Device Functional Modes section of the respective device data

sheet). After the AFE74xx is configured, enable direct digital synthesis (DDS) mode. See Section 3.3.2 to

see how to enable DDS mode.

After DDS mode is enabled, the default frequency for TXNCOO is 1700 MHz, and must be reprogrammed
to 10 MHz. Program TXNCOO to 10 MHz by entering 10 in the RF_TX_NCO field located in the Advanced
tab in the AFE74xx GUI. Then press the TX NCO UPDATE button, as shown in Figure 13.
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Figure 13. Programming TXNCOO to 10 MHz Through the AFE74xx GUI
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At this point, DAC A outputs a constant tone at the location specified by TXNCOOQO; in this case, 10 MHz.
This constant tone is shown on the oscilloscope connected to DAC A SMA output, labeled |_OUTA on the
AFE74xXEVM.

The next step is to reprogram TXNCOO to 100 MHz while capturing the transition on the oscilloscope. In
the NCO Settings section of the AFE74xx GUI, change the frequency from 10 MHz to 100 MHz by
entering a value of 100 in the TX_RF_NCO field. Before pressing the TX NCO UPDATE button, make
sure that the trigger settings on the oscilloscope is set for negative-edge triggering of the SDEN signal.
After the trigger is set, navigate back to the Advanced tab in the AFE74xx GUI, make sure that 100 is
entered into the TX_RF_NCO field, and press TX NCO UPDATE to reprogram TXNCOO to 100 MHz.
Pressing the TX NCO UPDATE button actively reprograms the frequency in TXNCOO from 10 MHz to 100
MHz through the GUI using the SPI, and activates the trigger on the oscilloscope to capture the transition.

4114 Test Results

Figure 14 shows the oscilloscope shot that displays the frequency hop time from 10 MHz to 100 MHz
when updating a single NCO. Channel 1 of the oscilloscope is connected to the DAC A output, and is
shown as the yellow signal. Channel 2 is connected to the SPIEN pin, which initiates the beginning of
every SPI write, and is shown as the blue signal. As seen in the oscilloscope shot, frequency hopping
from 10 MHz to 100 MHz using a single TX NCO requires a little less than 4 ps with a SPI clock of
approximately 40 MHz. The default SPI clock on the AFE74xxXEVM is much slower.

Tek  Slopped Thens TR ERERERE] m

Curs1 Pos

Curs? Pos

e T

Cursor Type
HEars  ‘Wawlorm

n =
” T 1 ¥ Bas ﬁ
Joom 1 Ghl— oorn 1 Chi2 — AT T
O S00ns i0v SO0 [ﬁ?ﬂ'ﬂ_ Chose

Figure 14. Updating the Frequency in One NCO Requires Approximately 4.6 ps

In Figure 14, the last two de-assertions made by the blue SDEN signal are the SPI writes responsible for
toggling and resetting the NCO, and require approximately 1.2 us to complete.
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In the case where multichip synchronization is desired for frequency hopping, multiple NCOs can be reset

and updated simultaneously by using SYSREF instead of the SPI. Issuing SYSREF after the NCO

frequencies are reprogrammed resets and updates all NCOs simultaneously in order to provide
synchronous frequency hopping. Issuing SYSREF requires a single SPI write to the LMK04828 clocking

chip. Figure 15 shows a measurement of the time required for DAC A to reflect the change in NCO
frequency from 10 MHz to 20 MHz after issuing SYSREF. Approximately 200 ns are required for the DAC

output to reflect the change in frequency.

DAC OUTPUT
Tekstop
< > < >
20MHz 10MHz
3 SYSREF L \/ Less than 200ns
] I . . +
4 y M . 1}1 bikaibes il i d A
() Toomv &~ @ 200mV 0 ' ' .][100;15 ' ]'[2.'5005/5. ] ® 7 5'4.0mv]
value Mean Min Max Std Dev 5 10k points
@ Frequency —-———_Hz No period found
@ Mean 11.0mv 11.8m 11.0m 12.5m

1.09m

Figure 15. Using SYSREF to Update NCO Output Requires Approximately 200 ns to Update the NCO
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4.2 Maintaining Phase Coherency

42.1 TX NCO Hopping Using SPI

Phase coherency is maintained when dynamically switching between NCOs because NCOs run
continuously, whether currently selected or not. Rapidly switching between two or three fixed frequencies
is a suitable use case for certain applications, such as radar attempting to frustrate the efforts of a jammer
signal.

In the case of the AFE74xx, a one-time SPI write is required when switching between the RX or TX NCOs.
Though the AFE74xx receivers can switch NCOs through the SPI or GPIO, the AFE74xx transmitters can
only switch NCOs through the SPI. Figure 16 gives a visual depiction of how phase-coherent frequency
hopping is implemented on the AFE74xx transmitter.

Frequency Hopping for
Phase Coherency

2. Toggle selected TXNCO 3. TX Frequency Hopping Sequence

\
' I
\ oMspPs EIE |
LI'| | "
fl f2
OHz Frequency (Hz) Fdac/2
Digital Complex
Interpolation | — Digital »| DAC RF output
Filters Mixer

Digital Up Converter (DUC)

Figure 16. Phase Coherent Frequency Hopping With an AFE74xx Transmitter

The following experiment calculates the hop time when switching from TXNCOO to TXNCO1 using the
SPI. The test setup for measuring phase coherency is the same setup used to measure continuity.

4.2.1.1 TX NCO Switch Using SPI Hop Time

42.1.1.1 Software Configuration

First, program TXNCOO to 100 MHz through the Advanced tab in the AFE74xx GUI. See Section 4.1.1.3
for programming instructions.

Next, program TXNCOL1 to 10 MHz by using a configuration file to update the TXNCO1 registers. The
configuration file containing the necessary register writes to program TXNCOL1 to 10 MHz is found in
Section 7.

Before issuing the command to switch from TXNCOO to TXNCO1 as the active NCO, make sure that the
trigger setting on the oscilloscope is set to trigger on the negative edge of the SDEN signal. Then, load the
configuration file containing the SPI writes required to switch from TXNCOO to TXNCO1. The register
writes used to select the active TX NCO are located in Section 7. The oscilloscope triggers after the SPI
command is sent, capturing the transition from TXNCOO to TXNCOL1.
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4.2.1.1.2 Test Results

Figure 17 shows that the time required to switch from TXNCOO (100 MHz) to TXNCO1 (10 MHz) is
approximately 658 ns from the issuance of the command through the SPI clock of approximately 40 MHz

Lz

28.Jan 19 164023

Teke_PUeven

N

e

10y

e o s iim s

ML

T '*.';E.':.r = .'|_.1
: ¥2: -1120mY K2

&Y -167d ' &
AWd: - -2B45MME 1t

\ i1

L

=

'I.III

P 'r.ul_n.__ v -,*MM
bowiG2) | -1250mY  pr -124.99995m m :t’s. O M:-125.0m & 0P no10
Eacaw les s sl assaliasclisega PRI (NN I P I P AT Y
Toorm 1 Chi — Fmrrﬂ Cha —
200y 100 Ons 1.0% 100 Ons

SWPTU NN S CRETL L U

_Gusi Pos

Figure 17. Hop Time When Switching From One NCO to Another is Approximately 658 ns
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42.1.2

AFE74xx DAC Settling Time

The DAC settling time is the time required for the DAC output to reach a final value within a specified
percentage when hopping from one frequency to another. The DAC settling time has a direct impact on
the total hop time. Figure 18 shows a model for the DAC settling time.

Nominal Hop 1/ \ Setting
Freq. ’ N ———— Tolerance

Frequency (Hz)

Settling
Time

Frequency

Trigger

\ 4

T— Hop Begin

Figure 18. Timing Model for DAC Settling Time

4.2.1.2.1 Hardware Setup

Measuring the settling time for the AFE74xx DACs requires a spectrum analyzer capable of real-time,
frequency-domain analysis. As shown inFigure 19, the spectrum analyzer is connected to the DAC A SMA
output labeled I_OUTA on the AFE74xXEVM. The SPI clock on the AFE74xxXEVM is the trigger source for
the spectrum analyzer as the AFE74xx active TX NCO switches from TXNCOO to TXNCO1.

Real-Time Spectrum Analyzer

“m-ms 32 .0 111 B e,

RF input

Trigger input

AFE74xEVM

DAC A output

Figure 19. DAC Settling Time: Hardware Setup

4.2.1.2.2 Software Configuration

This example begins by first programming TXNCOO0 and TXNCOL1 to two different frequencies, and then
switching the active NCO, all while observing the transition on a spectrum analyzer. In this example,
TXNCOO and TXNCOL1 are programmed through the AFE74xx GUI to be 313 MHz and 236 MHz,
respectively. See Section 3.3.1.1 for an NCO programming example.
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4.2.1.2.3 Test Results

After the command to switch TX NCOs is issued, the spectrum analyzer captures the transition from 313

MHz, and displays the time required for the DAC output to settle at 236 MHz. The DAC settling time is
approximately 11 ns, as shown in Figure 20.

MultiView * Spectrum Analog Demod

RefLevel 0.00 dBm
Att

10de AQT 200ns DBW 160 MHz Freq 273.685 MHz

4#1 1.000 ns)
M1[1] 3‘3.6?-19970!][] MHz
50 bHz - 436955600 jis
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m———— A
30

)
S
I gy

1
l‘ TN~ —
40
A
=50
-60 MK
-
CF 273.685 MHz 1001 pts 20.0ns/ |
4 Result Summary
Carrier Power -2.15 dBm Carrier Offset -3.49 MHz
48.566 MHz -44.753 MHz 46.659 MHz 36.46 MHz -— — -—
TR T 7 29.11.2018
ignment. Consider 0.3 d6 additional nty . Ready ANRENRRND 0010
11:09:19 29.11.2018

Figure 20. AFE74xx DAC Settling Time of Approximately 11 ns

The transition from TXNCOO to TXNCO1 takes approximately 90 ns to complete, as shown in Figure 21.
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Figure 21. TXNCOO to TXNCO1 Total Transition Time is Approximately 90 ns
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RX NCO Hopping Using the GPIO Pins

If a receiver application requires three NCO for frequency hopping, the AFE74xx supports seamless
hopping using the GPIO pins in real time. The advantage of this method is that no SPI writes are required
to change NCOs, thus greatly reducing hop time. There are two GPIO pins per two receivers: RXFBNCOO0
and RXFBNCOL1 for RX channels A and B, respectively; and RXFBNCO2 and RXFBNCO3 for RX
channels C and D, respectively. Figure 22 shows where GPIO pins RXFBNCOO to RXFBNCO3 are

located.

Table 2 shows the relationship between enabled GPIO pins to selected NCO.

AFE CONTROL

FTDI_RXDSAFAST 1 — 5

H— w3

10 . 12

FTDI RXFBNCO 13 | X I =

16 L- ::__r 18

19 ‘-" e 79

2 - 24

FTDI_TXTDD_MODE 35 - . 57

L2 ey 30

FTDI_RXTDD _MODE 31 Q 35

34 e 36

! 37 - 39

FTDI_RXFBSW ot E

a3 C 1 35

FTDI_DSASW - Frlg
¥ 46 — 43
T 49 t..z E1
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2 ewo— 2

gy R

= = e 53
RXADSAFAST 2
RABDSAFAST g
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RADDSAFAST 11
RAFBMNCOD 14
RXFBHCO1 17
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TATDDT 35
TAID0Z 75
RXTODA 33
RATDDZ 35
R FBSW 38
RAFBSWZ a1
TADSASW a4
RXDSASW a7
FEBANDSELT 50
FEBANDSELZ 53
TAI1END 56
TAZEND =g
SLEEFPMODE 52

HTSW-121-07-G-T

Figure 22. AFE74xx Pinbank J9 Containing RX NCO GPIO Pins

Table 2. Relationship Between Enabled GPIO Pins to Selected NCO

GPIO Pin
NCO ID
RXFBNCO-1/3 RXFBNCO-0/2
0 0 NCO_0
0 1 NCO_1
1 0 NCO_2
1 1

Not applicable
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42.2.1 Test Setup

GPIO hop time is calculated using a TSW14J56EVM connected to an AFE74xXEVM. The TSW14J56EVM
is a data capture card with an input-trigger feature, where data capture begins as soon as the designated
SMA input receives a 1.8-V logic high signal. A function generator connects to both the RXFBNCOO0 GPIO
pin and the SMA trigger input of the TSW14J56EVM. The function generator outputs a single-pulse
square wave at 1 Hz with an amplitude of 1.8 V. The signal from the function generator activates the
TSW14J56 trigger and switches the selected NCO from RXNCOO to RXNCO1. The TSW14J56EVM
captures the change in frequency from 100 MHz to 10 MHz as the enabled NCO switches from RXNCOO
to RXNCOL. The test setup for this example is shown in Figure 23.

Function Generator

. RXFBNCOO
Signal Generator GPIO Pin

CED 8@

~[B6

5 -@ 7D
5| =G

¥

TSW14J56EVM

i AFE74xXxEVM
ADC A input Rev D

Figure 23. Test Setup for Measuring RX NCO Hop Time Using the GPIO Pins

4.2.2.2  Software Configuration

To configure the AFE74xx receiver NCOs to switch using the GPIO pins, follow the normal AFE74xx GUI
bringup procedure with one difference. Before pressing set mode after selecting a mode, navigate to the
Advanced tab in the GUI, and observe the NCO Freq Setting section at the bottom left of the window. The
RX_NCO# fields are where each NCO is programmed. NCO#0, NCO#1, and NCO#2 are the three NCOs
available in the single band DDC. NCO#3 is the single NCO found in the second DDC and is only
available in dual-band mode. RX IDs determine the ADC in which the NCOs are programmed. RX NCO
IDs enable the NCOs to be programmed.

In the example shown in Figure 24, NCOO is programmed to 100 MHz and NCO1 is programmed to 10
MHz. Select NCO IDs 0,1 because only NCOO0 and NCO1 are used. For RX ID, select RX 0 because this
experiment requires programming only one ADC. After entering the desired RX NCO values, press NCO
update to automatically update the corresponding RX NCO registers.

NCO Freq. Setting (MHz)

RX_NCO#0 | 100 _RF_MNCO | 1700
Ri_MNCO#1 | 10 I BB NCO | D

R MNCO#FZ
- 0 L'Dual 0+ |_
R _MCO&3 |0 Band path|jQ0
[Cmig. Emable Table]

RX ID's RX 0 ~ || TXID's THO01,23 |~
RANCOIDS |01, [« | TXNCOID'ERF [+
RXNCO Update)| [ TXNCO Update

Ll i

Figure 24. Programming RXNCOO0 and RXNCO1 to 100 MHz and 10 MHz, Respectively
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After programming the RX NCO values, the AFE74xx receivers must be configured to selectively switch
NCOs using the GPIO pins. RX NCO selection using the GPIO pins is configured through the AFE74xx in
the Advanced tab under the Dynamic Switch section. Select ON under the RX_FBRX drop-down menu.
Select NCO selection by RXFBNCO 0/1 (ADC A/B) or 2/3 (ABC C/D) under the RX/FB NCO drop-down
menu, as shown in Figure 25.

ation
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RX DSA - == = with with
T RX ™ - o
ID's g = | upaste | Update | NEQ NEQ
L J | . o
— gl|&
Cross-Bar Cnig. Update. | = =
Crossbar for ADC Path Overwrite YN Interp. — — Interp.
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Figure 25. Configuring RX NCO Selection Through the GPIO Pins Using the AFE74xx GUI

4.2.2.3 Test Results
Figure 26 shows the measured latency when switching from RXNCOO (programmed to 100 MHz) to
RXNCO1 (programmed to 10 MHz).
Time Domain
15000 -
10000 | ' i ! |
o ool AN LN I
£ UL TR R / N
QoS LA ATRVIRTATAVR IRTAIATAN IATAVRTRNLRIAVAN / AN
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T T T 1 VW"
-15000- ! ! . : i i i i i
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Figure 26. RX NCO Switching Time Using GPIO Pins
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NCO Frequency Resolution Versus Hop Time

There is a trade-off between NCO RF step size (resolution) and hop time. As mentioned previously, a 32-
bit accumulator word determines the output frequency of the NCO, and there are four designated NCO
registers that each store a byte of the total 32-bit accumulator word. Thus, a single SPI write is required to
program each byte of the total accumulator word. Each SPI write adds about 600 ns to the overall hop
time. Therefore, reducing the NCO resolution from 32 bits to 24 bits by programming only the first three
NCO registers bypasses the NCO register containing the 8-LSB bits, and ultimately reduces overall hop
time by 600 ns. The trade-off is that reducing NCO resolution from 32 bits to 24 bits decreases the NCO
resolution. A 32-bit NCO can move in frequency steps of approximately 2 Hz. A 24-bit NCO can save
roughly 600 ns of hop time compared to a 32-bit NCO, but NCO resolution decreases from 2 Hz to roughly
527.35 Hz. If an RF step-size of 135 kHz is suitable for an application, only the 16 most significant bits of
the NCO accumulator word must be programmed, reducing the number of required SPI writes, and
ultimately reducing the overall hop time by approximately 1.2 ps compared to the full 32-bit NCO. Table 3
shows the trade-off between NCO resolution and overall hop time.

Table 3. Trade-Off Between NCO Resolution and Overall Hop Time

Total SPI Write Time
(Update NCO Settling

Frequency + NCO Time
Reset)

32 bits of NCO word 2.06 Hz 4.2 us 90 ns 4.29 us 1/ (4.29 ys + Dwell time)
24 MSB of NCO word 527.35 Hz 3.6 us 90 ns 3.69 us 1/(3.69 us + Dwell time)
16 MSB of NCO word | 135.00274 kHz 2.4 us 90 ns 2.49 ps 1/(2.49 ps + Dwell time)
8 MSB of NCO word 34.43 MHz 1.0 ys 90 ns 1.09 ps 1/(1.09 ps + Dwell time)

Total Hop Time
When Updating 1 Total Hops per Second
NCO

Frequency
NCO Word MSB Step Size
(Resolution)

Fast Frequency Hopping With the Load and Switch

Faster frequency hopping can be achieved when multiple frequency-flexible NCOs are available, as
opposed to reprogramming one NCO.

When multiple NCOs are available, program the NCOs that are not selected to different frequencies in the
background using the SPI while the currently selected NCO is active. When ready to change frequencies,
change the selected NCO.

Figure 27 gives an example of this method using TI's AFE74xx. In the AFE74xx each receiver (Rx)
contains four available NCOs in dual-band mode, and three available NCOs in single-band mode. NCOs
RXNCOO0 and RXNCO1 respectively load the center frequencies of the blue and red bands in the input
spectrum, while RXNCO?2 is currently selected to downconvert the green band in the input spectrum.
Thus, in order to hop to a different color band, send a command to select an NCO already programmed to
the desired band frequency, greatly reducing hop time. Much less time is required to change NCOs than
to reprogram a single NCO.

RXA  RXA RXA
NCO0 NCO1 NCO2

Load Load Selected

Selected
Band

I
[_\/_\ I_\ . SPI/GPIO : :
| . =<

——— ——

Frequency (Hz)

Figure 27. Example of Frequency Hopping With Multiple NCOs
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Table 4 to Table 7 list the register address for all of the available RX and TX NCOs in the AFE74xx.
Table 9 lists the register address for the TX NXO selection bit.
Table 4. RXNCOO Register Address
RXNCOO Register Address Value Comment
0x16 OxF \\ Open DDC register page of all four ADCs.
0x01E6 \\ RX_NCOO_word[7:0] address
O0x01E7 \\ RX_NCOO_word[15:8] address
0x01F0 \\ RX_NCOO0_word[23:16] address
0x01F1 \\ RX_NCOO0_word[31:24] address
Table 5. RXNCOL1 Register Address
RXNCO1 Register Address Value Comment
0x16 OxF \\ Open DDC register page of all four ADCs.
O0x01EA \\ RX_NCOO_word[7:0] address
0x01EB \\ RX_NCOO_word[15:8] address
0x01F4 \\ RX_NCOO_word[23:16] address
0x01F5 \\ RX_NCOO0_word[31:24] address
Table 6. RXNCO2 Register Address
RXNCO2 Register Address Value Comment
0x16 OxF \\ Open DDC register page of all four ADCs.
Ox01EE \\ RX_NCOO_word[7:0] address
O0x01EF \\ RX_NCOO_word[15:8] address
0x01F8 \\ RX_NCOO0_word[23:16] address
0x01F9 \\ RX_NCOO_word[31:24] address
Table 7. TXNCOO Register Address
TXNCOO Register Address Value Comment
0x10 0x55 \\ Open DUC register page of all four DACs.
0x48 \\ TX_NCOO_word[7:0] address
0x49 \\ TX_NCOO_word[15:8] address
O0x4A \\ TX_NCOO_word[23:16] address
0x4B \\ TX_NCOO_word[31:24] address
Table 8. TXNCO1 Register Address
TXNCOL1 Register Address Value Comment
0x10 0x55 \\ Open DUC register page of all four DACs.
0x0110 \\ TX_NCO1_word[7:0] address
0x0111 \\ TX_NCO1_word[15:8] address
0x0112 \\ TX_NCO1_word[23:16] address
0x0113 \\ TX_NCO1_word[31:24] address
Table 9. TX NCO Selection Address
TX NCO Selection Address Value Comment
0x10 0x55 \\ Open DUC register page of all four DACs.
0x2B 0x23 \\ Select TXNCOO
0x2B 0xA3 \\ Select TXNCO1
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