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ABSTRACT

This application report provides characterization data for the FMC30RF. This document contains TX and
RX path board performance, including internal LO and external LO test results.
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1.1 Internal Test Results

111 Block Diagram Internal LO

Figure 1 illustrates the complete system set up, including the ML605 board connected to a computer (CPU
in Figure 1) via an Ethernet cable and to the FMC30RF board from the other side.

GPIB
Remote Control |

Signal
Analyzer
! RF /O
cpu Fthemell wieos > FMC30RF J
{€— TXCLK (TXVCO IN) —I
BPF
‘ Used to test External LO A
GPIB = Signal
Remote Control "l Generator

Figure 1. Block Diagram

The firmware is burned on the FPGA (located inside the ML605 board) using the Xilinx design tool. After
burning the firmware, access the FMC30RF board to create a TX or RX measurement.

MATLAB is a registered trademark of The MathWorks, Inc..
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Figure 2 illustrates the block diagram of the FMC30RF board (by “4DSP").

In order to take the TX measurement, the following parts are used in the FMC30RF board (Figure 2):
AFE7225, TRF3720, and CDCE62005. The AFE7225 has an internal DAC which receives an interleaved
signal (digital) and transfers it (in differential IQ mode) into the TRF3720.

The TRF3720 is a modulator, requiring LO frequency (internal LO or external LO), a reference frequency,
and an 1Q signal. The reference frequency is generated by the CDCE62005; the 1Q signal is received from
the AFE7225. The LO frequency is controlled by the software (C language with visual studio) and can be
changed according to demand. Tl tested the FMC30RF board with two cases; internal LO and external
LO.

While testing the hardware with external LO “TX VCO IN” is used in the path (TX_CLK in Figure 2).
The RF signal is transmitted out via TX/RX (port 2 in Figure 2).

In order to test the 1Q balance, port 2 was connected to FSQ (signal analyzer), see Figure 1.

[e—T" | TX_VCO_IN
// . 1o our | ﬂ<—>° T_Cll
< > g
AFE7225
\\ |
\~ [P
P < R i 12 s B . S
r— ]
FMC LNA_OUT
LPC o * not available from front panel
RX_VCO_IN
TRF3765 RX_LO OUT | .3 o RX_CLK
REF
A
TCx0
< ]—o EXT_REF_IN
CDCE62005 |-
- » @ £x7_ReF_out

Figure 2. FMC30RF Block Diagram (TX Path Inside the Red Circle)
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1.1.1.1 IQ Balance Test Theory

When transmitting a complex RF signal and analyzing it in the frequency domain, a fundamental power
tone is expected in this place: fRF = fLO %f IF, (represented with the number ‘1’ in Figure 3) a LO tone on
fLO (represented with the number ‘2’ in Figure 3), and a sideband tone, (represent with the number ‘3’ in
Figure 3).

The sideband tone should be zero in an ideal transmitted signal (the FFT of COS and SIN should cancel
each other out) but because there are mismatches in the signal chain in gain and phase, we get a
sideband tone with a nonzero value.

The 1Q balance test measures the difference between the power of the fundamental tone and the power of
the sideband tone. The value of Pfundamental — Psideband should be around 40 dBc.

£
<%«~;\/ “RBW 5 kHz Delta 3 [T1 ]
VBW 20 kiz
Ref 10 dBm *mtt 5 dB SWT 4 =
10
- —— =L
1 AD|
C LRWE] N
P RN EENENS WSS S S . T
F-z0
Distance:~ 40 [dBc

Center B00 MHz 10 MHz/ Span 100 MHz
Date: 7.RUG.2013 15:05:44

Figure 3. Example of IQ Balance Plot
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1.1.1.2

1.1.2

IP3 Test (IMD3) Theory

A

Amplitude

2f-f, i o 2f-fy
Frequency

Figure 4. Frequency versus Amplitude for IMD3 Products

When generating a two-tone signal, input frequencies f1 and f2, there is a product that emerges in the
output beside the two tones, the second order is neglected but the third order product is important
because it falls near the band. The frequencies which are expected to be found are: 2f, — f, and 2f, — f,.

The main issue is when the input power of the two tones increases 1XdB, the output power of the product
increases 3XdB.

There is a theoretical point where the fundamental power meets the product IMD3 power, this point is
called the IP3 point. The IP3 point is only theoretical because before the power reaches this point, the
amplifier causes a distortion in the output signal.

System Setup Description

In order to test the 1Q balance and IP3, the internal VCO mode was set in the FMC30RF board. Tl tested
the following frequencies: 300, 800, 1300, 1800, 2100, 2300, 2800, 3300, 3800 MHZ. For every
frequency, two amplitude values were taken: (full scale) and (full scale — 6 dB).

The IF frequency is set to = 5 MHz, the RF I/O port is connected to the FSQ 26 signal analyzer to take the
measurement values.

From this point on, few changes have been taken from the original 4DSP code settings. The reason for
the changes is the TRF3720 datasheet (SLWS221), which guides how to work with fractional mode:
The following values were changed in order to work in fractional mode:

1. Reg [4] bit 25 — “EN_DITH” was set to 1.

Reg [4] bit 19 — “LD_ANA_PREC” was set to 3.

Reg [4] bit 26 — “MOD_ORD” was set to 2.

Reg [7] bit 20 — “ISOURCE_TRIM” was set to 7.

Reg [6] bit 28 — “TX_DIV_BIAS” was set to 0 and then set to 2 (attached the result in Section 1.1)

arwn

NOTE: On the IP3 test, the thermal conditions were: Hot — No Air Flows.

6
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1.1.3 IQ-Balance Test Result
Figure 3 shows an example 1Q-Balance test result.
There is a fundamental tone (marker ‘1’ in the plot), a LO frequency (marker "2 in the plot), and the
sideband tone (marker ‘3’ in the plot). The test checked the rejection value (marker 1 amplitude — marker
2 amplitude = 40 dB).
The normal rejection values for TRF3720 are around 40 dB. The following sections show test results for
the 1Q-Balance with different conditions.
The influence of two signals was checked for every condition: full scale signal versus a full scale — 6 dB
(back off signal). These conditions were also tested with internal OSC (internal LO). In Section 1.1.4, the
same test was performed but only with external LO. The value of the “TX_DIV_BIAS “ (Reg [6] bit 28 in
TRF3720) was changed from 25 pA to 50 pA to determine how that changes the results.
Results: IQ-Balance, Full scale, IF=5 MHz, internal LO = 300 MHz to 3800 MHz.
“TX_DIV_BIAS” was set to 0 gives a bias point of 25 pA.
As the graphs in Figure 5 and Figure 6 illustrate, the results are around 40 dB, as expected.
65
~ 55
g
% 50
8 45
= \ /
£ 40 ™ / %
[+
[a1]
Q35 /
30 e Single Tone (Full Scale) for 5 MIF
- === Single Tone (Full Scale-6 dB) for 5 MIF
300 800 1300 1800 2300 2800 3300 3800
Frequency (MHz)
Figure 5. IQ Balance Graph for Internal LO and Bias Point of 25 YA
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For Reg [6] bit 28 - “TX_DIV_BIAS” is set to 2, giving a bias point of 50 pA.

48

46

:

A /TN
/ ///\
N__ \

— \

/

IQ-Balance Measurement (dB)
w B
© o

/|

34
32 Single Tone (Full Scale) for 5 MIF
Single Tone (Full Scale-6Db) for 5 MIF
30
300 800 1300 1800 2300 2800 3300 3800
Frequency (MHz)
Figure 6. IQ Balance Graph for Internal LO and Bias Point of 50 pA
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1.1.4 IP3 Test Results

As described in Section 1.1.1.1, two tones at the same power were created with MATLAB® as a signal
generator and transmitted through the DAC in the AFE7225 and through the TRF3720 to the spectrum
analyzer.

In this section the system is tested (FMC30RF board) with internal LO, in Section 1.2 the same test is
performed but with changes to External LO.

In order to test the system reaction for two tones, the internal VCO mode is set in the FMC30RF board.
The LO frequencies are: 300, 800, 1300,1800, 2100, 2300, 2800, 3300, and 3800 MHZ. The two tones
were tested in full scale signal. The rest of the settings are the same as in the 1Q balance test.

Figure 7 is an example plot from the output of the RF chain (MATLAB in CPU — ML605 — AFE7225
(DAC) — TRF3720 — signal analyzer).

® “RBW 100 kHz Marker 2 [Tl ]
*VBW 3 kHz

Ref 0 dBm TRtt 5 dB SWT 30 ms
.. 1y
il
I
| \\ | \N
--50 \ \
\‘ \]
R st ool P e ha it cpats Wha gl j \4 \'J‘V \MM TLLWWTY TS
1% f 7 W L VT iy

Center 292.8 MHz 1 MHz/ Span 10 MHz
Date: 7.AUG.2013 15:30:12

Figure 7. TX of Two Tones (Markers 1 and 2) and the IP3 Products Result (Markers 3 and 4)

SLOA191-September 2014 Characterization Report for FMC30RF 9

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOA191

13 TEXAS
INSTRUMENTS

TX Path www.ti.com

Figure 8 shows the results for two bias points: 25 pA and 50 YA, as previously described.
The expected value for IP3 is around 25 dB.
Results: IP3, Full scale, internal LO = 300 MHz to 3800 MHz

28

26

o1 |

TN\

T~
N AN
\\

22 \
o
2 20 \
<]
S 18 e ™~
a \\ / \\\
16 \
14 \\_//
12 TX DIV BIAS = 25 pA [0
0 TX DIV BIAS =50 pA ['2]
1
300 800 1300 1800 2300 2800 3300 3800

Frequency (MHz)

Figure 8. IP3 Plot — Internal LO

Figure 8 illustrates that the black graph (25 pA) has better IP3 values.
LO carrier Phase Noise

¥ Agilent ES052A Signal Source Analyzer

. N )dBcfHz
57 GHz -0,6489 dBm

Y R PR A
" S C RPN S “

IF Gain 2048 Freq Band [300M-7GHz] LO Opt [ <150kHz]
[Phase Noise Start 1 kHz Stop 40 MHz IEETCH|

Set RF ATT 0d8 e | o Joo. o Jaunsdelextref]- ] J2013-08-09 12:22]

Figure 9. Phase Noise Plot — LO Carrier
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NOTE: TI found better results of 3 dB more on both IP3 tests while using the IONIZER to reduce
board temperature.

Due to cable connections, a loss of —1.41 dB in 300 MHz, —2.854 dB in 1.5 GHz, —4.084 dB
in 2.8 GHz, —4.281 dB in 3.8 GHz is seen.

1.1.5 Conclusion

The performance meets expectations as per the typical values in the TRF3720 datasheet (SLWS221). The
module was operating without air flow and temperatures were significantly higher than room temperature.
Performance is expected to improve with air flow.
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1.2 External Test Results

121 Block Diagram External LO

GPIB
Remote Control |

/—> Signal Analyzer

RF I/O
\ 4 J
CPU __Ethernet | vieos >  FMC30RF
<«€«—TX CLK ( TXVCO IN)
BPF
A
GPIB _ Signal
Remote Control " Generator

Figure 11. Block Diagram: External LO

1.2.2 Setup Description

As described in Section 1.1.2 — Section 1.1.4, the same test is performed but with external LO. In order to
test the IQ Balance and IP3, the external VCO mode is set in the FMC30RF board.

A signal generator is set to sweep on the following external LO frequencies: 800, 900, 1000, 1100, 1250,
1350, 1500, 1600, 1750, 1850, 2000, 2100 MHZ.

For every frequency, four amplitude values (-5, 0, 5, and 10 dBm) are tested.

In order to reduce harmonics, a BPF connected to the output of the signal generator was used. The IF
frequency is set = 10 MHz.

The RF 1/O port is connected to FSQ 26 signal analyzer to take the measurement values. The whole
system was controlled with MATLAB via GPIB. Differences were seen with and without the BPF in the
output of the signal generator.
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1.2.3 IQ-Balance Test Result
Figure 12 is the example plot from the signal analyzer:

1.35[GHz] , -5[dB]

£ R —— P —
—— S — —— A — e — A Ak edte ———
L PP e [~
- iy - LR
L —as
ey e —— Sy e S S A oo S A A

[ T — - — -, DD =

Eates IW. UL.XOLZ A% a3 e =Z

Figure 12. 1Q Balance — Signal Analyzer Plot

As Figure 12 shows, there is a fundamental tone (marker ‘1’ in the plot), the LO frequency (marker "2 in
the plot), and the sideband tone (marker ‘3’ in the plot). The test checked the imbalance value (marker 1
amplitude — marker 2 amplitude = 40 dB). The normal rejection values for TRF3720 are supposed to be
around 40 dB.

Results: Full scaled signal, IF= 10 MHz, LO = 800 MHz to 2100 MHz.

Table 1. IQ Balance for Full Scaled Signal — External LO

IQ Balance -5 dBm IQ Balance 0 dBm IQ Balance 5 dBm IQ Balance 10 dBm
MHz dBc MHz dBc MHz dBc MHz dBc
800 32.37 800 28.09 800 30.45 800 29.01
900 38.01 900 26.4 900 22.88 900 36.68
1000 3451 1000 27.75 1000 19.39 1000 235
1100 32.26 1100 30.47 1100 19.63 1100 21.25
1250 27.68 1250 26.48 1250 20.64 1250 21.42
1350 39.68 1350 31.46 1350 23.22 1350 22.64
1500 45.87 1500 36.91 1500 26.61 1500 25.38
1600 32.21 1600 37.15 1600 30.84 1600 30.84
1750 48.16 1750 50.51 1750 37.98 1750 34.31
1850 46.74 1850 4591 1850 43.79 1850 40.19
2000 49.91 2000 53.76 2000 52.59 2000 59.86
2100 40.25 2100 38.96 2100 34.74 2100 40.6
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Each table has a different power amplitude from -5 dBm to 10 dBm.
70
60
g > f‘% Z \
2 el
= / \ /A /
£
; /\\_/— / /—k/ /
§ ol \ /// 4/
S | =2 7
N— — | e | Balance = -5 dBm
20 1Q Balance = 0 dBm
1Q Balance =5 dBm
10 1Q Balance = 10 dBm

800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
Frequency (MHz)

Figure 13. IQ Balance IF = 10 MHz Full Scaled Signal

Results: Full scaled —1-bit signal, IF= 10 MHz, LO = 800 MHz to 2100 MHz

Table 2. IQ Balance Table, Full Scaled —1-bit Signal — External LO

IQ Balance -5 dBm IQ Balance 0 dBm IQ Balance 5 dBm IQ Balance 10 dBm
MHz dBc MHz dBc MHz dBc MHz dBc
800 32.9 800 29.28 800 31.27 800 28.11
900 39.14 900 27.31 900 22.73 900 37.88
1000 35.06 1000 28.29 1000 19.57 1000 23.92
1100 35 1100 31.62 1100 19.81 1100 21.64
1250 27.42 1250 26.93 1250 20.95 1250 21.49
1350 41.12 1350 32.58 1350 234 1350 22.84
1500 49.35 1500 39.61 1500 26.97 1500 25.36
1600 31.66 1600 36.27 1600 30.35 1600 28.18
1750 58.45 1750 49.91 1750 38.87 1750 35.04
1850 39.72 1850 41.22 1850 48.06 1850 40.89
2000 46.05 2000 51.84 2000 51.14 2000 55.24
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Figure 14. IQ balance, 2D Graph, Full Scaled — 1-bit IF= 10 MHz

1.2.4 IP3 Test Result

As described in Section 1.1.1.2, two tones were created with MATLAB as the signal generator with the
same power and transmitted them through the DAC inside the AFE7225 and through the TRF3720 to the

spectrum analyzer.

In this section the system (FMC30RF board) is tested with external LO. In order to test the system
reaction for two tones the external VCO mode is set in the FMC30RF board. The LO frequencies are:
800,900,1000,1100,1250,1350,1500,1600,1750, and 1850 MHZ. The two tones were tested in full scale
signal. The rest of the setting is the same as in IQ balance test.

Here is an example plot from the output of the RF chain (MATLAB in CPU — ML605 — AFE7225 (DAC)
— TRF3720 — signal analyzer.

Results: IF = 10 MHz, LO = 800 MHz to 2000 MHz

Table 3. IP3 Table — External LO

TOI-5dBm TOI0dBm TOI 5 dBm TOI 10 dBm
MHz dBc MHz dBc MHz dBc MHz dBc
800 26.17 800 26.25 800 26.19 800 26.03
900 25.64 900 26.08 900 26.18 900 26.21
1000 26.52 1000 26.7 1000 26.14 1000 26.49
1100 26.38 1100 26.36 1100 26.11 1100 25.74
1250 26.29 1250 26.54 1250 24.99 1250 24.76
1350 24.83 1350 25.12 1350 24.44 1350 24.62
1500 22.68 1500 22.89 1500 23.42 1500 23.71
1600 255 1600 25.71 1600 27.47 1600 27.06
1750 28.6 1750 28.7 1750 27.26 1750 26.88
1850 27.83 1850 28.01 1850 27.9 1850 26.03
2000 25.83 2000 24.95 2000 23.88 2000 59.86
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Frequency (MHz)

Figure 15. TOIl — External LO

As described in the TRF3720 datasheet, the values are as the expected. (around 25 dB)
There is a 3-dB cable loss (changes through the frequencies)

1.3 ACPR-LTE Signal, Base Band 5 MHz, 10 MHz, 20 MHz
13.1 Test Description
5-, 10-, 20-MHz baseband LTE full scale signals were created with a pattern generator (TSW3100).
Another set of 5/10/20 MHz baseband LTE full scale-6dB signals were created in the same way. An
automation process was done with MATLAB (set and run the exe file from visual C, control the FSQ and
the signal generator). The signal generator was used only in external VCO test.
The following graphs describe the results from these tests:
1. TX power — Full scale versus [Full scale — 6 dB], (2 graphs — internal and external).
2. Adjacent channel — Full scale versus [Full scale — 6 dB], (2 graphs — internal and external).
3. Alternate channel — Full scale versus [Full scale — 6 dB], (2 graphs — internal and external).
While testing with the external VCO, the amplitude is ‘0’ [dBm] .
The FSQ BW and spacing has been set according to the standard values:
e For 5 MHz BB: BW = 4.515 MHz, spacing = 5 MHz
e For 10 MHz BB: BW=9.015 MHz, spacing = 10 MHz
» For 20 MHz BB: BW=18.015 MHz, spacing = 20 MHz
16 Characterization Report for FMC30RF SLOA191-September 2014
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1.3.2 Internal LO versus External LO for TX Channel
Results: Internal LO: TX Channel Full scale versus [Full scale — 6 dB]

0
e TX Channel (Full Scale) 5 MHz LTE BB TX Channel (Full Scale—6 dB) 5 MHz LTE BB
TX Channel (Full Scale) 10 MHz LTE BB TX Channel (Full Scale-6 dB) 10 MHz LTE BB

-2 TX Channel (Full Scale) 20 MHz LTE BB TX Channel (Full Scale—6 dB) 20 MHz LTE BB

-4 \

-6 — /\
g 8 |— —
= \ / \
g \
E —~—~ —
=2 \
=3 /
© -12 — /\\

300 800 1300 1800 2300 2800 3300 3800
Frequency (MHz)

Figure 16. Internal LO — TX Channel Full Scale versus [Full Scale — 6 dB]

Results: External LO: TX Channel Full scale versus [Full scale — 6 dB]

0 e T X Channel (Full Scale) 5 MHz LTE BB TX Channel (Full Scale-6 dB) 5 MHz LTE BB
e TX Channel (Full Scale) 10 MHz LTE BB e TX Channel (Full Scale—6 dB) 10 MHz LTE BB
-2 TX Channel (Full Scale) 20 MHz LTE BB TX Channel (Full Scale—6 dB) 20 MHz LTE BB
4
g K \ \
g T ——
5
£ ¥ //1&
3 - M
—12 X /_ -\\
P——
-14 E—
-16
800 1300 1800 2300 2800
Frequency (MHz)
Figure 17. External LO: TX Channel Full Scale versus [Full scale — 6 dB]
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Internal LO versus External LO for: Adjacent channel

Adjacent channel power ratio (ACPR) is a critical measurement, for many transmission standards (1S-95
CDMA, WCDMA, 1S-54 NADC, and so forth). This test characterized the distortion and defines the
interference with neighboring radio. As in the IP3 test, there is a product from the 3rd order that falls inside
the band. The main goal of this test is to make sure that while transmitting the LTE signal, the parts that

fall outside the bandwidth will not interfere with other LTE signals.

Normally, the lower values attained, the better the results for this test as shown in Figure 18 and

Figure 19.
Results: Internal LO: TX Channel Full scale versus [Full scale — 6 dB]

-45
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_55 /—\ /
o /
=
. —60
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S / y
o
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3 -65 I — —
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_70 P —— E——

e
=75 Avg. ADJ Channel (Full Scale) 5 MHz LTE BB Avg. ADJ Channel (Full Scale-6 dB) 5 MHz LTE BB
Avg. ADJ Channel (Full Scale) 10 MHz LTE BB Avg. ADJ Channel (Full Scale-6 dB) 10 MHz LTE BB
80 Avg. ADJ Channel (Full Scale) 20 MHz LTE BB Avg. ADJ Channel (Full Scale—-6 dB) 20 MHz LTE BB
300 800 1300 1800 2300 2800 3300 3800

Frequency (MHz)

Figure 18. Adjacent Channel — Internal LO

Results: External LO: TX Channel Full scale versus [Full scale — 6 dB]
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Figure 19. Adjacent Channel — External LO
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Internal LO versus External LO for: Adjacent Channel
Results: Internal LO: Alternate Channel Full scale versus [Full scale — 6 dB]
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Figure 20. Internal LO: Alternate Channel

3300 3800

Results: External LO: Alternate Channel Full scale versus [Full scale — 6 dB]
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Figure 21. External LO — Alternate Channel

1.4 Conclusion

2300

2800

In this section the 1Q Balance and the third order intercept points are tested for internal and external LO.
While comparing a full scaled signal and a back off signal with 6 dB, the performance meets expectations

for the typical values in the TRF3720 data sheet.

In the last test performed on an LTE signal when measuring the adjacent channel, the power channel and
the alternate channel — there is some rising in the result on the 2800 MHz, but besides that, the results

meets the expectation.
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2 RX Path

2.1 1Q Balance Test

211 Block Diagram Internal LO

Figure 22 illustrates the complete system set up, including the ML605 board which is connected from one
side to a computer via Ethernet cable and from the other side to the FMC30RF board The signal
generator is used to generate the input RF signal and the internal and external VCO mode in TRF3765 is
set alternately in the tests.

RF Signal from

Signal
’7 Generator

RFIN
CPU <€Ethernet— ML605 » FMC30RF 4—/
€«-RxData Buffer— < RX CLK

Internal VCO

Mode

Figure 22. Block Diagram Internal LO

The firmware is burned on the FPGA which located inside the ML605 board by using the Xilinx design
tool. After burning the firmware, the FMC30RF board can be accessed to take RX measurement. The
block diagram of the FMC30RF board (with “4 DSPs) is shown in Figure 23.

In order to take the RX measurement we will use the following parts inside the FMC30RF board:
» AFE7225 - used the ADC inside it to receive a IQ signal and save it in a buffer (RXData.txt)

e TRF3765 — used to generate the LO into the TRF3711, working with two modes — internal LO and
External LO

 TRF3711 — used as demodulator, received the RF signal after gaining it with 1 low-noise amplifier
(LNA) from the signal generator, and a LO from TRF3765, in the output of this device there are 1/Q
signals

» CDC62005 — used to generate references to the AFE7225, TRF3765, and TRF3711
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While testing the hardware with internal LO, the TRF3765 was set to “RX_VCO_OUT" (port 4) and “RX IN”
(port 3) was connected to the signal generator as shown Figure 22. The second LNA remained bypassed.
The attenuator is set to minimum and maximum values

|
e
AFE7225

—

FMC
LPC

—»

Yy

REF > TX_VCO_IN
— TX_LO_OUT TX_CLK
TRF3720 > °

Y

* not available from front panel

TRF3765

REF

RX_VCO_IN
RX_LO_OUT | _}—»o RX_CLK

T —

CDCE62005

A

2.1.2 Setup Description

4—1 ’—o EXT_REF_IN

=° EXT_REF_OUT

Figure 23. FMC30RF Block Diagram

Prior to this test a line up analysis was performed to know which gain is expected and which IP3 value
should be received (best theoretical values). In order to test the 1Q balance, the following settings are

used:

1. TR3765 is set to internal LO mode and the following frequencies are swept: 1500, 2140, 2800, 3300,

3800 MHz.

2. The attenuator before TRF3711 is set to minimum (O dB) in the first half of the tests and set to

maximum attenuation (31 dB) in the last half.

3. Inside TRF3711, four BB gain settings were used (0, 5, 15, 24 dB) and the results are from these
different types of gains and also from EN/D is the 3-dB attenuator.

4. The following RF frequencies were tested: 1500, 2140, 2800, 3300, 3800 MHz with a different

amplitude pin [0, —20, —30, and —50 dBm] for each of the previous settings.
5. The IF frequency is set to 5 MHz.
6. MATLAB was used to automate the process using BPF on the RF signal.
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Figure 24 shows an example plot for IQ balance test with 5 MHz IF.

High Speed Data Converter Pro v2.20

) - ADC - DAC
r+ Y LW
Select ADC {3 g 65535~ B =
Testssi:lelc:::n! Bl 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000
gValue = Complex FFT z‘ Channel 1/2 E Blackman E‘ (Channel 1+j*Channel 2) 1/1 Averages RBW | 7500 Hz
| x (= 107 M, &
THD 6248 dBFs 0.0+ &)
e
Fund. "ag8 dBFs. -200-
Next Spur -30.13 dBFs
HD2 -6281  dBFs -30.0-| -|Spu
HD3 =7472 dBFs M
HD4 -73.40 dBFs -40.0-
HDS -1347 dBFs
NsD 7075 dBFs/bin -50.0-
M1 ?::;3 :;uhu ﬁ 6001
M2 -103.75 LODE+6 o -70.0-
Delta 612 LODE+6
~Test Parameters 800-
Coherant Fraquandiss 900~
Analysis Window (samples) 1000
16384 [=] ’
ADC Output Data Rate -1100-
12285M -1200-
ADC Input Target Frequency
0.00000000 1300-
1400, ! ! | ! ! ! ! ! ! ! ! ! I .
-70M -60M -50M -40M -30M -20M -10M 1] 10M 20M 30M 40M S50M 60M 70M
Frequency (Hz)
Firmware Ver= " " Firmware Type =" * Firmware Type =" *
Save Screen shotas 10/8/2013 6:25:15 PM Build - 08/21/2013 NOT CONNECTED y A & & ‘ @TEXAS INSTRUMENTS
Figure 24. 1Q Balance — Internal LO 5 MHz IF
The system:
Attenuator TRF3711 AFE7225
Figure 25. RX Signal Chain Block Diagram
Max/Min attenuation refers to the attenuator values.
Base Band gain (BB Gain) and EN/DIS 3-dB attenuation refers to the gain inside the TRF3711.
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The different settings for all the tests are listed in the following table:

Setting Total Gain
Max attenuation _ BB gain zero, EN 3-db attenuation 0
Max attenuation _ BB gain 5, EN 3-db attenuation 5
Max attenuation _ BB gain 15, EN 3-db attenuation 15
Max attenuation _ BB gain 24, EN 3-db attenuation 24
Max attenuation _ BB gain zero, 3-db attenuation off

Max attenuation _ BB gain 5, 3-db attenuation off

Max attenuation _ BB gain 15, 3-db attenuation off 18
Max attenuation _ BB gain 24, 3-db attenuation off 27
Min attenuation _ BB gain zero, EN 3-db attenuation 31
Min attenuation _ BB gain 5, EN 3-db attenuation 36
Min attenuation _ BB gain 15, EN 3-db attenuation 46
Min attenuation _ BB gain 24, EN 3-db attenuation 55
Min attenuation _ BB gain zero, 3-db attenuation off 34
Min attenuation _ BB gain 5, 3-db attenuation off 39
Min attenuation _ BB gain 15, 3-db attenuation off 49
Min attenuation _ BB gain 24, 3-db attenuation off 58

2.1.3 Internal LO Test Result

The plots in Figure 26 through Figure 29 show that you can choose the desired setting (16 options) and

the results are around 35-40 dB for the 1Q Balance test.

Do not work below RF Frequency = 1000 MHz because the LNA is designed to work well below 1 GHz.

®Pin =0dBm 1500
®mPin =0dBm 2140
mPin =0 dBm 2800
®Pin =0 dBm 3300
®Pin =0 dBm 3800

Q/(\
©°
[2)
,‘g“/\/
Q&O ‘bQ)
o7 '\\0(\/ Qo
& &S
&
T TR
R
3 ARG

Figure 26. IQ Balance Internal LO, Pin =0 dBm
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Figure 27. 1Q Balance Internal LO, Pin = -20 dBm
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Figure 28. IQ Balance Internal LO, Pin = -30 dBm
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Figure 29. 1Q Balance Internal LO, Pin = -50 dBm
214 Block Diagram External LO
Figure 30 illustrates the complete system set up.
RF Signal from Signal
Generator
RFIN
CPU ML605 > FMC30RF 4—'
«€RxData Buffer —
€—RX CLKL
LO Frequency from
Signal Generator
Figure 30. External LO Block Diagram
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The firmware is burned on the FPGA located inside the ML605 board by using the Xilinx design tool. After
burning the firmware we can access to the FMC30RF board to take RX measurements. The block
diagram of the FMC30RF board (with 4 DSPs) is shown in Figure 31.

In order to take the RX measurement the following parts inside the FMC30RF board are used:

» AFE7225 - used the ADC inside it to receive a IQ signal and save it in a buffer (RXData.txt)

* TRF3765 — used to generate the LO into the TRF3711, we worked with two modes — internal LO and
External LO

* TRF3711 — used as demodulator — received RF signal after gaining it with 1 LNA from the signal
generator, and an LO from TRF3765, in the output of this device we have an I/Q signals

» CDC62005 — used to generate references to the AFE7225, TRF3765, and TRF3711

While testing the hardware with external LO, the TRF3765 was set to Ext VCO (RX_VCO_IN-port 4) and
to signal generator. RX IN (port 3) was connected to the signal generator as shown in Figure 30.

The second LNA remained bypassed. The attenuator is set to minimum and maximum values.

— o > TX_VCO_IN
— TX_LO_OUuT TX_CLK
TRF3720 > o

> >
> >

AFE7225

et
— -t
FMC
LPC * not avalable from front panel
RX_VCO_IN
\ TRF3765 RX_LO OUT |~ o RX_CLK
\ REF
I — R
‘ TCXO ‘
B 4—1 ’—o EXT_REF_IN
CDCE62005 |
- »@) ExT_ReF_ouT

Figure 31. FMC30RF Block Diagram RX Path

2.15 Setup Description

The following settings were used to test the 1Q balance:

1. TR3765 is set to External LO mode and swept at the following frequencies: 1500, 2140, 2800, 3300,
and 3800 MHz via signal generator.

2. The attenuator before TRF3711 is set in 8/16 setting to minimum (0 dB) and in 8/16 setting to
maximum attenuation (31 dB).

3. Inside TRF3711, four BB gain settings were used (0-, 5-, 15-, 24-dB gain) and also EN/DIS the 3-dB
attenuator.

4. We tested these RF frequencies: 1500, 2140, 2800, 3300, 3800 MHz, with different amplitude pin [0,
—20, —30, -50 dBm] for each of the setting above.

5. The IF frequency is set to 5 MHz.
6. MATLAB was used to automate the process and BPF was used on the RF signal.

Figure 32 through Figure 35 show the results:
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2.1.6 External LO Test Result
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Figure 32. 1Q Balance External LO, Pin =0 dBm
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Figure 33. IQ Balance External LO, Pin = —20 dBm
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®Pin =-30 dBm 1500
®Pin =-30 dBm 2140
®Pin =-30 dBm 2800
®Pin =-30 dBm 3300
®Pin =-30 dBm 3800

®Pin =-50 dBm 1500
®Pin = -50 dBm 2140
®Pin =-50 dBm 2800
®Pin =-50 dBm 3300
®Pin =-50 dBm 3800
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Figure 35. IQ Balance External LO, Pin = -50 dBm
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2.1.6.1 Summary for IQ Balance Test

We tested the hardware with internal and external VCO — and the result are around these values 30-40
dB, it is expected to be in this range there for we can say the results are good.

The result are expected to be even better if using the 1Q correction firmware.

The LNA was designed for a minimum value of Fin = 1 GHz, therefore, it is recommended not to work
below that frequency.

2.2 IP3Test

221 Block Diagram Internal / External LO

RF Signal from Signal Generator >
o
©
RF Signal from Signal Generator >
RF IN
CPU ML605 » FMC30RF <
<€RxData Buffer — )
RX CLK
External LO from Signal
Generator

Figure 36. Block Diagram Internal / External LO

In the RX path, the following parts were used: AFE7225, TRF3711, and TRF3765. While testing the
hardware with external LO, the TRF3765 is set to Ext VCO (RX_VCO_IN — port 4) and to signal generator
and while testing with internal LO the TRF3765 was set to work in that mode. “RX IN” (port 3) was
connected to signal generator as shown in Figure 36.
Tl combined two signal generators to create the OIP3 response and then used the following formula:

IIP3 = OIP3 — Gain (IIP3 and OIP3 are 3"-order intercept points referring to input and output, respectively) (1)

The second LNA remained bypassed. The attenuator is set to minimum and maximum values.

— = - TX_VCO_IN
L > M TRF3720 TX Lo out =S‘—’° oK
— >
AFET7225
/ |
/Q: -t
- -
FMC
LPC ot svaabe fom font pane
RX_VCO_IN
\ TRF3765 RXLOOUT | g o RX_CLK
\ REF
\\ .
‘ TCXO ‘
4—1 ’—o EXT_REF_IN
CDCE62005 |«
- »@ ExT_ReF_ouT
Figure 37. FMC30RF Block Diagram
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222

Setup Description

The following settings were used to test the IP3:

1. TR3765 is set to internal/external LO mode and swept with the following frequencies: 750, 1000, 1500,
2140, 2800, 3300, and 3800 MHz (for the external mode only, signal generator was used to sweep)
both the tests were controlled with the MATLAB automation process

2. The attenuator before TRF3711 is set to minimum attenuation
Inside TRF3711, set the BB gain to 5 dB and disable the 3-dB attenuator

4. Two tone is generated via signal generators: the RF frequencies are: 756, 1006, 1506, 2146, 2806,
3306, and 3806 MHz for one and 754, 1004, 1504, 2144, 2804, 3304, and 3804 MHz for the other.

All 16 settings are checked from the previous test (IQ balance) and in most of the cases there are two
main results; either the signal was saturated or the IM3 products were too low to discover.

w

Finally, the worst-case scenario for the IP3 number is tested. This case is shown in the following example:
The result is good and as expected.

The worst-case results follow:

* LO amplitude is set to 0 dBm and LO freq is 750-3800 MHz

* RF1 amplitude and RF2 amplitude in (the table) is represented in Pin [dBm]

The gain was calculated in lineup analysis and was tested using from Vg ; in dBFs to Vpp, Equation 2 is
used:
Vout_dBFs

V,=2x10 * @)

v,
From Vin in dBm to Vpp at 50-Q load; P, = 1 mW, Vews = (1010 ) *RxP, :

Vin,,, = 2.2V, -
v

— out

The gain is simply via: ~ V. and appeatrs in the table under total gain.
In the end, IP3 = OIP3 — Gain was used and the results are in the following sections.

30
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2221 Example of Two-Tone Measurement
¥ [NSTRUM High Speed Data Converter Pro v2.20
) ADC L) DAC
t@ L |
Soect i S o oSS T L L L] ] | ] ==
LT T T T T T s
=S ST"’D“T'E:? & 0 1000 2000 3000 4000 5000 GOOO 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000
—= — Real FFT m Channel 1/2 m Blackman H (Channel 1) 1/1 Averages RBW | 7500 Hz
F - 10.0-
S ETEE ® 4
H1eF2 €832 di 00- |
2F2+F1 -7L58 dBc
FLR2 4998 dBe -10.0-
2F2-F1 T-a805  dBc
3F2.2F1 6325 dBc -200- FL 2
3F1-2F2 -1853 dBc
F14F2 -63.25 dBe -30.0-
F1-F2 -49.98 dBc
I 7041 dBe -40.0-
i::.m i: :: " -500-
@ -60.0- I 1
® | M
etranmetes | 0 A 8 .
Auto Calculation of -80.0- H= | I R
Coherent Frequencies h
Analysis Window (samgles) 90.0- i i B2
16384 -
ADC Cutput Data Rs@ <1000~ l ' i I
12288M 1100 | | i
AD input Target Frequency l|
400000000M -120.0-
ADC 2nd Input Frequency 13004
6.00000000M 212505156k 1M M M am sM 6M ™ &M oM " 10488028M
Frequency (Hz)
4 " »
Firmware Ver= " " Firmware Type = " * Firmware Type =" "
Save Screen shotas 10/8/2013 8:22:09 PM Build - 08/21/2013 NOT CONNECTED b Az & & ‘ @ TEXAS INSTRUMENTS
Figure 38. Two-Tone Measurement Example
223 Internal LO Test Result
Internal LO [MHZz] 750 1000 1500 2140 2800 3300 3800
Pin [dBm] -25 —-29 -29 —-26 =17 -13 -2
IP3_int_LO_Min_att_BBG_5_3dB_att_off | 2.644721054 | 10.58715 8.149866 6.023239 1.2396 | 3.688738 0.683
Total gain 39.5047 39.8995 39.0572 44.83 39.186 39.13 39.0572
224 External LO Test Result
External LO [MHZz] 750 1000 1500 2140 2800 3300 3800
Pin [dBm] -24 -29 -29 —26 -17 -12 -2
IP3_ext_LO_Min_att_BBG_5_3dB_att_off 1.6782| 9.3307 10.1426 7.7462 3.262| 3.9872 1.009
Total gain 39.5047 | 39.8995 39.9572 44.8345 39.662 | 39.1131 39.0572

In most of the settings, the IM3 product stayed in the level of the noise; therefore, the result from the test
is valid and expected.

SLOA191-September 2014 Characterization Report for FMC30RF 31

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOA191

13 TEXAS

INSTRUMENTS
RX Path www.ti.com
2.3 Input Power Range Test Result
23.1 Test Description
A single tone is generated with two main settings in the system:
1. Maximum attenuation with 24-dB BB gain with 3-dB attenuation on.
2. Minimum attenuation with 24-dB BB gain with 3-dB attenuation off.
In order to simulate to two limits of the system without saturating the signal, the input power was changed
until the signal was not saturated any more.
The system is tested for internal LO and external LO. Figure 39 shows a saturated signal plot.
High Speed Data Converter Pro v2.20
ClC) ADC Em DAC
5 4 LY .
S.elertl‘A[.!C v 3 655354 R+
S o_ — — —— ———— - o
Ta:ﬁ:‘:g:’:am Zl 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000
Value  Unit Codes =] Channel1/2_[~] Unwrap Wa\«‘!fcrrr_i
:: :::,M E:: 7000 1 verlay Unwrap Waveform' Waveform ﬁmﬂ
StDev 3138659 | Codes 65000 ) 1
Mean 3300887 Codes L E—
Median 3541600 Codes 60000 l { ‘ } \ 1 {
RMS 3138655  Codes 1 J l l [ 1 J
Peakto Pesk 6552000 | Codes 55000
PAR 037 de J l [ ] ’
45000 ‘
Codes  Samples ., 40000
ML 65520.00 | Q.00E+0 §
M2 6552000  4.10E+3 o 35000
elta 0.00 410843 g
Test Parameters < 30000
] Auto Calculation of 25000
ety tinon amsies \
16384 [+] 20000 \
ADC Output Data Rate 15000
12288M | | | [ |
ADC Input Target Frequency 10000 ( l \ I ‘ l
0.00000000 5000
T L T RRRNTJ RN AR |
2566.63 2580 2600 2620 2640 2660 2680 2700 2720 2740 2760 277891
Samples
Firmware Ver= " " Firmware Type = * * Firmware Type = " " I
Save Screen shotas 10/8i2013 8:0040PH | Build -08:2112013 | [ NOTCONNECTED | | [ F 4F 4@ 40 | &3 TExas INSTRUMENTS
Figure 39. Saturated Signal
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The signal is chopped in the edges due to saturating, in order to calculate the input power we backed off

until we got a nonsaturated signal — in that point the values are posted in Section 2.3.2.

Figure 40 shows a good full scale signal after backing off.

High Speed Data Converter Pro v2.20

Select ADC

Capture

Test Selection

Time Domain
Valve
Min 291200
Max 6233600
St Dev 20856.05
Mean 3261928
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0 1000 2000 3000 4000 5000 6000
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2 =
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| B
—
—

———t
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25000 ’

[

!

J

[

|
I
/
|
/

\
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Figure 40. Backed-Off Signal
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2.3.2 Internal LO

The contents in Table 4 are the result of backing off from the saturated signal to the first time we receive a
nonsaturated signal — the values in the table are the input levels just below saturation at the gain setting
shown. The green shading in Table 4 and Table 5 stands for maximum attenuation and the orange
shading in those tables stands for minimum attenuation.

Table 4. Internal LO

Input Power Range: Internal LO

Max Attenuation _ BB Gain 24, 3-db Attenuation on

2.3.3

RF [MHZz] 750 1000 1500 2140 2800 3300 3800
Pin [dBm] -7 -10 -10 -8 0 7 10
after cable loss -8.23 -11.18 -11.18 -10.27 -3.5 4.34 6.5
fundamental [dBFs] -1.49 —-0.47 -0.36 -0.88 -1.2114 -0.6 —4.999037
Input Power Range: Internal LO
Min Attenuation _ BB Gain 24, 3-db Attenuation off
RF [MHZz] 750 1000 1500 2140 2800 3300 3800
Pin [dBm] -39 —45 —42 —42 -18 -28 -19
after cable loss —40.31 —46.15 —43.14 —43.14 -20.37 -31.63 —22.56
fundamental [dBFs] -0.82 -1.01 -1.03 -1.1977 -1.41 -0.66 —1.142446
External LO
Table 5. External LO
Input Power Range: External LO
Max Attenuation _ BB Gain 24, 3-db Attenuation off
RF [MHZz] 750 1000 1500 2140 2800 3300 3800
Pin [dBm] -7 -11 -11 -8 0 7 10
after cable loss -8.23 -12.25 -12.25 -10.27 -3.5 4.34 6.5
fundamental [dBFs] —1.45367 -1.48 -1.28 -0.8 -1.19 -0.58 -5.01
Input Power Range: External LO
Min Attenuation _ BB Gain 24, 3-db Attenuation off
RF [MHZz] 750 1000 1500 2140 2800 3300 3800
Pin [dBm] -39 —45 —45 —42 -33 -28 -19
after cable loss —40.31 —46.15 —46.15 —43.14 -34.15 -31.63 —22.56
fundamental [dBFs] -0.75 -1 -1.1 -1.16 -0.92 -0.65 -1.23
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24

24.1

SNR Test Result

Test Description

A single tone with two main settings in the system is generated:
1. Maximum attenuation with 24-dB BB gain with 3-dB attenuation on.
2. Minimum attenuation with 24-dB BB gain with 3-dB attenuation off.

The power was changed until the fundamental tone value, 0.5 dB, was around —1 dBFs ( represented in
C1 PWR); a 1-MHz band was used.

Equation 4 is used to calculate the NSD.

NSD dBFs/Hz = C2 PWR — LOG10(1 MHz) (4)
C2 PWR = the value in the “No spur" area.
The system was tested for internal LO and external LO.

Figure 41 shows an example plot.

High Speed Data Converter Pro v2.20

LI ADC ) DAC
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- k-1
Capture 3 o @) ‘
Test Selection | i i i 1 i i i i i 1 1 1 T 1 i 1 —
h T El 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000
annel Power | ¥
= — Complex FFT =] Channel1/2 || Blackman  [=] (Channel 1+j*Channel 2) 1/1 Averages RBW | 7500 Hz
alue ni
C1PWR 4625028  dBFs 100+
C2PWR 61429661 dBFs IR+
00- |
-10.0-
| -200- ClL )
-30.0- (&8 c3u
-40.0-
-50.0-
@ -600-
S
=700~
Test Parameters
Auto Caloulation of -80.0-]
Coherent Frequencies
Analysis Window (samples) 900~
16384 [=]
ADC Output Dats Rate -100.0-
12288M 1100~
Center Fraquency
6.00000000M -1200-
Number of Channels
> 1300, | 1 | \ ] | '
1.771626M M 6M aMm 10M 2m 14M 16.228097M
Signa! Channel k 2
Width Separation . requency (Hz) - .
M M

Firmware Type =" " Firmware Type =" "

Build -08/21/2013 | [ NOTCONNECTED | | [ 4F 4V 4 d 3 Texas INSTRUMENTS

Firmware Ver= " "

Save Screen shot as 10/4/2013 4:09:48 PM

Figure 41. NSD Example

Figure 41 shows two red zones: C1 PWR — where the fundamental is inside and C2 PWR where there is
no signal (no spur) inside. For the 1-MHz band, the NSD is calculated with Equation 5:

NSD dBFs/Hz = C2 PWR — LOG10(1 MHz) 5)
NOTE: The level of the noise density is while taking a band of 1 MHz, change the number in the log
inside the formula if more noise density is needed.
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2.4.2 Internal LO

The green shading in Table 6 and Table 7 stands for maximum attenuation and the orange shading in
those tables stands for minimum attenuation.

In each table the NSD value is measured and calculated.

Table 6. Internal LO

SNR: Internal LO
Max Attenuation _ BB Gain 24, 3-db Attenuation off

RF [MHZ] 750 1000 1500 2140 2800 3300 3800
RF [MHZ] 750 1000 1500 2140 2800 3300 3800
C1PWR -1.471 —0.461 —0.349 —0.8716 -1.2114 0.584 4.999037
C2 PWR —67.22 —67.07 —70.37 —69.099 —70.804 —68.18 | —69.178186
NSD dBFS/Hz -127.2 -127.1 -130.4 -129.1 -130.8 -128.2| -129.17819

SNR: Internal LO
Min Attenuation _ BB Gain 24, 3-db Attenuation off

RF [MHZ] 750 1000 1500 2140 2800 3300 3800
C1PWR —0.802 —0.994 -1.035 -1.1977 —1.3965 —0.636 —1.142446
C2 PWR —60.13 -58.71 —64.77 —62.632 —67.353 —66.73| —65.990161
NSD dBFS/Hz -120.1 -118.7 -124.8 —122.63 -127.35 -126.7| -125.99016

2.4.3 External LO

Table 7. External LO

SNR: External LO
Max Attenuation _ BB Gain 24, 3-db Attenuation off

RF [MHZz] 750 1000 1500 2140 2800 3300 3800
C1 PWR —1.45367 -1.37325 -1.2627 -0.7964 -1.17108 0.56018 —4.996
C2 PWR —63.09 —63.068 —68.884 —69.3846 —70.0083 —71.4108 —69.809
NSD dBFS/Hz —123.09 —123.068 —128.88 —129.385 —130.008 -131.411 -129.81

SNR: External LO
Min Attenuation _ BB Gain 24, 3-db Attenuation off

RF [MHZz] 750 1000 1500 2140 2800 3300 3800
C1 PWR -0.72814 -0.97214 -1.0761 —1.14242 —0.90654 —0.63352 -1.2183
C2 PWR —58.4705 —59.3046 -61.792 —64.327 —66.0771 —68.2949 —67.005
NSD dBFS/Hz -118.471 —119.305 -121.79 —124.327 -126.177 —128.295 -127.01

The results stand for 1-MHz bandwidth and are correlated with the theory, the results are also constant
around 118-130 [dBFs/Hz]; therefore, the results are valid.
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25 Summary

This report covered the FMC30RF board performance tests for RX path and TX path. The following tests
were also discussed: 1Q-Balance, IP3, ACPR, input power range, and SNR. There is an expected
performance degradation in the low frequencies (below 1 GHz) due to the bandwidth of the LNA which is
not design to work below 1 GHz. The results meet expectations and are aligned with the lineup analysis.
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