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CIRCUIT FUNCTION AND BENEFITS

The circuit shown in Figure 1 is a broadband low distortion RF
transmitter with a dual high speed TxDAC+ digital-to-analog
converter (DAC), a wideband I/Q modulator, and an output
driver amplifier.

The devices are well matched, and the direct interface between
the DAC and the modulator, and between the modulator and
the driver amplifier, offers a compact solution for many RF
communications applications including 3G, 4G, and LTE.
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1. SEE ADL5320 DATA SHEET FOR COMPONENT SPACING (A) VALUES

CIRCUIT DESCRIPTION

The RF transmitter shown in Figure 1 and Figure 2 utilizes the
AD9142A TxDAC, the ADRF6720 phase locked loop (PLL)/
voltage controlled oscillator (VCO) integrated wideband I/Q
modulator, and the ADL5320 % W driver amplifier.

Signal biasing and scaling in the DAC-to-modulator interface
circuit is controlled by the four ground referenced resistors
(Rsi+, Rei-, Req+, and Req-) and the two shunt resistors (Ru and
Rio), respectively. The input and output matching on the
ADL5320 driver amplifier is implemented using shunt capacitors
at the input and the output. The required matching components
and placement are shown in the ADL5320 data sheet.
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Figure 1. Simplified Circuit Schematic for I/Q Modulator with DAC and Driver Amplifier (All Connections and Decoupling Not Shown)
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Figure 2. Modified AD9142A Evaluation Board and ADRF6720 Evaluation Board for Circuit Implementation

The nominal and default value of the AD9142A full-scale
output current is 20 mA. This current generates the 500 mV dc
bias level and a full-scale output voltage swing of 2 V p-p
differential on each DAC output pair with the four ground
referenced 50 Q resistors (Rei+ = Re- = Req+ = Req-). The

2 V p-p voltage swing can be adjusted by the R. shunt resistors
(Re = Rur = Riq), which are in parallel with the 500 Q I/Q input
impedance of the ADRF6720 modulator. The 500 mV dc bias
level is not affected by this adjustment. For example, with a
100 Q effective differential load, each single-ended output
swings between 250 mV and 750 mV but still maintains an
average value of 500 mV.

Figure 3 shows the resulting peak-to-peak differential swing as
a function of the Rt swing limiting resistor and the 500 Q
parallel differential input impedance.
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Figure 3. Relationship Between the Effective AC Swing Limiting Resistance
and the Peak-to-Peak Voltage Swing with 50 Q Bias Setting Resistors

1/Q Filtering

An antialiasing filter between the DAC and the modulator is
necessary to filter out Nyquist images, common-mode noise,
and broadband DAC noise. The filter is placed between the dc
bias setting resistors and the ac swing-limiting resistor.

The dc bias-setting resistors set the filter source impedance, and
the ac swing limiting resistor in parallel with the ADRF6720
500 Q input impedance sets the filter load impedance.
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Figure 4. Recommended DAC Modulator Interface Topology with
fc = 300 MHz, Fifth-Order, Butterworth Filter
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System Level Simulation

Figure 5 shows the simulated cascaded performance of the DAC,
the I/Q modulator and the driver amplifier at 2140 MHz. The
AD9142A, ADRF6720, and ADL5320 are well matched in terms
of dynamic range and gain. Figure 5 shows 39.4 dBm for composite
output third-order intercept (OIP3) and approximately —76 dBc
adjacent channel leakage ratio (ACLR) performance. The
simulation was done using the ADIsimRF Design Tool.

The linearity of the ADRF6720 can be optimized through the
MOD_RSEL (Register 0x31, Bits[12:6]) and MOD_CSEL
(Register 0x31, Bits[5:0]) settings. These settings control the
amount of antiphase distortion to the baseband input stages
to correct for distortion.

Figure 6 through Figure 11 show the measured plots of the
output second-order intercept (OIP2) and OIP3 optimization at

zero IF, 100 MHz, and 200 MHz complex IF by varying the
settings of the MOD_RSEL register and the MOD_CSEL
register in the ADRF6720.

Figure 6, Figure 7, and Figure 8 show optimized OIP3
performance every 32 steps on the MOD_RSEL axis; OIP3
performance does not vary significantly as a function of
MOD_CSEL at zero IF. However, there is more sensitivity to
MOD_CSEL at the higher IF frequencies.

Through MOD_RSEL and MOD_CSEL optimization, OIP3 is
approximately 42 dBm at zero IF, 45 dBm at 100 MHz IF, and
48 dBm at 200 MHz IE.

The RSEL and CSEL adjustment do not impact OIP2 performance
significantly; however, there is some degradation at high IF
frequencies.

3 ADIsimRF Rev. 18 =R
File Stage Reference Data Tools Mode Help
Table | Chart | Device Selection ]
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Stage 7 Stage 8 Stage 9 Stage 10
e = > 1 1 T o
Transmit  |Dual DAC wlloMedPll < |jAmp _v||Device _v||pevice _v||pevice _v||pevice _~||pevice _v||pevice _||pevice |
Toggle Tx/Rx | [AD31424¥5 - |[ADAFE720 ~|aDLS3208Y - |[Partumber v |[Partumber v |[Partiumber v |[Partumber = ||PartNumber v ||Partumber v |[Parthumber ~|
Output Freq (MHz) [2 [2120 [2120 [ [ [ | [ | |
Zin (Ohms) [100 [100 [50 [ [ | [ [ [ [
Zout (Ohms) |100 50 [50 [ | I
Power Gain (dB) |-14 4 [132 [ [ [
Voltage Gain (dB) |-14 1 132 | | [
0IP3 (dBm) |23 324 |42 [ I | I | [ |
0P1dB (dBm) [50 [122 [257 [ [ [ [ | | |
Pout (dBm) [18.2 [1a2 1 [ I | I | [ I
Pout Backoff [66.2 %64 [267 [ [ I I
Peak Backoff (dB) [57.8 16 [163 | | [ [
Noise Figure (dB) [21 118 [a4 [ | ‘ I
Vortage (v) |33 33 s | I | I | \ I
Current (ma) [603 [400 [104 [ [ | I | | I
Input Analysi
Number of Stages| 10 Qutput Power (ms)| -1 | dBm Noise Figure | 26.98 |dB 0IP3 (Po/2 pertone)| 394 |gm
Input Power| 4.2 |dBm Output Voltage (ms)| 0.2 |\iims Output NSD | -143.6 [dBm/Hz | IIP3 [Pin/2 pei tone)| 362 |4Bm
Bnalysis Bandwidth| 384 |MHz Outpul Voltage [pp)| 186 [vpn Oulput NSO | 14.7 |my/tHz | IMD [Fo/2 per tone)| -86.8 |gg
PEP-to-RMS Ratio| 10.4 |gp OP1dB | 22.54 |dhm Output Noise Floor| -77.8 |dBm SFOR| 781 |4g

AN ALOG F1dB Backoff Waming| 10 |gg IP1d8| 203 |gBm SNR| 76.8 |dB ACLR [est)] 76 |gp -

DEVICES Peak Backoff Waming| 1 |dp Power Gain| 3.2 |48 Pyt Consumption| 3.83 |y 8

Voltage Gain| 019 |gg §

&

S

Figure 5. ADIsimRF Design Tool Screenshot Showing Cascaded Performance of the AD9142A, ADRF6720, and ADL5320
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Choosing an Output Power Level

While the circuit can achieve output power levels up to 12 dBm,
operation at that level is not practical, especially with modulated

carriers with high peak-to-average ratios. To achieve an acceptable
level of distortion, significant backoft is required. Adjacent channel
power ratio (ACPR) has become a popular metric for assessing

the system level distortion.

Figure 12 and Figure 13 show the measured ACPR vs. output
power at the ADL5320 output for three IF cases in single carrier
WCDMA (Test Model 1-64) and LTE (Test Model 1_1 64QAM)
cases, respectively. The system achieves an ACPR of approximately
—75 dB to —80 dB at the -2 dBm to +6 dBm output power range.
In the case of an LTE signal, ACPR is defined as the ratio of the
power in the carrier (in a bandwidth of 4.515 MHz) to the power
in an adjacent channel (channel spacing = 5 MHz), also measured
in a 4.515 MHz bandwidth.
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Figure 12. ACLR vs. Output Power at ADL5320 Amplifier Output, Zero IF,
Optimized RSEL and CSEL on ADRF6720 at 2140 MHz, 1C WCDMA TM1-64
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Figure 13. ACLR vs. Output Power at ADL5320 Amplifier Output, OIP3
Optimized RSEL and CSEL on ADRF6720, 1CLTE TM1_1 64QAM

OIP2 and OIP3 can be improved by the MOD_RSEL and
MOD_CSEL adjustment shown in the previous section, and
accordingly, the ACPR improvement is shown in Figure 13 and
Figure 14. The improvement is more noticeable at high output
power levels.
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The spectrum plots of the single WCDMA and LTE at 2140 MHz
are shown in Figure 16 and Figure 17, respectively.
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Figure 16. Adjacent Channel Power Performance at ADL5320 Amplifier Output,
Zero IF, Optimized RSEL and CSEL on ADRF6720 at 2140 MHz, 1C WCDMA TM1-64
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Figure 17. Adjacent Channel Power Performance at ADL5320 Amplifier Output,
Zero IF, Optimized RSEL and CSEL on ADRF6720 at 2140 MHz,
1CLTETM1_1 64QAM

PCB Layout Recommendations

Take special care in the layout of the DAC/modulator/amplifier
interface. The following are recommendations for PCB layout:

e  Keep all I/Q differential trace lengths well matched.

e  Place the filter termination resistors as close as possible to
the modulator input.

e Place the DAC output 50 Q resistors as close as possible to
the DAC.

e  Use thick trace widths through the filter network to reduce
signal loss.

e  Place vias around all DAC output traces, filter networks,
modulator output traces, LO input traces, amplifier input
traces, and amplifier output traces.

e  Route LO and modulator outputs on different layers or at
90° angles to each other to prevent coupling.

COMMON VARIATIONS

The DAC and modulator interface described in this circuit note
can be used between any TxDAC digital-to-analog converter
that is set for 20 mA full-scale current and the I/Q modulators
that require 0.5 V baseband dc bias levels. Examples of TxDACs
include the AD9779A, AD9788, AD9125, AD9144, and
AD9148. I/Q modulators include the ADL5370/ADL5371/
ADL5372/ADL5373/ADL5374/ADL5385/ADL5386, and the
ADRF6701/ADRF6702/ADRF6703/ADRF6704 PLL/VCO
integrated families.

For operation at higher power, the ADL5324 2 W driver amplifier
is reccommended. The ADL5320 and ADL5324 must be tuned
to the frequency at which they will be operating. The data sheets
of both devices contain tables that provide recommended values
for tuning components at popular operating frequencies.
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CIRCUIT EVALUATION AND TEST
Equipment Needed

The following equipment is needed. Equivalents can be

substituted.

AD9142A evaluation board (AD9142-M5375-EBZ)
modified with SMA connectors added to allow direct

connection to TxDAC current outputs.

ADRF6720 evaluation board (ADRF6720-EVALZ)
Analog Devices, Inc., Digital Pattern Generator (DPG)

Signal generator for clock (R&S SMIQ 03B)

Signal generator for reference input of ADRF6720

(R&S SMIQ 03B)

Spectrum analyzer (Agilent E4440A)
Power supply (Agilent E3631A, two needed)

Setup and Test

1.

Connect the set up and measurement system as shown in

Figure 18.

DPG (DIGITAL PATTERN GENERATOR)

(DAC_CLK_IN)

DAC CLOCK INPUT

E3631A POWER SUPPLY

Set the power supply to 5 V for the AD9142A evaluation
board.

Set the power supply to 3.3 V for the ADRF6720.evaluation
board.

Set the power supply to 5 V for the ADL5320 on the
ADRF6720 evaluation board.

Set the signal generator for the clock to 1.5 GHz at 5 dBm,
and set the signal generator for the ADRF6720 reference
input to 153.6 MHz at 4 dBm.

Turn on the power supply and the signal generators. Set the
spectrum analyzer at 2140 MHz.

Set up the AD9142A through the USB using the AD9142A
SPI control software, as shown in Figure 19, and run. See
the AD9142A Evaluation Board Quick Start Guide.

Set up the DPG, as shown in Figure 20, and run. See the
AD9142A Evaluation Board Quick Start Guide.

Set up the ADRF6720, as shown in Figure 21, and run. See
the ADRF6720-EVALZ User Guide (UG-689).

E3631A POWER SUPPLY

REFERENCE INPUT

ROHDE & SCHWARZ SMIQ 03B SIGNAL GENERATOR  ROHDE & SCHWARZ SMIQ 03B SIGNAL GENERATOR USB TO GPIB ADAPTER

AGILENT PSA N9020A
SPECTRUM ANALYZER

Cnaey

[S LB

PC CONTROL

CONNECTED TO SYSTEM VIA

(REFIN)
Figure 18. Test Setup
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