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System Overview

System Description

Traditionally, in order to achieve optimal performance of high-speed data converters, systems designers
use low dropout (LDO) voltage regulators to power up all the power supply rails. This is because LDOs
have low noise and no switching frequency spurs. However, LDO voltage regulators have poor power
efficiency and must be used together with switching voltage converters for better efficiency. However, this
increases the area and component cost of a printed circuit board (PCB).

Because direct radio frequency (RF) sampling data converters can generate or sample a signal directly in
the RF frequency domain, the sampling rates are in the RF frequency spectrum. This leads to more
current consumption because of the increase in the dynamic power dissipation. From literature, dynamic
power consumption (P) is directly proportional to frequency (f), voltage (V), and capacitance (C) by:

P=CxV2xf 1)

An LDO-only power solution will lead to less efficiency and more waste of power caused by high current
flowing through the finite on-resistance of the pass transistor inside the LDO. This is not desirable in
applications like a wireless base station, where the total power consumption is a key consideration. Also,
the reduced power efficiency leads to the PCB heating up and creating a big challenge to the thermal
engineer to effectively dissipate the excess heat without damaging the PCB.

This Tl Design shows a more efficient power supply scheme to power-up Texas Instruments' (Tl) RF
sampling digital-to-analog data converter (DAC38RF8x) without sacrificing performance. This design uses
both DC/DC switchers and an LDO to power up the DAC38RF8x for the best analog performance
(spurious and phase noise) and best power efficiency trade-off. The desigh method outlined here can be
extended to power supply design of other RF sampling data converters.
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111 DAC38RF8x: JESD204B 9-GSPS High-Speed DAC

The DAC38RF8x are a family of high-performance 8-, 12-, or 14-bit, 9.0-GSPS interpolating digital-to-
analog converters (DACSs), capable of synthesizing wideband signals from 0 to 4 GHz in the first Nyquist
zone and up to 6 GHz in the second Nyquist zone. A high dynamic range allows the DAC38RF8x to
generate 2G/3G/4G signals for wireless base stations for all 3GPP bands, including simultaneous
generation of multiple bands. The devices have a low-power, 8-lane JESD204B interface with a maximum
bit rate of 12.5 Gbps. The full output rate is achieved by using interpolation filters, after which the signal
can be upconverted to RF using a digital NCO (with a 48-bit resolution) and digital quadrature modulator.
Two signals can be tuned to different frequencies and digitally combined, allowing wide output spectrums.
An optional low jitter PLL/VCO simplifies the DAC clock generation by allowing use of a lower frequency
reference clock.
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Figure 1. Internal Block Diagram of DAC38RF8x
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1.1.2 Power Supply Domains in DAC38RF8x

Internally, the DAC38RF8x comprises a digital subsystem, an analog subsystem, and a clock subsystem.

Ideally, the power supply scheme must be partitioned according to these three relatively independent

blocks to minimize interactions between them. Most importantly, sensitive analog and clock circuit power

supply must be separated from digital switching noise to reduce direct coupling and mixing of switching
spurs. Table 1 shows the detailed power rail for the DAC38RF8x grouped under their respective power
domains.
Table 1. Definition of DAC38RF8x Power Rails
NAME | VOLTAGE DESCRIPTION
DIGITAL SUPPLY DOMAIN
VDDIG1 10V Digital supply voltage for internal digital block
VDDIO18 18V All digital 1/0 and CMOS I/O supply voltage
VDDR18 1.8V SerDes supply voltage
VDDS18 1.8V LVDS SYNCO0/1 supply voltage
VDDT1 10V SerDes termination supply voltage
VDDE1 10V Digital supply voltage for DAC core
VDDL1_1 10V DAC core supply voltage
ANALOG SUPPLY DOMAIN
VEE18N -1.8V Analog supply voltage
VDDAl 10V Analog supply voltage
VDDA18 1.8V Analog supply voltage
VDDOUT18 1.8V DAC output supply
CLOCK SUPPLY DOMAIN
VDDPLL1 10V Analog supply voltage for PLL
VDDAPLL18 1.8V Analog supply voltage for PLL
VDDAVCO18 1.8V Analog supply voltage for VCO
VDDCLK1 10V Internal clock buffer supply voltage
VDDL2_1 10V DAC core supply voltage
VDDTX1 10V Divided clock output supply voltage
VDDTX18 1.8V Divided clock output supply voltage

 VDDEL1, VDDL1 1, and VDDL2_1 are the power supplies for the encoder stage between digital and
analog blocks.

» The most sensitive DAC supplies are in the clock domain and include the following: VDDCLK1,
VDDL2_1, VDDPLL1, VDDAPLL18, and VDDAVCO018 (the latter three if the internal DAC PLL is
active). If the divided clock output is used, the supply voltage for it, VDDTX1 and VDDTX18, should
also be considered as sensitive power rails.

» In addition to the primary concern of coupling into the clock domain-related supplies, another concern
is about coupling into the analog domain-related supplies: VEE18N, VDDA18, VDDA1, and VDDL1 1.
However, this would be to a lesser extent because of relatively higher supply rejection in the analog
domain compared to the clock domain.
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To achieve the high performance expected of the DAC38RF8X, the revision D of the evaluation module

(EVM) by default uses LDOs to directly power up all the power rails as shown in Figure 2.
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Figure 2. Default Power Tree of DAC38RF8x

From Figure 2, the main digital domain power supply rail, the VDDDIG1, uses a dedicated DC/DC+LDO to

power it. This helps to achieve better isolation between this rail and other power rails and to avoid any

spur coupling between rails.

Also, for each other power rail, a feedthrough capacitor or ferrite bead (FB) is used to isolate it from all
other power rails of the DAC. Two groups of bypass capacitors are also placed close to the power supply

device (LDO) and also close to the DAC supply pin to filter high frequency noise and spurs.

This default power supply scheme will be optimized for both efficiency, area and performance in the rest of

this document.

1.2 Highlighted Products

1.2.1 DAC38RF80 and DAC38RF83

For more information on these devices, view their respective datasheet at www.Tl.com.
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2 System Design Theory

2.1 Power Consumption

Table 2 gives the measured power consumption for each rail at various modes of operation. An external sampling clock was used for these
measurements. All current values are in milliamperes.

Table 2. DCA38RF8x Power Consumption

(L';"ACF’SDHE 5 N%? P FMD'X: INTP VDDTX | VDDR VDDE | VDDT | VDDL1 | VDDCLK | VDDPLL18 | VDDPLLO9 | VDIGO9 | VDDOUT18 | VEE | VDDVCO18* VLDZD VDDA09 | VDDA18 FT(%\-/(\%LR
—_ = — — 18 18 1 1 1 1 18 1 1 18 18 18| 1 1 18 —
81180 | 1TX 9000 1 14 62.0 43| 307 21 222 18 30| 444 980 | 1520 o] 21 19 45 2058.6
41380 | 2TX 3333 1 14 66.0 21| 322 16 154 18 14| 501 98.0| 1520 o| 15 19 45 19208
41380 | 2TX 6666 2 14 66.0 20| 322 32 306 18 23| 821 98.0| 1520 0| 20 19 45 2639.8
41121 2TX 2500 1 14 66.0 173|324 1 116 18 13| 469 980 | 1520 o] 12 19 45 1796.8
41121 21X 5000 2 14 66.0 334| 323 24 228 18 19| 735 98.0| 1520 o| 22 19 45 2362.8
41121 2TX 9000 4 14 62.0 576 | 306 42 402 18 30| 1017 98.0| 1520 0| 3o 19 45 3082.6
g2121| 1TX 9000 6 14 75.0 380| 338 21 222 18 30| 907 980 | 1520 o] 21 19 45 2613.0
82121 | 17X 9000 8 14 62.0 379| 289 21 222 18 30| 824 98.0| 1520 0| 2t 19 45 2456.6
g2121| 17X 9000 12 14 75.0 379|327 21 222 18 30| 805 98.0| 1520 o| 2t 19 45 2499.0
g2121| 17X 9000 16 14 62.0 379|281 21 222 18 30| 328 980 | 1520 o] 21 19 45 19526
42111 21X 7500 6 14 66.0 517| 323 35 341 18 26| 1425 98.0| 1520 o| 33 19 45 3377.8
42111 2TX 9000 8 14 62.0 627| 307 42 402 18 30| 1542 98.0| 1520 0| 3o 19 45 3661.4
42111 21X 9000 10 14 86.0 624| 371 a2 402 18 30| 1580 980 | 1520 o| 39 19 45 38018
42111 21X 9000 12 14 75.0 625| 336 42 402 18 30| 1513 98.0| 1520 0| 39 19 45 3681.0
42111 27X 9000 16 14 62.0 624| 288 42 402 18 30| 1363 98.0| 1520 0| 3o 19 45 3458.6
42111 21X 9000 18 14 58.0 625| 272 42 402 18 30| 1377 980 | 1520 o| 39 19 45 3450.4
42111 21X 9000 24 14 74.0 626| 325 42 402 18 30| 1383 98.0| 1520 0| 39 19 45 3539.2
22210| 27X 5000 8 14 46.0 358| 163 24 228 18 19| 903 98.0| 1520 o| 23 19 45 2350.8
22210| 27X 7500 12 14 46.0 516| 163 35 341 18 26| 1232 980 | 1520 o] =3 19 45 2087.8
22210| 27X 9000 16 14 44.0 622| 155 42 402 18 30| 1340 98.0| 1520 0| 39 19 45 3268.2
22210| 27X 9000 18 14 430 624| 146 42 402 18 30| 1357 98.0| 1520 0| 3o 19 45 3276.4
22210| 27X 9000 20 14 56.0 624| 188 a2 402 18 30| 1462 980 | 1520 o| 39 19 45 34468
22210| 27X 9000 24 14 51.0 622| 169 42 402 18 30| 1347 98.0| 1520 0| 39 19 45 33018
12410 27X 5000 16 14 46.0 354 89 24 228 18 19| 789 98.0| 1520 o| 23 19 45 2167.8
12410| 27X 7500 24 14 46.0 512 89 35 341 18 26| 1132 980 | 1520 o] =3 19 45 2809.8
44210 | 2TX 5000 8 14 66.0 363| 323 24 228 18 19| 1502 98.0| 1520 o| 23 19 45 3150.8
44210 | 2TX 7500 12 14 66.0 522 322 35 341 18 26| 2050 98.0| 1520 o| 33 19 45 4006.8
44210| 2T 9000 16 14 62.0 631| 306 a2 402 18 30| 2233 99.0| 1520 o| 39 19 45 4357.2
44210 | 2TX 9000 24 14 75.0 620| 335 42 402 18 30| 2044 90.0| 1520 0| 39 19 45 4416.8
24410 | 27X 5000 16 14 46.0 361| 163 24 228 18 19| 1292 98.0| 1520 o| 23 19 45 27518
24410 | 27X 7500 24 14 46.0 521| 163 35 341 18 26| 1870 980 | 1520 o] =3 19 45 3630.8
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Table 2. DCA38RF8x Power Consumption (continued)

TOTAL
(ngSDHEd) NOOF | INTP | VDDTX | VDDR | VDDE | VDDT | VDDL1 | VDDCLK | VDDPLL18 | VDDPLLO9 | VDIGO9 | VDDOUT18 | VEE |VDDVCO18* | Y’ | VDDA0S | VDDAI8 | POWER

(mW)
24310 | 27X 9000 24 14 440 628| 154 a2 402 18 30| 2141 980| 1520 o| 39 19 45 40742

*VCO_18 current = 40mA (for the 9GHz PLL) and 21mA (6GHz PLL)
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2.2

2.3

Spur Transfer Model From Power Supply Rail to DAC Output

Coupling from the power supply to the DAC output can occur in two main ways as illustrated in Figure 3:

e Spur f, (can also be noise) showing up at the power supply pin will be mixed with the DAC RF output
frequency f;, and then generate sideband spurs around the main output frequency.

* The power supply spur or noise can directly feed through to the DAC output.

The level of spur or noise from the power supply that shows up at the output is measured by the power
supply rejection ratio (PSRR).

>
v

Power supply

Digital input
igital inpu Analog output

»
L

f, —_—— e o — — — — — f,  f-f, f,f+f,
Copyright © 2016, Texas Instruments Incorporated

Figure 3. Spur Transfer Model of Power Supply to DAC Output

PSRR Measurement on DAC38RF8x

Measuring the PSRR of the DAC38RF8x involves injecting a ripple of known frequency and amplitude at
the DAC power supply pin. The spectrum of the DAC output can subsequently be analyzed to determine
the power level of the injected spur at the output.
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23.1 Ripple Injection on VDDCLK1 Power Supply
All clock-related and analog-related power rails are the most sensitive to power supply noise and spurs.

Spurs at the power supply rail will show up as double-side bands at the DAC output (or mix with the signal

at the DAC output) as described in Figure 3. In order to characterize the spur suppression performance of

VDDCLK1, the setup in Figure 4 is used to inject a known ripple to this rail.

: 50 Q

Signal generator

HP6216A
External supply

Figure 4. Setup for Ripple Injection Measurement
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Copyright © 2016, Texas Instruments Incorporated

On the DAC38RF8x EVM, the PSRR of VDDCLK1 rail is performed as follows:

» The ferrite bead in series with VDDCLK1 is removed, and VDDCLK1 is powered from external bench

power supply (HP6216A). All other power rails are powered by default onboard regulators.

* A signal generator is used to generate a sine wave of known frequency and subsequently injected to

the VDDCLK1 power net through a "large" 100-uF DC blocking capacitor. Also bulk capacitors that are

greater than 1 pF are removed to avoid low load impedance, which is seen by signal generator. Only

small value, local decoupling capacitors at each power supply rail are kept.
e Set up DAC38RF8x to output a single tone at 1 GHz with a power of 1.38 dBm.

» Sweep the signal generator output frequency from 100 kHz to 2.5 MHz. At each frequency step,
measure the peak-to-peak voltage ripple at the VDDCLK1 pin and adjust the signal generator

amplitude so that the injected ripple amplitude is 40 mVpp at the pin. Figure 5 shows the DAC output

spectrum when the injected ripple frequency is set to 500 kHz. Notice the sidebands at +500-kHz offset
from the output tone at 1 GHz.
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Figure 5. DAC Output Single Tone Spectrum at 1 GHz

» At each frequency step, measure the sideband spur power level relative to the power of the tone at 1
GHz.
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Figure 6. Spur Suppression at VDDCLK1 versus Injected Ripple Frequency
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2.3.1.1  Supply Rejection and DAC Output Frequency Relationship
The previous tests used an output tone at 1 GHz from the DAC38RF8x to estimate the power supply
rejection. The dependency of the supply rejection on the DAC output frequency is investigated next.

1. Set the signal generator used to inject ripple to output a 500-kHz sine wave with a swing of 1200 mVpp
(this level ensures the voltage at DAC VDDCLKO09 supply pin is 40 mVpp).

2. Keep the DAC output power constant at 1.38 dBm CW tone and sweep the output frequency from 250
to 3500 MHz.

3. Measure the spur suppression in dBc at each frequency step.

30

Output spur (dBc)
w
N
o

275

25

22.5

20
250 300 400 500 600 700 800 900 1000 2000 3000 3500
DAC output frequency (kHz)

Figure 7. Spur Suppression Across DAC Output Frequency

The —20 dB/decade slope shows that the spur level (in dBc) is linearly dependent on the DAC output
frequency. Consequently, doubling the DAC output frequency degrades the supply rejection by 6 dB. This
phenomenon is similar to the relationship between the sampling clock frequency/phase noise and the DAC
output frequency/phase noise [see Effects of Clock Noise on High-Speed DAC Performance (SLAA566).
Consequently, since VDDCLK 1.0-V power rail is used to power the clock distribution circuits (and
switching array at the analog output) any spur at this rail will couple directly to the sampling clock and
show up as sidebands at the DAC output.
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2.3.1.2 Supply Rejection and DAC Output Power Relationship
The following steps show how the DAC output power level is reached.
1. Set the signal generator to output a 500-kHz sine wave with a swing of 1200 mVpp.
2. Set DAC to output a single tone at 1 GHz.
3. Sweep the DAC output tone power from —21d to 0 dBFs with a step of 3 dB (take 1.38 dBm as 0
dBFs).
4. Measure the spur suppression at the DAC output (in dBc).
50
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f 30
&
25
20
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Figure 8. Spur Suppression Across DAC Output Tone Power

The spur level in dBc stays constant as the DAC output power level is varied.
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2.3.2 Ripple Injection on VDDA1 and VDDPLL1

Similar to the results discussed for the VDDCLK1 power rail, the ripple injection performance of VDDA1
and VDDPLL1 power rails are also measured. The results are shown in Figure 9:
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Figure 9. Spur Suppression at VDDA1 versus Injected Ripple Frequency
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Figure 10. Spur Suppression at VDDPLL1 versus Injected Ripple Frequency

The average spur suppression of VDDA1 and VDDPLL1 rails is about 80 dBc and 50 dBc, respectively.
Compared to the average spur suppression of 32 dBc of the VDDCLK1, both the VDDA1 and VDDPLL1
are less sensitive to the same level of injected ripple.
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3 Power Supply Scheme and Performance

Based on the power supply rejection results obtained in Section 2, a new DC/DC converter based power
scheme is proposed as shown in Figure 11.
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Figure 11. Modified Power Tree for All DC/DC Power Solution

The following subsections will compare the spurious and phase noise performance of the DAC for the
power supply schemes in Figure 11 and Figure 2.

3.1 Required Hardware

» DAC38RF8x EVM Rev D (or higher)

e Signal generator used to provide sampling clock to DAC
» Phase noise analyzer (example is the Keysight E5052A)
» External bench power supply (example is HP6216A)

3.11 DAC38RF8x EVM Setup
See the DAC38RF8x-EVM User's Guide (SLAU671) for details.

3.2 Required Software

The DAC38RF8x EVM GUI (SLAC722) is required. The DAC38RF8x EVM GUI is used to control and
program the onboard DAC38RF8x and onboard LMK04828.
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4 Testing and Results

Fol
1.
2.

8.

low this step-by-step guide to output a single tone at 1 GHz from DAC Channel A:
Connect jumper JP10 of DAC38RF8x EVM.

Apply a 5-V power supply to connector J21 of the DAC38RF8x EVM. LED D11 will turn green when
power is provided.

Use USB 2.0 type B cable to connect PC with J16 of the DAC38RF8x EVM.

Connect external 5898.24-MHz/16-dBm clock from the signal generator to J1 SMA input of the
DAC38RF8x EVM.

Launch the DAC38RF8x EVM GUI. Click the "Reconnect FTDI?" button on the top-right side to
establish the link between the PC and DAC38RF8x EVM onboard FTDI chip.

Toggle the "Not in RESET" button by twice to reset the DAC38RF8x. Click the "LOAD DEFAULT"
button to load the DAC38RF8x and LMK04828 default register values.

Set the value as shown in Figure 12, then click on "CONFIGURE DAC" to configure the DAC38RF8x
according to the setting just completed.

7 pAC3IsRFEX GUI =100 x|
Fle i Settngs  Help

DAC38RF8x EVM GUI vipd
Quick Start [DAE33R.FE:< |LMK04328 ILcmLevalwew] 158 Status @ Reconnect FTDI ?

[t Temo (Cakcass)
[s I_w.im_. Quick Start Procedure
| Mot in RESET I || LOAD DEFAILT | mw Toggle the RESET pn.

-For External clock mode, enter

external dock frequency and
DAC MODE sedect the desired no. of DACS,
DAL Cieeck Freguency (UHZ) ol BACs #0f K pais per DAL # 0f serdes lanes per DAL Desired no. of i) pars, no. of serdes lany
sea8 24

[snge(Daca) =]  [z@pen =] [fones = "ix =] | CONFIGURE DAC " mﬁ‘;ﬂm-wm

T = to configure the DAC for the md
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PLL Enabils [~ Serdes Configured to Ful Rate
um x4 Fief Freg (likz) Gerdes PLL r: =1 -For onchip PLL mode,check the
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L O 5 Reference frequency, M and N
E - divider values.
SUA 4 CLK [ie -Select the desired mode of the
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-Cick on the PLL AUTO TUNE
button to automaticaly set the

Foeaet Dal o4
Reset the DAC JESD Core ankMRdier siiage

Updabed the Tree with register details SAAZ016 61525 AM Build _ Idle * TEXAS INSTRUMENTS.

Figure 12. Quick Start Page of GUI
Click on "Reset DAC JESD Core & SYSREF TRIGGER".
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9. Set the "Digital(DAC A)" tab as in Figure 13. One NCO is enabled with frequency setting of 1000 MHz.

Enable constant input data block and set the value to 0x5A73, which is —3 dB back off from the full

scale to avoid digital saturation. Click on "UPDATE NCO" to re-sync the NCO output.
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Figure 13. Digital Setting of DAC A
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4.1 Test Data

41.1 Spur Performance

This section discusses the spur performance of the DAC38RF8x powered by only DC/DC switchers (see
Figure 11). This document treats spur performance of the DAC38RF8x with all the power rails powered by
LDOs as the baseline (Figure 2).

The spur contribution at the DAC output from the sampling clock (generated from Keysight E4438C signal
generator) is measured. This is shown in Figure 14.

Sampling clock by E4438C, Fs = 5898.24MHz/0dBm

-40

5 5
115Hz, -56.1dBc/Hz 1.195KHz, -50.4dBc/Hz

60 236Hz, -60.4dBc/Hz
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~
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Sampling clock

68.74KHz, 80.0dBc/Hz
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100
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-120

-140

160 1 1 |
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Figure 14. Spur Performance of External Sampling Clock From Signal Generator (E4438C)
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The DAC38RF8x EVM (REV D) default power scheme is shown in Figure 2. Using this scheme and the
sampling clock (Figure 14) to drive DAC38R8YX, the resulting output tone spurious performance (from 100-
Hz to 40-MHz offset) is shown in Figure 15.

DAC Output 1GHz

40

-60

115Hz, -71.5dBc/Hz 1.195KHz, ~67.9dBc/Hz ——DAC output 1GHz

236Hz, -75.7dBc/Hz

-80 253Hz,-82.6dBcjHz

68.74KHz, -95.3dBc/Hz

100

Phase noise (dBc/Hz)

-120

-140

-160
1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07

Frequency offset(Hz)

Figure 15. Spur Performance of DAC Output at 1GHz Under Default All LDO Power Solution

All the spurs marked out are from the sampling clock and the DAC itself does not generate any new spurs.
This is treated as our baseline (or reference) spurious performance.
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The power supply scheme is then modified to Figure 11 (all the power rails are powered from DC/DC
switchers). Using this scheme and the sampling clock (Figure 14) to drive DAC38R8X, the resulting output
tone spurious performance (from 100-Hz to 10-MHz offset) is shown in Figure 16.

DAC Qutput 1GHz

-40

-60

115Hz,-71.5dBe/Hz 1.195KHz, 68 5dBc/Hz —DAC output 16Hz

236Hz, -75.8dBc/Hz

80 253Hz, -83.0dBcjt

68.74KHz,-95.3dBc/Hz

100

Phase noise (dBc/Hz)

140

-160 T
1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
Frequency offset(Hz)

Figure 16. Spur Performance of DAC Output at 1 GHz Under Modified All DC/DC Power Solution

For this DC/DC switcher power supply scheme, all the spurs marked out are also from the sampling clock
and compared to the baseline performance (Figure 15), the spur locations and amplitudes are the same.
Hence the all DC/DC power supply solution does not degrade the spurious performance of the DAC.
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41.2

Phase Noise Performance

Besides the spur performance, the phase noise performance of DAC under the all DC/DC power scheme
is investigated. Any noise induced from the power supply will also be mixed to the DAC output.

By using the power tree scheme in Figure 2, DAC output phase noise at the 1-GHz output tone is
measured (Figure 17) to establish the baseline performance. The jitter performance is calculated by
integrating the phase noise from the 1-kHz offset to 20 MHz. This results in a measured RMS jitter of

38.854 fs.
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Figure 17. Phase Noise of DAC Output at 1 GHz Under Default All LDO Power Solution

By using the modified power tree scheme in Figure 11, the corresponding phase noise can also be
measured (Figure 18). With this DC/DC power solution, the phase noise plot shows up a hump from a 1-
to 30-kHz offset, which leads to a degraded RMS jitter of 91.416 fs.
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Figure 18. Phase Noise of DAC Output at 1 GHz Under Modified All DC/DC Power Solution
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To eliminate the hump caused by the noise from DC/DC switcher, an external linear power module

HP6216A is used to power up the VDDCLK1 (this was shown to be the most sensitive rail in Section 2).

The resulting power scheme is shown in Figure 19.

09V/Vv
5-V o I
main input
" oone |
I
!
I
™ bcioc |
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,
HP6216A | 0.9 V1V |
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|
| I
G
18v [PLFE] I |
, .
|
:
|
|
:
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] »[Fe
ococ [ —=Tt—=_1 |
DAC38RF8x

Figure 20 shows the phase noise performance improved when the VDDCLK1 was powered from the

Copyright © 2016, Texas Instruments Incorporated

Figure 19. Modified Power Tree for DC/DC+LDO Power Solution

HP6216A source. The measured RMS jitter at 1 GHz is 38.104 fs, which is almost the same as the result
for the baseline performance (Figure 17).
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Figure 20. Phase Noise of DAC Output at 1 GHz Under Modified DC/DC+LDO Power Solution

Finally, Figure 21 compares the phase noise curve between power scheme in Figure 19 and the baseline

Figure 2.
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Figure 21. Phase Noise of DAC Output at 1-GHz Comparison Between Modified DC/DC+LDO Power

Solution and All LDO Power Solution

The phase noise performance of powering up the VDDCLK1 by HP6216A is a little bit better than the

onboard LDO TPS74401. Considering that this difference is small, for optimal output phase noise and
power efficiency, an LDO can be used to power up the VDDCLK1 and DC/DC switchers can be used to
power up all the other power rails.
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4.1.3 On-chip PLL mode

The results above for the power supply scheme were obtained using external clock as the sampling clock.
When using the on-chip PLL as the sampling clock a slightly modified power supply scheme is
recommended. This modified supply requires an LDO for the 1.8V supply rails due to the sensitivity of the

VCO_1.8V rail to power supply noise. The modified power supply scheme suitable for on-chip PLL mode

is shown in Figure 22 This modified scheme uses a low noise LDO for all the 1.8V rails.
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Figure 22. Recommended power supply scheme for On-chip PLL mode

4.2 Conclusion

This reference design mainly discusses the implementation of different power schemes for DAC38RF8x, a
high-speed RF sampling digital to analog converter. Output signal phase noise and spurs are the two key
performance metrics used to compare different power supply schemes in this reference design.

The following conclusions are made from the measured results:

» In order to achieve optimal phase noise performance, supply VDDCLK1 with a low-noise LDO (like

TPS74401 or TPS7A8300), and power up all the other power rails with DC/DC switchers. An example

is shown in Figure 19. Note that the DAC38RF8x EVM revision E and latter implements this power

supply scheme.

» If the end application can tolerate the phase noise degradation caused by powering VDDCLK1 with a
switcher, all the power rails can be powered up by DC/DC regulators as shown in Figure 10. This

power supply scheme provides the best power efficiency.
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5.1

5.2

5.3
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Design Files

Schematics

To download the schematics, see the design files at TIDA-01215.

Bill of Materials
To download the bill of materials, see the design files at TIDA-01215.

PCB Layout Recommendations

Layout Plots
To download the layout plots, see the design files at TIDA-01215.

Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01215.

Software Files
To download the software files, see the design files at TIDA-01215.

Trademarks
All trademarks are the property of their respective owners.

Terminology

DAC— Digital-to-analog converter
PSRR— Power supply rejection ratio
RF— Radio frequency

LDO— Low dropout voltage regulator
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