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1 Introduction

This application note focuses on the BTS6306U evaluation board, the application diagram, board layout, bill of
materials and control signals are described. Also some typical measurement graphs are shown, even under
Digital Pre-Distortion (DPD) conditions.

Refer to the data sheet for the detailed RF performance of the BTS6306U.
The Customer Evaluation Kit contains the following items:

« BTS6306U EVB
* 5 samples

BTS63

ION BOARD

#5897 |

Figure 1. BTS6306U customer evaluation board (EVB)

CAUTION

This product has not undergone formal EMC assessment. It is the responsibility of the user to ensure
& that any finished assembly complies with applicable regulations on EMC interference. EMC testing,

and other testing requirements for CE is the responsibility of the user.
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2 Ordering information

Table 1. Ordering information
Description Part name Ordering 12NC

BTS6306U Customer Evaluation Kit OM1718/BTS6306U 9354 599 15598

3 Product description

The BTS6306U is a wideband high linearity pre-driver amplifier with differential input for 5G massive MIMO
infrastructure applications, with fast on-off switching to support TDD systems. The amplifier is designed to
operate between 3.3 GHz and 4.2 GHz. The BTS6306U is housed in a 3 mm x 3 mm x 0.85 mm 16-terminal
HVQFN package.

* High saturated output power Pysat) = 28.5 dBm

* High power-gain G, = 38 dB

* High linearity performance ACLR better than -45 dBc

* Unconditionally stable

» Fast switching to support TDD systems

* 5V single supply, quiescent current 100 mA

* Small 16-terminal leadless package 3 mm x 3 mm x 0.85 mm
» ESD protection on all terminals

* Moisture sensitivity level 1

N
) z Q
_termlnal 1 o g g L
index area U U U U
© w0 <t a2}
GND [ D) (12] enND
RFin_p 2 @ n.c.
17
RFi 3 10 | RF
in_n [3) GND (10] RFout
GND [4) (9] eND
(2] (] (N =)
g ¢ g ¢ aaa-042803
>
Transparent top view
VEN 16 DC BIAS
5 13
Veet Vee2
RFin_p —-2 I RAP\ I:A> 91 Rrout
; I/ I/ 7,8,11, 14,15
———n.c.
RFin_n —-3 1.4.6.9.12.171 o\p
aaa-042804
Figure 2. BTS6306U pin configuration and functional diagram
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4 Application board

The BTS6306U evaluation board simplifies the RF evaluation of this pre driver. The evaluation board enables
testing the RF performance of the device, in an isolated environment. In case no differential drive source is
available, an external 180° Hybrid (Balun) is required. It is possible to test the part with one input connected
(other input terminated) with compromises on RF performance. To de-embed applied RF output connector and
transmission line up to the output DC blocking capacitor, de-embedding data is available on request.

The BTS6306U evaluation board is fabricated on a 26 mm x 48 mm x 1 mm thick 4 layer PCB. The 0.254 mm
top layer uses R4350B for optimal RF performance. The other 2 layers are mainly for mechanical strenght.
The board is fully assembled according to the schematic shown below. The board is supplied with three SMA
connectors to connect input and output to the RF test equipment.

4.1 Application circuit

The application board circuit diagram that is implemented on the EVB is shown in Figure 3.
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Figure 3. Application board circuit diagram

The differential RF input (RFin_P, RFin_N) is supplied via CN1 and CN2. Output signals can be applied via SMA
connector CN3. Capacitors C16, C17, and C18 are DC-blocking capacitors. Although the RF input ports are DC
free, blocking capacitors are recommended in order not to short both differential inputs for DC. These blocking
capacitors also prevent DC voltages above the maximum specified value.

Note: The components indicated with DNP are not necessary (Do Not Place), but provide means to experiment
on matching and decoupling if necessary.
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4.2 PCB Layout information and component selection

A good PCB layout is an essential part of an RF circuit design. The evaluation board of the BTS6306U can
serve as a guideline for laying out a board using the BTS6306U.

The evaluation board uses micro strip coplanar ground structures for controlled impedance lines for the high
frequency input and output.

Veet and Ve, are bypassed via C23, and 24, and C25, and C26 decoupling capacitors respectively. C23,
and C26 should be located as close as possible < 1 mm to the device, to avoid AC leakage via the bias lines.
For long bias lines, it may be necessary to add decoupling capacitors along the line further away from the
device.

The parameters related to the differential input (like CMRR) are assuming a symmetrical source. The DC
blocking capacitors and corresponding routed tracks can be considered as part of the source. Therefore it

is important to keep those as balanced as possible. Applying tight tolerance capacitors for C16/C17 (2.2pF
recommended value) will help to maintain optimal symmetry.

Proper grounding of the GND pins is also essential for good RF performance. Either connect the GND pins
directly to the ground plane or through vias, or do both, which is recommended. The layout and component
placement of the BTS6306U evaluation board is given in Figure 4

Resistor R26 in the Vg Line on EVB is chosen to be 0 Q. For current limitations in the system application, it
is recommended to use a resistor value 2 kQ. With 2 kQ the current in the Vg, will be limited to values below 1
mA.

4.2.1 Evaluation board layout

REIN_N NXUP

EVALUATION BOARD

VyLp is not used in this application.

Figure 4. BTS6306U evaluation board layout and component
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4.2.2 PCB stack and recommended footprint

The PCB material used to implement the pre-driver circuit is a symmetrical stack. Applying 2 times 0.254 mm
R4350B low loss material at a core of FR4 with 0.432 mm thickness. See Figure 5. The official drawing of the
recommended footprint can be found via following link SOT758-1.pdf. When using micro strip coplanar PCB
technology, it is recommended using at least 12 ground-via holes of 300 um diameter in the ground plane under
the device. This technique is also used on the EVBs as shown in Figure 6.

Figure 5. Cross section of the PCB Layer stack Figure 6. Recommended footprint

4.3 Bill of materials

Table 2. Evaluation board BOM
Gives the bill of materials as is used on the EVB

Designator Description |Footprint |Value Supplier Name/type Comment/function

IC1 BTS6306U

PCB 26 mm x 48 RO4350

mm x 1 mm

C14, C19, C28 |capacitor 0402 n.a. for experimenting only

Cc16, C17 capacitor 0201 2.2 pF Murata DC block / gain flatness opt.
Cc18 capacitor 0201 3.9 pF Murata DC block

C21, C22, capacitor 0402 10 nF Murata optional

C23, C26 capacitor 0402 10 nF Murata supply decoupling

C24, C25 capacitor 0603 1 uF Murata

R26, R27 resistor 0402 0Q Phycomp bridge (Location for R27 is C22)
J1,J2,and J3 |DC header Johnson Emmerson DC connections

J117 DC header Amphenol DC connections
AN14043 Allinformation provided in this document is subject to legal disclaimers. ©2024 NXP B.V. All rights reserved.
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5 Evaluating the BTS6306U

All RF performance results given in the next chapters are referenced to the SMA connectors on the evaluation
board. In the data sheet characteristics, board connectors and PCB tracks are de-embedded up-to the product
input and output DC blocking capacitors.

The typical device performance given in the data sheet is characterized on the evaluation board equal to the
board described in this application note. The BTS6306U mounted on the evaluation board in the customer
evaluation kit is industrially tested on the most important RF parameters, like Gain, Noise Figure, IP3,, and

PL(1dB)-
All connection names are clearly displayed on the board. See Section 4.2.1.

Note: Because of the standard layout, the board is used for different amplifier products. Not all connections are
used, like VULP-
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5.1 Characteristics

Table 3. Characteristics

Vee =5V, Tamp = 25 °C; input 100 Q, and output 50 Q; unless otherwise specified.

BTS6306U Evaluation Board Application Note

Symbol |Parameter Conditions Min | Typ | Max |Unit
lec supply current | ON state, P, = 15 dBm - 115 | 140 |mA
ON state, quiescent - 100 | 125 \1mA
OFF state - 1.1 | 25 |mA
Gp power gain ON state
f=3.3 GHz, 36.5 38.5|40.5 |dB
f=3.8 GHz, 36 | 38 | 40 |dB
f=4.2 GHz, 35 | 37 | 39 |dB
OFF state - -50 | -48 |dB
Gfat gain flatness f=3.3GHzto 3.8 GHz - |0.05| - |dB
f=3.8GHzto4.2 GHz - 0.3 - |dB
tagrp) group delay f=3.3 GHz to 3.8 GHz - | 0405 |ns
time f=3.8 GHz to 4.2 GHz - 10405 |ns
Po(sat) saturated f=3.3GHz - 29 - |dBm
output power 13 ¢ GHz - 285 - |dBm
f=42GHz - 28 - |dBm
PLids) |output power f=3.3GHz - 28 - |dBm
2:m‘:5eias'ig . [f=38GHz - 275 - |dBm
f=42GHz - 27 - |dBm
IP3, output third- 2-tone; tone spacing = 100 MHz; P, = 15 dBm - |345| - |dBm
order intercept
point
CMRR |common mode |f=3.3 GHz - 26 - |dB
rejection ratio f=38GHz ~ 245 - |dB
f=42GHz - |225| - |dB
RL; input return loss |f = 3.3 GHz 12 | 24 - |dB
f=3.8GHz 12 | 18 - |dB
f=42GHz 12 | 18 - |dB
RL, output return f=3.3GHz 12 | 24 - |dB
loss f=3.8 GHz 12 18 | - |dB
f=42GHz 12 | 18 - |dB
ISL, reverse - 75 - |dB
isolation
NF noise figure f=3.3GHz M. 135 - |dB
f=3.8GHz - 4 - |dB
f=42GHz - 4 - |dB
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Table 3. Characteristics...continued
Vee =5V, Tamp = 25 °C; input 100 Q, and output 50 Q; unless otherwise specified.

Symbol |Parameter Conditions Min | Typ | Max | Unit

ts(pon) power-on Ven from LOW to HIGH to gain settled within 0.1 dB of final - 04 | 0.6 |us
settling time value and phase settled to within 1 degree of final value

ts(poff) power-off Ven from HIGH to LOW to gain settled to be < 5 % of gain in - 10.05| 0.1 |us
settling time ON state

K Rollett stability |1 MHz to 15 GHz 1.8 - -
factor

ACLR adjacent CP-OFDM with 20 MHz channel BW, QPSK modulation, - - -45 |dBc
channel and 60 kHz SCS, fully allocated, P, = 15 dBm
leakage ratio

[11  Connector and Printed-Circuit Board (PCB) losses have been de-embedded.
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5.2 S-parameters

The measured S-parameters and Rollett stability factor K, are given in the graphs below. For the
measurements, a typical BTS6306U EVB is used. All the S-parameter measurements have been carried out

using the setup Figure 20.
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Figure 7. BTS6306U differential gain (typical values). VCC =5V, Pi = -25 dBm
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Figure 8. BTS6306U differential RLi (typical values). VCC =5V, Pi = -25 dBm
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5.2 S-parameters...continued

BTS6306U Evaluation Board Application Note
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Figure 9. BTS6306U RL, (typical values). Vcc =5V, P; = -25 dBm
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Figure 10. BTS6306U K-factor (typical values). Vcc =5V, P; = -25 dBm
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5.3 P-out, and Gain versus P-in

BTS6306U Evaluation Board Application Note

The P, and Gain are measured versus P; using the setup shown in Figure 20.

a Pout (dBm) Vs Pin (dBm) N[ Gain (dB) Vs Pin (dBm) N
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Figure 11. Pout, and Gain versus input power (typical values). Vcc =5V, f = 3.5 GHz
5.4 Noise Figure
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Figure 12. BTS6306U Noise Figure vs Frequency (typical values). Vcc =5V
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5.5 1dB compression power (output)

The OP1dB is measured using the setup shown in Figure 20.

4 OP1dB (dBm) Vs Frequency
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Figure 13. BTS6306U P,(14) versus Frequency (typical values). Vcc =5V

5.6 Third order intercept point
IP3,is measured using the setup shown in Figure 21.
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Figure 14. BTS6306U IP3, at 100 MHz spacing output tone power 12 dBm
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5.7 ACLR under DPD

In the TX line ups for MMIMO, Digital Pre-Distortion (DPD) is applied to linearize the final stages. So efficiency,
and linearity-related parameters such as EVM are improved, after DPD is executed.

To what extent the BTS6306U must be predistorted depends on factors like, applied output power, and crest
factor at the BTS6306U. As an example, the BTS6306U ACLR is measured at given Pout with and without
applying DPD to note the differences.

The DPD engine applied is similar to DPD models found in n-MiMO g-nodeB (downlink signal path) to linearize
Doherty PA's.

RBW 100 kHz
VBW 1MHz Mode
¢ IRm Clrv

1001 pts 51.9 MHz/ Span 519.0 MHz
5G NR DL FR1 100MHz

Bandwidth Offset Power
Hz 15.03 dBm
15.03 dBm

L Upper
-57.70 dBc -55.76 dBc
-60.70 dBc -60.27 dBc

Measuring TIIT

Figure 15. BTS6306U ACLR DPD versus none-DPD at 2.6 GHz center frequency and P, =15 dBm, CF 10 dB
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Figure 16. BTS6306U AMAM and AMPM at 2.6 GHz, 100 MHz IBW, 10 dB PAR.
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5.7 ACLR under DPD...continued

Ref Level - m BW 100 kHz

° Att S0 W 1MHz  Mode Auto FFT

1ACLR NCAN e 1Rm Clrw = 21

CF 3.6 GHz 1001 pts 51,9 MHz/ Span 519.0 MHz
2 Result Summary 5G NR DL FR1 100MHz
Offset Power
15.00 dBm
15.00 dBm
Lower Upper
-56.37 dBc -56.13 dBc
-61.12 dBc -61.86 dBc

Figure 17. BTS6306U ACLR DPD versus none-DPD at 3.6 GHz center frequency and P, =15 dBm, CF 10 dB
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Figure 18. BTS6306U AMAM and AMPM at 3.6 GHz, 100 MHz IBW, 10 dB PAR
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5.8 Required Equipment

For the BTS6306U evaluation, the following equipment is needed as a base-line:

* 1 DC power supply 5V, 200 mA (Vcc1, and Veeo)

* 1 DC power supply 1.8 V, 5 mA (Vgy), or a pulse generator in case pulsed measurements are required

* A suitable Balun like: Krytar model 4020080. See Figure 19

* A network analyzer for S-parameter, and P44g measurements. In case the NA is a 4-port version, 2 ports
can be defined as differential outputs, in this case a Balun is not required. When the 2 ports are defined as
differential outputs S-parameters, and the differential mode-related parameters can be evaluated

* 2 RF generators up to 12 GHz plus a combiner for IP3 measurements

* A spectrum analyzer with NF option for IP3, Noise figure measurements and ACLR

* High Quality RF cables with SMA/3.5 mm RF connectors

* DC currents meters.

Figure 19. Example of the Balun used for the different measurements

Ve and Ve, can be combined and fed to the 5 V PSU. After switching on the power supply, the BTS6306U
comes up in the quiescent current. 1.8 Vgy must be applied.

If necessary, to switch on the power supplies separately the preferable start-up sequence is as follows.
First switch on V¢1 second Vo and third Vey.

Note: If you want to switch on V¢4, and Vo Separately an extra 5 V, 200 mA power supply is required.
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5.9 Connection and setup

1. Connect the EVB to a calibrated network analyzer see Figure 20, we advise the following settings for S-
parameter measurements:

a. Port power -25 dBm
b. IF Bandwidth 100 Hz

2. The network analyzer can also be used for the 1 dB gain compression evaluation, for this evaluation we
advise the following NWA setting

a. Port 1 power sweep -30 dBm up to -10 dBm
b. Port 2 20 dB attenuation on the receiver port b2.
c. IF Bandwidth 100 Hz.

3. Gain and P44g gain compression data can also be determined using an RF generator and spectrum
analyzer.

4. Turn on the DC power supplies and it should read typical I;c = 100 mA.
5. Nonlinear distortion measurements IP3 can be performed with a set-up like is depicted in Figure 21. The
following settings are recommended to perform the IP3 evaluation.
a. -20 dBm for each fundamental tone.
b. RBW and VBW of the spectrum analyzer 100 Hz
c. Tone spacing 100 MHz

Table 4. Evaluation measurement setups

oo e
[=1=]=]
- .
=g =] =]
gmeagl
[=]=] =
@
mEmEm O
R REF MEAS PORT R MEAG B - MEAS FORT A REF BEAS PORT
Ot Qo) 3 Chor Qo O 1 Dot Qoet 4 Dt Qent O 2
ononooonono &) onooononoo
10 dB
o Optional for the
P1dB
measurments
Figure 20. S-parameter and P14g gain compression setup
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Table 4. Evaluation measurement setups...continued

Signal Generators
]

PR SUPPLY 2

[ —

CHI AUX CHZ
Q0 00 00

Figure 21. Third order intercept point measurement setup

e ofe

Spectrum Analyzer
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responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.
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contract or any other legal theory.
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accordance with the Terms and conditions of commercial sale of NXP
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customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
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provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default
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agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Suitability for use in non-automotive qualified products — Unless

this document expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire
risk as to the quality, or arising out of the use or performance, of this product
remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers

be liable to customer for any special, indirect, consequential, punitive

or incidental damages (including without limitation damages for loss of
business, business interruption, loss of use, loss of data or information, and
the like) arising out the use of or inability to use the product, whether or not
based on tort (including negligence), strict liability, breach of contract, breach
of warranty or any other theory, even if advised of the possibility of such
damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors,

its affiliates and their suppliers and customer’s exclusive remedy for all of
the foregoing shall be limited to actual damages incurred by customer based
on reasonable reliance up to the greater of the amount actually paid by
customer for the product or five dollars (US$5.00). The foregoing limitations,
exclusions and disclaimers shall apply to the maximum extent permitted by
applicable law, even if any remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.
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Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.
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NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.

Trademarks
Notice: All referenced brands, product names, service names, and

trademarks are the property of their respective owners.
NXP — wordmark and logo are trademarks of NXP B.V.
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