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Evaluation Board BGA9H1MN9

About this document

Scope and purpose

This measurement report provides an overview of the evaluation board (EVB) of the BGA9H1MN9 Mid- and High-
Band Low Noise Amplifier with Gain Steps and MIPI Control. In this document, the BGA9H1MNO circuit schematic,
PCB layout and measurement results are summarized.
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BGA9H1MN9 Description

1 BGA9H1MN9 Description

The BGA9H1MNO9 is a low noise amplifier for LTE and 5G which covers a wide frequency range from 1.4 GHz to 2.7
GHz. The LNA provides up to 20.2 dB gain and 0.6 dB noise figure at a current consumption of 5.8 mA. With the
Gain Step feature, the gain and linearity can be adjusted to increase the system dynamic range and to
accommodate to changing interference scenarios. The BGA9H1MN9 supports ultra-low bypass current of 2 A
and 1.2 V operating voltage to reduce power consumption. It operates from 1.1 V to 2.0 V supply voltage over
temperature. The compact 9 pin TSNP-9 package with the dimension of 1.1 x 1.1 mm helps to save space on the
PCB.

[In order to get the EVB BGA9H1MNO9, place your order in either the Distribution Integrated Solution (IDIS) tool,
Infineon Sample Request (I1SaR) tool or contact your business partner using the reference number: SP005427061].
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Figurel BGA9H1MN9 Block Diagram
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BGA9H1MN9 Description

1.1 MIPI Control Specification

The device complies with MIPI RFFE specification. A MIPI Stick is necessary in order to operate the device. The
10-pin connector on the EVB is used to connect it to the MIPI Stick (See image below). The following pins have to
be connected for proper operation:

- SDATA (Data Line)

- SCKL (Clock Line)

- GND (Ground)

- VIO (Voltage Input-Output)

- VDD (Power Supply)

- USID (Unique Slave Identifier)

e SCLK SDATA USIO

Figure2  Control Connector

For further information about the MIPI Stick please refer to the published guide on Infineon’s website: “MIPI
Stick Basic User Guide” (See link at the bottom of this document). [In order to get the MIPI Stick, place your
order on either the Integrated Distribution Solution (IDIS) tool, Infineon Sample Request (ISaR) tool or contact
your business partner using the reference number: SP001160002].
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Figure 3  Infineon MIPI Stick
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2 Evaluation Board

PIN DESCRIPTION

IN RFIn Port

ouT RFOut Port

VDD Supply Voltage

VIO Voltage Input-Output
SCLK Clock Line

SDATA | DataLine

GND Pins used as Ground

BGAIHIMNS

..........

oooooooooo

oooooooooo

Fe Ul O a0 am
Feb2022 50k goaTa USID  GND  GND

Figure4  Evaluation Board

2.1 PCB Layout

The total thickness of the board is ~1mm and its layers’ composition is presented in the image below.
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: 35
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Gesamidicke: 1004 pm

Figure5  PCB Layout
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2.2 Schematic

2.2.1 Configuration for 1400 - 1500 MHz

Figure 6 shows the schematic of the Evaluation Board and includes the matching components.

VDD
N GND
c2 —
10nF
G§'D N1
CCON-5MA-F-18-PCB-5 g LIbiL (S0 g CCON-SMA-F-18-PCB-5
 RFIN cr ¥ IO»LL——' vVio  GND RFOUT
° {| L2 3of A A0 P ’ °
oo 11nH ; B
P SDATA {— SDATA .
3CLK 4 ) SCKL L234nH
— USID USID R
GND BEGASHIMNS
GND  GND
Pl
- 1 2 .
—L— T— 3 4 —T |
o VDD 5 6 UsID —
GND wcg;: 78| SDATA =
E— % 10 SCEL b
Header 5X2
Figure 6 BGA9H1MN9 EVB Schematic
2.2.1.1 Bill of Materials
Designator Value Description
RFIN, RFOUT - SMA connectors
P1 - 10-Pin header
N1 - BGA9H1MN9
L1 11nH Input matching
C1 22 pF RF bypass
C2 (optional) 10 nF RF bypass
PCB v2_AE BGAV1A10 Evaluation Board

2.2.2 Configuration for 1800 - 2200 MHz

Figure 7 shows the schematic of the Evaluation Board and includes the matching components.
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VDD
N GND
c2 =
| 10nF
GND N1
§!vpp oD |2
CCON-SMA-F-18-PCB-5 _ T 9 CCON-SMA-F-18-PCB-5
RFIN 1 \IO))—Ll VIO GND REOUT
° || L2 30 A Ao L °
5.6nH
22pF SDATA ; SDATA
SCLK 47 SCKL
— USID USID —
GND BGAOHIMNO GND
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L N el |
= VDD 5 6 USID ——=
GND \-'Iogg: 7 8 SDATA .~
A= 9 10 | SCKL
Header 5X2
Figure 7 BGA9H1MN9 EVB Schematic
2.2.2.1 Bill of Materials
Designator Value Description
RFIN, RFOUT SMA connectors
P1 10-Pin header
N1 BGA9H1IMN9
L1 5.6 nH Input matching
C1 22 pF RF bypass
C2 (optional) 10 nF RF bypass
PCB v2_AE BGAV1A10 Evaluation Board
2.2.3 Configuration for 2300 - 2700 MHz

Figure 8 shows the schematic of the Evaluation Board and includes the matching components.
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VDD
N GND
c2 —
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CCON-SMA-F-18-PCB-5 g VDD GND g CCON-SMA-F-18-PCB-5
REIN - UO})LI—— VIO GND RFOUT
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o 4.2nH .
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P1
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L N ) |
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GRD \-'Iogﬁ 7 8 3§SDATA GND
=9 10 SCEL
Header 5X2
Figure 8 BGA9H1MN9 EVB Schematic
2.2.3.1 Bill of Materials
Designator Value Description
RFIN, RFOUT - SMA connectors
P1 - 10-Pin header
N1 - BGA9H1MN9
L1 4.2nH Input matching
C1 22 pF RF bypass
C2 (optional) 10 nF RF bypass
PCB v2_AE BGAV1A10 Evaluation Board
2.3 Evaluation Board Hardware

The BGA9H1MN9 allows the user to connect an RF signal to the device via an SMA connector. The user controls
the BGA9H1MNO using the MIPI Stick and sets the desired state through a software interface.

User Guide 7 0of 38 V1.0
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3 Measurement Setups

3.1 S-Parameter

The image below shows the typical S-Parameter Measurement Setup where the input and output of the device

are connected to a Network Analyzer.
[ VNA ]

VIO, VDD, SD, SC, USID

Figure9  S-Parameter Measurement Setup
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3.2

Noise Figure

(infineon

The image below shows the typical Noise Figure Measurement Setup including a shielding box in which the
device is contained in order to reduce noise interference.

NFA

Noise
Source

@ielding Box ¥ )
VIO, VDD, SD, SC, USID
& 4
Figure 10 Noise Figure Measurement Setup
90f38 V1.0
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4 Results

Performance plots are shown in the images below. The files can be found on Infineon’s product website.

4.1 Configuration for 1400 - 1500 MHz
P s k
: o i
ci o |t 3 i
Al o— —r—— —— o AO
i LNA : %u
[ H (only for f=1.4- 1.5 GHz)
e e e e ——e————————————————— 1
- poossmemesmssesooossooooooooo — SDATA
OT_E E R1 (optional)
C2 T : MIPI-RFFE I SCLK
; : Control Interface t | iRz(uptional:l
VIO O__T_—_: i =
C3 I becmmmmccmcmmccm e ———————— ——>o UsSID
(optional) L

S-Parameter measurements are done from SMA connector to SMA connector at T =25 oC, Powergs=-30 dBm
and V.. = 1.8V for Gain modes 2 through 5 using Bias mode 6 and Gain modes 0 and 1 using Bias mode 2.

4.1.1 S-Parameters

Insertion Power Gain
60 40
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1.45 GHz 30 -
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201
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Input Return Loss

521 (dB)
o
S11 (dB)
o

—20 4

—30

—40 T T T T :
—60 T T T T T
1 2 3 4 5 6 1 2 3 4 5 6
Frequency (GHz) Frequency (GHz)
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Output Return Loss Reverse Isolation
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—104
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Frequency (GHz)
Figure 11 S-Parameters @ 1.8V in Gain 0 Bias 6 Mode
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Figure 12 S-Parameters @ 1.8V in Gain 1 Bias 6 Mode
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Insertion Power Gain
60 Input Return Loss
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Figure 13 S-Parameters @ 1.8V in Gain 2 Bias 2 Mode
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Output Return Loss Reverse Isolation
40 40
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Figure 14 S-Parameters @ 1.8V in Gain 3 Bias 2 Mode
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Figure 15 S-Parameters @ 1.8V in Gain 4 Bias 2 Mode
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Insertion Power Gain Input Return Loss
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Figure 16 S-Parameters @ 1.8V in Gain 5 Bias 2 Mode
0 Insertion Power Gain o Input Return Loss
— B2_G6 — B2 GG
40 307
20
204
10
g j g
2 o] 2 g4
= —
& N e e
-10 4
—-20 4
—20
_40 4
/ 30
—60 T T T T T —40 T T T T T
1 2 3 4 5 6 1 2 3 4 5 6
Frequency (GHz) Frequency (GHz)
User Guide 14 of 38 V1.0

2022-04-27



Car
EVB BGA9H1MNO User Guide Infineon
Evaluation Board BGA9H1MN9

a0 Qutput Return Loss Reverse Isolation

40
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Figure 17 S-Parameters @ 1.8V in Gain 6 Bypass

4.1.1 Noise Figure Results

All NF measurements show the chip performance (de-embedded NF) at T =25 °C, Powergs=-30 dBm and V.. =
1.8V for Gain modes 2 through 5 using Bias mode 6 and Gain modes 0 and 1 using Bias mode 2.

De-embedded Noise Figure

2,5

1,5

Noise Figure (dB)

0,5

0 } } } |
1,40 1,43 1,45 1,48 1,50
Frequency (GHz)

Figure 18 Noise Figure @ 1.8V in Gain 0 Bias 6 Mode
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De-embedded Noise Figure
3
2,5
—_ 2
[+2]
)
g
815
3
=
Z 1
0,5
0 } } } |
1,40 1,43 1,45 1,48 1,50
Frequency (GHz)

Figure 19 Noise Figure @ 1.8V in Gain 1 Bias 6 Mode

De-embedded Noise Figure
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B 15
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1,40 1,43 1,45 1,48 1,50
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Figure 20 Noise Figure @ 1.8V in Gain 2 Bias 2 Mode
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De-embedded Noise Figure
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Figure 21 Noise Figure @ 1.8V in Gain 3 Bias 2 Mode
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Figure 22 Noise Figure @ 1.8V in Gain 4 Bias 2 Mode
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De-embedded Noise Figure
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Figure 23 Noise Figure @ 1.8V in Gain 5 Bias 2 Mode
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Figure 24 Noise Figure @ 1.8V in Gain 6 Bypass
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4.2 Configuration for 1800 - 2200 MHz
S s |
i © i
ciou | S i
Al o— —r—— ——t o AO
: LNA ! %Lz
i ! {enly for f= 1.4 - 1.5 GHz)
L | 1
VDD i — SDATA
OT _i E R1 (optional)
czj_: : MIPI-RFFE L | T SCLK
; d Control Interface ' R2 (opticnal)
VIO o—l——i | T
c3 I S ——-—0 USID
(optional] -

S-Parameter measurements are done from SMA connector to SMA connector at T =25 C, Powerg-=-30 dBm and
Ve = 1.8V for Gain modes 2 through 5 using Bias mode 6 and Gain modes 0 and 1 using Bias mode 2.

4,2.1 S-Parameters

0 Insertion Power Gain Input Return Loss
40
— B6_GO — B6.GO
2.1 GHz
J 20 A
20 2.1 GHz
10 4 -7.86641 dB
g, ] l
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—60 T T T T T —-40 T
1 2 3 4 5 6 1 2 3 4 5 6
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30 4 20
204
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& " -40
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—60
—20 1
—80
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Figure 25 S-Parameters @ 1.8V in Gain 0 Bias 6 Mode
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Figure 26 S-Parameters @ 1.8V in Gain 1 Bias 6 Mode
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Figure 27 S-Parameters @ 1.8V in Gain 2 Bias 2 Mode
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Figure 28 S-Parameters @ 1.8V in Gain 3 Bias 2 Mode
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Figure 29 S-Parameters @ 1.8V in Gain 4 Bias 2 Mode
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Figure 30 S-Parameters @ 1.8V in Gain 5 Bias 2 Mode
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Figure 31 S-Parameters @ 1.8V in Gain 6 Bypass
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4.2.2 Noise Figure Results

All NF measurements show the chip performance (de-embedded NF) at T =25 °C, Powergs=-30 dBm and V.. =
1.8V for Gain modes 2 through 5 using Bias mode 6 and Gain modes 0 and 1 using Bias mode 2.

De-embedded Noise Figure
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Figure 32 Noise Figure @ 1.8V in Gain 0 Bias 6 Mode
De-embedded Noise Figure
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Figure 33 Noise Figure @ 1.8V in Gain 1 Bias 6 Mode
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Figure 34 Noise Figure @ 1.8V in Gain 2 Bias 2 Mode
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Figure 35 Noise Figure @ 1.8V in Gain 3 Bias 2 Mode
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Figure 36 Noise Figure @ 1.8V in Gain 4 Bias 2 Mode
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Figure 37 Noise Figure @ 1.8V in Gain 5 Bias 2 Mode
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Figure 38 Noise Figure @ 1.8V in Gain 6 Bypass
4.3 Configuration for 2300 - 2700 MHz
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VIO OT_: : =
c3 T SRS ————o usSID
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S-Parameter measurements are done from SMA connector to SMA connector at T =25 oC, Powerg:=-30 dBm
and V.. = 1.8V for Gain modes 2 through 5 using Bias mode 6 and Gain modes 0 and 1 using Bias mode 2.
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4.3.1 S-Parameters
Insertion Power Gain
60 Input Return Loss
—— B6_GO 40
—— B6_GO
40 30 A
20 A
201 6 GHz
10 -8.28983 dB
@ —_
AN g
— 0 : 0
3 3 V
204 -10 A
204
_40 4
304
—60 T T T T T —-40 : : T :
1 2 3 4 5 6 2 3 4 5 6
Frequency (GHz) Frequency (GHz)
Output Return Loss .
a0 w0 Reverse Isolation
— B6_GO — E6.GO
30
20 A
20
0 -
GHz
10 | -9.53383 dB
= = -201
A s
~ ™~
3 R
~10
_60 1
_20 4
—-80
~30 4
-100 T T T T
—-40 T T T T T
1 2 3 4 5 6 2 3 4 5 6
Frequency (GHz) Frequency (GHz)
Figure 39 S-Parameters @ 1.8V in Gain 0 Bias 6 Mode
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Figure 40 S-Parameters @ 1.8V in Gain 1 Bias 6 Mode
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Figure 41 S-Parameters @ 1.8V in Gain 2 Bias 2 Mode
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Figure 42 S-Parameters @ 1.8V in Gain 3 Bias 2 Mode
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Figure 43 S-Parameters @ 1.8V in Gain 4 Bias 2 Mode
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Figure 44 S-Parameters @ 1.8V in Gain 5 Bias 2 Mode
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Figure 45 S-Parameters @ 1.8V in Gain 6 Bypass

4.3.2 Noise Figure Results

All NF measurements show the chip performance (de-embedded NF) at T =25 C, Powergs=-30 dBm and V.= 1.8V
for Gain modes 2 through 5 using Bias mode 6 and Gain modes 0 and 1 using Bias mode 2.
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Figure 46 Noise Figure @ 1.8V in Gain 0 Bias 6 Mode
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Figure 47 Noise Figure @ 1.8V in Gain 1 Bias 6 Mode
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Figure 48 Noise Figure @ 1.8V in Gain 2 Bias 2 Mode
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Figure 49 Noise Figure @ 1.8V in Gain 3 Bias 2 Mode
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Figure 50 Noise Figure @ 1.8V in Gain 4 Bias 2 Mode
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Figure 51 Noise Figure @ 1.8V in Gain 5 Bias 2 Mode
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Figure 52 Noise Figure @ 1.8V in Gain 6 Bypass
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Abbreviations
EVB Evaluation Board
LNA Low Noise Amplifier
PCB Printed Circuit Board
RF Radio-Frequency
MIPI Mobile Industry Processor Interface
SMA Subminiature Connector
VNA Vector Network Analyzer
DUT Device Under Test
GND Ground

References

More information about the PCB Layout (footprints, schematics, Altium projects), standard S-Parameters and
Noise Figure as well as the datasheets can be found here.
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