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1 General description

The BGA3131 is an upstream amplifier meeting the Data Over Cable Service Interface
Specifications (DOCSIS 3.1). It is designed for cable modem, CATV set top box and
VoIP modem applications. The device operates from 5 MHz to 205 MHz. The BGA3131
provides 58 dB gain control range in 1 dB increments with high incremental accuracy. Its
maximum gain setting delivers 37 dB voltage gain and a superior linear performance.

It supports the DOCSIS 3.1 output power levels while meeting the stringent ACLR
requirements.

The BGA3131 operates at 5 V supply. The gain is controlled via a 3-wire serial interface.
The current consumption can be reduced in 4 steps via the serial interface. This interface
enables the user to optimize between DC power efficiency and linearity. In addition,

the current is automatically reduced at lower gain settings while preserving the linearity
performance. In disable mode, the device draws typical 25 mA while it can be still
programmed to new gain and current settings.

The BGA3131 is housed in 20 pins 5 mm x 5 mm leadless HVQFN package.

2 Features and benefits

* 58 dB gain control range in 1 dB steps using a 3-wire serial interface

* 5 MHz to 205 MHz frequency operating range

* + 0.4 dB incremental gain step accuracy

¢ Maximum voltage gain 37 dB

¢ Excellent IMD3 of -60 dBc at 68 dBmV total output power

* Excellent second harmonic level of -65 dBc at 68 dBmV total output power
¢ Excellent third harmonic level of -65 dBc at 68 dBmV total output power

* Excellent noise figure of 6.5 dB at maximum gain

* Capable of transmitting modulated carriers while meeting the DOCSIS 3.1 ACLR
specification. At an output power of 65 dBmV at the F-connector (assuming 3 dB of
output loss), the typical ACLR is -62 dBc

* 5V single supply operation
¢ Excellent ESD protection at all pins
* Unconditionally stable

* Compliant to Directive 2002/95/EC, regarding Restriction of Hazardous Substances
(RoHS)
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3 Applications

¢ DOCSIS 3.1 and 3.0 cable modems
¢ VolP modems
¢ Set-top boxes

4 Quick reference data

Table 1. Quick reference data

Typical values at Vcc = 5 V, decimal current setting = 3, decimal gain setting 50 to 63; Tamp = 25 °C; Ziin = 200 Q: Zy(se) =
75 Q; voltage gain does include loss due to output transformer. Unless otherwise specified. All RF parameters are measured
on an application board with the circuit as shown in Figure 12 and components listed in Table 17.

Symbol |Parameter Conditions Min |[Typ |Max |Unit
lcc supply current transmit-enable mode; TX_EN = HIGH 610 |660 |[720 |mA
transmit-disable mode; TX_EN = LOW - 25 - mA
Gy voltage gain gain code = 111111 aren . 37 |- dB
NF noise figure transmit-enable mode; gain code = 111111 - 6.5 |- dB
QoH second harmonic level transmit-enable mode; gain code = 111111; - -65 |- dBc

Pi(RMS) = 31 dBmV; P (RMS) = 68 dBmV
into 75 Q impedance

a3y third harmonic level transmit-enable mode; gain code = 111111; - -65 |- dBc
Pi(RMS) = 31 dBmV; P (RMS) = 68 dBmV
into 75 Q impedance

IMD3 third-order transmit-enable mode; gain code = 111111; - -60 |- dBc
intermodulation distortion |p (RMS) = 65 dBmV per tone into 75 Q impedance
PLias) |output power at 1 dB gain |CW input signal RMS value, f = 205 MHz - 78 |- dBmV

compression

[11 P;j<31dBmV
[2] Excluding 5.7 dB loss of resistive matching circuit, to match 75 Q to 50 Q

Table 2. ACLR quick reference data

Typical values at Vcc = 5 V, decimal current setting = 3, decimal gain setting 60, Tamp = 25 °C; Ziin = 200 Q: Zyse) = 76 Q;
channel bandwidth = 192 MHz, integration bandwidth = 9.6 MHz, f = 5 MHz to 205 MHz. Unless otherwise specified.

Symbol Parameter Conditions ‘Min ‘Typ ‘Max ‘Unit
DOCSIS 3.1
ACLR adjacent channel Pi(RMS) = 31 dBmV; P (RMS) = 68 dBmV, channel - -62 |- dBc
leakage ratio configuration: channel bandwidth is 192 MHz, with
exclusion band at 147.5 MHz, with a bandwidth of 9.6 MHz.
Input signal with a PAPR of 13 dB
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5 Ordering information

Table 3. Ordering information

Type number |Orderable part |[Package
number

Name Description Version
BGA3131 BGA3131J HVQFN20 |plastic thermal enhanced very thin quad flat package; SOT662-1
no leads; 20 terminals; body 5 mm x 5 mm x 0.85 mm

6 Marking code

Table 4. Marking
Type number Marking code
BGA3131 3131

7 Functional diagram

n.c. nc. GND Vgc  TMP_SENS
GND — —n.c.
IN_P — — OUT_P
ok
200 Q
IN_N —] 375Q pF—n.c.
- ATT
n.c. — — OUT_N
SERIAL
GND — ] INTERFACE — "¢
CLK DATA CS TXEN Vcc aaa-008856
Figure 1. Functional diagram
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8 Pinning information

DOCSIS 3.1 upstream amplifier

8.1 Pinning

(7] vee
(16| TMP_SENS

‘terminal1 g g %
index area @ @ @
GND [ (5] nec.
IN_P[2) (14 out_P
IN.N[3) BGA3131 @3] ne
ne [4) (2] out_N
GND [5) 1] ne
RISIRICIS
E 'i: 8 E 8 014847
[s) g ><| 2 aaa-|
[
Transparent top view
Figure 2. Pin configuration
8.2 Pin description
Table 5. Pin description
Symbol Pin Description
GND 1 ground
IN_P 2 amplifier input +
IN_N 3 amplifier input —
n.c. [ 14 not connected
GND 5 ground
CLK 6 clock
DATA 7 data
CS 8 chip select
TX_EN 9 transmit enable active HIGH
Vee 10 supply voltage
n.c. URET not connected
OUT_N 12 amplifier output —
n.c. 143 not connected, pin can be left open, grounded, or connected to
the center tap voltage in the application
OUT_P 14 amplifier output +
n.c. 115 not connected
TMP_SENS 16 temperature sense

BGA3131
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Table 5. Pin description...continued

DOCSIS 3.1 upstream amplifier

Symbol Pin Description
Vee 17 supply voltage
GND 18 ground

n.c. 19 not connected
n.c. [ 20 not connected
GND die paddle |ground

[11  not connected pins can either be left open or grounded in the application

9 Functional description

9.1 Logic programming

The programming word is set through a shift register. It uses the data of the SPI bus (pin
name DATA), clock (pin name CLK), and enable (pin name TX_EN) lines. By default, the
data is entered in order with the most significant bit (MSB) first and the least significant

bit (LSB) last. The Chip Select line (CS) must be low during the data entry, then set high
to sample the shift register. The rising edge of the clock pulse shifts each data value into
the shift register. When the register is programmed, the new settings take effect:

* on the rising edge, of <CS> if <TX_EN> was HIGH
* on the rising edge, of <TX_EN> if <TX_EN> was LOW

Table 6. Programming register

Data bit |11 ‘10 ‘9 ‘8 7 6 5 ‘4 ‘3 ‘2 ‘1 ‘o

Function |Register address | Current setting (1 | Attenuation (gain) setting (21

Settings ([0 0 |0 |0 |C[1] CIO] G[5] G[4] |G[3] |G[2] G[1] |G[0]

Initialize |0 |0 [0 |1 |Soft LSB first |ASC | 16b 16b |ASC |LSB |Soft
reset (mirror) |address|mode |mode |address|first |reset
(mirror) (mirror) | (mirror)

Reserved |0 |0 |1 |0 |O 0 0 0 0 0 0 0

Reserved |0 [0 |1 |1 |0 0 0 0 0 0 0 0

[1]  For current bit settings see Table 8
[2]  For gain bit settings see Table 7

BGA3131
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rising

previous

e e T |

Figure 3. Serial data input timing when TX_EN is HIGH

rising

v~ SN « MWMM

Figure 4. Serial data input timing when TX_EN is LOW
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9.2 Register settings

9.2.1 Register address

9.2.2

9.2.3

BGA3131

Only addresses 0000 to 0011 are used. Other addresses do not affect the VGA.
Address 0000 is used to configure attenuation and current parameters of the device.
Address 0001 is used to configure the SPI interface specifically.

Addresses 0010 and 0011 are reserved, and must be kept at value 0.

Gain/attenuator setting

The gain shall be controlled via the SPI bus. Data bits DO through D5 set the
gain/attenuator level, with 111111 being the min attenuation setting, and 000101 being the
maximum attenuation setting. A new gain/attenuator setting can be loaded while the VGA
is on (transmit-enable).

Table 7. Gain settings

Gain setting G[5:0] (1 Typical gain
binary notation decimal notation (dB)
000000 to 000101 Oto5 -21

000110 6 -20

111110 62 36

111111 63 37

[11  With every increment of the gain setting between 000101 (5) and 111111 (63), the typical gain increases
accordingly

Output stage current setting

The current (of the output stage) shall be controlled via the 3-wire bus. Data bits D6

and D7 set the current. Setting 11 sets the maximum current for maximum linearity. The
current can be lowered for improved efficiency at lower output power levels, or lower
linearity requirements. Setting 00 sets the minimum current. A new current setting can be
loaded while the VGA is on (transmit-enable).

Table 8. Supply current settings
At decimal gain setting 63.

Current setting C[1:0] Typical supply current
binary notation decimal notation (mA)

00 0 350

01 1 410

10 2 480

11 3 660

The current is automatically reduced at lower gain settings while preserving the linearity
performance.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
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9.24.1
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Table 9. Device current settings versus gain settings

Gain setting Typical current (mA)
Attenuation |H value |Current Current Current Current Comments
bit [5.0] setting setting setting setting

C[1:0] =00 |C[1:0] =01 |C[1:0] =10 |C[1:0] =11
111111 0x3F 350 410 480 660 Max gain (code = 63)
110001 0x31 280 315 345 370 Gain code = 49
101011 0x2B 290 320 350 375 Gain code = 43
100101 0x25 240 260 260 330 Gain code = 37
011001 0x19 220 235 235 250 Gain code = 25

SPI Initialize register

The SPI receiver may be configured in several communication modes. By default, the
device is waiting for a 12-bit, MSB first SPI frame. In that case, the address field is 4 bits
wide, and data field is 8 bits wide. Using the Initialize register at address 0x01 allows
switching the device to different SPl modes. Register 0x01 contains four effective bits,
but programmed with the mirror value of the 4 LSBs in the 4 MSBs.

os | T

ADDRESS DATA
DATA X MSB LSB X MSB LSB X

aaa-020875

Figure 5. Default SPI frame, 12-bit, MSB first, descending address

SPI Soft Reset

By setting bits Soft_reset AND Soft reset (mirror) at address 0x01, the device is put back
in its default state. (maximum gain)

os | T

TR RARENERTE
i

Figure 6. SPI frame for Soft Reset, 12-bit, MSB first, descending address

aaa-020876
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9.24.2

9.243

BGA3131

DOCSIS 3.1 upstream amplifier

SPI 16-bit mode

By default, the SPI frame is made of 4 bits for address and a multiple of 8 bits for data.
By setting bits 76b_mode AND 16b_mode (mirror) at address 0x01, the device is
configured such that the next SPI command will be a 16-bit command. Address is sent on
8 bits, whereas data is a multiple of 8 bits.

cs | T

ADDRESS DATA
DATA X MSB LSB X MSB LSB X

aaa-020877

Figure 7. Default SPI frame, 16-bit, MSB first, descending address

SPI ascending address

By default, the SPI slave can be programmed with a single SPI frame. The SPI contains
a start address and several data bytes to be written at start address. The SPI has an auto
decrementing mechanism to store each data in corresponding register. By setting bits
asc_addr AND asc_addr (mirror) at address 0x01, the device is configured such that the
internal addresses are auto-increment instead of auto-decrement.

S T

DATA 0001 DATA for address 1 DATA for address 0
LSB MSB A\ MSB LSB A\ MSB LSB

aaa-020878

Figure 8. Burst SPI frame, 12-bit, MSB first, descending address

S T

DATA X 0000 X DATA for address 0 X DATA for address 1 X

LSB MSB /\ MSB LSB J/\ MSB LSB

aaa-020879

Figure 9. Burst SPI frame, 12-bit, MSB first, ascending address
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9.2.4.4 SPILSB first

BGA3131

9.3

By default, the SPI slave waits for the MSB data first. By setting bits /sb_first AND
Isb_first (mirror) at address 0x01, the device is configured. The first bit received is
considered as the LSB of each field (address and data).

cs | T

ADDRESS DATA
DATA XLSB MSB X LSB MSB X

aaa-020880

Figure 10. Burst SPI frame, 12-bit, MSB first, descending address

TX enable / TX disable

The amplifier can be disabled or enabled by making TX_EN (pin 9) LOW or HIGH. A
LOW to HIGH TX enable transition enables new programmed settings. If no new settings
are programmed, the last programmed setting is reactivated.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
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10 Limiting values

Table 10. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Absolute Maximum Ratings are given as Limiting Values of stress conditions during operation, that must not be exceeded
under the worst probable conditions.

Symbol |Parameter Conditions Min |Max |Unit

Vee supply voltage - 6 \%

li input current on pin TMP_SENS - 1 mA

Vi input voltage on pin IN_P -0.5 |6 \Y
on pin IN_N -05 |6 \%
on pin CLK Mios5 |6 v
on pin DATA .05 |6 Y%
on pin CS Mio5 |6 v
on pin TX_EN M.05 |6 Y%
on pin OUT_N -05 |6 \%
on pin OUT_P -05 |6 \%

Pitmax) maximum input power - 60 dBmV

Tstg storage temperature -55 150 |°C

T; junction temperature - 150 |°C

fspi SPI frequency Master writes to slave; load on DATA line, 30 pF - 25 MHz
maximum, under nominal V,;, and V4 levels

VEsp electrostatic discharge voltage Human Body Model (HBM); According to I +/-4  |kV
JEDEC standard 22-A114E
Charged Device Model (CDM); According to I +-2  |kV
JEDEC standard 22-C101B

[1]  All digital pins may not exceed V¢ as the internal ESD circuit can be damaged. To prevent this damage, it is recommended that control pins are limited to
a maximum of 5 mA.
[2] Stressed with pulses of 200 ms in duration.

11 Thermal characteristics

Table 11. Thermal characteristics

Symbol |Parameter Conditions Typ |Unit
Ring-boty |thermal resistance from junction to bottom of package Still air, natural convection M6 |kw
Ring-a) |thermal resistance from junction to ambient Still air, natural convection M129.3 |kwW
Witp) |thermal characterization parameter from junction to top of package | Still air, natural convection g9 |kwW

[1]  Simulated using final element method model resembling the device mounted on the application board. See Figure 13

Note:

For more thermal details, refer to the BGA3131 Thermal management quidelines
AN11753 at www.nxp.com.

BGA3131 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
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11.1 Thermal compact model

Compact thermal model parameters (Delphi compact model), definitions according to

Figure 11

Table 12. Delphi model parameters t

R¢h (K/W) |junction |top top bottom |bottom |[sides leads surface
inner outer inner outer areas

[mm°]

junction 201 6.17

top inner 1207 543 1330 4.27

top outer 114 60.4 222 20.7

bottom 53.8 315 311 9.53

inner

bottom 37.8 12.6

outer

sides 101 17

leads 2.85

[1] Cells are intentionally left empty

Table 13. Delphi compact model definition

top inner

top outer

leads

bottom outer

sides

Juuul

ANINANAND

bottom inner

aaa-022202

Figure 11. Delphi compact model definition
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12 Static characteristics

Table 14. Characteristics

Typical values at Vcc = 5 V, decimal current setting = 3, decimal gain settings 50 to 63, Tamp = 25 °C; Zigin = 200 Q: Zy(se) =
75 Q. Unless otherwise specified.

Symbol |Parameter Conditions Min |Typ Max Unit

Vce supply voltage 4.75 |5.0 5.25 \%

lcc supply current transmit-enable mode; TX_EN = HIGH 610 |660 720 mA
transmit-disable mode; TX_EN = LOW - 25 - mA

Vi HIGH-level input voltage 18 |- Vec+06 |V

ViL LOW-level input voltage Mo - 0.8 \%

P power dissipation - 3.3 w

[1]  Voltage on the control pins.

13 Dynamic characteristics

Table 15. Characteristics

Typical values at Vcc = 5V, decimal current setting = 3, decimal gain setting 50 to 63; Tamp = 25 °C; Ziin = 200 Q: Zy(se) =
75 Q; voltage gain does include loss due to output transformer. Unless otherwise specified. All RF parameters are measured
on an application board with the circuit as shown in Figure 12 and components listed in Table 17.

Symbol |Parameter Conditions Min |Typ |Max |Unit
Gy voltage gain gain code = 111111 er. 37 - dB
gain code = 001111 mer. 41 - |dB
Gpat gain flatness f = 5 MHz to 205 MHz M. +.05- |dB
RL, output return loss transmit-mode enabled overall gain settings, - 14 - dB
measured in 75 Q system
transmit-mode disabled overall gain settings, - 12 - dB
measured in 75 Q system
RL; input return loss transmit-mode enabled overall gain settings, - 20 - dB
measured in 200 Q system
transmit-mode disabled overall gain settings, - 20 - dB
measured in 200 Q system
Gstep gain step . 1.0 |- dB
Ec(dif) differential gain error . +/-0.4|- dB
Ri(dif) differential input - 200 |- Q
resistance
Ro(dif) differential output - 375 |- Q
resistance
frange frequency range 5 - 205 |MHz
Qisol isolation transmit-disable mode; TX_EN = LOW; f = 205 MHz - 60 - dB
NF noise figure transmit-mode; gain code = 111111 - 6.5 |- dB
transmit-mode; gain code = 100101 - 15 - dB
BGA3131 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
Product data sheet Rev. 3.1 — 30 April 2021
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Table 15. Characteristics...continued

Typical values at Vo = 5V, decimal current setting = 3, decimal gain setting 50 to 63; Tamp = 25 °C; Ziin = 200 Q: Zy(se) =
75 Q; voltage gain does include loss due to output transformer. Unless otherwise specified. All RF parameters are measured
on an application board with the circuit as shown in Figure 12 and components listed in Table 17.

Symbol |Parameter Conditions Min [Typ |Max |Unit
tsw(G) gain switch time transmit-disable/transmit-enable transient duration - 3 - us
transmit-enable/transmit-disable transient - 05 |- us
duration
Virt transient voltage transmit-disable/transmit-enable transient step size; peak value
=55 dBmV output power BT 45 - mV
49 dBmV output power BT 15 - mV
43 dBmV output power BT 10 - mV
37 dBmV output power BT 5 - mV
< 34 dBmV output power BT 3 - mV
OoH second harmonic level |transmit-enable mode; gain code = 111111; P;(RMS) = - -65 |- dBc
31 dBmV; P (RMS) = 68 dBmV into 75 Q impedance
a3y third harmonic level transmit-enable mode; gain code = 111111; P(RMS) = - -65 |- dBc
31 dBmV; P (RMS) = 68 dBmV into 75 Q impedance
IMD3 third-order transmit-enable mode; gain code = 111111; - -60 |- dBc
intermodulation P. = 65 dBmV(rms) per tone into 75 Q impedance
distortion
PLigs) |output power at 1 dB CW input signal RMS value, f = 205 MHz - 78 - dBmV
gain compression (rms)

[11 P;=30dBmV

[2] Excluding loss of resistive matching circuit, to match 75 Q to 50 Q

[3] Measured at the output of the output balun

[4] Assume 3 dB loss between by output of the balun and F-connector in the final application

Table 16. ACLR quick reference data
Typical values at Vcc = 6 V, decimal current setting = 3, decimal gain setting 60, Tamp = 25 °C; Ziin = 200 Q: Zyse) =75 Q;
channel bandwidth = 196 MHz, integration bandwidth = 9.6 MHz, f = 5 MHz to 205 MHz. Unless otherwise specified.

Symbol Parameter Conditions ‘Min ‘Typ ‘Max ‘Unit
DOCSIS 3.1
ACLR adjacent channel leakage ratio |P;(RMS) = 31 dBmV; P (RMS) = 68 dBmV, channel |- -62 |- dBc

configuration: channel bandwidth is 192 MHz, with
exclusion band at 147.5 MHz, with a bandwidth of
9.6 MHz. Input signal with a PAPR of 13 dB

BGA3131 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
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14 Application information

14.1 External components

Matching the balanced output of the chip to a single-ended 75 Q load is accomplished
using a 1: 2 ratio transformer. For measurements in a 50 Q system, R5 and R6 are
added for impedance transformation from 75 Q to 50 Q. R5 and R6 are not required in
the final application.

The transformer also cancels even mode distortion products and common mode signals,
such as the voltage transients that occur while enabling and disabling the ampilifiers.

External capacitors are needed for the functionality of the circuit, the pins are internal
nodes in the output amplifier. The measured voltage on the temperature sense pin 16 at
an input current of 1 mA, is related to the die temperature.

L2

Vegp o— J- J- X1-1 +5V
X1-2

L GND
— cz o GND_ X1-3
X1-4

GND GND veT
L1 R2

Vggs 0—m — 1 . . .

< 1]

J:cs c

GND

Veet

N

o}
g3

GND GND GND

GND DIEPAD |[NC7 |NC6 |GND |Vcct |TMP_SNS
21 20 19 18 17 16
NC3
15 GND
T
14 o T2
4r-=-3
. N1 NCO 513¢ 1 JoND
3 BGA3131 13 T | X3
oND 6lpq 11 R X RF_ouT
Lo — 50 Q
4 12 OUT- . J-
.—I Cc10 R5 GND
GND2 5 1 NCZﬁ7
77 o
GND 6 7 8 9 10 GND Vees GND GND GND
CLK DATA |CS TX_EN [Vce2
Cc8
Vee2 GND
X5-2 X5-1
X5-4 X5-3
X5-6 X5-5
X5-8 X5-7
X5-10 X5-9
71
GND aaa_022853
Figure 12. Schematic components
BGA3131 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.
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N

eval L

® ! ] ey @
....... :
Figure 13. Layout
Table 17. List of components
For application diagram, see Figure 12.
Component Description Value |Size Supplier: Part No.
C1,C11 capacitor 10 uF SMD 1206 |X7R type
C2,C5 capacitor 100 nF  |SMD 0603 |X7R type
C3, C4, Cs6, capacitor 10 nF SMD 0603 | X7R type
Cc8 capacitor 56 nF SMD 0603 | X7R type
C9 capacitor 10 pF SMD 0603 | COG type
Cc10 capacitor 4.7 pF |SMD 0603 |COG type
L1 place holder for optional - - on EVB 0 Q mounted
inductor
L2, L3 place holder for option - - on EVB 0 Q mounted
chokes
N1 amplifier - - NXP: BGA3131
R1, R2, and R3 |resistor 0Q SMD 0603
R5 resistor 86.6 Q |SMD 0603 |75 Q to 50 Q conversion for measurement purpose only
R6 resistor 43.2Q |SMD 0603 |75 Q to 50 Q conversion for measurement purpose only
T1 transformer - - TOKO: #617PT-1664
T2 transformer - - MACOM: MABA-011056
X1 Header, 4P, - -
X3, X4 SMA connector - -
X5 Header, 10P - -

BGA3131
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aaa-021883
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Figure 14. G, as function of gain setting, typical values
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(5) decimal gain setting= 5

Figure 15. G, as function of frequency, typical values
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Figure 16. Differential gain error as function of gain
setting; typical values

20
NF
(dB) A

N (@)—

0 10 20 30 40 50 60 70
decimal gain settings

Ve = 5 V; decimal current setting = 3; Tamp = 25 °C

(1)f= 5MHz

(2)f= 50 MHz

(3) f=100 MHz

(4)f=150 MHz

(5) f=205 MHz
Figure 17. Noise figure as function of gain setting;
typical values
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55 aaa-021886
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-67 - (2

(1
-71
-75
10 20 30 40 50 60 70
gain setting

Vce = 5 V; decimal current setting = 3; Tamp = 25 °C;
P. =68 dBmV; P; = 31 dBmV, Fix Pin at 68 dBmV,
P, = > lower gain setting
(1) Tamp =-40 °C
(2) Tamp = 25°C
3) Tamp = 85°C
Figure 18. Second order harmonic level as a function of
gain setting; typical values
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O3H
(dBc)
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-70 }
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()]
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gain setting

Ve = 5 V; decimal current setting = 3; Tamp = 25 °C;
P_ =68 dBmV; P; = 31 dBmV, Fix P; at 68 dBmV,
P, = > lower gain setting
(1) Tamp =-40 °C
(2) Tamp = 25°C
3) Tamp = 85°C
Figure 19. Third order harmonic level as a function of
gain setting; typical values
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65

gain setting
Vce = 5 V; decimal current setting = 3; Tamp = 25 °C;
P per tone = 65 dBmV, P; per tone = 28 dBmV; 1 MHz tone
space; Fix P; at 65 dBmV, P, / tone = > lower gain setting

(1)f= 5MHz

(2) f=100 MHz

(3) f =204 MHz
Figure 20. Third order intermodulation distortion as a
function of gain setting; typical values
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Ve = 5 V; decimal current setting = 3; Tamp = 25 °C;
P_ per tone = 65 dBmV, P, per tone = 28 dBmV; 1 MHz tone
space; Fix P; at 65 dBmV, P, / tone = > lower gain setting
(1) Tamp =-40 °C
(2) Tamp = 25°C
3) Tamp = 85°C
Figure 21. Third order intermodulation distortion as a
function of temperature; typical values
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OFDM input signal for ACLR measurement

total bandwidth = 192 MHz

exclusion band = 147.5 MHz

all with a bandwidth of 9.6 MHz.

Peak-to-average (PAR) ratio of the signal = 13 dB

Figure 22. Power Spectral Density of input signal used
for ACLR measurements
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Gain Sgt(t)ing
Vce = 5 V; decimal current setting = 3; Tymp =25 °C
Up to decimal gain setting = 60; P; = 31 dBmV
At decimal gain settings = 61, 62, and 63; P, = 68 dBmV
Input signal applied as listed in Figure 22

(1) Tamp =-40 °C

(2) Tamp = 25°C

(3) Tamp = 85°C
Figure 23. Adjacent channel leakage ratio as function of
temperature; typical values
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Ve = 5 V; decimal current setting = 3
TMP_SENS; DC current = 1 mA
decimal gain setting = 63

Note:

For more thermal details, refer to the BGA3131 Thermal
management guidelines AN11753 at www.nxp.com.

Figure 24. Thermal diode voltage as function of junction
temperature; typical values
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Ve = 5 V; decimal current setting = 3; Tamp = 25 °C
(1) total current; Iccq + Icco + ICT
(2) ICT; output balun center-tap current
(3) Igc; current through Pin 17 (Vccq)
(4) lcco; current through Pin 16 (Vo)

Figure 25. DC-current as function of decimal gain
setting; typical values
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16 Package outline

DOCSIS 3.1 upstream amplifier

HVQFN20: plastic thermal enhanced very thin quad flat package; no leads;

20 terminals; body 5 x 5 x 0.85 mm SOT662-1
D [B] [A
|
|
terminal 1 —— ! T
index area
‘ A
A1
T Tt ; ] :
i
|
|
C
~{[¢] b Sv@c[als]  [Znlchn =Kl
Y 6 ‘ 10 Dlw M) C
: gguuy
) |
|
1
5[ \ -
|
) E—é}
Eh B g T S -
) (e v ~
| / \
1
= ! S [ \’
| \ y
\
terminal 1 D m D ~ 3 {
index area 20 16 — =
Dhy
0 25 5mm
| | I | I |
scale
DIMENSIONS (mm are the original dimensions)
A
(1) (1)
UNIT max. Aq b c D D, | E Enp e eq e2 L v w y Y1
0.05 | 0.38 5.1 325| 51 | 325 0.75
mm 1 0.00 | 0.23 0.2 4.9 295| 49 | 295 0.65 2.6 2.6 0.50 0.1 0.05 | 0.05 0.1
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
SOTE62-1 --- MO-220 --- = @ 02-10-22
Figure 26. Package outline SOT662-1 (HVQFN20)
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16.1 Footprint and solder information

NXP recommends by default to apply the soldering and footprint guidelines as are released in
POD SOT2013-2.

Footprint information for reflow soldering of HVQFN20 package SO0T662-1
Hx
Gx
0.025
'
t
(0.105)
Hy Gy SLy By Ay
SLx
Bx
Ax
Generic footprint pattern
Refer to the package outline drawing for actual layout
solder land
solder paste deposit
solder land plus solder paste
---- occupied area nSPx  nSPy
2 2
Dimensions in mm
P Ax Ay Bx By (o} D SLx SLy SPxtot SPytot SPx SPy Gx Gy Hx Hy
0.650 6.000 6.000 3.800 3.800 1.100 0.350 3.000 3.000 1.800 1.800 0.650 0.650 5.300 5.300 6.250 6.250
-07-05-07-
Issue date 09-06-15 sot662-1_fr
Figure 27. Footprint information BGA3131
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17 Handling information

17.1 Moisture sensitivity

Table 18. Moisture sensitivity level

Test methodology Class

JESD-22-A113 MSL1
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17.2 ESD information

CAUTION

This device is sensitive to ElectroStatic Discharge (ESD). Observe
‘ precautions for handling electrostatic sensitive devices.
‘ % I\ Such precautions are described in the ANSI/ESD S20.20, IEC/ST 61340-5,
JESD625-A or equivalent standards.

18 Abbreviations

Table 19. Abbreviations

Acronym Description

ACLR adjacent channel leakage ratio

CATV community antenna television

Cw continuous wave

DOCSIS Data Over Cable Service Interface Specification
ESD electroStatic discharge

HVQFN heat sink very thin quad flat pack no leads
OFDM orthogonal frequency division multiplexing
PAPR peak-to-average power ratio

SMA subminiature version A

RoHS restriction of hazardous substances

SMD surface-mounted device

X transmission

VGA variable gain amplifier

VolP voice over Internet protocol

19 Revision history

Table 20. Revision history

Document ID Release date Data sheet status Change notice Supersedes
BGA3131v.3 20210430 Product data sheet CIN 2021040571 |BGA3131v.2
modification » updated the Revision history with the CIN number

BGA3131v.3 20210301 Product data sheet CIN BGA3131 v.2
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Table 20. Revision history...continued

Document ID Release date Data sheet status Change notice Supersedes

modification « aligned the description above the Quick reference tables and Characteristic tables

¢ corrected conditions on IMD3, ACLR, second, and third harmonics

» added conditions to some graphics

« aligned the information in the Features and benefits with the Characteristic values for asp,
asy, and IMD3

* changed the T.,5¢ Overall in the data sheet to Tymp

¢ changed value of C8 in the application schematic to 56 nF

» added orderable part number

* added marking code

» changed decoupling capacitor C8 (at V) in the application schematic from 10 nF to 56
nF. The value is changed to improve transient voltage behavior by using ferrite beads on
Vcc lines

* aligned the line number in the graphics with the number in the description and change the
colors of the lines to the new NXP format

BGA3131 v.2 20201229 ‘Product data sheet - ‘BGA3131 v.1
modification  overrules existing Product data sheet rev. 1 of 13 May 2016
BGA3131 v.1 20160513 ‘ Product data sheet ‘ ‘BGA3131 v.2
modification » changed Preliminary Rev.2 to Product data sheet Rev.1

» corrected the data on ayy, azy, IMD3
BGA3131v.2 ‘ Preliminary data sheet ‘ ‘ BGA3131 v.1
Modification: From objective to Preliminary data sheet
BGA3131 v.1 <tbd> ‘Objective data sheet - -
BGA3131 Al information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. Al rights reserved.
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20 Legal information

DOCSIS 3.1 upstream amplifier

20.1 Data sheet status

Document status!"2 Product status® Definition

Objective [short] data sheet Development This document contains data from the objective specification for product
development.

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification.

Product [short] data sheet Production This document contains the product specification.

[1]  Please consult the most recently issued document before initiating or completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple
devices. The latest product status information is available on the Internet at URL http://www.nxp.com.

20.2 Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in madifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the
relevant full data sheet, which is available on request via the local NXP
Semiconductors sales office. In case of any inconsistency or conflict with the
short data sheet, the full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product

is deemed to offer functions and qualities beyond those described in the
Product data sheet.

20.3 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not

give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without

BGA3131

All information provided in this document is subject to legal disclaimers.

notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes

no representation or warranty that such applications will be suitable

for the specified use without further testing or modification. Customers

are responsible for the design and operation of their applications and
products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications
and products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should 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 in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using NXP Semiconductors products in order to avoid a
default of the applications and the products or of the application or use by
customer’s third party customer(s). NXP does not accept any liability in this
respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those

given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
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.
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No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or

the grant, conveyance or implication of any license under any copyrights,
patents or other industrial or intellectual property rights.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

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.

Non-automotive qualified products — Unless this data sheet 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.
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Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Security — Customer understands that all NXP products may be subject

to unidentified or documented vulnerabilities. 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.

20.4 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.

© NXP B.V. 2021. All rights reserved.

Product data sheet

Rev. 3.1 — 30 April 2021

26 /27



NXP Semiconductors BGA31 31

DOCSIS 3.1 upstream amplifier

Contents

1 General description ... 1
2 Features and benefits ..........cocooeiriiiiiininies 1
3 Applications ... 2
4 Quick reference data ...........ccooeiiriiiicciiiiicee. 2
5 Ordering information ............occoooiriiiicinnices 3
6 Marking code ... 3
7 Functional diagram ............ccoooiiiiiiiinninicieeeeeee 3
8 Pinning information ... 4
8.1 PinNing .....oooioi e 4
8.2 Pin description ..o, 4
9 Functional description ..........ccccccciiiiiincereeeeeeens 5
9.1 Logic programming ..........ccccceeeeeeniiieeeeaniiieaeene 5
9.2 Register settings ........ccocveiiiiiii 7
9.2.1 Register address .........ccoocieiiiiiiiiiiieeee e 7
9.2.2 Gain/attenuator setting ..........ccooooiiiiiiiiis 7
9.2.3 Output stage current setting ..........ccccceeiieeenne 7
9.24 SPI Initialize register .........cccocciiiiiiiiiiiee 8
9.2.41  SPI Soft Reset .......ccoeviiriiiiiiiii e 8
9.2.4.2  SPI 16-bit mode .......ccceriiiiiii e, 9
9.24.3 SPIl ascending address .........cccceeeeeiiiieeeeniineenn. 9
9.2.4.4  SPILSB first ...oooiiiiiiiiiieeee e 10
9.3 TX enable / TX disable ............cccoiiiinnieeen. 10
10 Limiting values .......cocoooiiiiiceeeeee e 1
1 Thermal characteristics ..........ccoooiriiiiicnnnnnnns 1
1.1 Thermal compact model .............ccccocvivinnenenen. 12
12 Static characteristics .........cccoooiriiiciiciriiicee. 13
13 Dynamic characteristics .........ccccciieiiiiriicccnens 13
14 Application information ............ccccccerrrrrrnrnennn. 15
14.1 External components ..........ccccceeeeeiiiieeeeeiinnnn, 15
15 Graphics .....ccccccemrmrrririr e 17
16 Package outline ... 20
16.1 Footprint and solder information ..................... 21
17 Handling information ............ccoccoooiiiiiiiinnnnnees 22
171 Moisture sensitivity ..........ccccoieiiiiiiiiiieees 22
17.2 ESD information ...........ccccooiiiiiiiiiii e 23
18 Abbreviations ... 23
19 Revision history ... 23
20 Legal information ... 25

Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section 'Legal information'.

© NXP B.V. 2021. All rights reserved.

For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com

Date of release: 30 April 2021
Document identifier: BGA3131



X-ON Electronics

Largest Supplier of Electrical and Electronic Components
Click to view similar products for RF Amplifier category:
Click to view products by NXP manufacturer:

Other Similar products are found below :

A82-1 BGA622H6820XTSAL1 BGA 728L7 E6327 BGB719N7ESDEG327XTMA1 HMC397-SX HMC405 HMC561-SX HMC8120-SX
HMC8121-SX HMC-ALH382-SX HMC-ALH476-SX SE2433T-R SMA3101-TL-E SMA39 A66-1 A66-3 A67-1 LX5535LQ LX5540LL
MAAMO02350 HMC3653LP3BETR HMC549MS8GETR HMC-ALH435-SX SMA101 SMA32 SMA411 SMAS531 SST12LP17E-XX8E
SST12L P19E-QX6E WPMO0510A HMC5929LS6TR HMCS879LS/TR HMC1126 HMC108/F10 HMC1086 HMC1016 SMA1212
MAX2689EWS+T MAAMSS0041TR MAAM37000-A1G LTC6430AIUF-15#PBF CHAS5115-QDG SMA70-2 SMA4011 A231 HMC-
AUH232 LX5511LQ LX5511LQ-TR HMC7441-SX HMC-ALH310



https://www.x-on.com.au/category/semiconductors/integrated-circuits-ics/wireless-rf-integrated-circuits/rf-amplifier
https://www.x-on.com.au/manufacturer/nxp
https://www.x-on.com.au/mpn/macom/a821
https://www.x-on.com.au/mpn/infineon/bga622h6820xtsa1
https://www.x-on.com.au/mpn/infineon/bga728l7e6327
https://www.x-on.com.au/mpn/infineon/bgb719n7esde6327xtma1
https://www.x-on.com.au/mpn/analogdevices/hmc397sx
https://www.x-on.com.au/mpn/analogdevices/hmc405
https://www.x-on.com.au/mpn/analogdevices/hmc561sx
https://www.x-on.com.au/mpn/analogdevices/hmc8120sx
https://www.x-on.com.au/mpn/analogdevices/hmc8121sx
https://www.x-on.com.au/mpn/analogdevices/hmcalh382sx
https://www.x-on.com.au/mpn/analogdevices/hmcalh476sx
https://www.x-on.com.au/mpn/skyworks/se2433tr
https://www.x-on.com.au/mpn/onsemiconductor/sma3101tle
https://www.x-on.com.au/mpn/macom/sma39
https://www.x-on.com.au/mpn/macom/a661
https://www.x-on.com.au/mpn/macom/a663
https://www.x-on.com.au/mpn/macom/a671
https://www.x-on.com.au/mpn/microsemi/lx5535lq
https://www.x-on.com.au/mpn/microsemi/lx5540ll
https://www.x-on.com.au/mpn/macom/maam02350
https://www.x-on.com.au/mpn/analogdevices/hmc3653lp3betr
https://www.x-on.com.au/mpn/analogdevices/hmc549ms8getr
https://www.x-on.com.au/mpn/analogdevices/hmcalh435sx
https://www.x-on.com.au/mpn/macom/sma101
https://www.x-on.com.au/mpn/macom/sma32
https://www.x-on.com.au/mpn/macom/sma411
https://www.x-on.com.au/mpn/macom/sma531
https://www.x-on.com.au/mpn/microchip/sst12lp17exx8e
https://www.x-on.com.au/mpn/microchip/sst12lp19eqx6e
https://www.x-on.com.au/mpn/wantcom/wpm0510a
https://www.x-on.com.au/mpn/analogdevices/hmc5929ls6tr
https://www.x-on.com.au/mpn/analogdevices/hmc5879ls7tr
https://www.x-on.com.au/mpn/analogdevices/hmc1126
https://www.x-on.com.au/mpn/analogdevices/hmc1087f10
https://www.x-on.com.au/mpn/analogdevices/hmc1086
https://www.x-on.com.au/mpn/analogdevices/hmc1016
https://www.x-on.com.au/mpn/macom/sma1212
https://www.x-on.com.au/mpn/maxim/max2689ewst
https://www.x-on.com.au/mpn/macom/maamss0041tr
https://www.x-on.com.au/mpn/macom/maam37000a1g
https://www.x-on.com.au/mpn/analogdevices/ltc6430aiuf15pbf
https://www.x-on.com.au/mpn/unitedmonolithicsemiconductors/cha5115qdg
https://www.x-on.com.au/mpn/macom/sma702
https://www.x-on.com.au/mpn/macom/sma4011
https://www.x-on.com.au/mpn/macom/a231
https://www.x-on.com.au/mpn/analogdevices/hmcauh232
https://www.x-on.com.au/mpn/analogdevices/hmcauh232
https://www.x-on.com.au/mpn/microsemi/lx5511lq
https://www.x-on.com.au/mpn/microsemi/lx5511lqtr
https://www.x-on.com.au/mpn/analogdevices/hmc7441sx
https://www.x-on.com.au/mpn/analogdevices/hmcalh310

