4 = TGS9009

[ ]
Tegseml 50 MHz - 6 GHz Wideband RF Transceiver
V Data sheet

Product Description

TGS9009 is a highly integrated, flexible and easy-to-use RF transceiver that provides dual-channel
transmitters and dual-channel receivers, integrated frequency synthesizers and powerful digital signal
processing units. The receiving path (Rx) consists of two independent direct conversion receivers with a
bandwidth of up to 200 MHz and a high dynamic range. The feedback path (ORX) uses a feedback
channel with a bandwidth of 450 MHz.

Channel receiver. The complete digital receiving channel includes automatic and manual attenuation
control, DC offset correction (DCOC), quadrature error correction (QEC) and digital filtering, thus
eliminating the need for these functions in the digital baseband part. The chip integrates fast automatic
gain control (AGC) and also has flexible external gain control mode.

The receiving path (Rx) uses a continuous-time £-A ADC to directly digitize the signal. Compared with
traditional intermediate frequency (IF) reception, direct conversion reception does not cause out-of-band
image mixing or reduces aliasing, making the requirements for anti-aliasing filters lower and can reduce
the requirements for RF filters.

The transmit channel (Tx) uses an innovative direct conversion modulator with a bandwidth of up to 450
MHz, achieving extremely high modulation accuracy and extremely low in-band and out-of-band noise.
It supports time division duplexing (TDD) and frequency division duplexing (FDD) working modes; in
conjunction with the feedback channel receiver (ORX), it implements the digital pre-distortion (DPD)
function in the TDD scenario.

The chip integrates a full-featured phase-locked loop (PLL), including components such as a voltage-
controlled oscillator (VCO) and a loop filter, to provide high-performance, low-power fractional-N RF
frequency synthesis for the transmitter (Tx) and receiver (Rx) signal paths, while also generating the
clock signals required by various functional units such as ADC and DAC converters, digital circuits and
serial interfaces.

It integrates numerous auxiliary functions such as general-purpose analog-to-digital converters (ADCs),
general-purpose digital-to-analog converters (DACS), and general-purpose input/output (GP10s)
interface signals for power amplifier (PA) and RF front-end control.

Supports high-speed JESD204B interface, with a channel rate of up to 12.288 Gbps.
TGS9009 can be powered directly by 1.3 V and 1.8 V externally and controlled by standard 4-wire SPI.
B20 package: 12 mm x 12 mm, 196-ball CSP_BGA.
Main features
e Integrated two-channel transmitter supports 50 MHz ~ 6 GHz adjustable
e Integrated two-channel receiver supports 50 MHz ~ 6 GHz adjustable

e Maximum bandwidth of transmitter: 450 MHz



Maximum bandwidth of receiver: 200 MHz

Maximum bandwidth of feedback channel: 450 MHz
Integrated fractional N 9-frequency RF frequency synthesis
Support frequency hopping

Integrated automatic DC/LOL/IMR calibration algorithm
Integrated automatic control algorithm of receiving path gain
JESD204B interface

Adopt 12mmx12mm, 196-ball CSP_BGA package.

Application

Selection

5G macro/micro/pico base stations
Large-scale 9-layer antennas * Electronic warfare

Phased array radar ¢ Specialized communications ¢ Satellite communications

TGS9009, industrial grade, temperature range: -40°C ~ 85°C
TGS9009K, wide temperature industrial grade, temperature range: -55°C ~ 125°C

TGS9009N, general military grade, temperature range: -55°C ~ 125°C



Functional block diagram
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Figure 1. Functional block diagram



Parameter index

Table 1. Device performance parameters

Parameter Test conditions

Transmit channel Tx
Carrier frequency MHz 50 6000
Transmit signal bandwidth MHz 100 450 456
Transmit large signal bandwidth MHz <100 200 400
Transmit power attenuation range dB 0 32
Transmit power attenuation
T solution a8 05
Adjacent channel leakage ratio 50 MHz ~ 3 GHz dB -65
ACLR@20MLTE/-12dBFs 3 GHz ~ 6 GHz dB -62
In-band noise floor 50 MHz ~ 3 GHz dBm/Hz -148
3 GHz ~ 6 GHz dBm/Hz -150
. 50 MHz ~ 3 GHz dBm/Hz -153
Out-of-band noise floor 3 GHz 6 GHz dBm/Hz 155
. 50 MHz ~ 3 GHz dB 76
TX1 TX2 Isolation 3 GHz — 6 GHz 4B 63
| N [BW| < 100 Mg;z@ 50 MHz ~ 3 B 68
In-band image rejection [BW|< 100 MHz @ 3 GHz ~
6 GHz aB 60
Out-of-band image rejection 200 MHz ~ 450 MHz dB 43
Maximum output power >0 MHz - 3 GHz dBm 2
3 GHz ~ 6 GHz dBm 7
50 MHz ~ 3 GHz dBm 27
OIP3 3 GHz ~ 6 GHz dBm 23
Carrier leakage 50 MHz ~ 3 GHz dBFS -78
3 GHz ~ 6 GHz dBFS -75
50 MHz ~ 3 GHz % 1
EVM 3GHz~6 GHz % 12
Feedback channel FBRx
Carrier frequency MHz 50 6000
Gain adjustment range dB 32
Gain adjustment step dB 0.25
Received signal bandwidth MHz 200 200 450
Maximum input signal power dBm
11P2 dBm 62
[1P3 dBm 12
IM3 dBc -65
Image suppression dBc -60
Input impedance Difference ohm 100
Receive channel Rx
Carrier frequency MHz 50 6000
Gain adjustment range dB 32
Gain adjustment step dB 0.25
Received signal bandwidth MHz 100 200 225
Maximum input signal power dBm -13 -5




Noise figure dB 13
11P2 dBm 62
IP3 dBm 12
IM3 dBc -65
Image suppression dBc -60
Input impedance Difference Ohm 100
Frequency Synthesizer
Input frequency range MHz 96 122.88 125
Local oscillator (LO) frequency adjustment Hz 2 23
step
Plotting Phase Noi At 100 kHz offset dBc/Hz -100
otting Phase Noise N
1900 MHz LO (PLL Loop BW 50 KHz) AL400 kHz offset dBc/Hz 118
At 10 MHz offset dBc/Hz -141
Plotting Phase Noise At 100 kHz offset dBc/Hz -100
3800 MHz LO (PLL loop bandwidth 300 At 1 MHz offset dBc/Hz -120
KHz) At 10 MHz offset dBc/Hz -135
Plotting Phase Noise At 100 kHz offset dBc/Hz -100
5900 MHz LO (PLL loop bandwidth 300 At 1 MHz offset dBc/Hz -118
KHz) At 10 MHz offset dBc/Hz -135
Integrated phase noise 1900 MHz LO PLL loop bandwidth 50 kHz Orms 0.22
Integrated phase noise 3800 MHz LO PLL loop bandwidth 300 KHz Orms 0.38
Integrated phase noise 5900 MHz LO PLL loop bandwidth 300 KHz Orms 0.57
1.8 V/2.5 V digital interface (SPI, GP1O_x, TXx_ENABLE, RXx_ENABLE, RESET)
VDD_INTERFACE (VDD _I) Interface voltage \% 1.8/2.5
VIH High level input voltage \Y/ \I/)I(DODg VDD _I
VIL Low level input voltage \Y/ 0 VDD _Ix0.2
. . VDD_
VOH High level input voltage \Y/ Ix0.8
VOL Low level input voltage \Y VDD _Ix0.2
3.3V digital interface (GPIO_3P3_x)
VDDA 3P3 Interface voltage \Y/ 3.3
) . VDDA 3
VIH High level input voltage \% P3%0 8 VDDA_3P3
VIL Low level input voltage \Y/ 0 VDDOA§3P3X
. ) VDDA 3
VOH High level input voltage \Y P3x0.8
VOL Low level input voltage \Y VDDOAESP?’X
Analog interface (AUX ADC/DAC)
VDDA _3P3
Input level range \Y 0.05 -
0.05
VDDA _3P3
Output level range \Y 0.7 -
0.3




Recommended working conditions
Table 2. Recommended Operating Conditions

Minimum Typical Maximum

Describe

value value value
Power supply

Analog 1.3V power

VDDAI1P3! 1.27 13 1.33 v
supply
VDDD1P3_DIG Digital 1.3V power | 4 7 13 1.33 Y,
supply
VDDAIP8 TX Analog 1.8V 1.71 18 1.89 v
— transceiver supply
Analog 1.8V
VDDA1P8_BB baseband power 1.71 1.8 1.89 V
supply
Digital interface
VDD_INTERFACE ity 1.71 1.8/2.5 263 v
VDDA 3P3 Analog 3.3V power | 5, 3.3 3.47 Y,
— supply

1 VDDA1P3 indicates all analog 1.3V supply voltage.

Device power-on sequence description: B20 requires a specific power-on sequence to avoid unexpected
power-on current. The best power-on sequence is as follows: VDDD1P3 DIG and VDDA1P3 power
supplies (VDDALP3 includes all analog 1.3V power supplies) are powered on at the same time. If these
two power supplies cannot be powered on at the same time, the VDDD1P3_DIG power supply must be
powered on first. Then after the above 1.3 V power supplies are turned on, power on the VDDA 3P3,
VDDA1P8 BB, VDDA1P8 TX, VDDA1P3 DES, and VDDA1P3_SER power supplies. There is no
special order requirement for the VDD_INTERFACE power supply. The device power-off sequence is
not strict. If possible, disconnect the VDDD1P3_DIG power supply last.

Extreme working conditions

Warning: The extreme operating voltage parameters are shown in Table 3. Exceeding these values may
cause chip damage and reliability issues. Table 3. Extreme operating conditions (analog voltage
reference VSSA, digital voltage reference VSSD)




Parameter Scope

VDDA1P3! -03Vto+l4V
VDDD1P3 _DIG -03Vto+l4V
VDD_INTERFACE -03Vto+3.0V
VDDA _3P3 -03Vto+39V
VDDA1P8 TX, VDDA1P8 BB -03Vto+2.0V
1.8/2.5 digital interface input and output signals -0.3Vto VDD_ INTERFACE + 0.3V
JESD204B signal output —-0.3 Vto VDDA1P3 SER
JESD204B signal input —-0.3 Vto VDDA1P3 DES +0.3V
Signal pin input current (excluding power pins) +10 mA
Maximum input level of RF channel 23 dBm (peak)
Transmitter maximum voltage standing wave ratio 31
(VSWR)
Maximum Junction Temperature (TJ) 110°C
Storage temperature —65°C to +150°C

1 VDDA1P3 indicates all analog 1.3V supply voltage.



Pin description

1 2 3 4 5 6 7 8 9 10 11 12 13 14
ORX2_l | ORX2_I ORX1_l | ORXII
o RX2_IN+ | RX2_IN- RXL IN+ | RXL IN- o o

RF_EXT

LO_I/O+

SYSREF | SYSREF
CIN+ CIN-

SYNCIN1 SYNCIN1 SYNCOUT1| SYNCOUT1
= + = +

SYNCINO SYNCINO SYNCOUTO| SYNCOUTO
= + = +

SERDOU | SERDOU | SERDOU | SERDOU SERDIN SERDIN SERDIN SERDIN
T3- T3+ T2— T2+ 1— 1+ 0- 0+

SERDOU SERDIN SERDIN SERDIN SERDIN
TO- 3= 3+ 2— 2+

Table 4. Pin 1/0 Type Description

1/0 Description
Input Input signal
Output Output signal
Input/ output | Bidirectional input/output signal
Power Power supply
Ground Ground




Table 5. Pin arrangement and description

Pin location Type Name Describe
Al, A4, A7, A8, All,
Al4, B2 -B6, B9 -B14,
C4, C9, C11, D3 - D9,
D11, D12, E6, E9, F1, F2,
F5 - F10, F12 - F14, G1 - Analog ground
G4, G6, G10 -G14, H2 - | ©round VSSA o9
H10, H13, J2, J13, K1, K2,
K13, K14, L1, L2, M2,
M9, N2, N7,
N14, P2, P3, P10
A2, A3 Input ORX2_IN+, ORX2_IN— Feedback channel 2 differential input. Connect to
ground when not used in design.
A5, A6 Input RX2_ IN+, RX2_ IN— Receive channel 2 differential .input._Connect to ground
when not used in design.
Receive channel 1 differential input. Connect to ground
A9, AL0 Input RXT_IN+, RXT_IN when not used in design.
A2 AL3 Input ORX1_IN-, ORX1_IN+ Feedback channel 1 differential_ input_. Connect to
ground when not used in design.
Bl Power VDDA1P3_RX RF Feedback channel receives power supply, 1.3 V.
External local oscillator (LO) input or internal local
oscillator (LO) output. When using an external local
B7, B8 Input/ RF_EXT_LO_L/O-, oscillator (LO), the input frequency must be twice the
output RF_EXT_LO_l/O+, . - . .
expected carrier. If not used in the design, leave it
unconnected.
3.3 V general-purpose input and output pin, which can
be configured as AUXDAC_6 function. Since this pin
Input/ contains input function circuit, the input voltage needs
€1 output GPIO_3P3_0 to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.
3.3 V general-purpose input and output pin, which can
be configured as AUXDAC_9 function. Since this pin
Input/ contains input function circuit, the input voltage needs
€2 output GPIO_3P3_3 to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.
3.3 V general-purpose input and output pin, which can
be configured as AUXDAC_3 function. Since this pin
Input/ contains input function circuit, the input voltage needs
C13 output GPIO_3P3_9 to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.
3.3 V general-purpose input and output pin, which can
be configured as AUXDAC_7 function. Since this pin
Input/ contains input function circuit, the input voltage needs
D1 output GPIO_3P3_1 to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.
3.3 V general-purpose input and output pin, which can
be configured as AUXDAC_10 function. Since this pin
Input/ contains input function circuit, the input voltage needs
D2 output GPIO_3P3_4 to be controlled. When not used in the design, it needs

to be grounded through a resistor or kept floating and
configured in low-level output mode.




D13

Input/
output

GPIO_3P3_8

3.3 V general-purpose input and output pin, which can
be configured as AUXDAC _2 function. Since this pin
contains input function circuit, the input voltage needs
to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.

D14

Input/
output

GPIO_3P3_10

3.3 V general-purpose input and output pin, which can
be configured as AUXDAC _4 function. Since this pin
contains input function circuit, the input voltage needs
to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.

El

Input/
output

GPIO_3P3_2

3.3 V general-purpose input and output pin, which can
be configured as AUXDAC _8 function. Since this pin
contains input function circuit, the input voltage needs
to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.

E2

Input/
output

GPIO_3P3 5

3.3 V general-purpose input and output pin, which can
be configured as AUXDAC_11 function. Since this pin
contains input function circuit, the input voltage needs
to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.

E3

Input/
output

GPIO_3P3 6

3.3 V general-purpose input and output pin, which can
be configured as AUXDAC_0 function. Since this pin
contains input function circuit, the input voltage needs
to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.

E13

Input/
output

GPIO_3P3_7

3.3 V general-purpose input and output pin, which can
be configured as AUXDAC_1 function. Since this pin
contains input function circuit, the input voltage needs
to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.

E1l4

Input/
output

GPIO_3P3_11

3.3 V general-purpose input and output pin, which can
be configured as AUXDAC_5 function. Since this pin
contains input function circuit, the input voltage needs
to be controlled. When not used in the design, it needs
to be grounded through a resistor or kept floating and
configured in low-level output mode.

C3

Power

VDDALP3 RX_TX

Receiver and transmitter baseband circuits,
transimpedance amplifier (TIA), transmit
transconductance (GM), baseband filter and AUDDAC
power supply, 1.3 V.

C5, C6

Power

VDDALP3_RF_VCO_LDO

RF VCO LDO power supply, 1.3 V. C5 and C6 pins are
connected together. Use a separate power line to
connect to the power plane.

Cc7

output

VDDA1P1_RF_VCO

RF_VCO 1.1 V output, cannot be powered externally.
Place a 1puF decoupling capacitor on this pin.

C8

Power

VDDAILP3 RF_LO

RF synthesizer local oscillator (LO) power supply, this
pin is sensitive to power supply noise.

C10

Power

VDDA1P3_AUX_VCO_LD
0

AUX_VCO_LDO power supply, 1.3 V.

C12

Power

VDDA_3P3

General purpose output pin pull-up and AUXDAC
power supply, 3.3 V.

C14

Input/
output

RBIAS

Bias resistor, use 14.3 kQ 1% to ground. This pin
generates internal current based on the external bias
resistor.
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AUX_VCO 1.1V output, cannot be powered externally.

D10 output VDDAIPL AUX_VCO Place a 1 uF decoupling capacitor on this pin.
E4 Power VDDA1P8_BB ADC, DAC and AUXADC power supply, 1.8 V.
E5 Power VDDA1P3_BB ADC, DAC and AUXADC power supply, 1.3 V.
E7, E8 Input Tlil;_(éti_llll\\llt Device differential clock input.
E10 Output ANT_TP Test pin, it is recommended to keep the test point.
E12 Power VDDAI1P8_TX Transmit path 1.8 V power supply.
Auxiliary ADC input, when not used in the design,
F3, F4, F11, E11 Input AUXADC_0to AUXADC_3 connect to ground through a resistor or directly to
ground.
G5 P VDDA1P3_CLOCK_ Clock synthesizer power supply, 1.3 V. Use a separate
ower X
SYNTH power line to connect to the power plane.
a7 Power VDDA1P3 RE SYNTH RF synthesiz_e_r power supply, 1.3 V._This pin is
- - sensitive to power supply noise.
G8 Power VDDA1P3_AUX_SYNTH Auxiliary synthesizer supply, 1.3 V.
G9 Output RF_SYNTH_VTUNE The RF synthesizer adjusts the voltage output.
1.8 V to 2.5 V general-purpose input and output pin.
Input/ Since this pin contains input function circuit, the_ input
H11l output GPIO_12 voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.
1.8 V to 2.5 V general-purpose input and output pin.
Input/ Since this pin contains input function circuit, thg input
H12 output GPIO_11 voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.
1.8 V to 2.5 V general-purpose input and output pin.
Input/ Since this pin contains input function circuit, the_ input
J11 output GPIO_13 voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.
1.8 V to 2.5 V general-purpose input and output pin.
Input/ Since this pin contains input function circuit, the_ input
J12 output GPIO_10 voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.
1.8 V to 2.5 V general purpose input/output pin. Since
this pin contains input function circuit, the input voltage
13 Input/ GPIO 18 needs to be controlled. Not used in the design
output - When the output is low, it needs to be grounded through
a resistor or kept floating and configured in low-level
output mode.
1.8 V to 2.5 V general purpose input and output pin.
Input/ Since this pin contains input function circuit, thg input
J7 output GPIO 2 voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.
1.8 V to 2.5 V general purpose input and output pin.
Input/ Since this pin contains input function circuit, thg input
J8 output GPIO_1 voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.
1.8 V to 2.5 V general purpose input and output pin.
Input/ Since this pin contains input function circuit, thg input
K5 output GPIO_5 voltage needs to be controlled. When not used in the

design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.
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K6

Input/
output

GPIO_4

1.8 V to 2.5 V general purpose input and output pin.
Since this pin contains input function circuit, the input
voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

K7

Input/
output

GPIO_3

1.8 V to 2.5 V general-purpose input and output pin.
Since this pin contains input function circuit, the input
voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

K8

Input/
output

GPIO_0

1.8 V to 2.5 V general purpose input and output pin.
Since this pin contains input function circuit, the input
voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

K11

Input/
output

GPIO_14

1.8 V to 2.5 V general purpose input and output pin.
Since this pin contains input function circuit, the input
voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

K12

Input/
output

GPIO_9

1.8 V to 2.5 V general purpose input and output pin.
Since this pin contains input function circuit, the input
voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

L5

Input/
output

GPIO_6

1.8V t0 2.5 V general purpose input and output pin.
Since this pin contains input function circuit, the input

voltage needs to be controlled. When not used in the

design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

L6

Input/
output

GPIO_7

1.8 V to 2.5 V general purpose input and output pin.
Since this pin contains input function circuit, the input
voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

L11

Input/
output

GPIO_15

1.8 V to 2.5 V general purpose input and output pin.
Since this pin contains input function circuit, the input
voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

L12

Input/
output

GPIO 8

1.8V to 2.5 V general purpose input and output pin.
Since this pin contains input function circuit, the input

voltage needs to be controlled. When not used in the

design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

M10

Input/
output

GPIO_17

1.8 V to 2.5 V general purpose input and output pin.
Since this pin contains the input function circuit, the
input voltage needs to be controlled. When not used in
the design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

M11

Input/
output

GPIO_16

1.8 V to 2.5 V general-purpose input and output pin.
Since this pin contains input function circuit, the input
voltage needs to be controlled. When not used in the
design, it needs to be grounded through a resistor or
kept floating and configured in low-level output mode.

H14,J14

Output

TX1_OUT-, TX1_OUT+

Transmit channel 1 differential output. Leave it
unconnected if not used in the design.

H1,J1

Output

TX2_OUT-, TX2_OUT+

Transmit channel 2 differential output. Leave it
unconnected if not used in the design.

J4

Input

RESET

Reset pin, low level is valid.
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General interrupt output pin, when not used in the

3 Output GP_INTERRUPT design, keep it floating and unconnected.
J6 Input NC_1 NC pin, keep it floating and unconnected.
Input/ Serial input in 4-wire SPI mode and serial input and
J9 SDIO - h
output output in 3-wire SP1 mode.
110 Output SDO Serial output in 4—W|r(_e SPI mode, leave it floating in 3-
wire SPI mode.
SYSREF_IN+, JESD204B system reference signals, LVDS differential
K3, K4 Input SYSREF IN— input.
K9 Input SCLK SPI clock signal.
K10 Input [ SPI chip select signal, low voltage is valid.
SYNCINT — JESD204B synchronization signal 1, paired RF input
’ channel data, LVDS differential input, when not used in
L3, L4 Input - :
E— the design, grounded through a pull-down resistor or
SYNCINT + directly grounded.
L7,L10 Ground VSSD Digitally.
Digital core power supply, 1.3V. L8 and L9 pins are
L8, L9 Power VDDD1P3_DIG connected together.
Use wide power traces to connect to the power plane.
SYNCOUTT1 -, JESD204B synchronization signal 1, paired RF output
L13,L14 Output channel data, LVDS differential output, when not used
SYNCOUT1 + in the design, keep it floating and unconnected.
M1 Output VDDA1P1_CLOCK_VCO CLOCK_VvCO 1.1V output., cannot pe powergd .
externally. Place a 1uF decoupling capacitor on this pin.
SYNCINO- JESD204B synchronization signal 0, paired RF input
' channel data, LVDS differential input, when not used in
M3, M4 Input - .
R the design, grounded through a pull-down resistor or
SYNCINO+ directly grounded.
RF receiving channel 1 enable signal, high level is valid,
M5 Input RX1 _ENABLE when not used in the design, it is grounded through a
pull-down resistor or directly grounded.
RF transmit channel 1 enable signal, high level is valid.
M6 Input TX1_ENABLE When not used in the design, it is grounded through a
pull-down resistor or directly grounded.
RF receiving channel 2 enable signal, high level is valid,
M7 Input RX2_ENABLE when not used in the design, it is grounded through a
pull-down resistor or directly grounded.
RF transmission channel 2 enable signal, high level is
M8 Input TX2_ENABLE valid, when not used in the design, it is grounded
through a pull-down resistor or directly grounded.
M12 Power VDD_INTERFACE Digital input and output |2t§r:‘/a1ce power supply, 1.8V or
SYNCOUTO-, JESD204B synchronization signal 0, paired RF output
M13, M14 Output channel data, LVDS differential output, when not used
SYNCOUTO+ in the design, keep it floating and unconnected.
VDDA1P3_CLOCK_VCO_ | 1.3V power supply, connected to the power plane using
N1 Power .
LDO a separate power line.
N3, N4 Output SERDOUT3—, SERDOUT3+ JESD2_04B 5|gnz_al, CML dl_ﬁerenFlaI output 3, when not
used in the design, leave it floating and unconnected.
N5, N6 Output SERDOUT2-, SERDOUT2+ JESD2_04B signal, CML dlﬁ_‘erentlal output 2. Le_ave it
floating and unconnected if not used in the design.
N8, P8 Power VDDA1P3_SER JESD204B serializer supply, 1.3 V.
N9, P9 Power VDDA1P3_DES JESD204B deserializer supply, 1.3 V.
N10, N11 Input SERDINI-, SERDIN1+ JESD20_48 datg signal, CML dlffgrentlal input 1, leave
it floating when not used in the design.
N13, N12 Input SERDINO+, SERDINO— JESD204B data signal, CML differential input 0, when

not used in the design, leave it floating and
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unconnected.
P1 Output CLOCK_SYNTH_VTUNE Clock synthesizer adjusts voltage output
_ JESD204B data signal, CML differential output 1, if not
P4, PS Output SERDOUTI-, SERDOUTI+ used in the design, leave it floating and unconnected.
PG P7 output SERDOUTO-, JESD204B data signal, CML differential output 0. If not
' P SERDOUTO+, used in the design, leave it floating and unconnected.
JESD204B data signal, CML differential input 3, when
P11, P12 Input SERDIN3-, SERDIN3+ not used in the design, leave it floating and
unconnected.
P13, P14 Input SERDIN2—, SERDIN2+ JESD204B datg signal, CML dlffgrentlal input 2, leave
it floating when not used in the design.

Power consumption information

o Working frequency Quiet power Working
SJge TEEia point consumption (W (Full bandwidth) (w)
2Tx2Rx TX400M/Rx200M 3G 3.8 5.07
2Tx10Rx TX400M/ORx400M 3G 3.05 4.11
1Tx10Rx TX400M/ORx400M 3G 2.47 3.1
1Tx1Rx TX400M/Rx200M 3G 2.41 3.17
1Tx TX400M 3G 2.27 2.61
1Rx Rx200M 3G 1.78 2
10Rx ORx400M 3G 2.05 2.24
SPI

The TGS9009 chip integrates an SPI slave controller. The master baseband controller (BBP) can control
and configure TGS9009 related parameters and detect the chip operation status through the SPI
interface. TGS9009 supports the standard 4-wire SP1 bus mode.

The SPI bus consists of SCLK, CSn, SDIO and SDO pin signals.

SCLK: serial clock (master device output)

SDIO: serial data input (master device output, slave device input)

SDO: serial data output (master device input, slave device output)

CSn: chip select signal (master device output, low level is valid)

When the CSn signal is input high, the SDO and SDIO pins transition to a high impedance state. The
TGS9009 does not provide pull-up or pull-down resistors on these pins.

When SDO is inactive, it is in a high impedance state. If the master device always needs to provide a
valid logic state on SDO, a pull-up/pull-down value needs to be added on the printed circuit board

(PCB) 10 k€ is recommended.
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SPI1 Bus Protocol

csn | [
| | |

SCLK i I ‘ ‘

1 111171 1 11 1111 1. 1.1 1

1 1 1 1
soio o o[ Joooo of I loooof lof lool lof lo oo o] ol [o o] 0,
address

- — — === — - - - - - - - - - >

sbo

Write operation, address: Ox50FA value: OxFOASOF5A

Figure 4. SPI write operation diagram

1 1 1 1 1.1 1 1
sDO o] o] 0 00000 0 00 0 0 0 o] o
| data

Read operation, address: Ox50FA value: OXAAOFFOAA

Figure 5. SPI read operation diagram

The SPI interface of TGS9009 supports the standard mode0 communication mode, that is, the master
device needs to configure two parameters.

e Clock polarity (CPOL) = 0;
e Clock phase (CPHA) =0;
SPI interface communication timing parameters

csn
)

4
[+

SCLK

soio J L / |

T

Figure 6. SPI read and write operation timing diagram

=

The following table describes the parameters in Figure 6.
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Serial Parameter Symbol Minimum  Typical Maximum Unit
number value value value

1 SCLK Period Tc - 50 - ns

2 SCLK High Pulse Duty Cycle Thdc 40 - 60 %

3 SCLK Low Pulse Duty Cycle Tldc 40 - 60 %

4 Setup time, CSn falling edge to §CITK rising edge Tsul 3 ) ) ns
(start of the communication)

5 Hold time, SCLK falling edge t_o C_§n rising edge Thi 1 ) ) ns
(End of the communication)

Setup time, SDIO valid before SCLK rising edge Tsu2 3 - - ns

Hold time, SDIO valid after SCLK rising edge Th2 - - ns

Delay time, SCLK falling edge to SDO valid Tdl - 6 12 ns
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Package information

Al BALL PAD CORNER

v

< 12.00

Al BALL PAD CORNER
/ 4 1312 M 109 8 7 6 5 4 3 21

1 iw—eooooooooooooo'
| .| ©0000000000000
t | coooooco0o0000000
00000000000000
0472008 00000000000000

ﬂ I 000000000000 00
00000000000000

0000000000000
O0000C0O0OCO0O0O0O0OO0
000000 0OCO0O0O0O0OO0

+ 1200 E 4+ 0000000000000

T ZIr A9 I OTMMMmMOO0@ >

O 0.800

-+ 0.355 NOM.(0.305 MIN)
0.57+0.04 —p
—»

— 1270 MAX -+ 4+ 0800

TOP VIEW SIDE VIEW BOTTOM VIEW
Figure 4. 196-pin CSP_BGA package (Chip Scale Package Ball Grid Array)

Notes:

1. All dimensions in the figure are in millimeters (mm)

2. This dimension is the maximum solder ball diameter tested after reflow soldering
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Typical test results

e LO leakage
Frequency
GHz 1.8 2.6 3 35 4 45 5 55
Correction
performance -66.84 -59.51 -68.1 -75.58 -67.49 -63.90 -77.27 -70.72
dBm
e  Flatness

Test 3.8 G flatness, compared with foreign competitors (green is foreign competitors)

KEYSIGHT |Ilnput RF Input Z- 50 Q #Atten: 0 dB PNO: Fast Avg Type: Power (RMS) 1 2| |4
Coupling: AC Corr CCorr Preamp: Off Gate: Off Avg|Hold:>100/100 A D Center Frequency 1
) Align: Auto/No RF  Freq Ref: Int (S) IF Gain' High Trig: Free Run 3.800000000 GHz

NFE: Adaptive Sig Track: Off AAANNN =
pan
1 Spectrum AMKr1 -214.5 MHz| 500.000000 MHz

Scale/Div 10 dB Ref Level -20.00 dBm -51.714 dB Swept Span

Zero Span

Full Span
Start Freq
3.550000000 GHz
Stop Freq
4.050000000 GHz

AUTO TUNE I

CF Step
50.000000 MHz

. At
8. " Man

Freq Offset
0Hz

X Axis Scale
Center 3.8000 GHz Video BW 10 kHz* Span 500.0 MHz Log

#Res BW 100 kHz #Sweep 100 ms (1001 pts) Lin
T | May 07, 2023 ’ ] - 7 -
uy h ‘ol | ? 7:49:15 PM ——a L.‘il >3 |Signal Track

(Span Zoom)
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e EVM

The EVM test of 5 GNR10OM@256QAM is as follows, 3.5 GHz frequency:

5G NR 1 ¥ Spe Analyze
p R P 0
= ‘1.0‘| .‘ o‘..‘o
| a
0-BWP
Q Mea e
8 0
0
» 0.00 dB
iy 1 ™ i (ki
1 0000000 d
Res B 05.6
0 0
0:38:36 P

Input: RF
Coupling: DC
Align: Off

Input Z: 50 Q
Corr CCorr RCal
Freq Ref: Int (S)

1 CCO-BWP1
1Q Meas Time

e desude
sevsmanen
aradwree

-4.354
3 cco
Spectrum

Scale/Div 20.00 dB

M =3:120 kHz

Ref Value 30.00 dBm

i T

)

Ctr: 3.800000000 GHz

Res BW: 112 kHz Info BW: 393.22 MHz

5 CCO Frame Summary ¥
EVM Power per RE

2.46 % -50.29 dBm
215% -50.37 dBm

Freq Error

Subframe 1 821.87 Hz

Sk Nl | ? ?étsgiizz%

264

en: 4 dB (e0 a ee R arrier Re eq

4 CCO Error Summary v

Channel Power
Channel Power (Active)

-13.22 dBm
-13.22 dBm

EVM 1.07 %
G EVM Peak
Frequency Error

10.50 %
-2522.94 Hz
-0.709 ppm
-69.43 dB
213.262 us
99.8 %
PDSCH DMRS
08

Symbol Clock Error
1Q Offset

Time Offset

Sync Correlation
Sync Source

Atten: 12 dB
Preamp: Off
uW Path: Bypass
#PNO: Balanced
2 CC0-BWP1
Detected Allocations
Scale/Div 328 subcarriers

Trig: Free Run
#IF Gain: -11 dB

4.354 |Start: 0.00 symbols
4 CC0
Raw Main Time

Scale/Div 20.00 dB Ref Value 50.00 dBm

Width: 393.2 MHz

Start: 0.00 ns

6 Error Summary

Num.RB CCo
-15.32 dBm /-15.32 dBm
246 %/7.34%

821.87 Hz /1 821.87 Hz
0.033 ppm

-57.95dB

137.508 us

99.8 %

PDSCH DMRS

Channel Power (Active / Total)
EVM (RMS / Peak)

Frequency Error (RMS / Worst)
Symbol Clock Error

1Q Offset (SISO)

Time Offset

Sync Correlation

Sync Source

cterize Noise Floor required
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Carrier Ref Freq: 3.800000000 GHz
CC Info: DL, 1 CC, SISO

0000000 .
0 Carrier Reference

Frequency

3.550000000 GHz

& Meas Setup

Component Carrier

Settings

Radio

Other IF Gain 'é/'eaz 5
11dB tandart

Component
LO Dither i

Carriers

Stop: 1.00 symbols

Normal

Auto
Man

Spur Avoidance
Stop: 50.00 ms| § 0.0000 Hz

Auto
Man

< Ad ed
Demod Setup




e ACLR

The ACLR@-12dBFs test of 5GNR100M@256QAM is as follows, 2.95 GHz frequency:

Atten: 6 dB
Preamp: Off
PNQ: Best Wide

Input Z: 50
Corr CCorr

Freq Ref: Int (S)
NFE: Adaptive

KEYSIGHT l(r:lputl_RF A
oupling:
@ Align: Auto

Gate: Off
IF Gain: Low

Trig: Free Run

Center Freq: 2.950000000 GHz

Avg|Hold:=10/10
Radio Std: None

Noise Correction: Off

1 Graph
Scale/Div 10.0 dB

Ref Lvl Offset 6.00 dB
Ref Value 3.00 dBm

-4.4 [dEm

Mkr1 3.454000000 GHz

-56.8 dBc

e

—_—

[ERERRPRTT Ayt RENEE R ROVETRCRE | F LT TR T TP AP A EX
Center 2.9500 GHz Video BW 22.000 kHz*
#Res BW 220 kHz

571 dBc

Atk

—-- dBm
.

Span 500 MHz

#Sweep 10.0 ms (1001 pts)

2 Metrics A

-4.374 dBm/100.0 MHz

Total Car Pwr
Total PSD

Lower

Reference
dBm Car#
-4.374 1

ACP
dBm
-61.19

dBc
-56.82

Offs Freq
A 100.0 MHz

Integ BW
98.02 MHz

Trace Type

dBc
-57.09

Measure Trace

Trace 1

Trace Average (Active)

Upper
ACP
dBm
-61.46

dBm
-4.374

The ACLR@-12dBFs test of NR40OM is as follows, 3.8 GHz frequency:

e Keysight Spectrum Analyzer - ACP
g | R s0o ac ] |
Center Freq 3.800000000 GHz

IFGain:Low  #Atten: 0 dB

Ref 0.00 dBm

I MA 09, 201
: None

Radio Device: BTS

-53.2 dBEc

JJ‘

Center 3.8 GHz
#Res BW 220 kHz

VBW 22 kHz

-7.229 dBm/ 386.00 MHz ACP-IBW

Total Carrier Power

Lower

Carrier Power Filter  Offset Freq  Integ BW dBc dBm

541 dBc

RMS A% G

Span 1.186 GHz
Sweep 608.5 ms

Auto

Reference

Car# Filter
1 -3dB

Frequency

Center Freq
3.800000000 GHz

CF Step
118.600000 MHz
Man

Upper

dBc dBm Filter

400.0 MHz 386.0MHz -53.18

1 -7.229dBm

-60.41 -54.09

6132 OFF

Freq Offset
0 Hz




e LO frequency difference

KEYSIGHT /nput RF Input Z: 50 O Atten: 6 dB PNO: Best Close  Avg Type: Power (RMS) (1|2 - 4 Select Marker
Coupling: AC Corr CCorr Preamp: Off Gate: Off Avg|Hold: 11/100 A
G ExtGain 570dB Freq Ref: Int (S) IF Gain: Auto Trig: Free Run Marker 1
Align- Auto/No RF  |NFE- Adaptive Sig Track: Off AAANNN
Marker Frequency

1 Spectrum v Mkr1 3.800 000 02 GHz 3.800000020 GHz

Scale/Div 10 dB Ref Level -19.30 dBm -58.994 dBm
*

Marker Mode

Normal
Delta (A)
Fixed
Off

Delta Marker
(Reset Delta)

Marker Table
On
Off

< Marker Settings
Diagram

All Markers Off

Center 3.800000000 GHz Video BW 1.0 Hz Span 10.00 kHz C°”Pgn"‘afker5

#Res BW 1.0 Hz Sweep (FFT) ~1.83 s (1001 pts) e

e RFPLL and AuxPLL phase noise

RFPLL operates at a frequency of 3.8 GHz, and the phase noise information is as follows:

KEYSIGHT |Input:RF Input Z: 50 O Atten: 6 dB Trig: Free Run Carrier Freq: 3.799999596 GHz
Coupling: DC Com RCal Preamp: Off Sig Tracking: On Phase Noise Cancellation: Off

! Align: Off Freq Ref: Int (S) pW Path: Standard
NFE: Off

I EEL Carrier Power -10.4 dBm
Scale/Div 10.000 dB Ref Value -70.00 dBc/Hz
"

Start Offset 100 Hz Frequency Offset (Upper Side Band) Stop Offset 100 MHz

2 Table

Frequency Offset (SSB) Tracel Trace2

100 Hz -52.27 dBc/Hz -66.00 dBc/Hz

1.00 kHz -90.83 dBc/Hz -91.30 dBc/Hz

10.0 kHz -100.10 dBc/Hz -101.32 dBc/Hz

100 kHz -104 35 dBc/Hz -103.76 dBc/Hz

1.00 MHz -125.15 dBc/Hz -119.23 dBc/Hz

10.0 MHz -132.61 dBc/Hz -130.09 dBc/Hz

100 MHz -130.98 dBc/Hz -131.10 dBc/Hz

AuxPLL operates at a frequency of 3.8 GHz, and the phase noise information is as follows:
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KEYSIGHT |Input: RF Input Z: 50 O Atten: 6 dB Trig: Free Run Carrier Freq: 3.799999607 GHz
Coupling: DC Comr RCal Preamp: Off Sig Tracking: On Phase Noise Cancellation: Off
@ Align: Off Freq Ref: Int (S) uW Path: Standard
NFE: Off

et Carrier Power -10.4 dBm

Scale/Div 10.000 dB Ref Value -70.00 dBc/Hz

Start Offset 100 Hz Frequency Offset (Upper Side Band) Stop Offset 100 MHz
2 Table v

Frequency Offset (SSB) Trace1 Trace2 Trace3
100 Hz -50.34 dBc/Hz 67 Hz

1.00 kHz -91.46 dBc/Hz

10.0 kHz -100.92 dBc/Hz

100 kHz -103.85 dBc/Hz
1.00 MHz -116.59 dBc/Hz
10.0 MHz -127.91 dBc/Hz

100 MHz -130.05 dBc/Hz

e Transmit power test

Test environment, spectrum analyzer keysight9020B, spectrum analyzer test RBW set to 100KHz,
SPAN = 500M. Balun model is transmit broadband balun: TCM-83+.

The signal source sends -10dBm single tone to the spectrum analyzer to test line loss.

Based on the above settings, the maker point test is conducted from 300M to 6G, and the transmission
line loss compensation is tested every 250M interval. Every 100M interval, TX-ATT = 0dB, DDS full-
scale single tone transmission test:
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e Typical receiving performance display

Input -15dBm signal, frequency 3 GHz, after calibration:

Ta=ale 7lE &|F #|&[FE

= Input 1
Date = 2024/10/21 —
oo Time = 11:39:03
Sample Frequency = 1000 Mz
. Samples = 245760 a
-.SHE = 51, 785 dB
. SHRFS = 58. 566 4B
- SINAD = 51.779 dBe
a

50 k4 100 k4 150 k4 200 250 300 k4 350 400 k4 450

Harm 3 Power = —80.875 dBe -&0
. Harm 4 Power = —108.927 dBec
Harm & Power = —106. 713 dBo 75 *
. Harm & Power = —111.975 dBc
Worst Other Frequenoy = 40. 784 MHz 3
- Worzt Other Fower = —73. 177 JEFS 80 >
Woise / Mz = —145 656 dEFS / Hz 5
- dwerage Bin Neize — —109. 481 dEFS o5 1 ‘ 4
P | RTINS ST . OO Y- FOPOY TS ST SIS I AU EPPY AFTTTIFN W1 TRFITY ¥ P Y11 WO Py

THD = —60.371 dBe
- SFDR = &6.396 dEc

Typical applications

Specification Instructions for use

2Tx2RX 1) 2Tx and 2Rx work at t_he same frequent_:y;
2) 2Tx and 2Rx work at different frequencies;
2Tx2Rx+10ORX TDD+DPD Typical Application
1ITXRX+1TXRX Each pair of TxRx has a different operating frequency
1) 2Tx and 10ORx work at the same frequency;
2) 2Tx and 10Rx work at the same time at different frequencies;

3) The above bandwidth supports a maximum of 450M/200M transceiver
@122.88 MHz; the minimum can be converted down based on the reference clock
122.88 MHz, such as 76M external reference, the bandwidth is about 126 MHz
bandwidth;

1) 1Tx and 1ORx work at the same frequency;

2) 1Tx and 10Rx work at the same time at different frequencies;

3) The above bandwidth supports a maximum of 450M/200M transceiver
@122.88 MHz; the minimum can be converted down based on the reference clock
122.88 MHz, such as 76M external reference, the bandwidth is about 126 MHz
bandwidth;

1) 1Tx and 1Rx work at the same frequency;

2) 1Tx and 1Rx work at different frequencies;

The bandwidth is typically 450M/200M/100M@122.88 MHz, and can also be
1Tx converted down based on the reference clock 122.88 MHz, such as 76M external

reference, and the bandwidth is approximately 64 MHz;
1Rx Bandwidth: typical 200M/100M/100M@122.88 MHz;
10RXx Bandwidth supports up to 450M/200M transceiver @122.88 MHz;

2Tx10Rx

1Tx10RXx

1Tx1Rx

The chip supports the above specifications until February 1, 2025. On February 1, 2025, products with
lower power consumption and other specifications other than those compatible with the above
specifications will be launched to meet the requirements of multiple receiving channels, larger
bandwidth multiple receiving channels, complex intermediate frequency reception, etc. Please stay
tuned.
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