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°
Tegse mi SDR Transceiver
V Data sheet

1. Features

e  Frequency band: 30 MHz ~ 6000 MHz

e  Supports TDD and FDD

e Tunable channel bandwidth: 12 kHz to 100 MHz

e Single-channel receiver: 3 differential or 6 single-ended inputs

o  Excellent receiver sensitivity with a noise figure of 4 dB

e RX Gain Control:
Real-time monitoring and control signal for manual gain
Independent automatic gain control

e Single-channel transmitter: 2 differential inputs

e  TX power maximum adjustment range: 48 dB

e TXEVM:<-40dB

e TXnoise: <- 157 dBm/Hz noise floor

e  TX monitor: dynamic range > 40 dB, accuracy = 1 dB

e Integrated fractional-N frequency synthesizer

e  Multi-device synchronization

e CMOS/LVDS digital interface

2. Main applications

e  General software radio system

e  Femtocell/picocell/microcell base station
e  Multifunctional intelligent terminal

e  Point-to-point communication system

3. Overview

TGS9364 is a high-performance, highly integrated ultra-wideband SDR transceiver. It can be widely
used in almost all modern digital wireless communication systems. It can support a frequency range of
30 MHz to 6000 MHz, and the configurable RF bandwidth can support a range of 12 KHz to 100 MHz.




The device integrates a 12-bit analog-to-digital converter ADC and a 12-bit digital-to-analog converter
DAC. It has a built-in programmable analog filter, supporting an analog low-pass filter with a minimum
bandwidth of 0.7 MHz and an analog low-pass filter with a maximum bandwidth of 50 MHz for TX and
50 MHz for RX. The mixer and phase-locked loop are also integrated inside the chip, and the
transmitting part is integrated with a driver-level amplifier, which can output a single-tone signal of
more than 7 dBm.

TGS9364 adopts direct frequency conversion architecture to achieve high modulation accuracy and
ultra-low noise. The chip has functions such as image suppression calibration, local oscillator leakage
calibration, transmit power monitoring, spurious suppression, and receive channel gain calibration. It
also includes multi-chip synchronization function, which is suitable for scenarios where multiple chips
are used together, such as MIMO. The chip register read and write control adopts standard four-wire
SPI. TGS9364 adopts 10 mm x 10 mm, 144-pin chip-scale ball grid array package (CSP_BGA).

f

—F—

o~
~Z

|

DS

——(

L

") PO_[DI11:DO]
TX_[D5:DO0]

P1_[D11:DO0]
RX_[D5:DO]

D

RADIO
SWITCHING

D)

) CLK_OUT

Figure 1. TGS9364 system block diagram
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4. Product Specifications

Absolute Maximum Ratings

Parameter ‘ Absolute value range
VDDx to VSSx -03V~+1l5V
VDD_INTERFACE to VSSx -03V~+27V
VDD_GPO to VSSx -03V~+33V
Logic Inputs and Inputs to VSSx -0.3V to VDD_INTERFACE + 0.3V
Input current to any pin except the power pin +10 mA
RF Input (Peak Power) 2.5dBm
TX Monitor Input Power 9dBm
Maximum Junction Temperature (TIMAX) 110°C
Operating temperature range -40 ~ 85°C
Storage ambient temperature range -65 ~ 150°C

Note: Exceeding the absolute maximum ratings listed above may cause permanent damage to the device. This is only a
maximum rating, and normal operation of the device cannot be inferred under these conditions or any other conditions
exceeding the specifications shown in the operation section of this technical specification. Long-term operation under absolute

maximum rating conditions will affect the reliability of the device.

Recommended operating conditions

Parameter ‘ Recommended value
VDDx +1.3 V (the actual acceptable range is between 1.3V - 1.5 V)
VDD_GPO +33V
VDD_INTERFACE +25V
Working environment temperature -40 ~ 85°C

Thermal resistance parameters

0JA
37.5

0JB
244

Package Type
144-Ball (CSP-BGA)

Unit
°C/W

0JC
22.5

Reflow Temperature Curve

The TGS9364 reflow temperature profile is based on the JEDEC JESD20 device standard. The

maximum reflow temperature is 260°C.

ESD (Electrostatic Discharge) Sensitive Devices

Charged devices and circuit boards may discharge without being noticed. Although this product has
patented or proprietary protection circuits, the device may be damaged when encountering high-energy
ESD. Therefore, appropriate ESD precautions should be taken to avoid device performance degradation

or loss of function.




5. Package and pin definition

Dimensions (unit: mm)
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Pin Definition

1 2 3 4 5 6 7 8 9 10 11 12
NC NC NC NC NC NC NC NC NC NC NC
VSSA VSSA NC GPO_3 GPO_2 GPO_1 GPO_0 NC NC VSSA
NC VSSA NC TESBT(ENA CTRL_INO | CTRL_INL NC VSSA VSSA VSSA VSSA VSSA
CTRL_OU PO_DYTX_ | PO_D7/TX_ | PO_DSITX_ | PO_D3TX_ | PO_DLTX_
NC b CTRL_IN3 | CTRL_IN2 o o Bt B Bl VSSD
\e \C CTRLOU | CTRL.OU | CTRL.OU | Po_D11/TX | Po_D8TX_ | Po_DEMX_ | Po_DATX_ | PO_D2TX_ | PO_DOITX_
T1 2 T3 D5 P D4 N D3 N D2 N D1 N DO_N
CTRLOU | CTRL.OU | CTRL.OU PO_D10/TX
NC VSSA = i = VSSD Be N VSSD | FBLCLKP | VssD

e NG CTRLOU | ey acc | Enasie RX_EIiEAM RXTEF_F;AM TX_EF_IEAM F_CLK. DA'IK';j;CL vssh
TXNRX | SYNC_IN VSSA VSSD P)l(:géi’PR TXE'iRNAM VSSD DAII_ANCL

VSSA SPIL_DI SPLCLK | CLK OUT F;%:BQ%R Pl_—gf_/ X Pl_—DD; _/ X Pl_—DDzs_’ X Pl_—gf_’ X Pl_—DDOl_’ X

VSSA RESETB | SPI_ENB Pl_—DDf_/EX Pl_—g_’sx Pl_—DDZ“_/EX Pl_—gf_’ﬁx Pl_—DDOO_/ﬁX VSSD

VSSA SPI_DO VSSA VSSA VSSA VSSA




Pin number Type ‘ Pin name Illustrate
Al, A2, A3, A4, A5,
A6, C7, A7, A8, A9,
Al0, Al1, B3, C3, B10, | NC Just leave it floating
B11, C1, D1,
El, F1, E3, G2, G3,
AL2 | TX EXT LO IN External transmit LO input. If this pin is not used, connect
- - - to ground.
B1, B2, B12, C2, C8 to
C12, F3, H6, J2, K2, L2, | VSSA Analogy
L8, L10, L11, L12
B4 to B7 o GPO_3to GPO_0 Support 3.3 V universal input
GPO 3.3V power supply; if not in use, connect to 3.3 V or
B8 I VDD_GPO VDD_INTERFACE or 1.3V
B9 | VDD1P3_RF RF 1.3 V power input
ca I TEST/ENABLE Test input. For normalgc;gs:}eaﬂon, connect this pin to
C5, C6, D5, D6 I CTRL_INO to CTRL_IN3 Control input. For manu:(l)ri:élgaln and TX attenuation
D2 | VDD1P3_TX TX 1.3V power input, connected to D3
D3 | AVDD13 ADDA2 ADC/DAC 1.3 V power input
CTRL_OUTO, CTRL_OUT1 to - . . .
D4, Ez:: 'éo (E3?1 F4to o CTRL_OUT3, CTRL_OUTS to These pins are multi fu?tj::r?t?olr?spms with programmable
' CTRL_OUT4, CTRL_OUT? '
Digital Data Port PO/Transmit Differential Input Bus. This
is a dual function pin. For PO_D?9, it functions as part of
the 12-bit bidirectional parallel CMOS level data port 0.
Alternatively, this pin (TX_D4_P) can also function as
D7 /o P0_DO/TX_D4_P part of the L\VDS 6-bit TX differential input bus (with
internal LVDS termination) in FDD mode or as part of the
LVDS 12-bit TX or RX differential input bus (with
internal LVDS termination) in TDD mode.
Digital Data Port PO/Transmit Differential Input Bus. This
is a dual function pin. For PO_D?7, it functions as part of
the 12-bit bidirectional parallel CMOS level data port 0.
Alternatively, this pin (TX_D3_P) can also function as
D8 /o PO_D7/TX_D3_P part of the LVDS 6-bit TX differential input bus (with
internal LVDS termination) in FDD mode or as part of the
LVDS 12-bit TX or RX differential input bus (with
internal LVDS termination) in TDD mode.
Digital Data Port PO/Transmit Differential Input Bus. This
is a dual function pin. For PO_D5, it functions as part of
the 12-bit bidirectional parallel CMOS level data port O.
Alternatively, this pin (TX_D2_P) can also function as
D9 /o PO_D5/TX_D2_P part of the LVVDS 6-bit TX differential input bus (with
internal LVDS termination) in FDD mode or as part of the
LVDS 12-bit TX or RX differential input bus (with
internal LVDS termination) in TDD mode.
Digital Data Port PO/Transmit Differential Input Bus. This
is a dual function pin. For PO_D3, it functions as part of
the 12-bit bidirectional parallel CMOS level data port 0.
D10 /0 PO_D3/TX_D1_P Alternatively, this pin (TX_D1_P) can also function as

part of the LVDS 6-bit TX differential input bus (with
internal LVDS termination) in FDD mode or as part of the
LVDS 12-bit TX or RX differential input bus (with
internal LVDS termination) in TDD mode.

Table 4. Pin Definition




Pin number

D11

‘ Type

110

Pin name

PO_D1/TX_DO_P

Illustrate

Digital Data Port PO/Transmit Differential Input Bus. This is a dual
function pin. For PO_D1, it acts as part of the 12-bit bidirectional parallel
CMOS level data port 0. Alternatively, this pin (TX_DO_P) can also act as
part of the LVDS 6-bit TX differential input bus (with internal LVDS
termination) in FDD mode and as part of the LVDS 12-bit TX or RX
differential input bus (with internal LVDS termination) in TDD mode.

D12, F7, F9, F11,
G12, H7, H10, K12

VSSD

Digitally

E2

VDD1P3_RX

Receives 1.3 V power input

E7

110

PO_D11/TX_D5_P

Digital Data Port PO/Transmit Differential Input Bus. This is a dual
function pin. For PO_D11, it functions as part of the 12-bit bidirectional
parallel CMOS level data port 0. Alternatively, this pin (TX_D5_P) can
also function as part of the LVDS 6-bit TX differential input bus (with
internal LVDS termination) in FDD mode or as part of the LVDS 12-bit

TX or RX differential input bus (with internal LVDS termination) in TDD
mode.

ES8

110

PO_D8/TX_D4 N

Digital Data Port PO/Transmit Differential Input Bus. This is a dual
function pin. For PO_DS8, it functions as part of the 12-bit bidirectional
parallel CMOS level data port 0. Alternatively, this pin (TX_D4_N) can
also function as part of the LVDS 6-bit TX differential input bus (with
internal LVDS termination) in FDD mode or as part of the LVDS 12-bit
TX or RX differential input bus (with internal LVDS termination) in TDD
mode.

E9

1/0

PO_D6/TX_D3 N

Digital Data Port PO/Transmit Differential Input Bus. This is a dual
function pin. For PO_DS, it acts as part of the 12-bit bidirectional parallel
CMOS level data port 0. Alternatively, in FDD mode this pin (TX_D3_N)

can also act as part of the LVDS 6-bit TX differential input bus (with
internal LVDS termination); in TDD mode this pin (TX_D3_N) can also
act as part of the LVDS 12-bit TX or RX differential input bus (with
internal LVDS termination)

E10

1/0

PO_D4/TX_D2_N

Digital Data Port PO/Transmit Differential Input Bus. This is a dual
function pin. For PO_D4, it functions as part of the 12-bit bidirectional
parallel CMOS level data port 0. Alternatively, this pin (TX_D2_N) can
also function as part of the LVDS 6-bit TX differential input bus (with
internal LVDS termination) in FDD mode or as part of the LVDS 12-bit
TX or RX differential input bus (with internal LVDS termination) in TDD
mode.

Ell

110

PO_D2/TX_D1_N

Digital Data Port PO/Transmit Differential Input Bus. This is a dual
function pin. For PO_D2, it functions as part of the 12-bit bidirectional
parallel CMOS level data port 0. Alternatively, this pin (TX_D1_N) can
also function as part of the LVDS 6-bit TX differential input bus (with
internal LVDS termination) in FDD mode or as part of the LVDS 12-bit
TX or RX differential input bus (with internal LVDS termination) in TDD
mode.

E12

110

PO_DO/TX_DO_N

Digital Data Port PO/Transmit Differential Input Bus. This is a dual
function pin. For PO_DO, it acts as part of the 12-bit bidirectional parallel
CMOS level data port 0. Alternatively, in FDD mode this pin (TX_DO0_N)

can also act as part of the LVDS 6-bit TX differential input bus (with
internal LVDS termination); in TDD mode this pin (TX_D0_N) can also
act as part of the LVDS 12-bit TX or RX differential input bus (with
internal LVVDS termination)

F2

VDDA1P3_RX

Receive VCO LDO 1.3 V power supply input

F8

110

PO_D10/TX_D5_N

Digital Data Port PO/Transmit Differential Input Bus. This is a dual
function pin. For PO_D10, it acts as part of the 12-bit bidirectional parallel
CMOS level data port 0. Alternatively, in FDD mode this pin (TX_D5_N)

can also act as part of the LVDS 6-bit TX differential input bus (with
internal LVDS termination); in TDD mode this pin (TX_D5_N) can also
act as part of the LVDS 12-bit TX or RX differential input bus (with
internal LVDS termination)

Table 5. Pin Definition (Continued)




Pin number Type Pin name ‘ Illustrate
Feedback Clock. These pins receive the FB_CLK signal as the TX
F10, G10 | FB_CLK_P,FB_CLK_N data clock. In CMOS mode, use FB_CLK_P as the input and
FB_CLK_N as ground.
F12 | VDD1P3_DIG 1.3 V digital power input
Gl | RX EXT LO IN External receive LO input. If this pin is not used, connect it to
- - - ground.
G5 | EN_AGC Manual control input for automatic gain control (AGC)
G6 | ENABLE Control Input. This pin moves tgztgtsewce between various operating
Receive digital data frame input signals. These pins transmit the
G7.G8 0 RX_FRAME_N, RX_FRAME signal to indicate whether the RX input data is valid.
' RX_FRAME_P In CMOS mode, use RX_FRAME_P as the input and keep
RX_FRAME_N disconnected.
Transmit digital data frame input signal. These pins receive the
G9. H9 | TX_FRAME_P, TX_FRAME signal that indicates when the TX data is valid. In
' TX_FRAME_N CMOS mode, TX_FRAME_P is the input and TX_FRAME_N is
grounded.
Receive Data Clock Inputs. These pins transmit the DATA_CLK
G11 H11 0 DATA_CLK_P, signals that the BBP uses to clock the RX data. In CMOS mode, use
' DATA_CLK_N DATA_CLK_P as the input and leave DATA_CLK_N
disconnected.
Receive channel differential input C, each pin can also be used as a
H1,J1 | RXC_N, RXC_P single-ended input. If this pin is not used, please connect a DC
blocking capacitor to ground.
H2 H3 0 PAD_RXIFIP Receive channel intermediate frequency differential | input, please
' PAD_RXIFIN leave it unconnected when not in use
Enable state machine control signal. This pin controls the data port
H4 | TXNRX bus direction. Logic low selects RX direction, logic high selects TX
direction
Input for synchronizing the digital clock between multiple TGS9364
H5 | SYNC_IN . I .
- devices. If this pin is not used, connect it to ground.
Digital Data Port P1/Receive Differential Input Bus. This is a dual
function pin. For P1_D11, it functions as part of the 12-bit
bidirectional parallel CMOS level data port 1. Alternatively, this pin
H8 110 P1 D11/RX D5 P (RX_D5_P) can also function as part of the LVDS 6-bit RX
differential input bus (with internal LVVDS termination) in FDD
mode and as part of the LVDS 12-bit TX or RX differential input
bus (with internal LVDS termination) in TDD mode.
H12 | VDD_INTERFACE Digital 1/0 pins, 1.8 V to 2.5 V supply
J3 | AVDD13 ADDAl ADC/DAC 1.3 V power input
J4 | SPI_DI SPI serial data input
J5 | SPI_CLK SPI clock input
This pin can be configured to input the external input clock DCXO
J6 0o CLK_OUT for the buffered version, or the internal ADC_CLK for the divided
version.
Digital Data Port P1/Receive Differential Input Bus. This is a dual
function pin. For P1_D10, it functions as part of the 12-bit
bidirectional parallel CMOS level data port 1. Alternatively, this pin
J7 110 P1 D10/RX_D5 N (RX_D5_N) can also function as part of the LVDS 6-bit RX
differential input bus (with internal LVDS termination) in FDD
mode and as part of the LVDS 12-bit TX or RX differential input
bus (with internal LVDS termination) in TDD mode.
Digital Data Port P1/Receive Differential Input Bus. This is a dual
function pin. For P1_D9, it functions as part of the 12-bit
bidirectional parallel CMOS level data port 1. Alternatively, this pin
J8 1/0 P1_D9/RX_D4_P

(RX_DA4_P) can also function as part of the LVDS 6-bit RX
differential input bus (with internal LVVDS termination) in FDD
mode and as part of the LVDS 12-bit TX or RX differential input

bus (with internal LVDS termination) in TDD mode.

Table 6. Pin Definition (Continued)




Pin number Type Pin name Illustrate

Digital Data Port P1/Receive Differential Input Bus. This is a dual function
pin. For P1_D7, it acts as part of the 12-bit bidirectional parallel CMOS level
data port 1. Alternatively, in FDD mode this pin (RX_D3_P) can also act as
J9 110 P1_D7/RX_D3_P part of the LVDS 6-bit RX differential input bus (with internal LVDS
termination); in TDD mode this pin (RX_D3_P) can also act as part of the
LVDS
12-bit TX or RX differential input bus (with internal LVDS termination)
Digital Data Port P1/Receive Differential Input Bus. This is a dual function
pin. For P1_D5, it acts as part of the 12-bit bidirectional parallel CMOS level
data port 1. Alternatively, in FDD mode this pin (RX_D2_P) can also act as
J10 110 P1_D5/RX_D2_P part of the LVDS 6-bit RX differential input bus (with internal LVDS
termination); in TDD mode this pin (RX_D2_P) can also act as part of the
LVDS
12-bit TX or RX differential input bus (with internal LVDS termination)
Digital Data Port P1/Receive Differential Input Bus. This is a dual function
pin. For P1_D3, it acts as part of the 12-bit bidirectional parallel CMOS level
data port 1. Alternatively, in FDD mode this pin (RX_D1_P) can also act as
J11 110 P1_D3/RX_D1 P part of the LVDS 6-bit RX differential input bus (with internal LVDS
termination); in TDD mode this pin (RX_D1_P) can also act as part of the
LVDS
12-bit TX or RX differential input bus (with internal LVDS termination)
Digital Data Port P1/Receive Differential Input Bus. This is a dual function
pin. For P1_D1, it acts as part of the 12-bit bidirectional parallel CMOS level
data port 1. Alternatively, in FDD mode this pin (RX_DO0_P) can also act as
J12 110 P1_D1/RX_DO_P part of the LVDS 6-bit RX differential input bus (with internal LVDS
termination); in TDD mode this pin (RX_DO0_P) can also act as part of the
LVDS
12-bit TX or RX differential input bus (with internal LVDS termination)
Receive channel differential input B, each pin can also be used as a single-

K1, L1 | RXB_N, RXB_P ended input. If this pin is not used, please connect a DC blocking capacitor to
ground.
K3 | VDD1P3_TX TX 1.3 V power input.
K4 | AVDD13 LFCK SYSPLL/XO 1.3 V power supply input
K5 | RESETB Asynchronous reset. A logic low resets the device
K6 | SPI_ENB SPI Enable Input. Set this pin to logic low to enable the SPI bus.

Digital Data Port P1/Receive Differential Input Bus. This is a dual function
pin. For P1_D3, it acts as part of the 12-bit bidirectional parallel CMOS level
data port 1. Alternatively, in FDD mode this pin (RX_D1_P) can also act as
J11 110 P1_D3/RX_D1_P part of the LVDS 6-bit RX differential input bus (with internal LVDS
termination); in TDD mode this pin (RX_D1_P) can also act as part of the
LVDS
12-bit TX or RX differential input bus (with internal LVDS termination)
Digital Data Port P1/Receive Differential Input Bus. This is a dual function
pin. For P1_D1, it acts as part of the 12-bit bidirectional parallel CMOS level
data port 1. Alternatively, in FDD mode this pin (RX_DO0_P) can also act as
J12 110 P1_D1/RX_DO_P part of the LVDS 6-bit RX differential input bus (with internal LVDS
termination); in TDD mode this pin (RX_DO0_P) can also act as part of the
LVDS
12-bit TX or RX differential input bus (with internal LVDS termination)
Digital Data Port P1/Receive Differential Input Bus. This is a dual function
pin. For P1_D8, it acts as part of the 12-bit bidirectional parallel CMOS level
data port 1. Alternatively, in FDD mode this pin (RX_D4_N) can also act as
K7 110 P1_D8/RX_D4_N part of the LVDS 6-bit RX differential input bus (with internal LVDS
termination); in TDD mode this pin (RX_D4_N) can also act as part of the
LVDS
12-bit TX or RX differential input bus (with internal LVVDS termination)

Table 7. Pin Definition (Continued)



Pin number

K8

Type

110

Pin name

P1_D6/RX_D3_N

Digital Data Port P1/Receive Differential Input Bus. This
is a dual function pin. For P1_D6, it acts as part of the 12-

Alternatively, in FDD mode this pin (RX_D3_N) can also

llustrate ‘

bit bidirectional parallel CMOS level data port 1.

act as part of the LVDS 6-bit RX differential input bus
(with internal LVDS termination); in TDD mode this pin
(RX_D3_N) can also act as part of the LVDS 12-bit TX
or RX differential input bus (with internal LVDS
termination)

Digital Data Port P1/Receive Differential Input Bus. This

K9

110

P1_DA4/RX_D2_N

is a dual function pin. For P1_D4, it acts as part of the 12-
bit bidirectional parallel CMOS level data port 1.
Alternatively, in FDD mode this pin (RX_D2_N) can also
act as part of the LVDS 6-bit RX differential input bus
(with internal LVDS termination); in TDD mode this pin
(RX_D2_N) can also act as part of the LVDS 12-bit TX
or RX differential input bus (with internal LVDS
termination)

Digital Data Port P1/Receive Differential Input Bus. This

K10

1/0

P1_D2/RX_D1 N

is a dual function pin. For P1_D2, it acts as part of the 12-
bit bidirectional parallel CMOS level data port 1.
Alternatively, in FDD mode this pin (RX_D1_N) can also
act as part of the LVDS 6-bit RX differential output bus
(with internal LVDS termination); in TDD mode this pin
(RX_D1_N) can also act as part of the LVDS 12-bit TX
or RX differential input bus (with internal L\VDS
termination)

Digital Data Port P1/Receive Differential Input Bus. This

K11

110

P1_DO/RX_DO_N

is a dual function pin. For P1_DQ0, it acts as part of the 12-
bit bidirectional parallel CMOS level data port 1.
Alternatively, in FDD mode this pin (RX_DO0_N) can also
act as part of the LVDS 6-bit RX differential input bus
(with internal LVDS termination); in TDD mode this pin
(RX_DO0_N) can also act as part of the LVDS 12-bit TX
or RX differential input bus (with internal LVDS
termination)

Receive channel intermediate frequency differential Q

L3, M3

PAD_RXIFQP
PAD_RXIFQN

input, please leave it unconnected when not in use
Bias input reference. Connect this pin to ground through a

L4

RBIAS

14.3 kQ (1% tolerance) resistor.
Test pin, can be used to see analog signal. Can also be

L5

PADTIP
(AUXADC1)

used for
AUXADOC,; if this pin is not used, please ground it

SP1 serial data input in 4-wire mode

L6

SPI_DO

Transmitter channel DAC | differential input, please

L7,L9

TX_EXT_DAC_|_IOutB
TX_EXT_DAC_I_lout

ground when not in use

Receive channel differential input A, each pin can also be

M1, M2

RXA N, RXA P

used as a single-ended input; if this pin is not used, please
connect a DC blocking capacitor to the ground

Transmitter channel DAC Q differential input, please

M4, M6

TX_EXT_DAC_Q_lout
TX_EXT_DAC_Q_IOutB

ground when not in use
Transmit channel power monitoring input. If this pin is

M5

TX_MON

not used, please connect a DC blocking capacitor to
ground.
Transmitter channel 1 differential input A, leave it

M7, M8

TXA P, TXA_N

unconnected if not used
Transmitter channel 1 differential input B, please leave it

M9, M10

TXB_P, TXB_N

unconnected if not used
Reference frequency crystal connection. When using a

M11, M12

XTALP, XTALN

crystal, connect it between these two pins. When using an
external clock source, connect it to XTALN and leave
XTALP disconnected

Table 8. Pin Definition (Continued)

10



6. Technical specifications

Receiver Specifications

Unless otherwise noted, electrical characteristics are measured at VDD_GPO =3.3 V,
VDD_INTERFACE = 2.5V, all other VDDx pins = 1.3 V, Ta = 25°C.

Minimum ‘ Typical ‘ Maximum

Parameter ‘ Logo ‘

Test conditions

value value value
Receiver center
frequency 30 6000 MHz
Support RF
bandwidth 0.012 100 MHz
Analog gain
minimum 8 dB
Analog gain 48 50 52 B 52dB @ 2.4 GHz
maximum
Analog Gain Step 1 dB
Digital gain
minimum 0 dB
Digital gain
maximum 50 dB
Digital gain stepping 0.25 dB
Receiver 800 MHz
Noise figure NF 4 dB Maximum RX Gain
Third-order input
intermodulation 11P3 -4.5 dBm Maximum RX Gain
point
Second-order input
intermodulation 11P2 50 dBm Maximum RX Gain
point
L(?_cgl) (Ezglliggr -82 dBm RX front-end input
Modulation accuracy -40 dB 30.72 MHz reference clock; LTE20M,
(EVM) 64QAM
Input S11 -10 dB
Receiver 2400 MHz
Noise figure NF 4 dB Maximum RX Gain
Third-order input
intermodulation 11P3 -5 dBm Maximum RX Gain
point
Second-order input
intermodulation 11P2 50 dBm Maximum RX Gain
point
L((I)_Cgl) CL)ZZIILZ;? -78 dBm RX front-end input
Modulation accuracy -30.7 dB 30.72 MHz reference clock; LTE20M,
(EVM) ' 64Q0AM
Input S11 -10 dB
Receiver 5500 MHz
Noise figure NF 6.5 dB Maximum RX Gain
Third-order input
intermodulation 11P3 -6 dBm Maximum RX Gain
point
Second-order input
intermodulation 11P2 50 dBm Maximum RX Gain
point
L(?_cgl) (Ezglliggr -59 dBm RX front-end input
Modulation accuracy -36.3 dB 30.72 MHz reference clock; LTE20M,
(EVM) ' 64Q0AM
Input S11 -10 dB

Table 9. Receiver Specifications
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Transmitter Specifications

Unless otherwise noted, electrical characteristics are measured at VDD _GPO = 3.3V,
VDD _INTERFACE = 2.5V, all other VDDXx pins = 1.3V, Ta = 25°C.

Minimum Typical Maximum

Parameter Test conditions

value value value

Transmitter center 30 6000 MHz
frequency
Support RF bandwidth 0.012 100 MHz
Analog ‘r’;’r‘:‘gg control 46 48 50 dB 48 dB @ 2.4 GHz
Analog power control 1 dB
step
Digital power control 50 dB
range
Digital power control 0125 dB
step
TX Monitor (TX_MON1)
Maximum input level 9 dBm
Dynamic range 41 dB
Accuracy 1 dB
Transmitter 800 MHz
Lose S22 -10 dB
Maximum power 4 dBm Single tone
transmission
Modulation accuracy a4 4B 30.72 MHz reference clock; LTE20M,
(EVM) QPSK
Third-order transmission
and load regulation point OIP3 17 dBm
Carrier leakage -63 dBc 0 dB Attenuation
Carrier leakage -34 dBc 40 dB Attenuation
Image suppression -75 dBc
Noise floor -158 dBm/Hz
Transmitter 2400 MHz
Lose S22 -10 dB
Maximum power .
transmission 5 dBm Single tone
Modulation accuracy 42 dB 30.72 MHz reference clock; LTE20M,
(EVM) QPSK
Third-order transmission oIP3 17 dBm
and load regulation point
Carrier leakage -57 dBc 0 dB Attenuation
Carrier leakage -31 dBc 40 dB Attenuation
Image suppression -67 dBc
Noise floor -158 dBm/Hz
Transmitter 5500 MHz
Lose S22 -10 dB
'V'ax'm”’T‘ power 7 dBm Single tone
transmission
Modulation accuracy .38 dB 30.72 MHz reference clock; LTE20M,
(EVM) QPSK
Third-order tran§m|53|9n oIP3 16.9 dBm
and load regulation point
Carrier leakage -60 dBc 0 dB Attenuation
Carrier leakage -30 dBc 40 dB Attenuation
Image suppression -62 dBc
Noise floor -153 dBm/Hz

Table 10. Transmitter Specifications
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Frequency Synthesis Index

Unless otherwise noted, electrical characteristics are measured at VDD_GPO = 3.3V,
VDD_INTERFACE = 2.5V, all other VDDx pins = 1.3 V, Ta = 25°C.

Minimum ‘ Typical | Maximum

Parameter Unit Test conditions

value value
Reference clock

value

Reference clock (crystal

or external oscillator) 1.68 122.88 MHz

Local Oscillator Frequency Synthesizer

local oscillator

i 24 Hz
resolution
0.073 °rms 800 MHz
Integrated phase noise 5
(10KHz~100MHz) 0.213 rms 2400 MHz
0.574 °rms 5500 MHz

Baseband Frequency Synthesizer
Input frequency range ‘ 1600 ‘ ‘ 3600 ‘ MHz ‘

Table 11. Frequency Synthesis Index

Power consumption index

Unless otherwise noted, electrical characteristics are measured at VDD_GPO = 3.3V,
VDD_INTERFACE = 2.5V, all other VDDx pins = 1.3V, Ta = 25°C.

Minimum Typical Maximum - o
Parameter yp Test conditions
value value value

1T1R_LTE20M Power
LLTE2om 793 mw B3 Band LTE20M FDD
1T1R_100M_FDD 1059 mw N41 Band NR100M FDD
Power Consumption
1T_NR100_TDD Power 555 mw N41 Band NR100M TDD
Consumption
1R_NR100_TDD Power
Consdmption 750 mw N41 Band NR100M TDD
Sleep mode power 0.14 mw Sleep Mode
consumption

Table 12. Power consumption indicators
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Typical performance parameters
800 M Band

RX NF VS RX Gain

30

25

20 —

RX NF (dB)
@

55 50 45 40 35 30 25 20
RX Gain (dB)

-40°C O 25°C 85°C

Figure 3. Relationship between RX NF and RX Gain (RX LO =800 M)

RX IIP3 VS RX Gain

RX 1IP3 (dB)

55 50 45 40 35 30 25 20

RX Gain (dB)
-40°C O 25°C 85°C

Figure 4. Relationship between RX 11P3 and RX Gain (RX LO =800 M)

KEYSIGHT Input RF InputZ: 50 Q #Atten: 0 dB PNO: BestWide  /Avg Type: Log-Power
Coupling: AC Corrections: Off  Preamp; Off Gate: Off AvglHold:>100/100
GO Rign: Auto FreqRef: Ext(S) W Path: Standard IF Gain: High Trig: Free Run
Source: Off Sig Track: Off

1 Spectrum Mkr1 800.00 MHz
Scale/Div 10 dB Ref Level -20.00 dBm -85.213 dBm

il

e e T e e e S e e e e I e e e T e s e et

Video BW §1 kHz Span 10.00 M
p

pt:

Figure 5. RX LO leakage (RX LO =800 M)
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Figure 6. RX EVM@-50dBm input, Max Gain (RX LO = 800 M)

KEYSIGHT /nput RF
Coupling: AC
GO Lign: Auto

Input Z: 50 Q
Corrections: Off
Freq Ref: Ext (S)

Alten: 10 dB PNO: Best Wide
Preamp: Off Gate: Off

WW Path: Standard IF Gain: Low
Source: Off Sig Track: Off

/Avg Type: Log-Power
Avg|Hold>100/100
Trig: Free Run

Mkr1 800.960 0 MHz
-11.483 dBm

1 Spectrum
Scale/Div 10 dB Ref Level -1.00 dBm

Log $1
|

{

N

Video BW 51 kHz Span 19.20 MHz,

Sweep 1.00 ms (1001 pts)
{ Function Vylih Function Value

-75.13 dBm
-87.14 dBm

) 7800.000 0 MHz
799.040 0 MHz

Figure 7. TX QEC&LOL (TX LO =800 M, 0 dB attenuation)

KEYSIGHT '&‘)’“trRF Ao
upling:
(S Align: Auto

Input Z: 50 Q
Corrections: Off
Freq Ref: Ext (S)

Atten: 6 dB PNO: Best Wide
Preamp: Off Gate: Off

HUW Path: Standard IF Gain: Low
Source: Off Sig Track: Off

‘Avg Type: Log-Power |1 2
AvglHold:>100/100
Trig: Free Run

Mkr1 800.960 0 MHz

Ref Level -10.00 dBm -50.294

T T AR S ——

Center 800.960 MHz
[#Res BW 51 kHz

e e e e
Video BW 51 kHz Span 19.20 MHz

Sweep 1.00 ms (1001 pts)|
§ Marker Table v

Mode Trace Scale
I 1,
f

Function Function Width Function Value
[ Nl
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Figure 8. TX QEC&LOL (TX LO =800 M, 40 dB attenuation)
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ACLR (dBc)

ACLR VS TX Channel Power
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Figure 9. Relationship between TX ACLR and TX Channel Power (TX LO =800 M)
Input Z 50 O Alten. 10 dB Tng: Free Run Center Freq 801 140974 MHz
Corrections. Off Proamp ON IF Gain. Low
Froq Ret Ext(S) upW Path Standard
Ref Lvi Offset 2,06 dB
Ref Value 0.00 dBm
enter 801.15 MHz Video BW 91 kHz Span 38.45 MHz
¥Res BW 91 kHz Sweep Time 5.60 ms|
2 Metrics v
Frequency TOIl 17.663 dBm
(MHz) A -48.56 dBc
Lower 3rd 785.5891
Lower Tone 795.2017
Upper Tone 804.8144
Upper 3rd 814.4271
Figure 10. TX OIP3 (TX LO = 800 M)
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Figure 11. Relationship between TX EVM and TX Channel Power (TX LO =800 M)
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Freq Band [250M-7 2GHz] LO Opt [<1500042)

Figure 12. Noise floor (TX LO =800 M)

2.4G frequency band
RX NX VS RX Gain
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Figure 13. Relationship between RX NF and RX Gain (RX LO = 2.4G)
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Figure 14. Relationship between RX 11P3 and RX Gain (RX LO = 2.4G)
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KEYSIGHT |Input RF Input Z: 50 O #Atten: 0 dB PNO: BestWide  /Avg Type: Log-Power
Coupling: AG Comections: Off Preamp: Off Gate: Off Avg|Hold=100/100
Align: Auto Freq Ref: Ext(S) |uW Path: Standard |F Gain: High Trig: Free Run
Source: Off Sig Track: Off

1 Spectrum
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Scale/Div 10 dB Ref Level -20.00 dBm
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L T
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Figure 15. RX LO leakage (RX LO = 2.4G)
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Figure 16. RX EVM@-50dBm input, Max Gain (RX LO = 2.4G)
KEYSIGHT !nput RF Input Z: 50 Q Atten: 10 dB PNO: Best Wide  Avg Type: Log-Power
Coupling: AC Corrections: Off  Preamp: Off Gate: Off

Avg|Hold:>100/100

Align: Auto/No RF  Freq Ref: Ext(S) pW Path: Standard IF Gain: Low Trig: Free Run

Source: Off Sig Track: Off

Mkr1 2.400 96 GHz

Ref Level -1.00 dBm -11.796 dBm

$1

nsenacamanctur \ope\mnc el |

2.400960 GHz

5 Marker Table v

Mode Trace Scale

Function Function Width Function Value

240096 GHz -
240000GHz  -69.70dBm
239904 GHz _ -78.86 dBm

Figure 17. TX QEC&LOL (TX LO = 2.4G, 0 dB attenuation)
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KEYSIGHT Input: RF InputZ: 50 Q AAtten: 10 dB PNO: BestWide  Avg Type: Log-Power
Coupling: AC Corrections; Off  Preamp: Off Gate: Off /Avg|Hold:>100/100
@ Align Auto/No RF  Freq Ref: Ext(S) W Path: Standard IF Gain: Low Trig: Free Run
Source: Off Sig Track: Off |
Mkr1 2.400 960 0 GHz

-51.165 dBm

1 Spectrum
Scale/Div 10 dB

Ref Level -1.00 dBm

Span 19.20 MHz
Sweep 1.00 ms (1001 pts)

5§ Marker Table v

Function Width Function Value

Mode Trace Scale
1 N 1 i 2.400 GHz -51.16 dBm
2.400 000 0 GHz -82.50 dBm

L5
2 N 1 f
3 2.3990400GHz _ -98.31dBm

N 1 f

Figure 18. TX QEC&LOL (TX LO = 2.4G, 40 dB attenuation)

ACLR VS TX channel power
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Figure 19. Relationship between TX ACLR and TX Channel Power (TX LO = 2.4G)

Input Z: 50 O Atton’ 10 dB
Cormections: Off Preamp: Off
Freq Ret Ext(S) pW Path: Standard

EYSIGHT '('jﬂ'" MR' i
Souphing: AC
(D Agn: Auto

IF Gain: Low

Ref Lvl Offset 3.18 dB

[Scale/Div 10 dB Ref Value 4.00 dBm

Video BW 91 kHz
IRes BW 91 kHz

v

Frequency Amplitude Amplitude TOI
(MHz) (dBm) (dBc) (dBm)

Lower 3rd 2385.5813 -51.929 -46.235 17.410
Lower Tone  2395.1938 -5.735
Upper Tone  2404.8063 -5611

Upper 3rd 2414.4188 -54.094 -48.441

Trig: Free Run

Centor Froq 2 400000000 GHz

Span 38.45 MHz
Sweep Time 5.60 ms

TOl 17.410 dBm
A -46.23 dBc

Figure 20. TX OIP3 (TX LO = 2.4G)
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EVM VS TX Channel Power

7

EVM (rms%)
&

05

-10 -15 -20 -25 -30 -35 -40 -45 -50
TX Channel Power (dBm)

-40°C O 25°C 85°C

Figure 21. Relationship between TX EVM and TX Channel Power (TX LO = 2.4G)

Figure 22. TX noise floor (TX LO = 2.4G)

5.5G frequency band
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Figure 23. Relationship between RX NF and RX Gain (RX LO =5.5G)
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RX IIP3 VS RX Gain
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Figure 24. Relationship between RX 11P3 and RX Gain (RX LO = 5.5G)

KEYSIGHT nput: RF Input Z: 50 Q #Alten: 0 dB PNO: Best Wide  Avg Type: Log-Power
Coupling: AC Corrections: Off Preamp: Off Gate: Off ‘Avg|Hold >100/100
@ Align: Auto Freq Ref Ext (S) pW Path: Standard IF Gain: High Trig: Free Run

Source: Off Sig Track: Off

1 Spectrum Mkr1 5.500 00 GHz
Scale/Div 10 dB Ref Level -20.00 dBm -63.624 dBm

i

1
e LAt Bt A s R et BSOS A DA AP -8 NI AL Al £ U TN TN o b e e g bl

20

Center 5.500000 GHz Video BW §1 kHz Span 10.00 MHz

Res BW 91 kHz Sweep ~17.3 ms (1001 pts)

Figure 25. RX LO leakage (RX LO =5.5G)
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Figure 26. RX EVM@-50dBm input, Max Gain (RX LO = 5.5G)
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Coupling: AC Corrections: Off
[D Align: Auto/No RF  Freq Ref: Ext (S)
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HW Path: Standard IF Gain: Low
Source: Off

PNO: Best Wide
Gate: Off

Avg Type: Log-Power
Avg|Hold:>100/100
Trig: Free Run

Sig Track: Off

Mkr1 5.500 960 0 GHz
Ref Level 0.00 dBm -10.268 dBm

$1
|

{

|

Video BW 51 kHz

S

L.A = = e peey g E— S

Span 19.20 MHz
Sweep 1.00 ms (1001 pts)

Y Function Function Width Function Value

-10.27 dBm

-70.40 dBm
-72.17 dBm

Figure 27. TX QEC&LOL (TX LO =5.5G, 0 dB attenuation)

KEYSIGHT Input RF Input Z: 50 Q
Coupling: AC Corrections: Off
@ Align: Auto/No RF  Freq Ref: Ext (S)

1 Spectrum
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Figure 28. TX LOL leakage (TX LO =5.5G)
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Figure 29. Relationship between TX ACLR and TX Channel Power (TX LO =5.5 G)
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KEYSIGHT Input RF Input Z 50 Q Alten 10 dB Tng: Free Run Center Freg 5 500000000 GHz
Coupling: AC Corrections: Off  Preamp: Off IF Gain' Low
(:) Aign: Auto Freq Ref Ext(S) yW Path: Standard

1 Gragh Ref Lvl Offset 4.19 dB
Scale/Div 10 dB Ref Value 4.00 dBm

B i o S CSARP—

Video BW 91 kHz Span 38.45 MHz|
Sweep Time 5.60 ms|

Frequency Amplitude TOl 16.990 dBm
(MHz) (dBm) A -40.69 dBc
Lower 3rd 5485.5813 -44.026
Lower Tone 5495.1938 -3.454
Upper Tone  5504.8063 -3.109
Upper 3rd 5514.4188 -44.256

Figure 30. TX OIP3 (TX LO =5.5G)
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Figure 30. Relationship between TX EVM and TX Gain Index (TX LO =5.5 G)
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Figure 31. TX noise floor (TXLO =5.5G)
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7. Working Principle
General characteristics

The TGS9364 is a highly integrated radio frequency (RF) transceiver that can be configured for a wide
range of applications, integrating all the necessary RF, mixed signal and digital blocks that provide all
transceiver functions in a single device. Programmability enables this wideband transceiver to be
suitable for a variety of communication standards, including frequency division duplex (FDD) and time
division duplex (TDD) systems. In addition, this programmability also allows connection to various
baseband processors (BBPs) through a single-channel 12-bit parallel data port, a dual-channel 12-bit
parallel data port, or a 12-bit low voltage differential signaling (LVDS) interface.

The TGS9364 also provides a self-calibration and automatic gain control (AGC) system to maintain
high performance levels over a wide range of temperature and input signal conditions.

Receiver

The receiver section contains all the necessary blocks to receive the RF signal and convert it into digital
data for use by the BBP. The receive path contains three differential inputs or six single-ended inputs
that can be multiplexed into the signal chain, allowing the TGS9364 to be used in diversity systems with
multiple antenna inputs. The receiver is a direct conversion system that contains mixers and band-
shaping filters that down-convert the received signal to baseband for digitization.

Gain control is achieved based on a pre-programmed gain index map that distributes the gain between
the blocks to optimize performance at each level. This can be achieved by enabling the internal AGC in
fast or slow mode, or by manual gain control, allowing the BBP to adjust the gain as needed. In addition,
each channel has independent RSSI measurement capabilities, DC offset tracking capabilities, and all
the necessary circuitry to perform self-calibration.

The receiver includes a 12-bit SAR ADC with an adjustable sampling rate to produce a data stream from
the received signal. The digitized signal can be further conditioned through a series of decimation filters
and a fully programmable 128-tap FIR filter with additional decimation settings. The sampling rate of
each digital filter block can be adjusted by changing the decimation factor to produce the desired output
data rate.

Transmitter

The transmitter section provides all the necessary digital processing, mixed signal and RF blocks to
implement a direct conversion system using a general-purpose frequency synthesizer. The digital data
received from the BBP passes through a fully programmable 128-tap FIR filter without interpolation
options. The FIR input is sent to a series of interpolation filters that provide additional filtering and data
rate interpolation before the output reaches the DAC. Each 12-bit DAC has an adjustable sampling rate.
Both the I and Q channels feed the RF block for up-conversion.

Each transmit channel has built-in self-calibration circuitry to support automatic real-time adjustments.
The transmitter module also provides a TX monitor module for each channel. This module monitors the
transmitter input and sends it back to the BBP through an unused receiver channel for signal monitoring.
The TX monitor module is only available in TDD mode when the receiver is idle.

Clock Input Options
The reference clock input level range used by TGS9364 when running is 0.5Vpp — 2.5Vpp, and the
recommended value is 1.3Vpp, XTALN single-ended input. When single-ended input, please connect a

0.1 uF capacitor in series to the XTALN input terminal; XTALP is recommended to connect a capacitor
in series to the ground. The recommended circuit is as follows:
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Figure 32.

The reference clock can be provided by two different clock sources. The first option is to use a dedicated
crystal with a frequency between 7.68 MHz and 122.88 MHz, typically connected between the XTALP
and XTALN pins. The second option is to connect an external oscillator or clock distribution device,
typically connected to the XTALN pin (with the XTALP pin left disconnected). If an external oscillator
is used, the frequency can vary between 7.68 MHz and 122.88 MHz.

This reference clock is used to power the frequency synthesizer blocks that generate all data clocks,
sampling clocks, and local oscillators within the device. Crystal frequency errors can be eliminated by
adjusting the on-chip variable capacitor using the digitally programmable, digitally controlled crystal
oscillator (DCXO) feature. This capacitor can tune out crystal frequency variations in the system,
resulting in a more accurate reference clock from which all other frequencies are generated. This feature
can also be used in conjunction with the on-chip temperature sensing feature to provide temperature
compensation of the oscillator frequency during normal operation.

Frequency Synthesizer
RF PLL

The TGS9364 contains two identical frequency synthesizers to generate the required LO signals for the
RF signal path: one for the receiver and one for the transmitter, and the transmit one can be switched for
receive use. The phase-locked loop (PLL) frequency synthesizer is a fractional-N design that
incorporates a fully integrated voltage-controlled oscillator (VCO) and loop filter. In TDD mode of
operation, the frequency synthesizer is turned on and off as needed for the RX and TX frames. In FDD
mode, the TX PLL and RX PLL can be activated simultaneously. These PLLs require no external
components.

BB PLL

The TGS9364 also contains a baseband PLL frequency synthesizer that is used to generate all baseband
related clock signals. These include the ADC and DAC sampling clocks, the DATA_CLK signal, and all
data framing signals. The PLL can be programmed to operate in the range of 1600 MHz to 3600 MHz,
depending on the data rate and sampling rate requirements of the system.

Digital Data Interface

The TGS9364 data interface uses parallel data ports (PO and P1) to transfer data between the device and
the BBP. The data port can be configured as a single-ended CMOS format or a differential LVDS
format. Both formats can be configured in a variety of ways to meet system requirements for data
sorting and data port connections. Specifically, single-port data bus, dual-port data bus, single data rate,
dual data rate, and various data sorting combinations are included to pass data from different channels
through the bus at the appropriate time.

The bus transfer is controlled by simple hardware handshake signaling. The two ports can operate in
bidirectional (TDD) mode or full-duplex (FDD) mode, in which half the number of bits is used to
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transmit data and half is used to receive data.

The interface can also be configured to use only one of the data ports for applications that do not require
high data rates and prefer to use fewer interface pins.

DATA_CLK signal

The RX data provides the DATA_CLK signal, which the BBP can use when receiving data.
DATA_CLK can be set to a rate that provides single data rate (SDR) timing, where data is sampled on
each rising clock edge, or double data rate (DDR) timing, where data is captured on both rising and
falling edges. This timing is applicable to operating modes using either a single port or two ports.

FB_CLK signal

For transmit data, the interface uses the FB_CLK signal as the timing reference. For burst control
signals, FB_CLK allows the source to be synchronized with the rising edge capture timing, and for
transmit signal bursts, it allows synchronization with the rising edge (SDR mode) or dual edge capture
(DDR mode). The FB_CLK signal must have the same frequency and duty cycle as DATA_CLK.

RX_FRAME signal

The device generates an RX_FRAME input signal whenever the receiver outputs valid data. This signal
has two modes: level mode (RX_FRAME remains high while the data is valid) and pulse mode
(RX_FRAME pulses with a 50% duty cycle). Similarly, the BBP must provide a TX_FRAME signal
with a rising edge to indicate the start of valid data transmission. Similar to RX_FRAME, the
TX_FRAME signal may remain high throughout the burst, or it may pulse with a 50% duty cycle.

e T

RX_FRAME
P*_D*_LVDS_OUT

for FPGA setup
MAX In FPGA XDC:
set_input_delay -max

1.27725+ jitter

1.27725
Datapath delay for rising/falling edge capture is almost same,
but rising/falling edge jitter need concerned for FPGA setup
(add some margin for double edge capture).
For FPGA hold, no jitter influence, but better add some margin.
unit(ns)

I
|<—>|

I
RX_FRAME \\ for FPGA hold

IMIN :
In FPGA XDC:
P*_D"_LVDS OUT | | set_input_delay -min

' ! 018659

| 018659

Figure 33. TGS9364 to FPGA timing
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Figure 34. FPGA to TGS9364 timing
e Minimum Typical Maximum Unit
value value value
Logic input voltage range 825 1575 mV
Logic Input Differential Voltage Threshold -100 100 mv
Receive differential input impedance 100 Q
Receive differential voltage range 100 350 600 mV
Logic input voltage 1375 mV
Logic input low voltage 1025 mV
Logic input differential voltage 150 mV
Logic input mode voltage 1200 mV

Table 13. LVDS parameter indicators

Parameter

Symbol

Minimum
value

Typical
value

Maximum
value

DATA_CLK clock period Tcp 4.069 ns
DATA_CLbKaﬁgsv :Z?HCLK pulse Tmp 45% 5506 ns
TX data set up to FB_CLK Tstx 1.25 ns

TX data is held until FB_CLK Thtx 0 ns
DATA_CLK to data bus output delay Tddrx 0.18 1.28 ns
DATA_CLK to RX_FRAME Delay Tddrv 0.18 1.28 ns

Table 14. LVVDS timing specifications
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Enabling State Machine

The TGS9364 transceiver includes an Enable State Machine (ENSM) that allows real-time control of the
current state of the device. During normal operation, the device can be placed in a number of different
states, including

« Standby — power saving, frequency synthesizer disabled

* Sleep — standby, all clock BB PLLs disabled

* TX — TX signal chain enabled

* RX — RX signal chain enabled

* FDD — TX and RX signal chains enabled

» Alarm — frequency synthesizer enabled

There are two possible control methods for the ENSM: SPI control and pin control.
SPI1 Control Mode

In SPI control mode, asynchronous control of the ENSM is achieved by writing to the SPI registers to go
from the current state to the next state. SPI control is considered asynchronous to DATA_CLK because
SPI_CLK may be derived from a different reference clock and still function properly. The SPI control
ENSM method is recommended when real-time control of the frequency synthesizer is not required. SPI
control can be used for real-time control as long as the BBIC can accurately perform SPI write
operations.

Pin control mode

In pin control mode, the enable functions of the ENABLE pin and the TXNRX pin allow real-time
control of the current state. ENSM supports TDD or FDD modes of operation, depending on the
configuration of the corresponding SPI registers. If the BBIC has additional control inputs that can be
controlled in real time, allowing a simple two-wire interface to control the device state, the ENABLE
and TXNRX pin control method is recommended.

To change the current state of ENSM to the next state, the enable function of the ENABLE pin can be
activated by a pulse (edge is detected internally) or level. When using a pulse, its minimum pulse width
must be at least two FB_CLK cycles. In level mode, the ENABLE and TXNRX pins are also detected
by the TGS9364 for their edges and must meet the same minimum pulse width requirement, which is
one FB_CLK cycle. In FDD mode, the ENABLE and TXNRX pins must be remapped as real-time RX
and TX data transmission control signals. In this mode, the ENABLE pin enables or disables the receive
signal path, and the TXNRX pin enables or disables the transmit signal path. In this mode, the ENSM is
removed from the system so that all data flow is controlled by these pins.

SPI Interface

The TGS9364 communicates with the BBP via a Serial Peripheral Interface (SPI). This interface can be
configured as a 4-wire interface with dedicated receive and transmit ports. This bus allows the BBP to
set all device control parameters through a simple address data serial bus protocol. Write commands
follow a 24-bit format. The first 4 bits are used to set the bus direction and the number of bytes to be
transferred. The next 12 bits are the write address of the data. The last 8 bits are the data to be
transferred to the specified register address (MSB to LSB).

The TGS9364 also supports LSB first format, allowing commands to be written in LSB to MSB format.
In this mode, the register address will increment for multi-byte write commands. Read commands follow
a similar format, except that the first 16 bits are transmitted on the SPI1_DI pin and the last 8 bits are read
from the TGS9364, if in 4-wire mode, on the SPI_DO pin.
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Figure 35. SPI Timing
‘ Minimum value Typical Maximum value Unit
value
High level VDD_INTERFACE*0.9 VDD_INTERFACE \Y/
Low level 0 VDD_INTERFACE*0.1 \Y/
SP1_CLK period 40 ns
SPI_CLK pulse width 25 ns
SPI_CLK Rising transition: 0 4 ns
SPI_CLK Rising transition: 0 4 ns
SPI_ENB is set to the first SPI_CLK
_ - _ 10 ns
rising edge
Last SPI_CLK falling edge to SPI_ENB
hold 10 ns

Table 15. SPI Timing
General Control Pins
Control input (CTRL_OUT [7:0])

The TGS9364 provides eight synchronous real-time input signals that serve as interrupts to the BBP.
These inputs can be configured to output some of the internal settings and measurements that the BBP
can use when monitoring the performance of the transceiver under different circumstances. The control
input pointer register selects what information is output to these pins, while the control input enable
register determines which signals the BBP will activate for monitoring. Signals for manual gain mode,
calibration flags, state machine status, and ADC inputs are some of the inputs that can be monitored on
these pins.
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Control input (CTRL_IN [3:0])

The TGS9364 provides 4 edge detection control input pins. In manual gain mode, the BBP can use these
pins to change the gain table index in real time. In transmit mode, the BBP can use two of these pins to
change the transmit gain in real time.

GPO pins (GPO_3to GPO_0)

The TGS9364 provides four 3.3 V-capable general-purpose logic input pins: GPO_3, GPO_2, GPO 1,
and GPO_0. These pins can be used to control other peripheral devices such as regulators, switches, etc.
through the TGS9364 SPI bus, or they can act as slaves to the internal TGS9364 state machine.

Auxiliary Converter AUXADC

The TGS9364 contains two auxiliary ADCs that can be used to monitor system functions such as
temperature and power input. The converter is 12 bits wide and has an input range of 0 VV to 1 V. When
enabled, the ADC is in a free-running state. The SPI read operation provides the last value latched at the
ADC input. With a multiplexer located before the ADC, the user can select between the AUXADC input
pin and the built-in temperature sensor. The AUXADC cannot be used during initialization or
calibration, or when doing RX peak detection, but can be used at other times;

Power Supply of TGS9364

The TGS9364 must be powered by three power supplies: analog power (VDDD1P3_DIG/VDDAX = 1.3
V), interface power (VDD_INTERFACE = 1.8 V or 2.5 V), and GPO power (VDD_GPO = 3.3 V). For
applications that require optimized noise performance, it is recommended to separate and provide the 1.3
V power supply with a low-noise, low-dropout (LDO) regulator.

For applications where board space is a premium and optimal noise performance is not an absolute
requirement, the 1.3 VV module rail can be provided directly by a switch and a more integrated power
management unit (PMU) can be employed.

8. Ordering Information

Product model Package form Packaging Minimum Order Quantity

TGS9364 TFBGA-144 10*10 Tray 240
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