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5 Pin Configuration and Functions
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B 5-1. RTJ Package 20-Pin WQFN With Exposed Thermal Pad (Top View)

& 5-1. Pin Functions

PIN TYPE(") DESCRIPTION
NO. NAME
1 OuUT3 | General-purpose digital output
2 DGND G Digital ground
3 NCS | SPI negative chip select
4 SCLK I SPI CLK
5 SDI | SPI data input
6 SDO O SPI data output
7 101 | General-purpose digital input
8 102 | General-purpose digital input
9 VOUT O Demodulated echo analog output
10 VDD P Voltage regulator input
11 INN | Negative transducer receive
12 INP | Positive transducer receive
13 SGND G Sensor ground (quiet)
14 GND G Ground
15 OUTA O Transducer driver output A
16 OouTB O Transducer driver output B
17 VDRV P Center tap for transformer
18 FLT 1/0 Filter components
19 ouUT4 (0] General-purpose digital output
20 VPWR P Input supply voltage
(1) 1 =input, O = output, I/O = input and output, G = ground, P = power
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT

VvpwRr Supply voltage range -0.3 40 \Y
Vvbpp Voltage regulator input voltage -0.3 5.5 \Y
Vvbrv Transformer center-tap voltage -0.3 Vypwr + 0.3 \%
VeLr Filter component pin -0.3 Vypp + 0.3 \Y
Vinx INP, INN pins input voltage 0.5 1.3 \
Vbic_IN SCLK, SDI, NCS, 10x pin input voltage -0.3 Vvpp + 0.3 \
VvouT Analog output voltage -0.3 Vypp + 0.3 \%
Vpig_out SDO, OUTYX, IOx pin output voltage -0.3 Vypp + 0.3 \%
VouTa B OUTA, OUTB pins output voltage -0.3 50 \Y
Ta Ambient temperature —40 105

T, Junction temperature -40 125 °C
Tstg Storage temperature -40 125

(1)

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

6.2 ESD Ratings

Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/ +2000
o JEDEC JS-001, all pins(!) -

V(Esp) Electrostatic discharge - \%
Charged device model (CDM), per JEDEC +500
specification JESD22-C101, all pins(@ -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Supply voltage on VPWR pin, internal regulation on VDRV enabled 5 36 Vv
(VDRV_HI_Z=0)
VvePwr Supply voltage on VPWR pin, internal regulation on VDRV disabled
(VDRV_HI_Z=1), VPWR connected to the center tap of the 5 24 \%
transformer(")

VVDIG_IO Dlgltal 1/10 pins -0.1 VVDD \Y

Vvbpp Regulated voltage Input 3.1 5.5 \Y

lvPWR_INDIR Current consumption at VPWR pin during ranging 150 240 340 pA

lvPwR_sTDBY Current consumption at VPWR in standby mode 50 110 200 MA
lvbp_INDIR Current consumption at VDD pin during ranging 7 11.5 13 mA
lvpp_sToBY Current consumption at VDD in standby mode 1.2 1.5 2.5 mA
lvpp_sLEep Current consumption in sleep mode 350 pA
Ta Operating free-air temperature —40 105 °C
T, Operating junction temperature -40 125 °C

M

Always Vypwr > Vypry + 0.3 V to prevent reverse current from VDRV pin to VPWR pin
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6.4 Thermal Information

TUSS4440
THERMAL METRIC(") RTJ (WQFN) UNIT
20 PINS
Resa Junction-to-ambient thermal resistance 36.3 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 294 °C/W
Reus Junction-to-board thermal resistance 14.7 °C/W
Wr Junction-to-top characterization parameter 0.4 °C/W
Y5 Junction-to-board characterization parameter 14.7 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 4.7 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Power-Up Characteristics

over operating free-air temperature range, Vypwr, Vvpry and Vypp recommended voltage range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Time to power up
t when SPI 10 ms
PWR_ON | communication is
possible
VDRV_VOLTAGE_LEVEL = 0x0; Vypwr > Vypry + 100 mV 45 5 53
VDRV_VOLTAGE_LEVEL = 0x4; Vypwr > Vypry + 100 mV 8.1 9 9.9
VDRV_VOLTAGE_LEVEL = 0x7; Vypwr > Vypry + 100 mV 115 12 12.6
y Regulated voltage | VDRV_VOLTAGE_LEVEL = 0x8; Vypwg > Vypry + 100 mV 12.09 13 1391
VORVlon VDRV pin(") VDRV_VOLTAGE_LEVEL = 0xC; Vypwr > Vypry + 100 mV 15.81 17 18.9
VDRV_VOLTAGE_LEVEL = 0xD; VvpwRr > Vvpry + 100 mV 16.74 18 19.26
VDRV_VOLTAGE_LEVEL = OXE; Vypwr > Vypry + 100 mV 17.67 19 2033
VDRV_VOLTAGE_LEVEL = OxF; Vypwr > Vypry + 100 mV 19.0 20 214
| VDRV capacitor | VDRV_CURRENT_LEVEL = 0x0; Vypwg > Vypry + 1V 8.5 10 nsl
VDRV Icharging current  [VDRV_CURRENT_LEVEL = 0x1; Vypwr > Vypry + 1V 17 20 23

(1) Other VDRYV voltage levels possible.

6.6 Transducer Drive

over operating free-air temperature range, Vypwr, Vvpry and Vypp recommended voltage range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
lcLamp Current clamping range 50 500 mA
Minimum value on OUTA/OUTB during
ILmiT_Low bursting for linear operation of current limit 2 \%
(headroom)
lcLamP_ADy Current clamping adjustment steps 64
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6.7 Receiver Characteristics

over operating free-air temperature range, Vypwr, Vvpry and Vypp recommended voltage range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

GLna LNA_GAIN = 0x00; fory cik = 58 KHz 13.7 15 16.8

Gina Low-noise LNA_GAIN = 0x01; fory cik = 58 KHz 9.4 10 12

amplifier fixed VIV

GLNA gam LNA_GA'N = 0X10, fDRV_CLK =58 KHz 17.6 20 21.8

GLNA LNA_GA'N = 0X11, fDRV_CLK= 58 KHz 11.6 12.5 14.2

Minimum
DR L 24 Vrms
VINMIN. I receive input® || 0GAMP_DIS_FIRST=0x0;LOGAMP_DIS_LAST=0x0 H
Maximum LNA_GA|N=OXOO; ERRLOG < + 3dB; fDR\/ CLK < 500KHz
DRvINmAX | receive input(2) B 48 mVrms
Slope of analog | VOUT_SCALE_SEL = 0x0; fpry_cLk = 58 KHz 25 29.7 33

Slare front end® = mV/dB
VOUT_SCALE_SEL = 0x1; fpry_cLk = 58 KHz 38 45.1 46
LOGAMP_DIS_FIRST = 0x0; LOGAMP_DIS_LAST = 0x0 82 92

Receiver path ERR og < + 3 dB; fDRV_CLK <500 KHz
?n);?r:mfnﬁzge LOGAMP_DIS_FIRST = 0x0; LOGAMP_DIS_LAST = 0x1 74 86
maximum input) ERR og < + 3 dB; fDRV_CLK <500 KHz
2 LOGAMP_DIS_FIRST = 0x1; LOGAMP_DIS_LAST=0x1 59 70
DRAFE ERRLOG <+ 3dB; fDRV_CLK <500 KHz dB
Receiver path
dynamic
Range (noise |LOGAMP_DIS_FIRST = 0x0; LOGAMP_DIS_LAST = 0x0 74 84
floor to ERR o <% 3dB; fDRV_CLK <500 KHz
maximum input)

BW,oc tgﬁgvn;i‘;th Information only 40 1000| KHz
LOGAMP_DIS_FIRST=0x0; LOGAMP_DIS_LAST=0x0; 108 97
fDRVﬁCLK =40 KHz

Intercept point |LOGAMP_DIS_FIRST = 0x0; LOGAMP_DIS_LAST=0x1;

INTLoc in dBV forv oLk = 40 KHz -94 -86) dBv
LOGAMP_DIS_FIRST = 0x1; LOGAMP_DIS_LAST=0x1; -80 70
forv_cLk = 40 KHz

Log
ERR| o conformance Information only -3 3 dB
error
Configurable
; range of center |BPF_BYPASS = 0x0; BPF_FC_TRIM = 0x0; 40 500 KHz
BPF frequency of  |set by different values of BPF_HPF_FREQ
BPF
Qgpr ﬁtgi bandpass | por BypASS = 0x0; BPF_Q_SEL = 0x0(! 3 4 5.2
Internal resistor
Ripe on FLT pin to 6.25 KQ
ground
Vypp=3.3V; fDRVﬁCLK =40 KHz; VOUT_SCALE_SEL = 0x0 03 0.45
v Output pedestal |LOGAMP_DIS_FIRST = 0x0; LOGAMP_DIS_LAST = 0x0 : ' v
O-PDSTL  level® Vyop = 5.0 V; fory oLk = 40 KHz; VOUT_SCALE_SEL = 0x1 045 0675
LOGAMP_DIS_FIRST = 0x0;LOGAMP_DIS_LAST = 0x0 : :
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over operating free-air temperature range, Vypwr, Vvpry and Vypp recommended voltage range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vypp=3.3 V; forv_cLk = 40 KHz; Cgr =15
nF; VOUT_SCALE_SEL = 0x0 50 200

Output peak-to- | LOGAMP_DIS_FIRST = 0x0; LOGAMP_DIS_LAST=0x0

peak noise Vypp=5.0 V; forv_cLk = 40 KHz; Cg1 = 15
nF; VOUT_SCALE_SEL = 0x1 75 300
LOGAMP_DIS_FIRST = 0x0; LOGAMP_DIS_LAST = 0x0

VN_pk_pk mVpp

(1)  Other choices of Q possible.

(2) Measured with effectively very large Cgiy. Actual minimum signal detectable will depend on Vy_pk pk- Minimum and maximum input
levels are defined by ERR| og.

(3) Measured with different Cg 1 values according to =X 3. Noise floor is set by Viy_pk_pk in addition to Vo ppsri.-

(4)  Slope measured with factory trim at fpry_cLk = 58 KHz. Slope can be adjusted with LOGAMP_SLOPE_ADJ bits for different fpryv_cLk
settings.

6.8 Echo Interrupt Comparator Characteristics

over operating free-air temperature range (unless otherwise noted)

PARAMETER \ TEST CONDITIONS MIN TYP  MAX| UNIT
VOUT_SCALE_SEL = 0x0
ECHO_INT_THR_SEL = 0x0 0.37 0.4 0.43
Veor o | ECHO interrupt comparator ECHO_INT_THR_SEL = 0x5 0.56 06 064
-THRD" | threshold() ECHO_INT_THR_SEL = OxA 0.75 0.8 0.85
ECHO_INT_THR_SEL = OxF 0.94 1 1.06
Vecmp_Hys_o |Echo interrupt comparator hysteresis 7 68 mV
VOUT_SCALE_SEL = 0x1
ECHO_INT_THR_SEL = 0x0 0.56 06 0.64
Ve oy - 1| ECO interrupt comparator ECHO_INT_THR_SEL = 0x5 0.84 0.9 09|
~CMP_THR T threshold(") ECHO_INT_THR_SEL = OxA 1.13 1.2 1.27
ECHO_INT_THR_SEL = OxF 1.41 15 1.59
Veewp Hys 1 E;:th; r|‘;1:i=,srrupt output threshold level 7 68 mv

(1)  Other thresholds possible.

6.9 Digital /0 Characteristics

over operating free-air temperature range, Vypwr, Vvpry and Vypp recommended voltage range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VIH_picio Digital input high-level 0.7 Vvbbp
VIL picio Digital input low-level NCS, SDI, SCLK and IOx pins 0.3 Vypp
Vhys_ picio | Digital input hysteresis 100 mV
Vou_picio | Digital output high-level(") SDO, OUTx pins; Ipigio_out = — 1 MA Vypp — 0.1 Vv
VoL picio | Digital output low-level(” SDO, OUTx pins; Ipigio_out = 1 MA 0.1 \Y
Vo _cap Maximum output load capacitance SDO pin. Information Only 10 pF
Rpu_picio | Digital input pullup resistance to VDD |NCS, 101, 102 pins 80 100 130 kQ
Rep_0IGIO CD_}iﬁiéal Input pulldown resistance to SCLK, SDI pins 80 100 130 KO

(1)  No short-circuit protection on output pins. Damage may occur for currents higher than specified.
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6.10 Switching Characteristics

over operating free-air temperature range, Vypwgr, Vvpry and Vypp recommended voltage range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
foRv LK Eirr?quency of drive clock on |01 and 102 Used as burst frequency 40 400 KHz
SPIrate | SPI bit rate 500 KHz

6.11 Typical Characteristics

S M H 4-57m T Tl
[ — 40 KHz 4 H| — 40 KHz g |
2.5 il — 256 KHz L7 | — 256 KHz L=
|| — 500 KHz st 3.5 Hf — 500 KHz A
—— 750 KHz e’ H| —— 750 KHz A
| / | Y
2 1MHz i é/ 3 1MHz —
= 5 P2 e 25 P
> >
2 / 3 2 1.4
l// g
1 > 15 P
y )
05 P 1 LA
1 0.5 h ]
0 0
5E-7 1E-5 1E-4 1E-3 1E-2 1E-1 5E-7 1E-5 1E-4 1E-3 1E-2 1E-1
Vi \Y Vi \%
VDD:3.3V inaus (V) VDD:5.0V inaus (V)
Temp:25°C Temp:25°C
LNA_GAIN=0x0; VOUT_SCALE_SEL=0x0 LNA_GAIN=0x0; VOUT_SCALE_SEL=0x1
LOGAMP_DIS_FIRST=0x0; LOGAMP_DIS_LAST=0x0 LOGAMP_DIS_FIRST=0x0; LOGAMP_DIS_LAST=0x0
6-1. Receive Signal Path Transfer Function for VDD = 3.3 V 6-2. Receive Signal Path Transfer Function for VDD =5V
3 L LI 3 L LI H
17| —— -40°C ==, [T117] LNA_GAIN L1l
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6-3. Receive Signal Path Transfer Function Across 6-4. Receive Signal Path Transfer Function Across LNA Gain
Temperature
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6.11 Typical Characteristics (continued)
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6-5. Receive Signal Path Transfer Function for Various
Logamp Stages Disabled
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6-6. Receive Signal Path Log Conformance Error With All
Stages Enabled
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6-7. Receive Signal Path Log Conformance Error With Last
Stage Disabled
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6-8. Receive Signal Path Log Conformance Error With First
and Last Stage Disabled
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6-9. Receive Signal Path Bandpass Filter Transfer Function
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6-10. Receive Signal Path Bandpass Filter frequency for
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6.11 Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The TUSS4440 is a highly integrated driver and receiver IC designed especially for ultrasonic transducers
operating between the range of 40 KHz to 1 MHz. The TUSS4440 integrates low-side complimentary FETs that
can excite a ultrasonic transducer through a transformer. The transformer allows the user to step up the driving
voltage to get higher sound pressure level. The The driver stage has flexible and configurable controls set
through the SPI interface or through digital input pins that can be driven by an external MCU. The receive stage
consists of a logarithmic amplifier receive chain. The logamp enables the TUSS4440 to have a wide dynamic
input range. This enables applications where objects with different physical properties must be detected with the
same sensor. A key advantage of the TUSS4440 is that it integrates a bandpass filter that can be tuned to the
center frequency of the transducer. A demodulated analog output representing the receive echo, the zero
crossing of the input signal, and a simple threshold crossing indicator enable a variety of end applications from
complex object detection to simple presence detection.

7.2 Functional Block Diagram

Vv

DD  VPWR

VDRV

X

Control Logic

NCS J E
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$00 INTERFACE L Crentintiedel Lo L

SDI
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7.3 Feature Description
7.3.1 Excitation Power Supply (VDRV)

OUTA
ouTB

GND

—Dd INP

L5 INN

The TUSS4440 device includes a current source which charges a capacitor connected to the VDRV pin. The
VDRV pin serves as the power supply for the center tap of the transformer . The voltage on the VDRV pin
(Vvpry) is controlled by an internal voltage monitor which can be configured by the VDRV_VOLTAGE_LEVEL
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bits. The current source is switched off after VDRV pin voltage crosses the configured Vypry value. The
charging current (lypry) can be configured using VDRV_CURRENT_LEVEL bits.

The use of VDRV pin has two advantages:

» |t allows device to be used in applications where VPWR values can violate absolute maximum parameter for
the OUTA / OUTB pins.

* In applications where VPWR can vary over a wide range, this allows the transducer drive voltage to be fixed
for every burst for a deterministic sound pressure level created by the transducer. This is possible only when
the minimum supply voltage on the VPWR pin is greater than the configured value of Vypry

The VDRV regulation is disabled at device power up indicated by VDRV_HI_Z bit being set. To enable VDRV
this bit must be cleared. This feature enables applications where the center tap of transformer is connected to a
separate power supply source.

Note

*  When VDRV pin is supplied from an external power supply, it must be ensured that all times
including during power up, Vypwr > Vypry *+ 0.3 V to prevent any reverse current from VDRV pin
to VPWR pin. Alternatively a reverse current prevention diode can be used on VPWR pin as shown
in [] 8-1 (D1).

* Very fast ramp-up rate on VPWR pin should be avoided to prevent damage to the device. If fast
ramp rates are possible, a series resistor between power supply and VPWR pin as shown in [%] 8-1
(Rpwr) is recommended.

After a burst is completed and during the long receive time (listen mode), the capacitor on VDRV pin will
discharge causing the charging current to turn on intermittently. This can inject switching noise which can be
picked by the analog front end as a spurious echo. To eliminate this noise, the DIS_ VDRV_REG_LSTN bit can
be set. This disables charging of VDRV automatically after the burst is done. The VDRV charging current can be
turned on again by setting the VDRV_TRIGGER bit. Setting this bit may create a spurious echo which can be
ignored by the echo processing in the MCU. The VDRV_READY bit in DEV_STAT register can be monitored to
know when the required voltage level has been reached and the device is ready to generate a new burst. The
VDRV_TRIGGER bit must be un-set through SPI just before the start of burst and will have to be set again for
next charging cycle. If the VDRV_TRIGGER bit is not un-set before next burst cycle, the VDRV charging current
will not be automatically disabled after the burst even when DIS_VDRV_REG_LSTN is set. This functionality is
ignored when the VDRV_HI_Z bit is set.

7.3.2 Burst Generation

TUSS4440 has multiple modes to excite the transducer through OUTA and OUTB pins. For each of the modes,
the desired frequency of burst is supplied through an external clock on the I0x pins. This enables the user to
supply a highly precise clock calibrated to the center frequency of transducer to enable the highest sound
pressure level generation. These modes can be selected by the IO_MODE bits in the DEV_CTRL_3 register.

The burst mode is enabled first, then the start of burst (OUTA/OUTB changing states) happens at the next falling
edge of 101 or 102, depending on the mode selected. These modes are described below.

+ 10_MODE = 0: In this mode, the external clock for the transducer is applied at the 102 pin and the burst
mode is enabled by setting the CMD_TRIGGER in the TOF_CONFIG register through SPI, as shown in
7-1. The device then expects a clock at |02 pin to generate pulses on the OUTA/OUTB pins. The start of
burst happens from the first falling edge of I02. The number of pulses are counted by counting falling edge to
next falling edge transitions on 102 once the start of burst is triggered. The end of burst sequence is signaled
when the number of pulses defined in BURST_PULSE are sent, or when the CMD_TRIGGER = 0 is set
through SPI, whichever occurs earlier. TI recommends that 102 is held high before burst enable to count the
number of pulses correctly. After the start of burst, the state of OUTA and OUTB pins are determined by 101
and 102 pins. A transition of CMD_TRIGGER from high to low to high again is required to initiate a new burst
sequence.
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B4 7-1. 10_MODE 0 Description

10_MODE = 1: In this mode, the external clock for the transducer is applied at the 102 pin and the burst
mode is enabled when 101 pin transitions low (see [¥] 7-2). The device then expects a clock at 102 pin to
generate pulses on the OUTA/OUTB pins. The start of burst happens from the first falling edge of 102. The
number of pulses are counted by counting falling edge to next falling edge transitions on 102 once the start of
burst is triggered. End of burst sequence is signaled when the number of pulses defined in BURST_PULSE
are sent or 101 transitions high, whichever occurs earlier. T| recommends that 102 is h