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TDC7200,Time-to-Digital Converter for-Time-of-Flight Applications:in LIDAR,
Magnetostrictive and\Flow Meters

1. \Eeatures

»  Resolution: 55 ps
. \Standard Deviation: 35 ps
* Measurement Range:
=\ Mode 1: 142 ns to 500/ns
— Mode|2: 250 ns\to)8'ms
e Low Power Consumption:"0:5uA (2.SRS)
* Supportsup'to 5 STOR Signals
« Autonomous Multi-Cycle Averaging Made\for Low
Power Consumption
e Supply Voltage:\2 V. to 3.6 V.
». | Operating Temperature.=40°C to 85°C

' SPI Host Interface. for Configuratien and, Register
Access

2 Applications

|\ Flow Meter: Water Meter; Gas Meter,-Heat Meter

¢ Magnetostrictive Position/Level*Sensing

s~ \Time-of-Flight in Drones (LIDAR, SGNAR),
metering equipment and projectors

» (Heat'Cost Allocators

3 Description

The TDC7200 is a Time-to-Digital Converter (TDC)
for ultrasonic' sensing\measurements such.as, water
flow meter, gas, flow meter, and heat flow meter:
When pairedywith the .T/DC1000 (ultrasonic analog-
front-end), the TDC7200 can be a part of a_ complete
Tl ~ultrasonic sensing solution that includes the
MSP430, power; wireless; and source code.

At
A

STF'.P,TJ

TherTime to Digital Converter' (TDC). performs the
function of a stopwatch‘and measures the elapsed
time (time-of-flight-or\TOF) between a START pulse
and up‘to five STOP pulses. ;The abijlity\to' measure
from START.to multiples STOPs.'gives users the
flexibility, to ‘select, which STOR pulse yields, the best
echo performance:

The device! has aniinternal self-calibrated time. base
which compensates for~\drift over\time and
temperature,|\Self-calibration’ enahles » time-to-digital
conversion accuracy\in‘the ordef, of‘\picoseconds. This
accuracy makes.\the TDC7200" ideal,far [flow meter
applications, where zero“and low flow'\measurements
require high accuracy.

When placed in the\\|Autonomous " Multi-Cycle
Averaging Mode, the \FDC7200,¢an-be optimized for
low-.System power consumption, making. it ideal _for
battery powered flow meters. In this mode, the ‘host
can go_ to sleep to save power,\and it can{wake up
when\interrupted by the TDE, upon completion of the
measurement sequence.

Device Information®
PACKAGE BODY SIZE (NOM)
TSSOP (14) 5.00mm™x 4.40 mm

PART NUMBER
TDC7200

(1) For all.available packages, see the orderable addendum at
the(end\of the data.sheet.

An IMPORTANT NOTICE at the end(of\this data sheet addresses-avalilability, warranty, changesj.use in safety=critical applications,
intellectual property ' matters and other.important disclaimers. PRODUCTION DATA.
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7 Specifications

7.1Y "Absolite*Maximum' Ratings
T, = 25°C , VDD =3.8V;-GND =0V (unless otherwise noted).®®E

MIN MAX UNIT

Vpp Supply voltage -0.3 3.9 \%
\ Terminalinput voltage -0.3 Vpp+0.3 \%
VbIFE IN |Valtage differéntial| between-any: two input terminals 39 \%
Vin_enply - [Voltage differential] between-any input terminal and GND or VDD 3.9 \%
DD

I Input current at.any pin -5 5 mA
Ta Ambient temperature -40 125 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond-those listed under-Absolute"Maximum Ratings\may cause permanent damage to the device. These are-stress ratings
only, which do not imply.functional operation ef the device at these or,any other conditions‘beyond those indicated under.Recommended
Operating Conditions\Exposure to absolute-maximum-rated conditions for extended periods may:affect device reliability.

(2) The algebraic convention, wherebyithe most negative value js a minimum and the most positive value is a maximum

(3)\ All voltages are with respect'to 'ground, unless otherwise_specified.

7.2 \ESD Ratings

VALVE UNIT

Human-body. model (HBM)per-ANSI/ESDA/JEDEC JS-001) +1000
Vesp) = Electrostatic discharge Charged-device model (CBM), per JEDEC specification JESD22- 1288 \

Cc101® \
(1).. 9EDEC 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.
7.3~ Recommended Operating Conditions
Ta’= 25°C VDD = 3.3V, GND = 0V (unless otherwise noted).

MIN NOM MAX UNIT

Vpp Supply voltage 2 3.6 V.
\ Terminal voltage 0 VDD \
AV Voltage input high 0.7 x VDD 3.6 \%
VL Voltage\input low 0 0.3 x VDD \%
Foaus \clk Frequency (Reference/Calibration Clock) 1D 8 16 MHz
DUTYcLock Input clock duty cycle 50%
TIMING'REQUIREMENTS: Measurement Mode 1 @
TlsrArRTSTOR-MIn . Minimum Time between Start and Stop Signal 12 ns
T1stopsToR Min Minimum Time between'2 Stop Signals 67 ns
TLstARTSTOP Max ™\, “Maximum time|bet. Start and Stop Signall 500 ns
TlsToPSTOP Max Maximum-time bet. Start and last Stop Signal 500 ns
TIMING\REQUIREMENTS: Measurement 2
T2s7ARTSTOR Min >~ Minimum Time between Start and Stop Signal 2xtcrock S
T25T0PSTOP Min Mihimum Time_béetween 2 Stop-Signals 2XtcLocK S
T24TARTSTOP, Mix.| -Maximum.time-bet. Start and Stop Signal 2%8-2)xtcitock s
T2s70RSTOR Max ~ Maximum. time bet: Start and last-Stop'Signal (228-2)%t&  ock S
TIMING REQUIREMENTS: ENABLE.INPUT
TreN Rise Time.for Enable(Signal (20%-80%) 1.t0"100 ns
Tren Fall Time for Enable Signal (20%-80%) 1‘to 100 ns
(1) Specified\by'design.
Copyright © 2015-2016;, Tiexas Instruments Incorporated Submit Documentation Feedback 5
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7.5 Electrical Characteristics
TA=25°C, VDD. = 3:3'V, GNDi= 0V (unless otherwise noted).
PARAMETER ‘ TEST CONDIFIONS MIN TYP MAX | UNIT
TDC(€HARACTERISTICS
LSB Resolution Single'shot measurement 55 ps
Tacc2s | “Accuracy (Mode 2) CLOCK =8\MHz 28 ps
o Measured'time = 100 ps 50 ps
Tstp-2 Standard Deviation (Mode 2) -
Measured time.= 1 ps 35 ps
OUTRUT CHARAGTERISTICS: TRIGG, INTB, DOUT
VoH Output voltage high ISource = -2 mA 231 2,95 V
VoL Output voltage low Isink = 2 mA 0:35 0199 \%
INPUT CHARACTERISTICS: ENABLE, START, . STOP, CL-QCK, DIN, CSB,SCLK
Cin Input capacitance @ 3 pF
POWER CONSUMPTION (see Measurement Mode-1 and Measurement Mode 2)
Ish Shutdown current EN'= LOW 0.3 25 \pA
loa Quiescent Current A EN = HIGH; TDC running 1335 mA
los Quiescent Current'B EN\=JHIGH; TDC OFF, Clock-Counter running 71 HA
loc Quiescent Current C (I:E(I)\lmzmﬂh(i;clg;ﬂg\negz:;rement stopped, SP 87 HA
lop Quiescent Current D cEglm;ﬂ:]ci;cg’tignDc OFF, coynter stopped, no 50 HA
(1), -Accuracy,is defined as the systematic errorlin the output.sighal; the erronof the device excluding noise.
(2) Specified-by design.
7.6 Timing-Requirements
MIN  NOM MAXY . UNIT
TIMING REQUIREMENTS: START, STOP INPUTS, CLOCK:
PWsTaRT Pulse width for Start Signal 10 ns
PWstop Pulse width for Stop Signal 10 ns
SERIAL INFERFACE TIMING CHARACTERISTICS (VRD =313V, fscrk = 20°MHz) (See Eigure 1)
fscLk SCLK Frequency 20 |V MHz
ty SCLK period 50 ns
to SCLK High Time 16 ns
ta SCLK LowsTime 16 ns
ty DIN setup time 4 ns
ts DIN-hold time 4 ns
ts CSB fall to.SCLK rise 6 ns
t7 Last SCLK rising edge to CSB rising edge 6 ns
tg Minimumpause time (CSB-high) 40 ns
tg Clk falkte’ DOUT bus transition 12 ns
7.7 Switching Characteristics
T, =25°C, VDD £3.3'V, GND= 0-V (unless'otherwise noted).
PARAMETER | TEST CONDITIONS MIN TYRI N\ "'MAX L UNIT
WAKE UP TIME
TWAKEUP PERIOD Time to, ewehdy for LSB-within'0.3% of settled value 300 s
N Measurement
Copyright © 2015-2016;, Tiexas Instruments Incorporated Submit Documentation Feedback 7
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7.8 Typical Characteristics

Tp=25°C, VDD.= 3:3'V, GNDi= 0V, CLOCK = 8 MHz, CALIBRATION2, PERIODS = 10/ AVG_CYCLES = 1 Measurement,
NUM_STOP(=\Single STOP,)Measurement Mode 2 (unless otherwise noted).

50.000045 50.00003 >
50.000040 50.00002 p
@ % 50.00001
£50.000035 2 /
a \ 9 50 /
3 50000830 N B 49.99999 /
© ®
= 50.000025 \\ = 49.99998 /
2 =
,"g 50.000020 5_; 49.99997 &
@ o 49.99996
£ 50.000015 E
= = 49.99995
50.000010 e 49.99994
50.000005 49.99993
2 33 3.6 -40 25 85
VppA(V) Temperature (T)
Figure 2. Time-of-Flight (TOF) vs. VDD (Measurement Mode Figure 3. TOF vs. Temperature (Measurement-Maode 2)
2)
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\— 250 P
2 4\ 2.250.15 N\
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: ) : A
£ £ 2499
H_24198 F
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Figure4. TOF vs.\VDD (Measurement Mode(1) Figure 5. TOFws. Temperature (Measurement Model)
70 59
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— 60 —~ 57 7
1] [%]
e 2 /
@ 55 .56 L
) ) /
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50 55
S 5 //
3 45 2\ 54 -
%] (7]
Q o] /
.20 & 53 =
35 52 ,/
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2 22N 24 26 \ 28 3 32" 34 186 60 -40 ¢ \-20 0 20 40 60 80 100
Vop (V) Terperature (T) C
Figure 6. Resolution.(LSB).Vs. VDD Figure!7. Resolution (LSB) vs. Temperature
Copyright © 2015-2016;, Tiexas Instruments Incorporated Submit Documentation Feedback 9
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Typical-Characteristics (continued)

TA'=25°C,VDB= 3.3V, GNB\= 0V, CLOCK = 8 MHz, CALIBRATION2! PERIODS-= 10, AVG_«CYCLES = 1iMeasurement,
NUM_STOPR'=)Single STOR, Measurement Mode 2 (unless otherwise noted).

1353 100
L g I
1352 = o
— 90| A4"0
< QD
3.1851 /}, = /./
< =
o' 1350 / = 80 ./
: (]
€ 1349 £
£ / 3 70 <
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£ 1347 5 60
g / g
o) (o]
S 1346 va\v P
o 4 50 ‘
1345
1344 40
2 3.3 3.6 2 3.3 36
Vpp (V) Voo (V) W
Figure 8. ©perating Current(1QA) vs. VDD Figure 9. OperatingiCurrents (IQB,IQC, IQD) vs.(VDbB
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Figure 10. Shutdown Current (ISH) vs. VDD Figure.11. Operating ‘Current (IQA) vs. Temperature
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Figure 12:Operating Currents (IQB, IQCNQD) vs. Figure 13. Shutdown Current (lSH) vs. Temperature
Aemperature
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Feature-Description'\(continued)
8:3.2\ ‘CLOCK

TDC7200 needs an ‘external reference clock connected.to' the CLOCK pin. The,external CLOCK is used to
calibrate the internal time base!accurately and therefore, the measurement-accuracy is heavily dependent on the
external CLOCK accuracy; This reference clock is also used. by all digital circuits inside-the device; thus, CLOCK
has to.be.available@nd stable at.all times when the device is enabled (ENABLE ="HIGH).

Figure 15 shows the typical-‘effect_of the external CLOCK frequency on \the-measurement uncertainty. With a
reference clock of 1MHz, the standard deviation of a set of measurement results-is_approximately 243ps. 'As the
reference clock ffequency is|increased, the 'standard deviation (or\measurement.uncertainty) reduces. Therefore,
using a reference clockof 16MHz isrrecommendéd for optimal performance:

400

100

Standard Deviation (ps)

&———T"T"1

M E—

0 2 4 6 8 10 12 14 16 18
ClockPeriod (MHz)

40

Figure 15. Standard Deviation vs. CLOCK

8:3.3) ' Counters

8.3.3.1 YCoarse-and Clock Counters Description

Time measurements by the TDC7200"rely ontwo ‘counters:, the Coarse\Counter iand the Clock Counter~The
Coarse™ Counter counts the number of, times the ring oscillator \(the TDE7200's core time measurement
mechanism) wraps, which is used to genéerate the results in the-TIMEL to TIMEG6 registers.

The Clock Countercounts the number of integer' clock cycles between START and STOP events and iswused in
Measurement Mode 2 only.\ The results for the Clock Counter\are displayed in the CLOCK COUNT1 to
CLOCK_COUNTS registers.

8.3.3.2° Coarsé and Clock™Counters Overflow

Once the coarse counter value_has\reached the corresponding value ofithe Coarse\ Counter. Overflow registers,
then. \its>interrupt \bit will be ‘set to 1. In other~words, if (TIMEn / _63). 2 COARSE_CNTR_OVF, then
COARSE_CNTR'_OVFE_INJI'= 1 (this interrupt bit is located.in the INT_STATUS register).' COARSE_CNTR_OVF
= (COARSE CNTR_OVF H x 2% + COARSE_CNTR_OVF L), and\FIMEn réfers’ to the TIMEl to TIME6
registers.

Similarly; ‘ence the clock-counter|value has reached the“corresponding -value of thé Clock {Counter Overflow
registers, then its(interrupt bit(will be set-te\1. In other words, if ELOCK_CQUNTNn > CLOCK: CNTR-*QVF, then
CLOCK_CNTR .OVF_INT =2 (this_ interrupt bit is located in the'INT_STATUS register)..CLOCKyCNTR_OVF =
(CLOCK.ENTR_OVFH x 28 + CLOCK_CNTR.OVF_L), and CLOCK-..COUNTnrefers to the GLOCK_COUNT1
to CLOCK_COUNTS5registers.

As soon as there is an‘overflow detected, the running measurement will*be' terminated immediately.

Copyright © 2015-2016;, Tlexas Instruments Incorporated Submit Documentation Feedback 13
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Feature-Description'\(continued)
8:3.3:3 " Clock-Counter STOP Mask

The value in"the Clocks Counter STOP Mask registers.define the end\of the mask window. The' Clock Counter
STOP-Mask valte will be referred to as.CLOCK_CNTR STOR.MASK = (QLOCK_CNTR-STOP_MASK_H x 28
+ CLOCK_CNTR_STOP_MASK L).

TheClack Counter.is started by the first rising edge of the .external CLOCK after the)START.signal (see
Figure 18). All\STOP signals-occurring before the value set by.the CLOCK| CNTR_STOR/MASK registers will be
ignored:. This'feature can be used to help suppress wrong or unwanted\STOP trigger signals.

For example, assume the-following values:

+ The firsttime-of-flight (TOF1)(which is defined as the time measurement from'the START to-the 15 STOP =
19 ps:

« The secohd time-of-flight (TOF2), which is defined as the time measurement from the START to the 2"
STOP =119 ps.

*+ CLOCK =8MHz

In this example, the|TDC7200 (will provide(a CLOCK *COUNTL1 of approximately 152 (19\us / tcLedk)) ‘and
CLOCK_COUNTZ2 “of approximately 952119 us\/ .tciock). If the usersets CLOCK.CNTR_STOP_ MASK
anywhere between 152 and 952, then.the 15t STOP Will be-ighored and 2" STOP will-be' measured:

The,. Clock Counter Overflow value (CLOCK: CNTROVF_H x 28 + CLOCK_CNTR_OVF.L) should always be
higher than the Clock ™ Counter'\ STOP (Mask valte" (CLOCK_CNTR_STOP MASKAH “x 28+
CLOCKICNTR_STOP_MASK_L).\ Otherwise;-the Clock «Counter Overflow Interrupt\will be set-before the.STOP
mask time expires, and the measurement'will be halted.

8.3.3.4C ENABLE

The!ENABLE \pin is used as"a reset to all digital circuits jin‘the "TDC7200. Therefore, it is essential that. the
ENABLE pin“sees a positive edge\after the déevice has powered up. It\isvalso important to ensure that there.are
no transients (glitches, etc.) on the ENABLE pin; such\glitches could\cause the device to RESET.

8.4 Device Functional Modes

8.4:1 Calibration

The time measurements performed by the TDC7200Q are based on'an-internal time base which is represented as
the) LSB value ~of the TIME1 to TIMEG6 results \registers.~The typical-LSB valuetcan be seen in" Electrical
Characteristics. However, the actual value.\of the LSB -can vary ,depending\ on environmental variables
(temperature, systematic noise, etc.). This variation _can-introduce, significant'error into the measurement result.
There is alsa an-offset efror'in the measurement.due to certain 'internal delays in the device.

In orderto compensate for these!errors and to calculate.the actual LSB value,(calibration-needs to be performed,
The, “TDC7200 ‘-calibration  consists of two measurementgycles of_the sexternal CLOCK. The first is.\a
measurement of a single clock cycle period of the external\ clock; the~second measurement is for the number of
exterhal>CLOCK; periods set by.the CALIBRATION2 PERDIOS in the CONFIG2 register. The results from the
calibration measurementsiare stored in the CALIBRATION1 and\CALIBRATION2 registers.

The tw0-point calibration is used, to determine the actual'LSB in realtime in order.to’ convertithe TIMEL to TIMEG6
results from number of delays to a<real'time-of-flight (TOF)~number. As discussed- in)the next“sections, the
calibrations\will be used for calculating time-of-flight (TOF) inimeasurement'modes (1 and 2.

14 Submit Documentation Feedback Copyright ©2015-2016, Texas Instruments Incorporated
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Device Functional-Modes (continued)
84.2.1.1 Calculating Time-of-Flight (Measurement Mode 1)

For measurement mdde-1, the time-of-flight (TOF) between'the START to the n"YSTOP can be calculated using
Equation 1:

TOR,\= [TIME,)jnbrmLSB)

noml s = (ELQCKperiod)
(calCaumt)

CALIBRATIONZ—CALIBRATION1
(CALIBRATIONZ PERIDDS) -1

calCount =

« \TOF, [sec]i= time-of-flight measurement\from the START to the.n\STOP
«  TIMEj= n" TIME measurement-given by the TIME1 to TIMEG registers
e mMormLSB [sec] =-normalized 'LSB valuefrom calibration
e CLOCKpertiod [sec],= external CLOCK"period
* CALIBRATIONI {count] = TBC count for {irst calibration cycle
* CALIBRATIONZ2 [count],= TBC count for second .calibration cycle
» CALIBRATION2RERIODS = setting for the second calibration cycle; located in register. CONFIG2 (1)
For example, assume. the time-ofiflight between the START to the 1 STOP is-desired, and the following
readouts, were obtained:
. CALIBRATION2 = 21121\(decimal)
* CALIBRATION1 = 2110 (decimal)
* .CALIBRATION2_PERIODS= 10
e/ CLOCK =\8MHz
e TIMEZX = 4175, (decimal)

Thereforethe calculation for time-ef-flight is:

+ calCount = (21121 — 2110) / (10 — 1) =2112.33
«| normLSB = (1/8MHz) / (2112.33) ='5.917 x 104!
« TOF1.=/(4175)(5.917 x 10'1Y) = 247.061ns

8.4.2.2 Measurement'Mode 2

In measurement-mode 2, the\internal ring oscillator, af\the’ TDC7200 is used-only to count fractional parts of the
total measured'time. As'shown in Figure 18, the. internal ring\oscillator starts’ counting from when it receives the
STARTsignal untilthe. first rising edge of the ‘CLOCKi“Then, thecinternal ringtoscillator switches off, and the
Clock'counter starts’ counting the clock cycles of the ‘external CLOCK input until a STOP pulse is received. The
internal ring oscillator again ‘starts counting from the STOP signaluntil the next rising.edge of the CLOCK.
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Device Functional-Modes (continued)
8.4.2.21 Calculating Time-of-Flight (TQF) (Measurement ‘Mode 2)

The time-of-flight (TOF) between the'START to the n" STOP can be, calculated using-Equatiof, 2:
TOF, =normLSB(TIMEL= TIME,4 )% (CLOCK _ COUNT, }{CLOCKperiod)

(GLOCKperiod)
normLSB = ——— L+~
(calCount)
CALIBRATIONZ —ICALIBRATION1
calCount =
(CALIBRATIONZ_PERIODS) -1
where

- . \TOFR, [sec] =time-of-flight-measurement from the START to the n'y STOP

« " TIMEl=time 1 measurement given by-the TDC7200 register address 0x10

*  TIMEg. = (n+1)\time measurement, wheré,n'= 1 to 5 (TIME2 to TIMEG registers)

e normLSB [sec] = normalized‘LSB value.from calibration

e CLOCK_COUNT{ = nth clock count, where,n =\1 to 5 (CLOCK_COUNT%.10°"CLOCK 1CQUNT5)

e CLOCKperiad [sec] = external'CLOCK/period

e CALIBRATION1 [count].= TDC count.for first calibration cycle

e CALIBRATIONZ2count] = TDC.count for.second calibration cycle

« CALIBRATION2_PERIODS = setting for-the second calibration; located in register CONFIG2 (2)

For ‘example, assume the.time-of-flight\between the-START to ‘the 1%' STOP is desired, and the following
readouts were obtained:

+ CALIBRATIONZ2 = 23133.(decimal)
*\\CALIBRATION1 = 2315 (decimal)
+ CALIBRATION2_PERIODS =10

+ (CLOCK =8MHz

" TIMELl\= 2147 (decimal)

o TIMEZ2 = 201<(decimal)

s, CLOCKLCOUNT1 =318 (decimal)

Therefore, the_calculation for time-of-flight is:
CALIBRATION2 — CALIBRATIONL = (23138+-2315)

calCount = =2313.11
(CALIBRATION2 _PERIODS)-1 (10-1
normLSE = (CLOCKperiod) _ (1/8MHz) ~BU0x10-1
(calCount) 2313.11

TOF1=(TIMEL)(normLSB) + (CLOCK _ COUNT1)(CLOCKpetiod) — (TIME2)(normLSB)
TOF1= (2147)(5.40 * 10*11) ¥(318)(1/ 8MHz) — (201)(5.40 *10°%Y)
TOF1=39.855us (3)
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Device Functional-Modes (continued)
8:4.3! ‘Timeout

For one\STOP, the, TDC performs the measurement by.counting from the’START(signal to the 'STOP signal. If no
STOP-signal is-received, either the Clock Counter or Coarse Counter will overflow and-will.generate.an interrupt
(see Coarse 'and Clock(Counters, Overflow). If no START signal is received, the timer waits indefinitely for a
STARTsignal to arrive.

For multiple STOPs, the TDE performs, the measurement by counting from, the START. signal to\the last STOP
signal. Allearlier STOP) signals. are\captured \and stored into the correspondingcMeasurement, Results registers
(TIME1' to TIMESG, €LOCK COUNTL1 to CLOCK_COUNTS5, CALIBRATIONL, CALIBRATION2). The ‘minimum
time required) between (two ‘consecutive ‘'STOP. signals is defined in the, Recommehded Operating* Conditions
table. The.\device can be programmed to measure up to 5 STOP signals by setting-the NUM _STOP hits\in the
CONFIG2 register:

8.4.4 Multi-Cycle Averaging

In the Multi-Cycle Averaging-Mode,-the FTDC7200\will perform a series of‘measurements-on its own.and will anly
send an interrupt to\the MCU ((for example,)MSP430;. \€2000, etc) for wake \up“after the\series has‘\been
completed. While waiting, the\MCU can_remain in sleep 'mode during the wholée-cycle (as shown in Figure 19).

Multi-Cycle Averaging Mode Setup.and Conditions:

» _The number of “averaging, cycles.should be selected (1 to 128). This“is done“by ' programming the
AVG_CYCLES bit inithe! CONFIG2 register,

¢ The results of all measurements are.reported in-the' Measurément Results registers(FIMEl to~\TIMESG,
CLOCK_COUNT1 to CLOECK_COUNT5, CALIBRATION1, CALIBRATION2 registers), The CLOCK_COUNTnN
registers should be right shifted\by the log2(AVG_CYCLES) before calculating the time-of<flight” (TOF).~For
example, if using the multitcycle averaging mode;” Equation -2 should be rewritten as»\TOFn = nermLSB
[FIMEL - TIME(n+1)] + [CLOCK_CQUNTN >> Jag 2.(AVG_ECYCLES)] x [CLOCKperiod]

-~ Following“each average cycle; the TDC generates either,a-trigger event on the TRIGG pin.after'the calibration
measurement\to commence a‘'new measurementcor-an interrupt\on the INTB pin, indicating that the averaging
sequencethas completed.

This_mode "allows. multiple measurementsiwithout MCU \interaction; thus optimizing power consumption“for the
overall 'system.

Trdgger from
TDCT200 toAFE
TRIGGER [ [
START I 1
ETop fnmnn finn

CLOGK

INTE |

Canfiguration | == ” > g ~ Retrigving Data
MUY AFE 8700 ~N\ al Sl N N - & Processing

Figure 19. Multi-CycleAveraging. Mode Example with 2 Averaging Cycles and 5-STOP Signals

8.4.5 START and STOP Edge Polarity

In order to achieve-the highest measurement accuracy, having the:same edge polarity-for the START and STQOP
input signalsis highly, reeommended. ‘Otherwise," slightly different prepagation delays due, to_symmetry “shift
between the rising and falling-edge-configuration will impact the measurement.accuracy.

For highestimeasurement ‘accuracy. in—measurement mode 2, it's strohgly recommended to(cheose forthe
START and"STOPR. signal the ‘“rising-edge’~This is done\by setting the START \EDGE andSTOP_EDGE bits in
the CONFIGL1 register to O,
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Device Functional-Modes (continued)
84.6\ ‘Measurement Sequence

The TDC7200 is a ‘stopwatch IC that measures time\between_a START and multiple STOP events. The
measurement sequence of the-TDC7200.is as follows:

1. After powering upthe device,the\EN pin needs to below. There s one low to hightransition\required while
VDD is supplied for correctiinitialization of the device.

2.\'MCU software requests-a new measurement to be initiated\via the SRI™ interface.

3. Afterthe start new-measurement bit START_MEAS has been‘set in the CONFIG1 register, the.IDC7200
generates-a-rigger signal.on the TRIGG pin, which is typically ‘used byithe correspanding ultrasonic analog-
front-end~(such as (the’ TDC1000) ‘as starttrigger for a measurement (for example, transmit) 'signal_for.\the
ultrasonic burst)

4. Immediatelyafter sending the trigger, the TDC7200 enables the START pin and awaits’ to receive the START
pulse edge

5. After receivingla START; the'TDC resets the TRIGG pin

6. The Clock counteriis started-after the next'rising edge\of the externalclock signal (Measurement Mode| 2).
The Clock Counter STOP Mask registers (CLOCK\ENTR_STORJMASK_H and
CLOCK_CNTR_STOPRP>MASK_L)determine thellength of the STOP maskwindow

7. After reaching the. Clock Counter-STOP, Mask'value, the STOP pin waits to receive a single or multiple STOP
trigger signal from the analog-front-end(for example; detected echo signal of the ultrasaonic burstcsignal)

8. After the last STOPR\ trigger has been received, the TDC will signal to the MCU via interrupt (INTB pin){that
there are new measurement results waliting in the-registers. START, STOP and TRIGG pin are disabled (in
Multi-Cycle Averaging \Mode, the \TDC' will start the next cycle automatically by, generating a ‘new TRIGG
signal).\Note: INTB must be utilized to determine TDC:measurement completion; polling the INT_STATUS
register to determine measurement,completion is ,NOT recommended as it will interfere with “the TDC
measurement.

9. After the results are retrieved;\the MCU\can-then start anew measurement with the same register settings.
This'is done by just setting the START. measurement bit viasSPI. It is net required to drive the ENABLE pin
fow between measurements.

10. The \ENABLE pin can be taken low,.ifithe time duration between measurements is long, and it isdesired to
put'the TDC7200 in its lowest power state. However, uponitaking ENABLE high again, the device'will come
up withits*default register settings and will need to be-.configured via SP1.

84,7 *Wait Fimes for TDC7200 Startup

The required wait time' following the rising~edge of the\ENABLE. pin-of the TIDC7200 is defined by three key
times, as shown in Figure-20:All three times relate to, the startup.of the TDC7200's internal LDO, which is power
gated when the device,is disabled for optimal power consumption. The(first parameter,\T1lsp, rpy, iS the time after
whichcthe SPI intefface is aceéssible. The second (T2.p0' seT1) patameter and third (T3,pé seT2) parameter are
related to the performance of a measurement made while the internal LDO s settling), The LDO supplies the
TDC7200's time measurement device, and a change in valtage on its supply during!a measurement translates
directly to-an inaccuracy. It is therefore recommended-to wait until'the LDO ,is settled before time measurement
beégins.

The firsttime period relating to the measurement accuraey\is T2, porger1; the LDO'séttling time 1. This,is the time
after.which the LDO has-settled to within 0.3% of its final value, A 0.3%error translates to a worst case time
error (due.to, the LDQO settling) 0f,0.3% X tc ock, Which is\375ps in ithe ‘ease of ;an_8MHz_reference clock, or
187.5ps|if'a 16MHz clock is_used.' Finally; the time T3, po set is.the time after\which theLDO 'has settled to its
finalhvalue. For best performance, it is,recommended that a timémeasurementis not started before T3, po se12 tO
allow the L.DO to fully-séttle. Typicaltimes for Tlsp rpy is 100 ps, forT2ipo set18. 300 us, and for T3 pg ser2 IS
1.5 mS:
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Programming (continued)
csB
1 2 | 4 5 [} T a B 10 1 12 18 14 15 18
CORMAND FIELD DATA FIELD
MSB LS8
| i i
| | I
lr:r:mn!t RIW Address (B bits) Write Data (B-Litd) i
i
MSB LEB i
T
DoUT N
|
T Thainaction Read Data (8-bits} |
i Read
1: Wit
Figure 22. SPI Protocol
8.5.1.1. 'CSB

CSB is, an, active-low signal and\needs to, below throughout a transaction. That is, CSB\should not"‘pulse
between the command byte and the data|byte of a single transaetion.

De-asserting. CSB always terminates an ongoing transaction,-even if itjis not yet complete. Re-asserting CSB will
always bring the-device into a state ready, for the, next transaction; regardless of the termination.status of a
previeus transaction.

8.5.1.2_/SCLK

SPI clock-can’idle high er‘low. It is recommended to keep 'SELK as clean' as possible to prevent glitches\from
corrupting-the SPI frame.

8.5.1.3 _DIN
Data\In/(DIN),is(driven by the SPI master by sending\the'’command.-and the data’byte to-configure the TDC7200.

8.5.1.44 DOUT

Data Out (DOUT) is_driven 'by the | TDC7200 when the . SRI“master difitiates a read' transaction. When the
TDC7200 is-not being.read out,,the.DOUT pin is in highsimpedance mode’and is undriven.
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Programming (continued)
8:5.1\5 "~ Register-Read/Write

Access to the internal registers,can be done through the serial interface formed by pins CSB (Chip Select - active
low),| SCLK (serial interface-elock), DIN (data input), and DOUT (data out).

Serial shift\of bits into the devicelis.enabled when CSB is.\low. Serial\data DIN.is latched (MSB: received first,
LSBreceived last)yat every-rising edge-of ' SCLK when CSB is-active (low).(The serial. data'is loaded\into the
register withithe 1ast data bit'SCLK rising edge when CSB is\low. In the.case that the\word length exceeds the
register-size, the excess bits are ignored. The interface can work with{SCLK frequency from 20MHz down te\very
low speeds (a few Hertz) and even with @ non-50% duty-cycle SELK.

The SPI transaction is\divided in two.main portions:
» Address and Cantrol: Auto, lncrement Mode selection bit, Read/Write bit, Address 6 bits
» Data: 8 bit or 24 bit

When writing to a. register with 'unused bits, these should'be set to 0.

Address and Centrol (A7 - AO)
A7 A6 A5 | A4 ‘ A3 | A2 AL AO
Auto RW Register Address
Increment
0:OFF Read =0
1: ON Write =4 00'h up to 3Fh

8:5.1:6 Auto Increment'‘Mode

When-the“Auto Increment Modé ‘is OFF, only.the registerindicatedby'the Register Address will be accessed, all
cycles‘beyond the register length willbe ighored-~When the_ Auto ‘Increment is ON, the register of the ‘Register
Address is accessed first, then without interruption; subsequent registefs-are accessed.

The Auto Increment Mode can be either \used to ac¢ess the configuration (CONFIG1 and CONFIG2) and status
(INT_STATUS) registers, or for the\Measurement’ Results registers, (TIMEL1 to TIME6, CLOCK!COUNT1\te
CLOCK, COUNTS5,CALIBRATION1, CALIBRATIONZ2)..As both register block use registers with" different\length,
it's not-possihle to access all registers_of\the device within one single access'cycle.
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8.6 Register Maps

816:1" RegisterInitialization

After.pewer up (VDD-suppliedj\ENABLE, Pin low to high transition)\the internal registers are, initialized with the
default’ value, Disabling the part by pulling ENABLE pin to GND will set the device_into, total shutdewn. As the
internal LDO ‘s turned off settings in the register will bexlost. The dévice initializes’/the registers with default
values with the pext enable (ENABLE pin-t0.VDD).

Table 1. Register Summatry

REGISTER ADDRESS REGISTER NAME REGISTER DESCRIPTION SIZE (BITS) SEESE
00h CONFIG1 Configuration Register 1 8 00h
01h CONFKIG2 Configuration Register 2 8 40h
02h INT STATUS Interrupt Status Register 8 00h
03h INT_MASK Interrupt Mask Register 8 07h
04h COARSE_CNTR\OVF_H Coarse Counter Overflow Value High 8 EFh
05h COARSE_CNTR_OVF L Coarse Counter Overflow Value Low 8 FFh
06h CLOCK _CNTR_OVF) H CLOCK Counter Overflow Value High 8 FFh
07h CLOCK_CNTR_OVF_L CLOCK Counter Overflow Value Low, 8 EFh
08h CLQCKLCNTR_STOP:MASK_H,~ | CLOCK Counter STOP Mask High 8 00h
09h CLOCK_CNTR:STOP_MASK! L CLOCK Counter STOP Mask Low 8 00h
10h TIMEL Measured Time<l 24 00_0000h
11h CLOCK_COUNT1 CLOCK-Counter Value 24 00_0000h
12h TIME2 Measured Time 2 24 00-.0000h
13h CLOCK_COUNT2 CLOCK Counter Value 24 00_0000h
14h TIME3 Measured/'Time 3 24 00_0000h
15h CLOCK_COUNT3 CLOCK Counter Value 24 00_0000h
16h TIME4 Measured Time 4 24 00 10000h
17h CLOCK_COUNT4 CLOCK CounterValue 24 00_0000h
18h TIMES Measured-TFime 5 24 00_0600h
19h CLOCK_COUNT5 CLOGCK-Counter Valug 24 00..0000h
1Ah TIMEG Measured Time 6 24 00_0000h
1Bh CALIBRATION1 Calibration-1, 1 CLOCK Period 24 00:0000h
1Ch CALIBRATION2 Calibration 2, 2/20/20/40 CLOCK 24 00_0000h

Periods
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8.6.2 CONFIG1: Configuration Register 1 R/W (address'=00h) [reSet = 0h]

Rigure 22. Configuration Register-1

4 6 5 4 3 2 1 0
FORCE_CAL RPARITY_EN ‘ TRIGG_EDGE | STOP_EDGE ( STARTNEDGE | MEAS_MODE START_MEAS
R/W-0Oh R/W-0h R/\W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h
LEGEND: R/W = Read/Write; R =.Réad only; -n =-value after reset
Table 2. Configuration Register'l Field Descriptions
Bit Field Type Reset Description
7 FORCE_CAL RIW 0 0: Calibration is not performed after interrupted.measurement (for example, due
to counter overflow or missing STOP signal)
L:~Calibration is always performed at the end (for example,( after'a counter
overflow)
6 PARITY_EN RIwW 0 0: Parity, bit for Measurement Result Registers* disabled (Parity Bit always 0)
1; Parity bit for Measurement Result Registers.enabled (Even Parity)
*The Measurement Results registers are the TIMEL to TIMES,
CLOCK COUNT1 to CLOCK_COUNTS5, CALIBRATIONI, CALIBRATION2
registers.
5 TRIGG_EDGE RIW 0 0: TRIGG is output as a Rising edge signal
1: TRIGG is outputas a Falling edge signal
4 STOP_EDGE RAM 0 0: Measurement is stopped on Rising edge of STOP, signal
1: Measurement is stopped on Falling edge of STOP!signal
3 START_EDGE RIW 0 0: Measurement is started on Rising edge of START sighal
1: Measurement is Started on Falling edge of START ‘signal
[2:1] MEAS_MODE R/W: 00h 00: Measurement Mode 1 (for.expected time-of-flight < 500.ns).
01: Measurement Mode,2 (recommended)
10, 11. Reserved for)future funetionality
0 START_MEAS RIW 0 Start New\Measurement:
This'bit is-Cleared when.Measurementlis Completed.
0:No effect
1: Start/New Measurement./Writing a1 will clear all bits in the Interfupt Status
Register and Start.the ‘measurement (by generating an TRIGG signal) and will
reset the content) of all Measurement Results registers (TIMELl to TIMEG,
CLOCK_COUNT1 to CLOCKCOUNT5, CALIBRATION1, CALIBRATION2) to
0.
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8.6.5 INT \MASK: Interrupt Mask Register R/W (address ='03h) [reset = 07h]
Figure 25. Interrupt Mask\Register
7 6 5 4 3 2 1 0
Reserve Reserve Reserve Reserve Reserve CLOECK)CNTR | COARSE_CNT 4 'NEW_MEAS
_QVF_MASK R _MASK
_OVE_MASK
R/W-0h R/W-0h R/W-0h R/W-Oh R/W-0h RAV-1h RW-1h R/W-1h

LEGEND: RIW.="Read/Write; R = Read only;+-h = value after reset
Table 5. Interrupt Mask Register kield Descriptions

Bit Field Type Reset Description

7 Reserve RIW 0

6 Reserve R/W 0

5 Reserve R 0

4 Reserve R/W 0

3 Reserve R/W. 0

2 CLOCKLCNTR_OVFLMASK RW 1 0:1CLOCK Counter Overflow Interrupt disabled
1: CLOCK Counter Overflowinterrupt enabled

1 COARSE_CNTR_OVR_MASK RAW 1 0: Coarse Counter Overflow Interrupt disabled
1) Coarse Counter Overflow, Interrupt enabled

0 NEW_MEAS_MASK RW 1 0: NewMeasurement Interrupt disabled
13 New Measurement Interrupt enabled

A disabled interrupt will no“langer be_visible on the ‘device
register willstill be active.

pin (INTB). The interrupt bitlin the INT_STATUS

8.6:6\\'COARSE..CNTR_OVF_H: Coarse Counter-Overflow High-Value Register (address = 04h)[reset =
FFh]

Figure 26. Coarse Counter-Overflow. Value_H<Register

7 6 5 4 3 2 1 0
COARSE_CNTR_OVF[ H
R/W-1h R/W-1h R/W-1h R/WALh RIW-1h RIW-1h R/W-1h RIW-1h

LEGEND: RAW = Read/Write; R = Read only; -n = value after reset

Table.6. Coarse Counter Overflow Value “H Register-Field Descriptions

Bit Field Type Reset Description
7-0 COARSE_CNTR:OVF_H R/W FFh Coarse Counter Overflow Value,'upper 8 Bit
28 Submit Documentation Feedback Copyright ©2015-2016, Texas Instruments Incorporated
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8.6.7 COARSE_CNTR'OVF_L.:Coarse Counter Overflow Low Value'Register. (address_=05h) [reset =
RFh

Figure-27." Coarse Counter Qverflow Value\L Register

7 6 5 4 3 2 il 0
COARSE_CNTRNOVE L
R/WA1h RIW-1h RIW-1h RIW-1h R/W-1h RIW-1h R/W-Th RIW-1h

LEGEND: R/W;=\Read/Write; R =.Read only;=n ='value after reset
Table 7. Coarse CounterOverflow Value_L Register Field Descriptions

Bit

Field

Type

Reset

Description

7-0

COARSE.GNTR-OVF_L

RIW

FFh

Coarse Counter Overflow Value, lower(8 Bit

Note: Don't set COARSE_CNTR(OVF L to 1.

8.6.8 CLOCK_CNTR_OVF Hi-Clock €ounter Overflow High Register (address = 06h) [reset =.FFh]
Figure'28: CLOCK,Counter-Overflow Value_H Register

7 6 5 4 3 2 1 0
CLOCK_CNTR_OVF_H
RIW-1h RIW-1h R/W-1h RIW-1h R/W:1h RIW-1h RIW-Lh RMW-1h

LEGEND: R/W = Read/Write;\R ='Read only; -n = value after reset

Table 8 /CLOCK Counter OverflowValue_H\Register Field Descriptions

Description
CLOGCK.Counter Overflow Value, upper 8 Bit

Bit Field
7.0 CLOCK_CNTR_OVF_H

Reset
FEh

Type
RW

8.6,9%.CLOCK .CNTR_OVF_L: €lock Counter Overflow Low Register (address = 07h) [reset = FFh]
Figure29. CLOCK|Counter Overflow Value \L Register

7 6 5 4 3 2 1 0
CLOCK_CNIR'OVF L
RAW-1h RIW-1h R/W-1h RIW-1h R/W-1h RIW-Th R/W-1h R/W-1h

LEGEND: R/W™= Read/Write; R.= Read only; -n = value after reset

Table 9. CLOCK Counter Overflow'Value (\Register Field Descriptions

Reset
RFh

Bit Field
7.0 | CLOGK CNTR_OVFL

Description
CLOCK Counter Oyerflow Value, lower, 8 Bit

Type
R/W
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8.6.10 CLOCK_CNTR:STOP_MASK H: CLOCK Counter'STOP Mask\High Value‘Register|(address = 08h)
[reset’'= 00h]

Figure.30. CLOCK Counter,STOP Mask( H-Register

7 6 5 4 3 2 il 0
CLOCK_CNTR_STOPR\ MASK_H
R/W!0h RIW-0h R/W-0h RIW-0h R/W-0h RIW-0h R/W-0h RIW-0h

LEGEND: R/W;=\Read/Write; R =.Read only;=n ='value after reset
Table 10. CLOCK Counter'STOP Mask_H Register Field.Descriptions

Bit Field Type Reset Description
7-0 CLOCK_CNTRLSTOP_MASK_H RIW 0 CLOCK Counter STOP, Mask, upper 8 Bit

8.6.11 CLOCK_CNTR_STOP_MASK L: CLOCK Counter STOP Mask\Low Value Register (address = 09h)
[reset = 00h]

Figure31. CLOCK|Counter STOP Mask_L"Register

7 6 5 4 3 2 1 0
CLOCK )CNTR_STOP_MASK_L
R/W-0h R/W-0h R/AW-0h R/W-0h R/W-0h R/W-0h R/\W-0h R/W-0h

KEGEND: R/W = Read/Write; R'= Read only; sn = value afterreset

Table 11.CLOCK Counter STOP Mask_L-Register Field Descriptions

Bit Rield Type Reset Description
7-0 CLOCK_CNTR_STOPR_MASK_L R/W. 0 CLOCK Counter STOP Mask, lower 8.Bit

8.6.12  TIMEL: Time 1 Register (address: 10h) [reset =.00__0000h]
Figure'32. TIMEX Register

23 22 220 19 18 17 16 \15¢ 14 13\ %312 11 0 )9 8 7 6 5 4 3 2 1 0
Parity Bit ‘ Measurement Result: 23 bit integer value (Bit 22:'\MSB, Bit 0: LSB)

R-0 R0 R0 RO/R0O0 RO RO RO RO\RO RO RO)R-0 R0O~R-0'R-0 RONR:0 R0 RO R-0 R-O\"RQO R-0
LEGEND: R/W =Read/Write; R = Read only; -n = value after reset

Table 12. TIME1 Register Field-Descriptions

Bit Field Type Reset Description
23 Parity Bit R 0 Parity Bit
22-0 Measurement Result: 23 bit integer | R 0 Measurement Réesult
value (Bit 22;"MSB, Bit 0: LSB)

30 Submit Documentation Feedback Copyright ©2015-2016, Texas Instruments Incorporated
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8.6.13 CLOCK_COUNT1: Clock.Count Register (address:11h) [reset = 00_0000h]
Figure 33. CLOCK Count\Register.

23 22 21200019 18y 1A 16 15 14 13 420 11 10,19»8 7.6 5 44 \N3 2 1 0
Patity Bit | ( CLOCK_COUNTI Result
R0 _R:0.°R0 R-0/ R0’ R-0 R0 RO RO RO R0 RO“RD RO R0 RO RO_R0_R0 ROyRO RO RO R-0
LEGEND: R/W = Read/Write; R =.Réad only; -n =-value after reset
Table 18.\CLOCK_COUNT1 Register Field-Descriptions

Bit Field Type Reset Desecription
23 Parity Bit R 0 Parity Bit
22-16 Not Used R 0 These bits\will be usedyin Multi-Cycle Averaging Mode, in order
to allow higher ayveraging results,
15-0 CLO(IZK_COUNTl Measurement R 0 CLOCK_COUNT1 Measurement-Result
Result

8.6.14 TIMEZ2: Time 2'Register\(address: 12h) [reset.5.00_0000h]
Figure.34.\ TIME2 Register

23 22 21 20719 18n\17 16 _45 ¥4 13, 112, *11 10 9 8 7 6 5 4 3 2 1 0
Parity'Bit Measurement Result; 23'bit integer value (Bit 22: MSB, Bit 0: LSB)

R-0 R-0 R0 R0 RO R-0 R0 R0 R-0~R-0-R-0 R:O\\R-0 RO RO RO RO R0'R-0 R:00R:0" R-0_R-0 ‘R-0
LEGEND:'R/W = Read/Write; R = Read only; -n =\value after reset

Table 14..TIME2 Register Field Descriptions

Bit Field Type Reset Deseription
23 Parity Bit R 0 Parity Bit
22-0 Measurement Result R 0 Measurement Result

8.6,15_ JCLOCK¢EOUNT2: Clock Count.Register (address: 13h) [reset =.00,0000h]
Figure 35.\ €CLOCK ~COUNT2 Register

23 2221\ *20 19\ 18 17 16 15 14 3\ 12 1110 9 8 7 6 5 4 3 2 1 0
Parity Bit \ CLOCK_COUNT2

R<0 R-0 R-0OWR:0" R-0 RO R-0 RO R-OYR-0 R-0%R-0" R-0 R0 R-0 R-0.R-0 ‘R-0 R:00 R-0O RO R-0O R-0 R-0
LEGEND: R/W = Read/Write;"R, ="Read only; -n = value after\reset

Table 15. CLOCK_CQUNT2 Register Field Descriptions

Bit Eield Type Reset Descriptian
23 Parity-bit R 0 Parity. Bit
22-16 Not Used R 0 These bits will\be-used in Multi-Cycle Averaging“Mode in order
to allow higher averaging results.
15-0 CLOCK-COUNT2result R 0 CLOCK_COUNT2 result
Copyright © 2015-2016;, Tlexas Instruments Incorporated Submit Documentation Feedback 31

ProductFolder Links: TDC7200



13 TEXAS
INSTRUMENTS
TDC7200

SNAS647D —-FEBRUARY 2015—-REVISER MARCH 2016 www.ti.com

8.6.16 TIME3: Time-3-Registery(address: 14h) [reset =00°0000h]
Figure 36.\TIME3 Régister

23 22 21 20019 18y 1A 16 15 14 13 42 11 10 9 8 7 6 5 4 3 2 1 0
Rarity Bit ‘ Measurement Result: 23 bit integer value' (Bit 22; MSB; Bit 0: LSB)
R-0 R:0.’R-0 R-0/ R-0' R-0 R0 RO R0 RO RO RO\R:D R0 RO RO R-0_ R-0OR-0 R-Op R-0 R-0 R0 R-0
LEGEND: R/W = Read/Write; R =.Réad only; -n =-value after reset
Table 16. TIME3 Register Field Descriptions

Bit Field Type Reset Desecription
23 Parity bit R 0 Parity Bit
22-0 Measurement, result R 0 Measurement Result

8.6.17 CLOCK_COUNTS3: Clocki Count Registers (address: 15h) [reset = 00. 0000h]
Figure 37 CLOCK\ COUNT3 Count Register

23 22 21,0019 3AWY 16 57 13 ANM1 10 9 8 A\ 5. AAV3 2rWY o
Parity Bit | | CLOCK_COUNT3

R-0 R-0 R-0 RO\R-0 R0 RO“R-0 R-0(RO-R-0 RO\R0 R0 RO RO R-0,R0Q0 "R-0 R-O\R-0" R-0 R-0".R-0
LEGEND: R/W = Read/Write; R = Read'only; -n.=value’after reset

Table 17. CLOCK_COUNT3 Register Field Descriptions

Bit Field Type Resket Description
23 Parity bit R 0 Parity bit
22-16 Not Used R 0 These bits will bejused in Multi-Cycle!Averaging.Madein order.
tojallow higher.averaging results.
15-0 CLOCKCOUNT3 Result R 0 CLOCK |COUNT3 Result

8.6.18 _«TIME4: Time 4 Register (addressi~16h)[reset:= 00_0000h]
Figure.38.TIME4 Register

23 22 21 20" 19 18 17 16 .45 V14 13 '12- 11 100 ,9 8 7 6 5) 4 3 2 1 0
Parity Bit ‘ Measurement Result:\23 bit integer value (Bit 22:-MSB, Bit 0: LSB)

R-0 RO"R-0 RO\RO RO RO RO ROMR-0' R0 R:O\R-0O R0,R-0,R-0 RO R-0"R-0 RO RO R0, R:0“R-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 18. TIME4 Register Field Descriptions

Bit Field Type Reset Deseription
23 Parity bit R 0
22-0 Measurement result R 0 Measurement result
32 Submit Documentation Feedback Copyright ©2015-2016, Texas Instruments Incorporated
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8.6.19 CLOCK_COUNT4:

Clock.Count Register (address: 17h) [reset = 00_0000h]
Figure 39. CLOCK:COUNT4 '€ount Register

230\ 22 21 _phol8 18pn 1N 16 15 14 13 SN M 10\ D78 41— 5 s4\NT 2 1 0
Patity Bit | ( CLOCK.COUNT4
RO _ R0 RO RO[RO RO RO RO RO RO RO RORD RO R0 RO RO _R-O_RO RO.RO RO RO R0

LEGEND: R/W = Read/Write; R =.Réad only; -n =-value after reset

Table 19.\CLOCK_COUNT4 Register Field-Descriptions

Bit Field Type Reset Desecription
23 Parity bit R 0 Parity bit
22-16 Not Used R 0 These bits\will be usedyin Multi-Cycle Averaging Mode, in order
to allow higher ayveraging results,
15-0 CLOCK_COUNT4 Result R 0 CLOCK_COUNT4 Result

8.6.20 TIMES:'Time 5 Register (address: 18h) [reset = 00_0000h]

Figure 40. TIMES5 Register

23 22 21 20\19° 18 17\ 16 15 14 13 12< 3" 10 9 8 7 6 D) 4 3 2 I 0
Parity Bit ‘ Measurement Result: 23.bit integer value (Bit 22: MSB, Bit'0: LSB)
R-0 RO RO RO ROVRO RO RORO RORO RO RORO RO RO RO RO|RO RO RO\RO R-0/R-0Q

LEGEND: R/W = Read/Write;'R = Read"only;-n = value after reset

Table 20. TIMES RegisteriField Descriptions

Bit Field Type Reset Description
23 Parity bit R 0 Parity Bit
22-0 Measurement result R 0 Measurement result

8.6.21 . €LOCK_COUNTS5: Clock Count Register (address:19h) [reset = 00_0000h]

Figure*4l. CLOCK>COUNT5'Count Register

B3C, > 21 R0V 19 18 17 16 @AV 13, A1 100 8. ANS 5 4 3 AW\ o
Parity Bit | | CLOCK-.GOUNT5
R0 , (ROR0O RO\RO RO RO RO ROLRO RO RO '\RO RO,R0, R0 RO RO RO RO RO R-0.RO“RO

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 21. CLOCK_COUNT5 \RegisterField Descriptions

Bit Field Type Reset Desecription
23 Parity bit R 0 Parity bit
22-16 Not'Used R 0 These bits will be~used in Multi-Cycle Averaging Mode in order
to-allow higher,averaging results.
15-0 CLOCK-COUNTS5 Result R 0 CLOCK_COUNTS5 Result
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8.6.22 TIMEG6: Time\6-Registery(address: 1Ah) [reset,= 00" 0000h]

Figure 42.\TIMEG6 Régister

8 7 6 ) 4 3 2 1 0

1280 11 10,1 9

23 22 21 _200../19 18y 1A 16 15 14 13
Rarity Bit ‘ Measurement Result: 23 bit integer value' (Bit 22; MSB; Bit 0: LSB)
R-0 R:0.’R-0 R-0/ R-0' R-0 R0 RO R0 RO RO RO\R:D R0 RO RO R-0_ R-0OR-0 R-Op R-0 R-0 R0 R-0

LEGEND: R/W = Read/Write; R =.Réad only; -n =-value after reset

Table 22. TIME6 Register Field Descriptions

Bit Field Type Reset Desecription
23 Parity bit R 0 Parity Bit
22-0 Measurement, result R 0 Measurement result

8.6.23 CALIBRATIONL:"Calibration’l Register ‘(address: 1Bh ) [reset'= 00_0000h]

Figure 43. CALIBRATION1 Register

18/\17" 16 15 .14 13 12~ 11 10 9 8 7

23 22 21 20l 19
Parity Bit ‘ CALIBRATION1
R-0 R0 RO RO\R0O R0 RO“R-0 R0 (RO/R-0 R-O4WR0 RO RO R-0 R-0,RQ "R-0 R-0NR-0" R-0 R-0\R-0

LEGEND: R/W = Read/Write; R = Read'only; -n.=value’after reset

Tablei23. CALIBRATIONL-Register Field Descriptions

22-0

Bit Field Type Resket Description
23 Parity Blt R 0 Parity Bit
CALIBRATION1 R 0 Calibration 1 Result: 23 bit integer value (Bit 22: MSB; ‘Bit 0:

LSB)

8:6.24° CALIBRATION2: Calibration*2 Register (address: 2Ch') [reset:=00_0000h]
Figure 44. CALIBRATION2/Register

23 22.0V21 20,19 18 17 16

15 14

13 12

14 10 29 8 7 6 5) 4 3 2 1 0]

Parity Bit !

CALIBRATIONZ

R-0

R-0~R-0t R-0 R0\ R0 R0 R0 R0 RQ\R0'R-0 RONR-O RO_R¥/'R-0 RO, R0 RO R0 RO R-0_R-Q

EEGEND: R/W"= Read/Write; R = Read only; -n = value after reset

Table 24. CALIBRATIONZ2 Register Field,Descriptions

Bit Field Type Reset Description
23 Rarity. Blt R (0] Parity Bit
22:0 CALIBRATION2 R 0 Calibration\2) Result: 23"bit.integer value (Bit'22: MSB, Bit 0:
LSB)
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9" Application and Implementation

NOTE

Informationin thenfollowing, applications “sections is.\not part._of \the TI_component
specification, and) Tl does not warrant its accuracy\or completeness. TI's customers.are
responsible faer’determining suitability of components for their purposes; Customers,should
validate\and test theirdesign implementation to confirm.system funectionality.

9.1 . ApplicationInformation

In the Time '©Of Flight (TOF) method; the upstream!flight time as well as the ‘downstream’ flight time\is measured.
The difference betwéeen-the Downstream and Upstream values is proportional_te the-flow.

The microcentroller (MCU).configures the TDC and'AFE and issues a measurementistart command to the TDC
via the SPNinterface."The TDE sends a _TRIGGER pulse to the AFE which is\'set up to;actuate one \of.the
transducers and“transmit anSTART signal’to the TDC"which starts its counter(s). The\ echo pulse will travel
through the ARE and arrive to the-TDC-as the STOP signal. The counterwill be stopped and-after’ performing
calibration, the counterivalue is\reported as-VAL:

Depending on system_ implementation, \the aboeve-procedure is repeated for the .same ‘direction\or opposite

direction.

9.2" Typical Application

Rrer

B A

<o ] staRT

TX1 A\l ) STOP

A A 4

RX1 GQ C ( TRIGGER
C

»i
RX2 \l <

AA| A
z g g o 8-MHz(CIK
Ll
g
LA 4

\ 4

N

g 3 SPI
Qq ENABLE
\'\« P INT
“N . )

Figure 45. System'in Time of*Flight-Mode

9.2:1\ “DesignRequirements

The parameters in this|section are|considered for this example.

Table 25. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Pipé diameter 15 mm
Distance\between transducers 60.mm
Minimum-flow'rate 0.015 m¥

Accuracy at minimum.flowrate

5%
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The design of flow-meters requires a thorough technicakassessment of the system where.the device will be
used:-The fallowing is a list\of ‘areas to consider:

».\ Minimumiand maximum flow rateat maximum allowable efror in the system
* Transitional flow raté

~Instantanegus’and total quantity pumped over time

»" Accuracy-of the meter-within prescribed limits per applicable standards

» Pressure in the_system

¢ “Operating temperature range

The appropriate ultrasoni¢ sensor and\the proper electronics. for interfacing-to the sensor are determined
based on\the'system requirements:\The follewing is a list of specifications’ applicable ‘to the-senor/assembly
used.in‘the system:

» Excitation frequency

» Excitation.source voltage

» Pipe diameter.

» Distance between the transducers (or-reflectors)

9.2.2 Detailed Design Procedure
The following subsections describe the detailed design procedure for a flow meter application.

92:2:1 Flow Meter Regulations and\Aecuracy

If the flow meter is intended for'\residentialapplications;\it-must be designed to meet the required standards: For
example, per the INTERNATIONAL| ORGANIZATION OF,K LEGAL METROLOGY. (OIML), the “metrological
requirements of water meters are,defined by the values of-Q1,'Q2, Q3.and Q4, which are described in Table 26:

Table 26. Ftow-rate Zones per OIML

ELOW-RATE ZONE DESCRIPTION
Q1 Lawest flow rate at which the metenis to operate within the maximum permissible errors.

Flow rate between the pefmanent flow, rate and the minimum flow rate thatdivides the.flow
Q2 rate range'into two zones,'the upper flow rate zone ‘and the lower flow rate zone,each
characterized by its own maximum,permissible’errors.

Highest flow rate within the rated operating,condition atiwhich the meter is to operate,within
the_maximum permissible’errors.

Q3

Highest flow ratesat'which the(meter is to operate for a short period of time within'the
Q4 maximum_permissible errors, while maintaining its metrological performance when it is
subsequently operating\within the rated operating.conditions.

A water meter/is designated by the numerical value of Q3.in m*h and;theratio Q3/Q1. The value of Q3 and-the
ratio, of Q3/Q1 are’Selected fram.the lists provided in the\OIML standards.

Water meters have to«be -designed and manufactured such that their errors de \not exceed the maximum
permissible-errors (MPE) defineduin the standards. Forexample, in\OIML standards, water meters need to be
desighated as-either'accuragy class 1 or accuracy class'2, accofdingto the-requirements;

For class 1 water meters; the maximum permissible error.in‘the upper flow rate zone(Q2 < Q\='Q4) is £1%, for
temperatures from 0.1°C to-30°C, and +2% for temperatures greater'than 30°C:. The maximum permissible error
for'the lower flow-rate zone«(Q1 < Q< Q2) is +3%, regardless\of the temperature range.

For class 2 water meters, the maximum_permissible error for the upper flow rate zone (Q2(%\Q < Q4).is\£2%, for
temperatures.from 0.1°C t0'30°C, and +3% for temperatures greater than. 80°C. The maximum permissible error
for the lower flow rate~zone (Q1 Q< Q2) is-#5% regardless of the temperature range.

The flow meter \accuracy specified in<the standards dictates the\required. accuracy jin-the-electrenics used_for
driving the\ultrasonic transducers,circuits in the receiver path, and time.measurement-sub circuits) The stringent
accuracy-required. at\lower flow rates would\require a very low noise.signal chain.iff the transmitter and\ receiver
circuits used in.ultrasonic flow-meters;-as well as.the\ability to measure picesecond time intervals,
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9.2.2.2 Aransmit Time\in Ultrasonic Flow Meters

Transit-time ultrasonic flow meters works based on the'principle.that sound waves in a maving fluid travel faster
inithe direction’of flow-(downstream),\and slower in the opposite direction\of flow (upstream).

The system requires at least two transducers. The first transducer.operates as-a transmitter\during the upstream
cycle and as‘a.receiverduring the downstream cycle, and the.second transducer operates as a‘receiver during
the upstream’ cycle~and as a transmitter during the downstream cycle: "An ultrasonic flow. meter operates by
alternating transmitand receive cycles<between the pair of transducers and\ accurately measurings the time-of-
flight both directions.

In thissexample, the\upstream TOF is defined as:
l
t =
BA (C _ U)

where
« |is the path length-between thetwo transducers\in meters (m)
» ¢lisithe speed'of sound in water in meters per second (m/s)
« vis thewelocity of the water in the pipe in meters per second (m/s) 4

Inthis example, the downstream TOFR-is'defined as;
_ [
A8 — {C + 'l;'-':]

where
«\ |is the path length between‘the two.transducers jn.meters (m)
¢ cis the speed of.sound in water in meters per second (m/s)
« . \Viis the velocity of the water in the pipe-in‘'meters per-second (m/s) ®)

The difference of TOF is defined\as:
ATOF = tBA - tAB

where
* . ltga IS the upstream TOF from transducer.B 1o transducer-A in seconds (s)
o) "ty is therdownstream TOF from transducer A to'transducer,B in seconds(s) (6)

After the difference in time-of-flight (ATOF) is calculated, the water velogity-inside the pipe can be related to the
ATOF using the following‘equation:

ATOF X ¢?

V= ——
2%l

where

¢\ ¢ is the speed'of sound.in water in meters per second (m/s)

* lis the path length between the two transducérs in meters|(m) )

Finally, the mass flow,rate/can be-calculated as follows:

Q=kXv X4
where

¢ ks theflow-meter(constant
«.«.\Wiis the velocity .of the water in the pipe in meters per second (m/s)
' A s the cross-section ‘area of the<pipe'in meters-squared (m?) (8)

9.2.2.3 ATOF Accuracy Requirement Calcutation

Based on the minimum mass flow reguirement and\accuracy requirementsin: Table 25, the ATOF.accuracy.
needed canibe calculated\as follows:

1. Convert the mass-flow rate.fo,m?/s:
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2

3.

4.

h
= 3 - | —6 3
Q'=1(0.015 m*/h) (3600 s) 4.167x107°m?/s

Calculate the flow-velocity assuming k = 1:
Q 4167x107° m3/s
vV=—=
kA (0.015 m)z
T2

Calculate \the-ATOF (for_the given speed of sound. In this, example| a-speed of.sound c,= 1400 m/s is
assumed:

= 0.0236im/s

24\ xv  (2)(0.06m)(0.0236 m/s)
2 L 1400)m /52
The requirement of 5% accuracy for-minimum flow will result in a“¥ATOF accuracy of:
ATOR,}yg, = (0.05)(1.445 ns), = 72:25 ps

ATOF = = 1.445ns

For this reason, this'systemrequires a high accuracy timer/stopwatch that can.measure the)lewer flow'rate state:

The TDC1000 ultrasonic analog-front-end,'is ‘'used_to.drive the transmitter, @mplify and.(filter'the received
signal and conditioning the echo for START and STOP pulse generation, {The TDC7200, ps-accurdte, timer is
used to measure the \time interval\between the.rising edge of the START pulse \and the rising\edge of-the
STOP pulse produced by the TDC1000,

The microcontroller shoeuld!first configure the FTBC7200 and.the TDC1000 for the measurement:When the
microcontroller issues a start command to, the, TDC7200 via'the SPI interface, the TDC7200 sends a trigger
pulse to the TRIGGER pinuof the -TDC1000. When the TDC1000 drives “the transmit transducer, a
synchronous START. pulse is produced on the,START pin,“which commands_the\TDC7200\to start its
counters. When a valid echo, pulse ‘is received-on the. receive transducer, the TDE€1000 generates a STOP
pulse on the STOP pin, which“commands’'the TDC7200 to stop its ‘counters. This procedure is repeated for
the upstream and downstream cycles.

A temperature measurement\can be performed and the resultican be used to correct for temperature
dependency. of the speed of sound.

9.2.3 _Application Curves

Figure 46 , kigure 47, and Figure 48.Show data and-histogramss created with ‘data collected undér\a‘zero flow
condition-at\room temperature. A simple offset ‘calibration has been-applied, where the overall average. of\the
data,is subtracted from the data.

0.4

—_Raw calibrated data
0.3 == 10x running average

0.3

0

;01

Delta time-of-flight (ns)

0.2 r||| Il'l LU R | ] I LA 1| UL
=03

-0.4

0. 1000 2000 3000 4000 5000 6000
Samples (n)

Figure 46. Calibrated Raw and Averaged Delta Time-of-Flight'Data

38

Submit Documentation Feedback Copyright ©2015-2016, Texas Instruments Incorporated
ProductFolder Links: TDC7200



13 TEXAS

INSTRUMENTS
TDC7200
www.tizcam SNAS647D'—FEBRUARY 2015—REVISED MARCH 2016
1800 ‘ ‘ 1600 | |

1600 |- © =83 P8 [\ 531 ps

7& . 1400
1400 § .

1200

1200

1000 O\

800

f
600 \{ ]

J W
400 »v & 400 QQ l O\4 ‘4
200 \ NN 200 S ‘ \M
N l_\'\QQ ‘ O Nmw ob=""1 | '\00 .‘('S) 2
P* AW S SRl B S SO @ SIE
. { Delta-time-of-flight (ns) : : “Deltd time-of-flight (ns)
Figure 47~Raw Calibrated, Data Histogram Figure'48. 10x Running Average-Data Histogram

1000

q
800 \{ p(
T

~

Number.of-hits

9
(3

Number of hits
N O, Z ")

9.3 Post Filtering'Recaommendations

For application such as.flow meters where conversion resultsvare accumulated oveia long pefiod of time, (post
filtering is not required: However, for applications where, a specific action is taken based on.individual conversion
results, post filtering is recommended({ ©ne advantage of post. filtering is to remove the|conversion. results that
are outside of the normaldistribution.

One\such post filtering method commanly‘\applied by an’MCU isthe Median Filter Method:The median _of a finite
number of conversion results can be\found by arranging allithe conversions from the lowest value.tothe highest
value,-and picking the middle. one: For example, a conversion result.of {50, 51, 49, 40, 51}.can be rearranged
from\lowest toihighest {40, 49,50, 51,51}, and the:median value\after applying the Median Filter Method"is 50.

9.4 CLOCK Recommendations

A stable, known reference clock is.crucial to the ability to measure time, regardless of the time measuring device-
Two patameters of.a clock source primarily|affect the ability to measure’time: @ccuracy and jitter. The following
subsections will"discuss recommendatiens-for the CLOCK in order'to increase accuracy and reduce jitter.

9.4.1 (CLOCK Accuracy

CLOCK sources are typically specified with an taccuracy value ‘as the «clock periodtis not exactly equal to.the
nominal value specified. For example, an 8 MHz clock reference may ‘have a 20 ppm accuracy. The true value of
the~clock periodytherefore. has an error of +20ppm| ‘and the real\frequeneyis in thenrange 7.99984 MHz to
8.00016 MHz [8"MHz  (8\MHz) x (20/10°%)].

If the ‘clock accuracy is at thissboundary, but the reference time used'to calculate the time.of flight relates to the
nominal 8 MHz clock period, then the time measured'will be affected by this‘error. Fonexample, if the time period
measured\is 50 us, and the 8MHz!reference clock has *50ppm of(error in frequency, but-the time measured
refers to*the 125 ns-period (1/8 MHz), then the 50 ps time period\ will have_an‘error of 50us\x 50/1000000 = 2.5
ns.

In summary, a cleck inaccuraey translates proportionally to a time measurement error.

9.4.2 CLOCK Jitter,

Clogk Jitter introduces uncertainty into a'time measurement, rather than inaccuracy. As_ shown in Figure 49, the
jitter accumulates on-each clock eycle'so the uhcertainty associated to a time measurement is‘a\ function,of the
clock jitter and the number of clock’cycles measured.

Clock_Jitter_\Uncertainty =.(¥n) x (8331er), Where'n is the number of .clock cycles counted, and) 0} rer.is. the
cycle-to=cycle jitter of the clock.

For example,\ifithe time measured is'50/us using an 8 MHz reference clock, n = 50\ us/(1/8 MHz).= 400 clack
cycles. If the RMS, cycle-to-cyele jitter, B irrer = 10. ps, then the RMS uncertainty introduced in_a single
measurement is in.the order:of (¥n) x (85i1rer) = 2005,
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10 Power Supply Recommendations

The'analogceircuitry of the \TDC72001is designed to operate from an input voltage supply range between 2 V and
3.6 V. Itiis recommendedto place 'a 100 nF ceramic bypass capacitor to-ground as close as possible to the VDD
pins.\ In ‘addition, ‘an ‘electrolytic*or tantalum capacitor with valug¢“greater than'1'uF is-rfécommended. The bulk
capacitor does-not need to“be in close vicinity with the TDC7200 and‘\could be Close to the“voltage source
terminals.or at the.output of the.Voltage regulators poweringthe TDC7200.

11 Layout

11.1 Layeut Guidelines

e In a 4-layeryboard desigh,)the recommended layer stack order from top. to! bottom-is:\Signal, ground, power
and signal.

» Bypass capacitors'should be placed in/close proximity to the VDD pin.

» The length.of the START*and STOR-traces_from‘the TDC7200 to the stopwatch/MCU should be_matched to
prevent uneven signal delays:\Also, avoid\unnecessary via-holes on these. traces and keep' the routing as
short/direct as possible to'minimize parasitic capacitance on the PCB.

«\"'Route the SPI signahitraces close)together. Place a_series resistor at the source' of DOUT )(close to the
TDC7200) and series resistors, at the sources of DIN, SCLK, and CSB (close.to\the master MCU).
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11.2 Layout Example
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Figure 50. TDC7200EVM Layout
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12 Device and bocumentation Support

12.1 Documentatiof Support

12.1.1" Related\Documentation

For related‘documentation see the following:

+~\TDC1000. \: Ultrasonic ‘Sensing Analog Front End for -Level, Concentration, Flow & Proximity Sensing
Applications.

12.2  Community Resources

The following links\connect to-TI.ecommunity resources. Linked contents are provided "AS.1S*by the. respective
contributors. {Fhey do not, constitute T (specifications ‘and do not necessarily-reflect TI's views; see(TI's Terms of
Use.

TI E2E™ Onling €Gommunity\TI's Engineer-to-Engineer (E2E) Community.~Created t0 foster collaberation
among engineers. Atce2e.ti.com,-yoeu.can ask questions, share knowledge, ‘explore ideas and.help
solve problems with.fellow engineers.

Design Support TlI's Desigh Support)Quickly find helpful E2E forums along with design supporttools and
contact\information, for-technical\support.

12.3 Trademarks

E2E is'a\trademark of Texas.Instruments.
SPI is a trademark of Motorela.
All other-trademarks are the property-of their réspective owners.

12.4, -Electrostatic Discharge Caution

A These devices have limited built<in ESD protection."The leads,should be shorted together or the device placed'in conductive foam
‘Y i\ during storage or handling to prevent electrostatic damage to the MOS-gates.

12.5 (Glossary

SLYZ022 =Tl Glossary.
This glossary lists“and explains termsacronyms, and-definitions.

13 Mechanical, Packaging, and Orderableinformation

The following_pages include mechanical, packaging, and\orderable information., This information is the. most
currentidata available‘for the.designated devices. This \data is subject to change without notice and revision of
this document. For-browser-based versions of this data' sheet, refer-to the left-hand navigation.
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PACKAGINGINFORMATION

®'rhe marketing status values|are defined as follows:

ACTIVE; Product device recommended fornew designs.

LIFEBUY;-TI has announced that the device will be discontinued,.and a'lifetime-buy period is in effect.

NRND: Not recommenrided for.new.designs. Device is in production to support existing customers, but Tl dees-not recommehnd using this part in‘a new design:
PREVIEW: Device has been announced but isinot in production. Samples may or may not.\be-available:

OBSOLETE:"TI has discontinued the production of the device.

) Eco Plan The planned\eco=friendly.classification: Pb-Free (RoHS), Pb-Free (RoHS|Exempt), or Green (RoHS & no'Sh/Br) - please|check http://www.ti:com/produetcantent for the tatest availability
information and additional product-content details:

TBD: The Pb-Free/Green conversion plan has\not been defined.

Pb-Free (RoHS): TI's terms."Lead-Free'l or)"Pb-Free’_mean semiconductor products.that are compatible)with the current'RoHS requirements for all 6 substances;.including therequirement that
lead notexceed 0.1% byweight in homogeneous materials. Where designed to be'soldered at high temperatures) Tl;Pb-Free products are suitable for use in.specified lead-free'processes;
Pb-Free (RoHS Exempt): Thiscomponent has.a'‘RoHS exemption for either 1) lead-based flip-chip solder.bumps used between the die and package, or 2) lead-based die.adhéesive used between
the die and.leadframe. The’component is ©otherwise considered Pb-Free (RoHS compatible) as defined/above.

Green (ROHS & no Sb/Br): Tl defines."Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb)based flame retardants (Br or Sb'do not exceed.0.1% by weight
in homogeneous ‘material)

® MSL, Peak Temp. »The Moisture Sensitivity Levelrating according to the JEDEC industry standard classifications; and peak solder temperature:
@ There may be additienal' marking,which’relates tothe logo, the, lot trace code information, or the.environmental category on the device.

® Multiple Device Markingswill be inside parentheses./Only’one Devige Marking contained in parentheses and separated-by a "~" will appear on adevice. If a line is indented then.jtiis a continuation
of the previous line and the two combined represent the entire Device! Marking for.that device.

® Lead/Ball Finish - Orderable Devicés may have, multiple material finish options:\Finish options are separated.by.a Vvertical ruled.line. Lead/Ball\Finish values\may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information‘provided on'this page represents Tl's knowledge and belief.as of the date thatiit is provided./TI bases its knowledge and belief on information
provided by third parties, and makes no representation or watranty as to theaccuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to pravide'representative-and accurate information but may not have conducted destructive testing,or’chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to he.proprietary, andthus CAS numbers and other limited information may notbe available forrelease.

Addendum-Page 1

Orderable Device Status Packadge\Type Package |Pins Package  Eco Plan Lead/Ball Finish MSL Peak, Temp Op-TFemp (°C) Device Marking Samples
I Drawing Qty 0) (6) ®) (415)
TDG7200PW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Lievels1-260C-UNLIM-  -40 to-85 T7200
& no Sh/Br)
TDC7200PWR ACTIVE TSSOP PW 14,1\ )'2000 Ggieen S(I;{/oBH)S CU NIPDAU Level*1:260C-UNLIM", )*--40 to 85 T720Q
no r




-OY N
: QON\ J RO TN
St C ] N QQ\L : N -
e W | '\N \\) P
S sy O ROESNES Nl
Q'\'QQ meve”@h\rrsna . N “\‘\'\" ) (‘O@ GO @P-HON
N ¢ 00 \l G 'zmﬁsmg out of Squ@ 00\{ N N\‘“ \( . ’( ADDENDUM
& @ '& . rm%‘&\’;}the t(@l QO : @ a\ N
R MRS e e o™
@N : d 66 et FQQS) at issue in thi @ ‘ Q\( C ,(@
@ QQ . @"‘ this document }Q “\ T 2-Mar-2016
R\k¢ O A et i
ORI o) o@‘\“ S




SRS e
‘A\“ \N'\’ﬁﬁgf%‘%ﬁkﬂ\& \&\& “EQ/@:R&S\(EE NE%L@LSINFORMATION
®® o CO (@ N@ '\9 GO (N 2-Mar-2016

Q>
@“ T%&AQENS%NE CJ

KO JePraf, O O (\&
. - ;“S BQ ON\‘ (ﬂ“
"\‘_“ ‘ OON\“\QN

Dimension designed to.accommodate. t
) | _'anion designed to acco

Overall\width of the carrier tape .\ e 3
?}gﬁgﬁween successive ca\dt\{\\‘éité‘rs “ \\ t\‘ - \'k @ ‘
D@ N AT AP O

@SKI‘VIEF'F@IN 1 MTATION IN TAPE @ 00‘{ : :

Sprocket%s :\'

.

. '\A -
R
QPN N \&@,\&R‘AM

, » (\& N\ AQ

( ‘ Pt g ‘ W :

'\90 C@jﬁns"{iﬁ‘s&&minm N \}\“N\Q - '\96 — (-p N l\,‘(® ‘\!®® - >
‘(-JON;'CK@ P e B?S'Jﬁ%{@ xf\@%{;ﬂ v ms (Iﬁg)"@%\lﬁgﬁ ) (n&q{@% :\,QQ

@ ‘ QQ I\{ ‘(\n}a%o;vKR»‘(‘“\ TssoP | pw \q\\z\\‘\ \ 000 q)@\s) \izc V6.9 56716 | 80 | 120 \\“é\‘\“ ®'\90 K

N :&09 O ,‘\ﬁ \&\& :\90 O : N\ @\ﬁ :\’C)Q




W O QWA O

‘Q\& ““\/@w ﬂ\& \&“ﬂ\“‘P@RkGE@Q‘I‘E IALS INFORMATION
R . WS TR

QU s < WA ot

- @ ) Qb ‘ O @ .
%‘ ( )
@ ‘\“‘ P N “"‘ 1 @ k\@ \{p

0\( : _'%%”!‘i nominal

'\*Q C N ‘DS”(C\G\“ Package Ty. “k ] N RN .

| \( . f{&&zo(‘)PW\R‘\\ TSSO;\\‘QS@% age D&@n‘g P!nt'_()D\DQ A@?‘N (mm) [ width (mm) %m (mm) A 0 C
N 14| 20000 " 367 3670 3‘5\0& D CJ




NN OV AN DR\ Moy .
N "\9 < GO (\& @@ :\00 OON\ (@

N Sl W\ Ng .
$\“ “@Q WO o ‘OOON\ \ o \N““ ““\g AP i~ c© N\ﬂwi&HANmAL DATA
N\ N » N| C X \ W @Q O 90 <

W el T

3l ‘ WO
\&\&W} \&( @Q@Bﬂi o‘d@%ﬁi‘\ ,ﬂ\& ) ““\&“i& ‘\/gﬁj E@% K ef@oum NE
®“V N :\‘\)\J < ‘CJU\ ,ﬂ“\x @Q\‘ ‘@ ,\9(\\) N C}U‘}‘ «“‘\‘l

@QN \T T - P~ NN > 7 N @
N&\N\é ﬁﬁl’awmmW;nc%%ﬁﬁbqu?g?nmg‘md tcw per &&Y{&SM—M%@ . @ @ Q
@ o y ’ 0’15?@P§5d6 mold flash, protrusions, or e b&@ld ash, usions, oa%ty\bur S S& @
@ ogvmdth @c‘ include i tg‘geo flash. Interlead flosh@l ot exc @eoch ’d@ « ‘
) & w@%B c Mod@\“ ,‘® ®®@ ‘ ,\90 ) GON\ ' < \
@@ :\90 ‘L po ‘ «(@ ®®®® "\9@{;( CO\“ ‘ (\&
N A0 OO\N (\&




LAND PATTERN DATA

RW (R=PDSO—G14)

PLASTIC_SMALL OUTLINE
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Stencil Openings
(Note D)

Example Board Layout
(Notel C)
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Example
Non Soldermask Defined Pad

Example
Pad, Geometry
(See, Note C)
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NOTES:  A.C"All'linear dimensions are in_millimeters.
B.-~This drawing_is subject to change without notice.
C. Publication ‘IPC—735% is.recommended, for dlternate designs.
D, ‘Laser cutting dpertures with trapezoidal walls and also rounding| corners will offer‘\better paste release. Customers: should
contact their board assembly, site for stencil design recommendations. Refer.to 1PC—7525-for.other stencil| recommendations.

m

Custerners-should contact) their board “fabrication site for solder mask, tolerances between.and around! signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to. make corrections, enhancements, improvements and other
changes to'its'semiconductorproducts and services per JESD46, latest issue, and tg discontinue any product or service per JESD48, latest
issue~Buyers should obtain the latest relevant information before placing orders.and.should verify-that-such infermation is current and
complete. All semicenductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions 'of sale
supplied at;the time of order acknowledgment.

TI warfants performance of its components to the_speeifications applicable at the, time of sale, in @ccordance with the warrantyinTI’s terms
and.conditions of sale of semiconductor products.\Testing and other quality controltechniques'are-used to,the extent Tl deems necessary
to ‘support this\warranty. Except where mandated by applicable law, testing ofall parameters.of each cemponent is notinecessarily
performed.,

TI assumes no liability for applieations assistanee|or the design of Buyers’ products. Buyers,are.responsible for their produets\and
applications,using TI components. To minimize the risks associated with Buyers’ products'and applications,. Buyers should)provide
adequate design and operating safeguards.

TI does not warrant.or representthatiany license, either express\or implied, is granted under, any patent right;\copyright, maskywork right, or
other intellectual property right relating to any cembination, machine, or process in which l\components orservices are(used: Information
published by Tl regarding.third-party products or services does not cohstitute a license to*use such products or services-or a warranty\or
endorsement thereaf:Use of suchrinformation may require a license from a third party under the\patents or other intellectual property of the
third party, or a license from Thunder the patents-of other intellectual property of TI.

Reproduction of significantportions of Tl information in Tl data books:or\data sheets is permissible enlylif reproduction.is without alteration
and is accompanied\by-all'associated warranties, conditions, limitations, and notices. Tl is not respansible or liable for such altered
documentation. Information of.third parties may‘be subject te-additional restrictions.

Resale of TI componentsier services with statements different from or beyond the parameters statediby Tl for that compenent or service
voids ‘all express and any‘implied warranties for the\associated Tl‘component or, Service and is an unfair and deceptive business-practice.
Tl isinot responsible or liable farany such statements.

Buyer acknowledges and agrees that itis 'solely responsible for compliance-with all legal, regulatory and\safety-related-requirements
coneerning its products, and any use 'of TI componeénts.in its applications, notwithstanding any applications-related.information orsupport
that may be provided by TI. Buyertepresents,and agrees that it\has all the necessary expertise to create andimplement safeguards which
anticipate dangerous consequences of failures, monitor.failures‘and their.consequences, |lessen the likelihood of failures.that might cause
harm and take appropriate remedial actions. Buyer will fully'indemnify TLand its representatives against any damages ‘arising out\of the use
ofsany Tl components in safety-critical applicatiens.

In' some cases;\TI components may be promoted specifically to'facilitate-safety-related-a@pplications. With such components, TI's goal,is to
help enable customers to design and create their own.end-product.solutions that meet applicable functional safety‘standards and
requirements. Nonetheless, such components are subject to these terms.

No TI compenents are authorized for use in FDA Class Il (or similar life-critical medicakequipment) unless authorized-officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl cempanents which Tl has specifically designated as military grade or*“enhanced plastic” are designed and intended for use in
military/aerespace applications or environments."Buyer acknowledges and\agrees that.any.military or agrospace use of TI components
which have.not been so designated is solely at the Buyer's risk, andrthat Buyer is solely responsible for compliance with all legal @nd
regulatory requirements in connection with such use.

Tl-has specifically designated-certain components as meetingISO/TS16949 requirements, mainly for autemotive use. In any case of use-of
non-designated products, Thwill not be responsible for.any failure tomeettSO/TS16949.

Products Applications
Audio www.ti.com/audio Autometive and Transportation _wWww.ti.com/autormotive
Amplifiers amplifier.ti.com Communications and Telecom , ‘www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

PowerMgmt
Mierocontrollers
RFID
OMAP"Applications\Processors:
Wireless, Connectivity

dataconverter.ti.com
www.dlp.com
dsp.ti.com
www.ticom/clocks

interface.ti.com
logic.ti.com
power.ti.com
microcaentroller.ti.com

WWwW.ti<rfid.com
www.ti.com/emap

Computerssand Peripheérals
Consumer Electronics
Energy and.Lighting
Industrial

Medical

Security

Space, Avionics ‘and:Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

wwwitl,.eom/computers
WWW.ti.com/consumer-apps

www.tiicom/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.cem/securityl
www.ti.com/space*avionics-defense

www,ti:com/video

Mailing Address: Texas Instruments, Post Office Box 655303;-Dallas, Texas 75265
Copyright ©.2016, Texas Instruments Incorporated



