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TA =25°C , VDD = V|o =3.7V , fCLKlN = 8MHz.
2% WA A | woME| mmm|  BRE| e
START. STOP. ENABLE. CHSEL. RESET. CLOCKIN. TRIGGER. ERR
TX_FREQ_DIV = 2h , NUM_TX = 1 1 s
PWstart START 15 [ Jhk b 75 B TX_FREQ_DIV =2h , NUM_TX =2 2 us
TX_FREQ_DIV = 2h , NUM_TX = 3 3 s
tr/thTART START JE_?E(JJ:}H‘FB%E#WJ 20% % 80% y 20pF ﬁl%@ 0.25 ns
thtistop  STOP {E2 M LT+ FIEHIE]  |20% % 80% , 20pF 4k 0.25 ns
fCLKIN % K CLKIN ﬁﬁ)\iﬁi 16 MHz
tr/tf CLKIN CLKIN {fﬁﬁ}\iﬂ'/T 5%‘34'@(1) ZO%E 80% 10 ns
i TR
thime O COERMALTHFHEII | 500, 2 809, 10 ns
ten_TriIc B DA OR R () 50 ns
tres_TRIG S LUK S5 A5 ) (1) TX_FREQ_DIV = 2h ( &S5 TX/RX JE#1/7 ) 3.05 us
(1) IRIEEIE .
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S 300 N S 300
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é 100 / E 100
2 o g o
3 3
-100 -100
100 1k 10k 100k ™M 10M 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
Vpp = Vio = 3.7V H 25 R Ttk R, = 1kQ Vpp = Vio = 3.7V Wz 21dB R, =1kQ
Bl 6-2. LNA Zoyt 5MEZAIHIR R
Bl 6-3. PGA Zoyt 5MEZ AR &
10 10
9 9
'\g 8 '\g 8
> 5 z 7
c (=
2 6 \ 8 6 N
2 5 \ Zo 5 \
2 TN 3 S~
s ¢ N 5 * ~\
»gr—) 3 N “q;, 3 s’
g_ 2 \’\\ | A g_ 2
1 1
0 0
5k 50k 500k M 5k 50k 500k 2M
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Vpp = Vio = 3.1V F 25 R Akt R.= o Vpp = V|0 = 3.7V Wi 21dB Ri= e
& 6-4. DL LNA i N\ RZEHE ) S SR 2 AR R
K 6-5. DL PGA i \ 25 1) 5 5452 2 Rk &
= =
[a] =]
S | S
£ | £
el A el
&8 \ I 8
(0] 'v (0]
g &
2 2
g I g .
3 v 3
Time (1ps/DIV) Time (1ps/DIV)
Vpp = Vo = 3.7V AL BEL R i X R, =1k®Q Vpp = Vo = 3.7V 25N 21dB R, =100k @
Vin =100 mV f|N =100 kHz Vin =100 mV f|N =100 kHz
& 6-6. LNA i 3; & 6-7. PGA Wi
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C|N = 300pF

&l 6-8. LNA 328 55K 2 FFK R

30 30
20 \ 20 \
10 10
o o
° o
e 0 e 0
© ©
O] O]
-10 -10
-20 -20
-30 -30
10k 100k ™M 10M 10k 100k M 10M
Frequency (Hz) Frequency (Hz)
Vpp = Vo = 3.7V R S i R, =100k Q Vpp = Vo = 3.7V W25 N 21dB

R, = 100k @

& 6-9. PGA 138 5HIER L FKIK R

B 6-12. RX B3 E 5B

20 20
18 18
16 16
14 14
T 12 X 12
g 10 g 10
S 8 8 8
6 6
4 4
2 2
° 8 S S e S S IS ° 8 S 8 e S S S
] Y - - 34 ™ ® Y - — ~ @
Time (ps) Time (ps)
Vpp = Vi = 5V LNA B Rt PGA 1254 6dB Vop =Vio =37V LNA HIAERBHEE  PGA 62k 6dB
Vi = 100 mV fiv=1MHz Vin =100 mV fin=1MHz
(EHEZRET7-1) & = 10000 Ta=25°C (HEZHE 7-1) #& = 10000
& 6-10. RX ¥3hE H E & 6-11. RX #3hE 75 &
20 20
18 18
16 16
14 14
T 12 T 12
£ 10 £ 10
3 8 8 8
6 6
4 4
2 2
° S S S e S S S ° S S S e S S S
) § - - Iy ™ () q - — N ©
Time (ps) Time (ps)
Vob=Vio =37V LNA ERMBHER  PGA 35 6dB Vop=Vio =37V LNA RN PGA #38y 6dB
Vin = 100 mV fin = 1 MHz Vin = 100 mV fin =1 MHz
Ta =-40°C (SR T7-1) #E = 10000 Ta=125°C (EZRE7-1) 45 = 10000

& 6-13. RX B E HE
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T ZHNERER
Cin =300 pF

INPUT |:>—||—<:| LNAIN

CF1=1 nF

LNAOUT |:>—| |—C| PGAIN

RF1 =1kQ CFZ =51 pF
PGAOUT [O——AAA . H

<] COMPIN

C|:3 =51 pF pr— RF2 =51kQ

»<JGND
& 7-1. A THBINER ST B

VCOM
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8 E4nit e

8.1 MR

TDC1000 fy = FEINREHR K (TX) A AEHC (RX) STI . %8805 R A 2 B LA 4 P e B , 3
V42 LB AT 07 0 B DL 400 PR (5 5 U7 B SR/ LNA (M HOR R )
— A PGA ( FIARALH A AR ) B T 1% S5 I STOP B2 by E12) B L3

TDC1000 &gt =Fp TAERI « A€ 0. A 1 A0 2. BPUE R T — a2 M A 0 a2 B 0
AL BOERI . BRI DR — R T ERE BRI R RATIN (] (TOF) LS .«

W= AW R4+ TRIGGER 51 LRIk E 5 E 30, k(554805 , START 5l b =4 —A bk, %G
S FHAEFF 46 TOF W& iy () 35 7E . RIE A kS START Rkrp b 6 (AT g8 TX Bk DALK Zh 48 75 i 4 e
2 MWIMAERGES W, ZBHE NS FER N SRR B 25 A R 75 3 A STOP (55 . R HE
BRSO 2 SO BRSO R T R AL E . STOP 55 B /M [ 5077 e ds (TDC) i F | iz ds HAEIE S
AR . RGVUIEE— TDC , LIRYE START kA1 STOP fikyd 22 [8] i) g >kl & TOF . fF F-4k BAg Fh
EREFEER (ns g4 ) BIN A, AT DT At il 43 SR U & TOF FR&Emt(a]. fE A Sk EER (ps 2 ) MR H
H TI 8 A TDC7200 (8] 507 4% 4 s >k I F: TOF HF2E (1]

FERER R, b ATE L R ATHE D (SPI) ¥ TDC1000 At B vyl I = TARRE L —o BAh , Do Z0ARE 25 At 5
R E IS HON A F AT e, DU & 50 et AT 1 8.

b
8.2 ThRETTHE
i
=z O oo
5 8 Q 5 z 2 % ¥ i 2 5 é @
> > > &) w P_: T O uw n o » O
]
TX1 Qe—
Tx ¢ Clock Serial
Generator Divider Interface
TX2 Qe—

START

_ enable
g .
RX2 I:: LNA Threshold Detect STOP
+ VCOM,
20dB 0to 21 dB
VCOM JI
¢—o o—¢ 1 |Analog Biasl |Temp. Sensel
TDC1000 5
Zero-Cross Detect J l l J
O ()
o) [ T o o < T T D
z
5 s £ g 2 8 2 3 o
8 z o T < mon=
= S z

8.3 HFrE i B

8.3.1 RIEBRETHR

PIEBE (TX) BRAEAL S — AR 40 S H AN — A TX RAE S H . BB 4458846 TDC1000 BLi 4%+ 5] CLKIN 3]
T IR B 3 459 T I 45 B B FRBHRAR R (FR). I B0 518% SOV 2091 70 2 BI%E. T LUEH] CONFIG_0 217 8%t
H TX_FREQ_DIV FB il b 43 45188 B 0 AR T 34T Ym AR

TX KA AT LA AT R B TX O R IR e RS S8 . 3k e ik (AR 52 SUM foLkan/ (RTXFREQUDIVHYY Ry 4
H¥rBE S fr MIUCHED. BT LLIE IS CONFIG 0 Z /788 (1 NUM_TX B AT 4 Fe R ie B ko4 .
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Btn , WR fouan = 8MHz H. TX_FREQ_DIV = 2h ( 8 70451 ) , W24 (IR 42 8 1MHz.

B T ATGRFR BRI, TX R A SRR AL T ZE BRI B n B3I 180° Bk i 1 B & J5 — > TX Rk it in e Je 1 3%
T, ERLENT , MFFARE R TOF & |, BB LB A 2R IR . SRR A L& /f it —SNE T
IXEETRE,

8.3.2 Bk RE5HE

RX (S5 MR8 —ANEE %R 2 E S | GER— LNA. WEFEE | LNA 9% H 565 7T LR T PGA LLET
AR . TG, (55 E R — 4L i 28 | Xk b 28R 408 4 F2 1) IR 8 P 7 STOP 5| B2 pleikd . B 8-1
BoR T B R BRI T HER] .

i TDC1000 #24L1%) 20dB & 41dB B35 A A2, WA LLAE COMPIN 512 BTSN 35 . FIRE | 0T 5mfE
WfES , WRARFERE LNA 5 PGA U as , WA LLgel efi] , #fead (s 5l DL E %R 5] COMPIN 51,

AJ DAAE B 28 R AR 1) 45 A G 2 1) A P DA B 2% 1) o) 197 Ay v P 7 20 R 30 2 DA PRIG MR 75 5 157357, LNAL PGA FlLL
BRSO (R B B VCOM 2] B FE AL . 8% COMPIN 3| B Eb 55 58 F T % 72 [ 6 R A i 5 [El 45 S it &
AEXT R STOP k. STOP ikt 5 START Rkrp— 2 B T-1H 5 A i Hh =136 (1) TOF .

I

Channel
Select enable

g ) . I | Event
— M x
I:: = LNA Threshold Detect anager 2 ) STOP
+
VCOM J]' 4|_>
1 | Analog Bias | |Temp. Sensel
TDC1000
L N L | Zero-Cross Detect
9 S S Al Q < T T B
S < >
N /\/\d
& 8-1. TDC1000 22k E
8.3.3 fKEE S BURA (LNA)

TDC1000 i H ) LNA FR i) L N A 5 4 0 M 75 R DR AR B ) STOP Bk TSRS B2 o LNA & — AR TEOKR
B P T AE AN R ON H 2 g Bl H BEL 2 O FE B R 92 B 20dB BRI 25, JF H LNA AT DUAT X R b S G B R AT O
o W IEAC BN A R, DAS N BRSSO . S E FON R R ARt S N B AR
ZEO R . HIA TR E 279 300pF #1900 Q .

XTI IRAZFERLI AL MHz (eSS , LNA AL BN R . X2 8K TOF_1 ZFFas i LNA_FB {if
TEEREWMA . W 8-2 i , AMNBHLZASS Cin NIHE (E e fe 23 FUAH N N 51 2 18] . IX3RAE T CiN/Cr HIFT A
e, Ho Cp 2 I 30pF KA A . % Cy = 300pF , M LNA HLE% 17 N3 a5

. C 300 pF
Gainyg, pang = N = 2P 10
Cr 30pF 1)
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Ce  30pF
R 9kQ
MUX ) (
CIN H
Transducer 300 pF  RX1
Sl F—o== ] y
LNA ——O LNAOUT
S0 I
300 pF 5 VCcoM
(o H

A 8-2. LNA BARIARL B

LNA E@Eﬁﬁfiu\@aﬁﬂﬁmkiﬁzﬂmf T P A R N R et Re (9k Q) il Cg (30pF) B HE 3:9’17'3
590kHz. N5 A2 LB E | LNA ) 50MHz 34 25 7 56 v B AR I N O E 35 A . Bl dn S5 py 1
N 10, N2 fd7 i N AT 590kHZz A1 BMHz 2 [8]

W F U RANR KL N B kHz FIHegEss , LNA nl i & oA HBE R i, X 2l K TOF_1 4748+ 1) LNA_FB
mxﬁjﬂ KR . EZIE T , WSS Cr #ili T (1EZ K 8- 3) LNA HE B B IR 2 B T
BRI L P 2% Re (9k Q) 54N LSS Ry 2 e 24 Ry =900 Q I, HH %14 73 10.

Re . 9kQ
MUX Wv
RIN .
Transducer 900 O H
F—W\——0O—1c0o—e :
: LNA LNAOUT
RX2 + '_Q
ym—w—o—o\J iy
000 5 VCOM :
RIN !

A 8-3. LNA HJHHALE

I TOF_1 #4781 LNA_CTRL fi5 A 1, AJ LAGR AIAEFT LNA.
8.3.4 W4MFEHE 2 UK A% (PGA)

i 8-4 firs , PGA & — MRS , B Ry =500 Q A— AT gfe St i 8% Reg , AT RAXS Hit
IT9afE , MIMEL 3dB [FT B E 0dB %2 21dB [ ai . X 0] LUl X TOF_1 a #8111 PGA_GAIN BT
GRS PGA EI’J?HJJE?EEEE’Ji‘“ﬁﬁﬁﬁ zd% 8-1 5l 1 HA#HE| VCM 1] 100k Q@ F# A1 10pF 23
HIZS 251 PGA [ SRy

% 8-1. M7 PGA #%

PGA_GAIN ( 7t ) 25 (dB) % (MHz)
oh 0 19.0
1h 3 16.8
2h 6 14.4
3h 9 12.3
4h 12 10.0
5h 15 8.2
6h 18 6.6
7h 21 5.0

BidE TOF 1 T H PGA_CTRL fi'E5 N 1, Al LGt 145 F PGA. PGA Hi% AN B kT 10pF
HIHLZ
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PGA 0O

&l 8-4. TDC1000 T 4% FE 1 23 A 28

8.3.5 U SRIE A%

T RX B4R OB P AN E By, DASE KR BE b P AR B AU A W P O SE BRI RS 1 . ) 8-5 o, —
NI A EAE LNAOUT 1 PGAIN SIIZIE] 73— NI EAR A EAE PGAOUT Al COMPIN 5l -2 [1] .

AR 10 B, LNA 77 568 SMHz. XT T RZHV AT S , LNAOUT Al PGAIN 5] il [8] (I8 38 4% 2
%7,

Wik 8-5 s, 55 AN JEM ST IMEH — MICE IER 25 ( Req f1 Crg ) F1—ANLL VCOM Syt 1) e 38 8 U 3%
( Cro Ml Rpp ) MR BE. VLB A BETHIE R W 8. AT PAR 6% #E Req Al Croo Rpq Ml Cpp HI—H & HE AT LA -
Rr1=1kQ £10% , Crp = 50pF + 10%. WIERFTHR R OB fo , WA HN fa, WA LUEE LT A A KT
ﬁ C|:3 FIE -

’
- 27Rp(fe + fa) 2)

Rro F1 Crp Hi € EB S AU B 5 M o Rpp ML VCOM Dyt | DUAEAE [m] g B WSO 1) A R 415 B0 i A\ 3 P L O
BT, R Ry MERT Req , DA o i 35 & 201G I P I8 45 10 SR BRI 22 52 B BRG], AT 8 53 g 3 S G
. T BRI TIEE 2 K Y 600kHZ [ 47 M AR AT K2 3MHz FARIE £ A P

AT UM E R 2R IR B RS 5 WARAS SR , TSR 2 A w] DARRSZ Ao G SRR A R oy LU A5 R 9, R4
TI WU TR A LA REAE IR HDE a5 Wit .

Crs

Cr1=1nF Rri =1kQ Cr2 =50 pF
LNAOUT CO—| —1 PGAIN  PGAOUT [O——AN\——+ H {1 COMPIN
C|:3 =53 pF pr— RFQ =5kQ
| »1GND VCOM

& 8-5. Fi T 1MHz #HAE K e 58

8.3.6 F{ T4 STOP Jki iy bheas

TDC1000 (¥ STOP Jikyi £ st 0 &4 A 3 B R LS (— M A I U S A — > B EAR I e s ) « — N
fE¥%E DAC Fl— A E R g,
bLEES B B0 E T IR AR TOF S IR 4R . 7R LE I, PUAas i A\ (i £% S A7 72 A & 2.5pF

wag, JFFHAER AN BG5S L ZimE . HahEFE M RFZE ] B CLOCK_RATE #1744+
ft) AUTOZERO_PERIOD BT & .
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o
| |
| Zero Cross Detect |
vcoM O— - :
I
| 1 > |
coMPINO : > :
| |
| |
I I sTop
Threshold |
I
Detect Event Manager ———Q)
:ECHO_QUAL_THLD > _ |
' —>  pac '
| V1Hio |
| - + '
| |
I
: RECEIVE_MODE ——p»| |
I NUM_RX ——»| :
L ________ p
K] 8-6. STOP ki &z A& B %
8.3.6.1 [ fef2#5# DAC

P 8-6 H ) R G Eb 3¢ 2 5 [ 8 R i 5 B DAC #51) AY PT 4w A2 A FE P (Vo) #E4T HE 3. DAC HE K HH 37 77 2%
CONFIG_3 #'H] the ECHO_QUAL_THLD FE: % & , A4t )\l w2 BB 7 Vipp. 3 8-2 4l 7 L i
* 8-2. Bl L& REHF

ECHO_QUAL_THLD Oh 1h 2h 3h 4h 5h 6h 7h
$3 Vi p (V) -35 -50 -75 -125 -220 -410 -775 -1500
8.3.6.2 W ERWH F 7%

AT EE AL 25K COMPIN AL FTECK BI85 5 SR MEHL K Voom BEAT HEAL. W&l 8-7 P, 4 [mldE 5 4RI L
THEST Veom I, BEES &7 A MRHF 2 s H PR e . S B BRIEFE 28T Veom — Vhvst I, R &
A TR LT B AT AR, WL 10mV ( BL Voom AvAEHE ) SUINIR T A R SRS [R5 AR 5 B AR SRR
R AfR o 2 I ] S 91 LA B B i L RO 8 E

Signal into

COMPIN

N

VCOM

y VHYST =10 mV

A

Zero Cross
Detect Output - - - - - - -

Bl 8-7. HFAMMFMHES

Tk FE ARG I EL A S 1 L AL B AR A B RS ) IR T B A L A B I e
8.3.6.3 H/E P

HHEHLEE TDC1000 () STOP ik & A= LS HH B IR S L. FHAFE B AR HI7E STOP 51| -4 i) STOP
Fik i ) e KB AT STOP ik AR B 2=, STOP Bk % /2 /£ CONFIG_1 ZF47 23810 NUM_RX 7B e
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B, ATLUET CONFIG 4 %7 f7#%ff) RECEIVE_MODE f73kik #F4iiz. A TDC1000 2 o = i v 4
SR, ES ) 0 TN Z ] s e G 5y

8-8 Iyr I NUM_RX = 2h H RECEIVE_MODE = 0 I if]— 7l . M R1AE S IREE LN Vg FIER
) RS I B 2 2% 2 m) S LB R R — N B FHA AR IC A R 24 TG I LA g A I B A A% ) F R,
A g Bk L 36 B STOP 51, BELEIIAR] NUM_RX hémfe e i ik 4k .

STOP

COMPIN

AWA
VN L
GND / J N

LPasses VTHLD\} [Passes VTHLD}

Qualified for Qualified for
Zero-cross Zero-cross

K 8-8. 5 5%, TEHRMA STOP fkiHAE Rk

8.3.7 LM 4% (VCOM)

PR AR o 2 i H R BAE VCOM B JEE . % 5] BN R 10nF MR 28 55 ik et | A3 R A N iR
it 20pA. ATLMEH CONFIG 2 %1728 % 1) VCOM_SEL fRZEF SR ZE v 8% . AR5 F] | L4 VCOM 5|
Jite JI 47 8 S v L I o

FE AT TR B3], SR N EWIGE TG, B vl 75 B K2 16us B [A]SRSEELRE E o 1 F S0 KA LA
e 2 1 T PN S AR I HE AR e I (8] . SEAREIE R A 8] 585 5 33— SR T K VCOM HL 2R 8% HI 520

8.3.8 EE LR

WERRI B & . RO RN IR BT 75 B ARMEE A 5T rh 75 R B R 4 . TDC1000 $24E AN AL a3k | SCReE
RTD mZMEHRAMMIE |, W& 8-9 Fix.
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TDC1011 MEAS_MODE
v
tol_stan:
mux ——o START
MEAS_MODE
v
tof_stop »
mMux ——o STOP
Temp
Sensor
L RTD1 RTD1
o (external)
o
RTD2 RTD2
(external)

A 8-9. IREIERBNE

R AL AR B S B PT1000 5% PT500 14 /& %% . W 4i7E CONFIG_3 27f£#s ) TEMP_RTD_SEL {vi v 31 F i
RTD 8%, RGTHE—ANR R E AL e P28 (Rrep). 15 RTD 28744 PT500 , M| Rger M4 500Q .
W RTD 2454 PT1000 , M Rrep NN 1k Q o o4k H BH #% 75 22 BRI R A BT AR B AR 3 T A

& R 2 AN CONFIG 3 27 /7 2s i) TEMP_CLK_DIV fi%#] . & 8-10 Arzs , AhERIteha] LgkAT
8 s #iE % i CONFIG_0 & 72 TX FREQ DIV 7Bt & A AT 040, TI @ IAE 1MHz B AR 40
K RIBAT IR b,

0x03[4] —- TEMP_CLK_DIV

0
GLKIN |—foun—e TTEU0 o T e = —
1 fTEMP

' - 2TX7FREQ7DIV+1
0x00[7:5] — TX_FREQ_DIV
& 8-10. F FEENE KK IR

8.3.8.1 (E/H £/ RTD #F/718/ENE

AT LB CONFIG_2 Zif7 284 1) MEAS_MODE /BN 1 KGR LM SR 7 DL &k fih & ik b K 5
SR LN E . EHENESERSSE , TDC1000 # iR o] B EEARA 0. iR 93] TOF &8 |, ik MEAS_MODE fi
HENO,

TeiR /MR ADC BT HAT L AL R ES & . IR AL RS Bl S fi . Rrer MZ A4S RTD 4 h— &% START
1 STOP Jikidro  Fiki 2 I] f 1) b 5 A5 e B A IE B, PRIt 5iRE R IE L. &l 8-11 s, TDC1000 4%t 44
ful 2 SEAFHAT =R | FE7E START 1 STOP 2| i1 A= BAH 87 (14 fik v »
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| | | | | |
TRIGGER : Reference : : RTD1 : : RTD2 :
] i i i i i
| | | | |
START (_W ! tat [ I R |
| | - - |

STop i trer —‘ y trTD1 '—‘ — trTD2 '—‘
B 8-11. LB I B i 7
AT RUSEF T T ) P 8-11 g )R] [AJRE >k v RTD1 F1 RTD2 Y HLEH :

tReF
trTDX ®)

Rrtox = RRer *
H R 1k Q FEUEFBFHERN | trer PR KL N 200 us. trrp1 A trype AR BT RTD ROEEH . mf DA AL A
AR AL - & 2 T8] o) RE A B[] tgq A0ty

tg1 = (51 % Ttemp) + (trTD1 % 0.55) 4)

tyo = (51 % T1emp) *+ (trTD2 % 0.55) (5)

fian , A~ PT1000 f£ 28 7E 0°C I HEFRZIA 1k Q |, X 51Zon ) S HE B BEAH R . 7E45 5 7 8MHz i £ i
KH TEMP_CLK_DIV AR FER & 8 /S HL T , START ki Al 5 — A~ STOP ik 2 [a] 1 & ) & iy
[HZ1h 922us.
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8.3.8.2 (E/H# 1 RTD #7178 BHE

B K CONFIG 3 %4728 9 1) TEMP_MODE i &y 1, o] LUK IR EEAS I B fic & A & Ay RTD. 245 il &
PL PT1000 #:0z17 (TEMP_RTD_SEL = 0) i} , E—AMEFEXN M T Rrer , % - MEIFE2 Rrer LRI &
NABEAT | =BG N T RTD1. & 8-12 iR T i1k,

TRIGGER | Reference |
l l

|

|

t t
START l_l - a_ PN

| trRer Y trer — trTD1
< > < »
STOP ! —‘ —‘ —‘

& 8-12. B4 PT1000 34T 18 & il &
AT UAE R 525 3 kit RTDT (HLEH . AT DR 525 4 A7 RER 5 SRIm Al v B0 & 2 (8] (I ZE R i ], (EAEAS
WJEF' td1 % Ya tREF E’]Zﬁ y td2 IE tRTD1 E’]Zﬁo

T S B DL PT500 £52:0i2 47 (TEMP_RTD_SEL = 1) , WZ—AMAIkE /& Rrer LRTRIE |, NZBEAT , 5
ZANEFEX T RRer , 2= ANAIBEXT ST RTD1. & 8-13 fEon T4k

TRIGGER | Discard |
' :

|

|

t t
START l_] . i . d2 .

| 2 x tReF trer — tRTD1
<« <
stop__ | | |

& 8-13. [ #A PT500 HTEENE

DM 20 3 SR RTDY BIHERH . AT DUE A 20 4 F05 #2065 SR A v S0 2 8] R B B B [, {HAEAR
B tqq A& trer FIBRERL |, tyo /& trTpq ORISR

8.4 BHTIReA

8.4.1 WATHF AP EAE

AT LLIEE S CONFIG_2 27 {74+ 111 MEAS_MODE 71X BN 0 Skik#t TOF M&E#E. 7T LA CONFIG_2 i 17

# ) TOF_MEAS_MODE ‘7 BURZEFE TOF MEAMAAISEA . £ 8-3 FIH T R ) TOF IS s 3R AR (13
E R

Discard RTD1

Reference RTD1

% 8-3. TOF M B

TOF_MEAS_MODE CH_SEL EXT CHseL | AT TABREM TX | T TARREH RX
FE EiE
i 1 0 0 X1 RX2
i 0 00
@i 2 1 0 X2 RXA
S 1 0 0 X1 RX1
st 1 01
@i 2 1 0 X2 RX2
N i 1 0 0 B TAREHLA CH_SWP fi
i 2 10 :
JHiE 2 1 0 FFIRAHIA CH_SWP fi.
R 1 R
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8.4.1.1 =0

WX 0 & T A7 KRB E N . TDC1000 #46F#hegs 5 HAMY TX Ff1 RX BB . R
CONFIG_2 %178 f) CH_SEL = 0, NAIEMHEST “TX1/RX2” ¥ FVE M & i) A 2 28 Al 2% . i CH_SEL
=1, MAEBESORT “TX2/IRXA” ¥ P AR B 1) A 32 2 A2 ie 28 o

TDC1000 7EfER B & 15 5 2 JE AT B vk TOF W& | 78 & 58 55 1% (7] 28 AR A =

8.4.1.2 =1

R 1t , TDC1000 K4 e ds 554 TX M RX GEIEAM KB, W% CH_SEL = 0, &% /42t
CTXARXA” K FHAE I () K35 2 A0 2% . S CH_SEL =1, MR IR “TX2/RX2” ¥4 A I & 1) /3%
eI B (e

TDC1000 $ATHIX TOF W& ( —NJ71 ), HAEDN & 5E ARG IR [F] 52 BEAR AR =

8.4.1.3 =2

1 2 & F i A UK BT BN (S AR EE) . AT EEE S5 1 ME  EE 1
= “TX1/RX1” | i#iE 2= “TX2/RX2” . TDC1000 K47 — ¥k TOF W& , SRJGHENEIRE |, S T —AMib Rk
{55,

M 2 ST TR A [ Sl i Ac e . 8 NUM_AVG > 0, NSAME iR T TR | iR & MCU
RS H 2 A TOF W& B FEME . BT, SRR Bk 72— M@iE (7R ) EPdT—Ik TOF
& HREAFE RSO IE |, Wk CH_SWP =1, W 3$E5 B 3h 38 Bl 5541 % 45 i & kb 78 57—~
B () EPAT—& TOF &, BREAFIE T FHEONIE.

SFEMEMEE B CONFIG_1 Ziff#s 11 NUM_AVG F-Btzii . iEA#H CONFIG_2 Z 78s) CH_SWP fi
4. CONFIG 2 #F Eas ) EXT_CHSEL f7 A48 0 A Refd 4 3h@iE 2 fe 1EH T/E. % EXT_CHSEL A
1, WiEE CHSEL 5| - shis ] T/ @B L.

#iE
TR AE S S R B S (A IR bR EEL ERRB 51 i ), MPRZSNLN 5 B I B A5 R br
HMNIERR. FTLLE L ) ERROR_FLAGS ZFf7A#sf [11 B 1 SKRiEBRRAESL , 7T Ll il
ERROR_FLAGS #1785 167 [0] B 1 KiBEBREE RbrE . STEROX LSRG | M EH TR IEN & .

8.4.2 &ML

TDC1000 HHPREHVE B A BB IET (HSHE 8-14) o LR | REVEL , REHHBEEM. Lo
FRolsEma , A EN SUBRDRARHT , W 8s Pt NBEIRAES ; W2R EN SR s i, st Amt 8. £
MERR B 25K , TDC1000 REAFHEUL SPI fiv 4 LA B & A7 & 74 &3 F e B9 SR I st 5

#E

S SPI BURZAL T TARIRE , B TI AR BAEST AT TARPGES I PATHC B . NAE S AL T IR
RSB 2 RS I AT T B 5

4 EN Sy R AR i a5 5, WARESHURIT S SATICE & . R e B v 0 sk 1,
JUPPR LA 2 I 52 58 e R [ B BERRR S o A SR IC B 9Bt 2, MIPIRZSHLIR (8] Bt 2R A I 5547 — Ml A BL
ZREEPAT T — KD

i AE RESET 51 A1 it iniZ 46 s it~ 5072 EN 51 _ESE DB AR s, vy DASE ) &40 18 H

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: TDC1000

21


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tdc1000?qgpn=tdc1000
https://www.ti.com.cn/cn/lit/pdf/ZHCSD54
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSD54C&partnum=TDC1000
https://www.ti.com.cn/product/cn/tdc1000?qgpn=tdc1000

13 TEXAS

TDC1000 INSTRUMENTS
ZHCSD54C - OCTOBER 2014 - REVISED FEBRUARY 2023 www.ti.com.cn
1
SW Reset
Timeout=1 EN=LOW | Hw Reset
p ¥
:\ SLEEP state ERROR_FLAGS register (0x07):

e Writing 1 to bit [1] of the ERROR_FLAGS
register cancels any active measurement

No and returns to sleep mode or ready mode

and sets Count to 0 and CH-flag to FALSE.

Tji

If averaging: Set Count =0
If CH_SWP & NOT(EXT_CHSEL):
set CH-flag TRUE

v

Ready <«

rigger
pulse?

¢y

TOF_MEAS_MODE = Oh (Mode 0)

= 1h (Mode 1) ves

TX Burst
Output START
Pulse

v

RX Active

v

Output
STOP pulses

dh Mode?

TOF_MEAS_MODE = 2h (Mode 2)

Count <

Average? YesP| Increment Count —

No
Toggle Channel
CH-flag TRUE? YesP{ Set Count=0 (—
Set Ch-flag FALSE

&l 8-14. 4% TDC1000 IRZSHLE
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8.4.3 KiX#{E

BHIEZhREA MR C A AL, XA ST RS FERSIMT . S, BEARNS £ frid i 180° kit
Preh G 58—, R TX Bk Hos & oy 31, MIARLE FFELE .

8.4.3.1 Rt
A LL{#E ] CONFIG_0 277788 h i) NUM_TX Btk TDC1000 Ay BK 28 75 vk i A 2% 110 A2 B A TX kb B0 47 9

2.

8.4.3.2 TX 180° M #E 1

WK 8-15 fiun , RIKFHA] LI TX 55 AL BN 180° A7, Bkt #4767 B i CONFIG 4 25 fEas
K TX_PH_SHIFT_POS FB W8 , oA ik e mfE S

Generation of 180° burst
for Tx Signature

K 8-15. RiXZSHKMRHE , 180° RE
W 8-16 Fros , o TX 180° kit i i BoA # & ik B Bk o 1 R

Normal Operation:
NUM_TX = 0x07
TX_PH_SHIFT_POS = 0x1F

180° Shift:
NUM_TX = 0x07
TX_PH_SHIFT_POS = 0x03

Pos. 3
Bl 8-16. K ik 2Bk 4L

TEFSLE LU | 180° kA4 v REA Bh T OGS He B8 2% A GBI 18], AT 0 R B IR o

A PLET % TX _PH_SHIFT _POS & B NI E 31 KEEH 180° Bk AT . AEEBCE 180° kA ik B AL E O

1.

8.4.3.3 R

KIFE R e ThRE v] LS e fe g5 5 A i) o BHJB v E K f Ja — A TX Bk A 3SRt 18], DAFE B FR R84 OF

N e BE AR I ST 1) (152 IR 8-17 FIEE 8-18) o w] DL i 45 45 # fit 28 S W7 e 1) R 42 = M = O AG 7 . FHB |

CONFIG_2 #1725+ 1) DAMPING i1 4%l

Damping extends the duration of

the last pulse to dissipate ringing \

B 8-17. RIZAEFHE ( 5 4> Tx fkapFi—ANFH B Bk )
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80 T T

—— Damping disabled

6.0 7 Damping enabled |

4.0 - +~~*+-+«t-+r—F—-

N
o
|

Amplitude
X )
o

~
=}
y

& 8-18. K iX#:kH JE Bl

8.4.4 Bl #fE
8.4.4.1 # RN

B[y A 20 3E IR I B AR R E N T . @i CONFIG 4 %4728 ) RECEIVE_MODE i &N 0, 7]
DUKs 23R B O S m X A R m R %&14:4%7'3|ﬂﬁttix%%””%ﬁ%§ﬁ’]t/\ AR STOP fikr |, H
B i K NTE CONFIG 1 %1785 NUM_RX B ic & 1 1] STOP F4-%.

TERT /N T g FE 1 BE R RX IRIR /G, BME LRSS T — MR L NEH . BRIt S B e
S LGS Veom PR X R Bk, W lEl 8-19 Frax . WILAFE CONFIG_3 & A7 #% 1
ECHO_QUAL_THDL 7B % B BI{E H %

Zero-crossing detected after
threshold exceeded

VT

Veom \/
ECHO_QUAL THLDJ \/
Threshold

\J
N—ASAIYA AT VAT
- aininininp

STOP pin

Maximum number of requested events (5 in this figure)
returned; subsequent events not reported

& 8-19. B[N (5 /> STOP ZHfF )

SRR B PARIE B NUM_RX 4w FE 16 T £ & B K AT I (Rl AR, ) TDC1000 27 ERROR_FLAGS %
TR R RS 0L IE K ERRB 5| 4 & K HF .
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8.4.4.2 EZ[EIWEW A

% (Al A O VRS U SR AN B B/ B Dl B, P S AR (SRR ) « TEXFERT , BB REAN [
WK A STOP 31 s/ kb . #4E CONFIG 1 Zifrser NUM_RX Bl |, 2w LUER 7 4
STOP fikat. wILLEI K CONFIG 4 2 fiast ) RECEIVE_MODE £ &N 1 k5 HZ R . & 8-20 fiz
T %Al STOP k=4,

Vooy A Anh Mn nn A hv A
| v U Wi
Programmed

STOP pin

threshold
Output on “
No pulse on STOP %

pin because signal did not
exceed threshold

No pulse on STOP pin because %
maximum number of programmed events
(5 in this example) already produced.

& 8-20. & [l i (5 4~ STOP )

STOP HJT(FPE’JJ:}H“HHLTE#EEEE 5 R SO R B R A AR AR A Tl 'J/J\?ﬁ?’l‘fﬁﬂﬁ%)iﬁ@ RX ¥

MEERK N —NMEREENEK. £ RXIRIEAFHNTREREZE , STOP ki —BHESREEF (152K
8-21) .

Signal zero-crossing without
Zero-crossing detected exceeding threshold

after threshold exceeded
o W/\ /\ /\
Veom /\

Programmed \

threshold . /' \Y v \/ \/ v \/

Signal exceeds
threshold

Qutput on
STOP pin

A 8-21. £ Ry EWRER (K )

AR PR K AR L B NUM_RX v 4 2 A PROUI B 5 RAT I (] R AF B I, ) TDC1000 £7£ ERROR_FLAGS %F
PR R EHR TS BUFR ERRB 51 B O
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8.4.5 Bt

8.4.5.1 It/ 712/ FISH# 1K 77 (CLKIN)
0x09[2] — CLOCKIN_DIV

|

i - DOLOCKINDV L o 10 ]j_

0
CLK'N fCLKIN_"

' - 2TX_FREQ_DIV+1 _f1_> T1 - 1_
fi
0x00[7:5] — TX_FREQ_DIV
K 8-22. SR 843 Sip
B R LRI S Re B 5355 R H T CLKIN B I /30 Bh 525 . 3B S 48 3k 4995 5 28 B9 A P9 St JGAH

NI ] JE AR B 8-22 KRRy TO Al T1. AT AR TO MMkl +H CLOCK_RATE #F 17 #4 i)
CLOCKIN_DIV fii¥ztil. FTA 8% T1 4K 7t CONFIG_O Zif7#s 11 TX_FREQ_DIV =Bl

SPI He 55 1 F| SCLK 5 It gk 525 | %8 5 %) CLKIN I 4h 5. G SPI B s i i | {5210 477
S) BT (SPI) #55

8.4.5.2 TX/RX JI &/ /7

TDC1000 Hzhxt TX M RX ThEe k47 HEF . 4 TRIGGER 3| L3z 2 fk b iyt 5 , TDC1000 £xH i 5 CLKIN
SSEEIERIE A TX R ERERIWIE , RX BRI E % FIEIE | DL R BRI R A s

TEE BRG], Ml 30 #5 Rl START J0iH 5 45 Bh i) S #s et 55 fil & AT START 2 [8] ()i (8] & F =4~ TO &
W PSS TR, FARE T B2 380 1) i 2 Fik R 238 b 2 TRIRARA . B0, R fopn = 8MHz H
TX_FREQ_DIV = 0h2 ( 8 434 ) , WA TO A 125ns , FIHI T1 4 1us , M A28 2 i firh 545 5 A0 A B4
START Rkt [alff1EF ] )y 2.375ps 8% 3.375ps.

fik A SIS W 1k BRI O LT, E AT LLE I CONFIGS 25748 i) TRIG_EDGE_POLARITY fi 38N 1 ¥
fisk R 3219 B SO R B

BRAG , REGEDINERF— B & I8 A Re R N — MR (55 . SR E kR ERERT RN 3 x T1 +
(50ns).

8.4.6 YATHT[A] (TOF) 4l

RAT I TRV A TX/RX I P AT REBC B AT 0 N =H 8 A2 TOF Jl#a. 7tk TOF Jla MUA A IS ) FERT
#ritE TOF Jl%. SRS, XEEAETRAER 7 4 ARl AT & Y A T AN . R 8% R A BRI T2
(1 TAR B
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8.4.6.1 47 TOF Ji&
% [] Analog ‘OFF
TRIG [€ » (see Note A) i L7 avalog on
- |

[ Echo listen period  —

| | | |
\ \ \ \
\ \ \ \
| | | |
\ \ \ \
| | | |
| \ \ \
1 1 1 1
| | | |
| | | | \ \
\ \ \ \ \ \
| | | | | |
| | | | | |
\ \ \ \ \ \
X | | | | | |
T T T T T T
\ \ \ \ \ \
| | | | | |
| | | | | |
\ \ \ \ \ \
| | | | | |
START | | (see Note B) [« > | | | |
L L L L L L
| | | | | | |
\ (see Note C) | \ \ \ \ \
| < > ! ! U
| | | | | |
\ \ \ \ \ \ \
[ [ [ [ [ [ [
RX | | | | | | |
f | | | | | |
\ \ \ \ \ \ \
| | | | | | |
\ \ \ \ \ \ \
\ \ \ \ \ \ \
\ \ \ \ \ \ \
sTOP \ \ \ \ \ \ \
1 1 1 1 1
| | | | | | |
\ \ \ \ \ \ \
READY COMMON-MODE AUTOZERO TRANSMIT MASK ECHO LISTEN END | READY
128 x TO 2AUTOZERO_PERIOD 64 x TO NUM TX x T1 2SHORT_TOF_BLANK_PERIOD 8 x TO | 2TOF_TIMEOUT CTRL y 128 x TO | 1 x T1

A WEPXESE (ES R TXYRX JEHT/F )
W NUM_TX < 3, U] START Bk HISE LT NUM_TX x T1. W5 NUM_TX = 3, U] START BkaHISEE& T 3 x T1.
C. JLFifasemtia .,

w

& 8-23. 44 TOF Jlj&

A KATH A R, RX BRARLE TX R Z TGS , Wik 8-23 fiun. {E TX Kk Z AN | fi N2 %5 2%
2 H A PB4 BGEIE . BN ATRTIE TX /R RX BT . £ TX REZ )G , MiNZIKE a4
i TIMEOUT 217471 ) SHORT _TOF _BLANK_PERIOD Bl 52 i 3 i 8 301 9 AR 5 V) e 1) 46 PG . BRill RX
PR A ] B OR RX AR H 0 RE S5 0 5R A TX PRSI AL

BOTOF =2 F e & FEMBIAMERFY . R TIMING REG[9:0] T B M{i/NT 30, si& R
FORCE_SHORT _TOF fii% &N 1, M4 ik$%% TOF Mi&E. TIMING _REG[9:0] 72— 10 A TE 7B |, Wi
BHRAIALT TOF_1 Ffedst | \AMBRIKH AT TOF_0 w478+ . FORCE_SHORT_TOF fiifii-F TIMEOUT
AALAR

EU 3 253 A N SR T U R AE E 3 B B A NSRS R . B EE R K E H CLOCK_RATE #7488 H
AUTOZERO_PERIOD = Et#5#i.

Eb i g e RS % 58 I L STOP Bk (% K 1 TOF_TIMEOUT _CTRL FEXIRE . 1 BEAE 43 e ey It ] p AR 32Uk
FITRHI R Rk g, WA #n | I H431 ERROR_FLAGS 27472541 ERRB 5| AR 5 B R 15 . AT LAZE Y 3] 95
HERE (52 TOF JI& /77 ) . TOF_TIMEOUT_CTRL FBthiT TIMEOUT 2if7-8s .

H RS TE A TO A1 T KIsE X, S #7125 FIAF 1 #7 (CLKIN) 5553

8.4.6.2 f5 i TOF Jij &

TERRAE CATET R, RX BRARAE TX R TEMRZ G H0E (1HSRE 8-24) .
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I I I
} DAnalog OFF
I
} ZAnalog ON
TRIG !
I

[ Echo listen period ~ —

S 1

|
|
|
|
|
|
|
!
|
|
|
|
|
|
|
T
|
|
|
|
|
|
!
|
|
1
|
|
|
|
|
|
|
|
|
|
|
!
|
|

| |
| |
| |
| |
\ \
| |
T T
\ \
\ \
| |
}(see Note A) } }
START € > > ! !
[ S
! I(see Note B) (see Note C) ! ! !
>
| ' 1 1
| | | |
\ \ \ \ \
RX | | | | |
T T \ \ \
| | | | |
| | | | |
| | | | |
| | | | |
\ \ \ \ \
sTo | | | L
| | | | |
| | | | |
READY TRANSMIT COMMON-MODE AUTOZERO WAIT / ECHO LISTEN ECHO LISTEN END | READY
NUM_TX x T1 128x TO DAUTOZERO_PERIOD x 64 x TO | (TIMING_REG —30) x 8 TO | 2TOFTMEOUT.CTRLx 128X TO | 1x T1

A IESTE (TSI TXRX JE I F )
R NUM_TX < 3, Il START Jiki i 56 55T NUM_TX x T1. @05 NUM_TX = 3, Ul START ik 56 5551 3 x T1.
C. JLERasEm A,

w

K 8-24. txf TOF JUE

WE TIMING_REG FEHIME KT HET 30, Y4 FORCE _SHORT _TOF fii &y 0 I A4 5 Hknitk TOF Il &
JF4l. TIMING_REG & —A~ 10 AL B , WA e A 86T TOF_1 Zfeds , \ABACH AL T
TOF_0 % f7#%. FORCE_SHORT_TOF fifi T TIMEOUT Zrf7as.,

EL 5 28 F 4 N SR R FL TR AE [ 30 B Z W1 AF G E A AR . A B A YK Z i CLOCK_RATE #7411
AUTOZERO_PERIOD FEt#51.

EL A B BES % 5 FR A2 i STOP kit & K il TIMING _REG - BtF1 TOF_TIMEOUT _CTRL “FBHIHETE .
T ETFE AN TIMING_REG |, #rfE TOF & 7o 148 FH 58 4 (1) S5 A5 i (R RIDT T 7 11 o 0 SR 20 e PR B ] P R
RS B TREA I Bk o g | s kAR | 3F H 41\ ERROR_FLAGS 172881 ERRB 5| IR 5 4R 5 i . 7] LAZE
[ (1520 TOF Ji& kg ) - TOF_TIMEOUT_CTRL FBhiT TIMEOUT Fi7as.

%1

W FORCE_SHORT_TOF fii =1, WM& 7K 4047 47 TOF Jijz= , N\ i TIMING_REG 7B
WHE.
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8.4.6.3 AF HIRHIEHFERI bt TOF JIE

I

|

| [] Analog OFF
|
|
|
|
1
|
|
|
|
|
|
|
T
|
|
|
|
< ”i ‘
START < >i¢ > !

P

|
|
|
|
|
|
|
T
|
|
|
|
|
|
1
|
|

|ZAnang ON
[ Echo listen period  —

|
|
|
|
|
|
|
!
|
|
|
|
|
|
|
T
|
|
|
|
|
|
!
|
|
|

|
|
|
|
|
|
|
!
|
|
|
|
|
|
|
T
|
|
|
|
|
|
!
|
|
1
|
|
|
|
|
|
|
|
|
|
|
!
|
|

I
I
I
I
I
I
T
I
I
I
}(see Note A) }
N 3) !
L
>

| '
I I I
I I I I
I I I I I
RX | | | | |
T ! I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
STOP ! ! ! ! !
I I I I I
I I I I I

READY TRANSMIT WAIT COMMON-MODE AUTOZERO ECHO LISTEN END | READY
NUM_TX X T1 (TIMING_REG — 30) x 8 x TO 128 T0 2AUTOZERO_PERIOD x 64 x TO |  2TOF.TMEOUT.CTRLx 128 x TO | 1x T1

A WEPXESE (ES R TXYRX JEHT/F )
W NUM_TX < 3, U] START Bk HISE LT NUM_TX x T1. W5 NUM_TX = 3, U] START BkaHISEE& T 3 x T1.
C. JLFifasemtia .,

w

F 8-25. J5 F T {BIEThRE I TOF Wil &

LRI B e A1 e bl TOF &R 41 AR | AT L@ BLANKING B BN 1 KRG . Beah , Bl & 45/ TOF
JA vh TR () B A HoAth 46 4F . BLANKING fiifiiT- CONFIG_3 Zifras .

TETUH CATI AV AL T, FLYRTH Bl B3 AE RE 8 CREFICTHFEIRES |, AN TX A5 544 2] RX #egtdy. FIRTHER
fEH TIMING_REG R#% il 1% Fr 5 F 2 K0P 51 2 (8] i S5 AR A R], 7 Rb R 22 F A RX BE (1B SR 18] 8-25 )
TIMING_REG #—/ 10 (5 7B , Wi A ST TOF 1 & et | B/ MNRIKA BT TOF_0 4%
b,

8.4.6.4 R R ERTH]

FJLHERaE 47/ tH VCOM HLZ 38 5E Lo ff1H 10nF VCOM HLZFRI) | JLRLEEAE TR 2 16ps KsifsE . 5— T ,
JERIREE A7 L7 BIFF SR SN 128 x TO , Hrpif A 47 TO th A ESI #1452 A1 CLOCKIN_DIV Az f{E k€ |
I JFEE I I 7 (CLKIN) B3 FITidk o

8MHz HIAZK 4= 128 x 1/8MHz HIFa5E &7/ , HAH N 16us. BN VCOM HL 28 2% 1 A W 186 hn HeAsi Rz 5 /1]
XS T AR 8MHz iR |, JEiRa e &/ RFS (R R FFAE 16us. TEXMIELLT |, MMNEYIG &I EE
AL TR E 2 TOF JE WA ik B i 4 4H .

8.4.6.5 TOF J&E/5k5

TDC1000 RX #4271 Ay Lb i 28 v] AE TIMEOUT FF28 ) TOF_TIMEOUT _CTRL F Bt & rR 8] [a] b5 P AR 45
BB B9 % 52 I A2 i STOP ik . fEAR#E TOF Wil & ( LyHE ) W, Wil e Bg nf AREK— N TIMING_REG
FBAEHIR R (1SR A5 TOF JI&E ) «

T SR AE AT TA) R P AR BRI RIAE NUM_RX F B 4m AL () STOP Fi%k |, W 4x kA Fit: | 234063 [ 2 5k 2500
. A, R4 ERROR_FLAGS #Ff7as5451% , J-¥ ERRB 5] IS AR .

A LLEEF TIMEOUT 4288/ ) ECHO_TIMEOUT fr# &4 1 KA RIGER » W SRAEA T [Hg#Ent |, A
kA NUM_RX st B I THAECRE ) STOP FiF |, &M #FK A 2B B BCIRE . R RN FRIEFHZH

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 29

Product Folder Links: TDC1000


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tdc1000?qgpn=tdc1000
https://www.ti.com.cn/cn/lit/pdf/ZHCSD54
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSD54C&partnum=TDC1000
https://www.ti.com.cn/product/cn/tdc1000?qgpn=tdc1000

13 TEXAS
TDC1000 INSTRUMENTS
ZHCSD54C - OCTOBER 2014 - REVISED FEBRUARY 2023 www.ti.com.cn

&, e LS 0x03 5 N\ ERROR_FLAGS Zif7-#s Bl i ff EN 5| Ik 2 RESET 5 1A 2k s il 4 1
1B HFCIRZS .

&
] ERROR_FLAGS Ziff#s Iz [1] BAEH 1 23EBRIRENL. HAL [0] 5NZH 1 SiEREERsE .

#HiE
TIAEBAE RX CREFAE TARIRAS I [F] ) FR kL 100ms |, 75 0 b as B 20 B 22 7] BEA - HEA .

8.4.7 ¥WEIHE BB LR

M E A AR 2 B, TDC1000 SZEFAME 5 (1S Cira /o a@ ) » HE 5 1 CONFIG_1 #1474
) NUM_AVG 7B AT iH] . EREX 2 F , TDC1000 ¥ 7 CH_SEL f&/~ )il b4y 2NUM_AVG Al % i
W], WIHEAE CONFIG 2 2 fissd i T CH_SWP , TDC1000 ¥ [ 3028 i shil i I 5 5 a5 M.

&k
U ERROR_FLAGS Zifras H AL [11 SN 1, H4 TDC1000 H4 5 & P B E TH 5 v 508 Ak
TEEPE
8.4.8 iR E

YRS S 5 WU E AVLECET , TDC1000 Kk A48 . ERRB 5| S AS AR HESE |, LS/ RAEAE ARG . 28
ERROR_FLAGS #F {7 #s Al $2 (i 2 S 8 R K RIE R .

ERR_SIG_WEAK i £ - B &8 ZHUNT NUM_RX %4738 7B h i B TR IS & 0 Hok 4R T8y, 24
A7 [0] HEN 1 I, ZHAR S

ERR_NO_SIG fFEpRABEWENE 5 B R AR . mHiZA 5N 1 SEEIRSHL , 45 10 iE 300 & - 28441 1] ) i
MRE i, I HAEM SRR 2 FEEWEBEM A SRR 4407 [0] FEN 1K, iZ8 R IER
ERR_SIG_HIGH {1 FR /=20 B 1 Bl 3 PR 8 R i LE i 28 A\ oy 1 e K R 48 8 R . N4 ECHO_QUAL_THDL %
B BN Th B, A4 ERR_SIG_HIGH %, FMiZf5 N 1 ¥ EEFA &% ERRB 5| E S
N .

&
Tl BB R EN EERSH . X LLEMEME 0x03 5N ERROR_FLAGS 717 28 K [H I} 58
o
8.5 ZwiE

8.5.1 HATHMEEO (SPI)

AT O AT E RN (SDI). ST EdE M (SDO). #4782 I8 (SCLK) A4 F ik (CSB) 4 k. AT
T E & A E AR TDC1000 S48, T A7 28 R S g e — bk . ml s Shk K N — AN
AT

SPI 28 LB EIE T XS AMERES . SAFESATENT NG, FRANE . — N iE
AL AN A, JGER 8 4 SCLK B, 5 AFREA 27 E 1 MEEM . —% 1 g4 f—1 6
frZifr et . & 8-26 Bon T K — /N EEE (SEERE N ) MEHS 1 SPI L.
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CSB
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
|
i COMMAND FIELD DATA FIELD -
E: -ttt -
i MSB LSB
1
resvd 5 R/W 5 Address (6 bits) Write Data (8-bits) i
MSB LSB i
R/W = Instruction Read Data (8-bits) :
0: Read
1: Write

Note: Specifying any value other than zero in bit[7] of the command byte is prohibited.

& 8-26. SPI HHiY

8.5.1.1 % /1 % (CSB)

CSB & —MEHTHMES , FELMAENFSZ P RIFCHET. &Yl , CSB ARIAE A5 iy & 715 FHHE
TR A ko

¥ CSB B AT SRR IEERATHFS |, B iS5 MR st 2 untt. ¥ CSB Hi B N A MU &%
PEENN T = NES MU IIRE |, it b — AN A2 RIRES el 45  fn i o

8.5.1.2 #{rif#f (SCLK)

SCLK ] LA7E iy P BRAR L N A T2 RS e T B UUR W el SCLK LRFFT4% , LA 1E R I ik b 35+ 458
SPI .

8.5.1.3 E{r ##E#HA (SDI)

SDI Hi SPI #% il g ik 1% fiy & s 71 K BC & AFE 317 9K3)
8.5.1.4 H{r### i (SDO)

SDO 7t SPI #8858 — AN i 55 i AFE X3,
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8.6 FFIrasih

&

o BRARSAUH] , BURELATEA 0.
o DRECLAA ARSI PR E |, BT,
o ARTEVUAATIAE | AMIESR K NS EEEAT MR |, DU B AP R

8.6.1 TDC1000 7758

% 8-4 FIH T TDC1000 (At as W 2rfr e o & 8-4 FFR I I BT A A7 as b AN AL 9 DR B O A7 A #0e , JF L
NN R e IR

% 8-4. TDC1000 18

Mk (75 5 FIERLH Bhirfs 8]
Oh CONFIG_0 L& 0 45h i 2 Rl Ik Ak
1h CONFIG_1 Fie & 1 40h i 2 Rl Lk Ak
2h CONFIG_2 Bl & 2 Oh i 2 Bl Lk Ak
3h CONFIG_3 B % 3 3h i 2 Rk Ak
4h CONFIG_4 B 4 1Fh 1 2 Ik Ak
5h TOF_1 TOF-1 Oh 15 2 i A
6h TOF_O TOF-0 Oh SR Ak
7h ERROR_FLAGS bR G Oh 152 [ tb b
8h TIMEOUT Timeout 19h 15 2 i I A
9h CLOCK_RATE i A g R Oh 1% 2 ) A

8.6.2 CONFIG_0 #7788 ( Huhk = Oh ) [EAL = 45h]

IR 8-4.

| 8-27. CONFIG_0 7%
(MSB) 7 6 5 4 3 2 1 0 (LSB)
TX_FREQ_DIV \ NUM_TX
R/W-2h R/W-5h

Kl RIW = EHREKE A ; R= Hik ; RW1C = SIS A 1 BUF%E

# 8-5. CONFIG_0 #1728 7B i B
A FB e i) LA Tt B
TX AT T1 5047 58
Oh : LA 2
1h : BRLL 4
2h 1 8 734 ( BUAIKE )
[7:5] |TX_FREQ_DIV(") R/W 2h 3h: BREL 16
4h : &L 32
5h : FxLL 64
6h : KxLL 128
7h : BRLL 256

—ASAH TX kb EcE: | RN 0 & 31,
5h: 5 Mkl ( BRIABCE )

[4:0] |NUM_TX RIW 5h

(1) AREEAY T RE X, S #4777 (CLKIN) .
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8.6.3 CONFIG_1 #f7#% ( Hult = 1h ) [ AL = 40h]

IR [0 3% 8-4.,
| 8-28. CONFIG_1 & FEa%
(MSB) 7 6 5 4 2 1 0 (LSB)
RESERVED NUM_AVG ‘ NUM_RX
R/W-1h R/W-0h R/W-0h

Kl RIW = S EKE A ; R= ik ; RW1C = SIS A 1 LUF%E

% 8-6. CONFIG_1 & fEss Bt H

(A FB L3l LA L

[7:6] | R/W 1h 1h

CPREE (BUABLE )

Oh
1h
2h

FERPRIMCU b AT SAE v SR a2 ) A 2
S NIEE I (BRARE )

D2 NI

4 AN A

[5:3] NUM_AVG R/W Oh 3h:
4h :
5h :
6h :
7h :

8 Il 3
16 A= )
32 M NEE )
64 LS
128 AR A

2h

4h

TR A (1 H
Oh :
1h:
D2 ANHEAM (S 2 A4 STOP fikid )
[2:0] NUM_RX R/W Oh 3h:
DA ANFHLE (Hi 4 A STOP ik )
5h :
6h :
7h :

ARSFAHEAT I (k32 4> STOP fikit ) (( BRNIE )
13 (fH 1A STOP fikid )

3 AN (fart 3 /> STOP fikit )
5 AN (fartd 5 /> STOP ikt )

6 MFfF (Hith 6 A~ STOP ikl )
7 AHE (it 7 A STOP ikl )
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8.6.4 CONFIG_2 % f7#% ( Hulik = 2h ) [E AL = Oh]

R[E R 8-4.
&] 8-29. CONFIG_2 7%
(MSB) 7 6 5 4 3 2 1 0 (LSB)
VCOM_SEL ‘ MEAS_MODE‘ DAMPING ‘ CH_SWP ‘ EXT_CHSEL ‘ CH_SEL TOF_MEAS_MODE
R/W-0h R/W-0h R/W-0h R/W-Oh R/W-0h R/W-0h R/W-0h

Kl RIW = S EKE A ; R= ik ; RW1C = SIS A 1 LUF%E

% 8-7. CONFIG_2 & Bt H

(A FB L3l LA L

FEABE F s B

71  |VCOM_SEL RIW Oh

1h @ A

Oh : W ( BUAIRE )

AFE il #2874

6] MEAS_MODE RIW Oh

1h iR

Oh : "RATHF A E ( BRABE )

TX RAME

5] DAMPING RIW Oh

1h : JEHE

Oh : Z5HIFHJE ( BRINIE )

i
RIW oh BE.

4]  |CH_SWP

TAERE 2 T EBh A H#iliE. Wk EXT_CHSEL =1, W ZH% 1%

Oh : 28] B ZhiliE
1h @ JEH A 3hiBE s

A (BOARE )

13] EXT_CHSEL RIW Oh

it CHSEL 3l ik 4hiidiE
Oh : Z5[{4MRIEIE
1h : Ja A EIE
EXT_CHSEL=1 %

e (BNRE )
e
# i CH_SWP FIl CH_SEL % #.

1h : J#iE 2
AREIEE X, H
1, WRKIZBHE.

2] |CH_SEL RIW Oh

ST TARRZS I TX/RX JEIE X .
Oh : j@iE 1 (BRI HE )

S5 §fri A E G, iR EXT_CHSEL =

TRATIR AP AR

[1:0] |TOF_MEAS_MODE RIW Oh 1h : Bt

2h : B 2
3h: f*E

Oh : 0 0 ( BUAKHE )

34 Submit Document Feedback

Product Folder Links: TDC1000

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com.cn/product/cn/tdc1000?qgpn=tdc1000
https://www.ti.com.cn/cn/lit/pdf/ZHCSD54
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSD54C&partnum=TDC1000
https://www.ti.com.cn/product/cn/tdc1000?qgpn=tdc1000

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TDC1000
ZHCSD54C - OCTOBER 2014 - REVISED FEBRUARY 2023

8.6.5 CONFIG_3 #7748 ( Hulk = 3h ) [EAL = 3h]

R[E R 8-4.
&l 8-30. CONFIG_3 #F774%
(MSB) 7 6 5 3 2 1 0 (LSB)
RESERVED \ TEMP_MODE | TEMP_RTD_SEL ‘ TEMP_CLK_DIV ‘ BLANKING ‘ ECHO_QUAL_THLD
R/W-0h R/W-Oh R/W-0h R/W-0h R/W-0h R/W-3h

Kl RIW = S EKE A ; R= ik ; RW1C = SIS A 1 LUF%E

% 8-8. CONFIG_3 HfEss Bt H

(A FB L3l

LA

L

[71 (N R/wW

Oh

Oh : fR¥ (BUANKE )

6] |TEMP_MODE RIW

Oh

L5 3
Oh : Jll& REF. RTD1 fl RTD2 ( BRiA % H )
1h : i REF Rl RTD1

5] |TEMP_RTD_SEL RIW

Oh

RTD %7
Oh : PT1000 ( Bl iZE )
1h : PT500

[4] |TEMP_CLK DIV RIW

Oh

FH 1 8 A58 2R B e 23 A 25
Oh : 8 734l ( BRIAEE )
1h : f#f TX_FREQ_DIV

[3] BLANKING R/wW

Oh

FrifE TOF & rh iy R R . P 1 TIMING_REG 7B
Wl (S0 A G IR FERI Rk TOF JY&E ) o

Oh : 25 s R ke ( BROABCHE )

1h A A AR

[2:0] |ECHO_QUAL_THLD RIW

3h

KT Veom MIaIE %€ DAC [ {H H-F
Oh : -35 mV

1h : -50 mV

2h : -75 mV

3h:-125mV ( 2k )

4h : -220 mV

5h : -410 mV

6h : -775 mV

7h : -1500 mV
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8.6.6 CONFIG_4 #7743 ( Hult = 4h ) [EAL = 1Fh]

IR [0 3% 8-4.,
&l 8-31. CONFIG_4 #FFs%
(MSB) 7 6 5 4 3 2 1 0 (LSB)
RECEIVE_ | TRIG_EDGE_
RESERVED MODE POLARITY TX_PH_SHIFT_POS
R/W-0h R/W-0h R/W-0h R/W-1Fh

Kl RIW = EHEKE A ; R= Hik ; RWIC = SIS A 1 LUF%E

% 8-9. CONFIG_4 H s 7Bt H

A FE et Bhr VL]
71 {RB7 R/W Oh Oh : &% (BRVAEE )
P
[6] RECEIVE_MODE RIW Oh Oh : BA[EI ( ERINIE )
1h @ Z[Alg
fih 2 320 v A e
[5] TRIG_EDGE_POLARITY R/W Oh Oh : LFHIY (BRABEE )
1h @ FR&EE
TX 180° Fkm i E , Stk A 0 & 31,
[4:0] |TX_PH_SHIFT_POS R/W 1Fh 1Fh @ 8 31 (BRINEE)
TI A TX_PH_SHIFT_POS # & 0 5 1.
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8.6.7 TOF_1 #7748 ( #udk = 5h ) [E£L = Oh]

R\ 8-4,
/] 8-32. TOF_1 78
(MSB) 7 6 5 4 3 2 1 0 (LSB)
PGA_GAIN \ PGA CTRL \ LNA_CTRL \ LNA_FB TIMING_REG[9:8]
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h

Kl RIW = S EKE A ; R= ik ; RW1C = SIS A 1 LUF%E

% 8-10. TOF_1 FF8FBHH

(A FB L3l LA L

PGA 134
Oh : 0dB ( BRIl BEE )
1h : 3dB
2h : 6dB
[7:5] |PGA_GAIN RIW Oh 3h : 9dB
4h : 12dB
5h : 15dB
6h : 18dB
7h : 21dB

PGA il
[4] |PGA_CTRL RW  [oh Oh : AT/l (BINRE )
1h : Geid 3

LNA $
13] LNA_CTRL RIW Oh Oh : WTFIB/FIRE (BRNRE )
1h : Geid IR

LNA it
2] LNA_FB RIW Oh Oh : MU R ( BRIAEE )
1h @ BB &5

TIMING_REG Bt 2 M 5L (1557 #nift TOF 4 #1
[1:0] |TIMING_REGI9:8] R/W oOh A IR E R FrifE TOF Jlj# )
Oh: 0 ( BRIME )

8.6.8 TOF_0 #7745 ( bk = 6h ) [E£L = Oh]

R[EIEE 8-4.
K| 8-33. TOF_0 2 fFse
(MSB) 7 6 5 4 3 2 1 0 (LSB)
TIMING_REGI[7:0]
R/W-0h

Elf : RIW = BHES A ; R= R ; RIWAC = EEE A 1 DUER

%% 8-11. TOF_0 87 Bl

AR i = B
TIMING_REG F-Bff) 8 Mu A ML (15514 £rifk TOF Ji/ Al
[7:0] | TIMING_REG[7:0] RwW Oh A A IR T FERT it TOF Jif4 )
Oh : 0 ( BRIMH )
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8.6.9 ERROR_FLAGS #77%% ( #ihit = 7h ) [E4L = Oh]

R [A|F 8-4.,
&l 8-34. ERROR_FLAGS #7748
7 (MSB) 6 5 4 3 2 1 0 (LSB)
ERR ERR
RESERVED SIG_WEAK ERR_NO_SIG SIG_HI_GH
R-0h R-0Oh R/W1C-0 R/W1C-0

B RIW = BEEE A s R= 1 ; RIW1C = BB A 1 LIEF

% 8-12. ERROR_FLAGS H7 8B UiH(") @

(A TE Bl KL

L]

[7:3] RESERVED R Oh

Oh : fRE (BUAKE )

2 |ERR_SIG_WEAK R oh

1h : IR G T EHUN T NUM_RX =B 5 B 4L
IF H AR I

1] |ERR_NO_SIG RWIC |0h

1h  REENE 5 H A .

FEZFBIEAN 1 SEERSHL , B G2 IR I8 iR ] 2
MRE R, I AR R R 2 N E B IE TG A ShidiE
pEE

[0] ERR_SIG_HIGH R/W1C |0Oh

1h - BRUSCEI A0 198 PR e i i Dl 50 38 i N i P o A [ 9 246 5 IR A
{4 ECHO_QUAL_THLD = 0x07 I 74} 25 %4815 .
MiZFBEN 1 ¥ E BT RS ERRB 5] JHEE N &8

(1) TURBAET a3 2 AT S BORES 5 47 43 50 ERRB 31 .

(2) AEITHHTHNEZHT , RIBERITA RS .
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8.6.10 TIMEOUT & f7#4% ( ik = 8h ) [E4L = 19h]

IR [0 3% 8-4.,
& 8-35. TIMEOUT Z-775%
(MSB) 7 6 3 2 1 0 (LSB)
FORCE_ ECHO_
RESERVED SHORT TOF SHORT_TOF_BLANK_PERIOD TIMEOUT TOF_TIMEOUT_CTRL
R/W-0h R/W-0h R/W-3h R/W-0h R/W-1h

B RIW = BEEE A s R= 1 ; RIW1C = BB A 1 LIEF

% 8-13. TIMEOUT H 78 =Rt H

A =323 Eyi| =LA PiBH
71 | RIW Oh Oh : fRF (BRINEE )
FE QAT B ) 4 i)
6] |FORCE_SHORT_TOF RIW Oh Oh : Z4H] ( BRIAKE )
1h o SR IHEAT AT I R =
FERATI ) JETE BR A B (152 00 A7 TOF Jij )
Oh:8xTO
1h : 16 x TO
2h : 32 x TO
[5:3] |SHORT_TOF_BLANK_PERIOD() |R/W 3h 3h: 64 x TO (BRINRE )
4h : 128 x TO
5h : 256 x TO
6h : 512 x TO
7h : 1024 x TO
el B USCREIN 4551 (1B S 00 TOF A& 157 )
2] |ECHO_TIMEOUT RIW oh Oh : i ik RRI ((BRIARE )
1h : Z5F T
5] (s T 7 CLREI (TS0 TOF A& 1157 )
Oh : 128 x TO
[1:0] |TOF_TIMEOUT_CTRL(") RIW 1h 1h : 256 x TO ( RNk E )

2h :512xTO
3h : 1024 x TO

(1) BRI TO B5E XL, SR FFE#HFIZEF T 17 (CLKIN) .
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8.6.11 CLOCK_RATE # 4% ( ulit = 9h ) [E £ = Oh]

R [H K 8-4,
K] 8-36. CLOCK_RATE 774
(MSB) 7 6 5 3 2 1 0 (LSB)
RESERVED \ CLOCKIN_DIV AUTOZERO_PERIOD
R/W-0h R/W-0h R/W-0h

B RIW = BEREE A R= H i

L RIWAC = SIS A 1 Bl %

% 8-14. CLOCK_RATE #7882 BB (1)

DA

TB

Bl

KL

L]

[7:3]

(el

R

R/W

Oh

Oh : fRE (BUAKE )

(2]

CLOCKIN_DIV(")

R/W

Oh

MTFERE TO [ CLKIN 7343 &
Oh : 1 735 ( BRIABE )

1h:

BrLl 2

[1:0]

AUTOZERO_PERIOD(")

R/wW

Oh

PSS H B BT A W

Oh :
1h:
2h
3h:

64 x TO ( BRINIEE )

128 x TO

1256 x TO

512 x TO

(1)

A RIS R A TO BUE SC , V62 B A /7 5 ) LA 0 77 (CLKIN) o
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9 87 FH S it

&

PATR BB 43 S B AR T T 8 3G, T ARG e 8. T % ;R 6 5T e
SR IE T IS . 2P BRI , AR R TIRE .

9.1 MAERE

TDC1000 J& — ke A - 75 I A I FH PRI SO AT oty o 12 3 18 5 FH T DX Sl RS IR 78 e 3 e 3%, DU AT RS AR
RATIF AL o A AT I PRI T SER AL L AR R BB IR R DA B B/ B AR

9.2 AN A

9.2.1 WALRIF AR A &

TX2/RX1
A

TDC1000 o

16-MHz CLK
OSC

TRIGGER
«—SPL )
ERRB

TMS320F28035
C2000 MCU

B 9-1. WALANR 5 T B A
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9.2.1.1 &1 ER
PRl 9-1 F I3,

£ 9-1. ®itsH

BRitBR \ R
AL
i | 2 - 10cm
FAERG
K RE 0.5% W EB1L,
i) 5.08 cm
9.2.1.2 YR L FE

9.2.1.2.1 AL E

ST ARG IS W30 YR AR r 7 3 1 s RAT IR TB) (TOF). #eBERS B 3% I My i MR B 340 2 e v Ak 31 ik
WARSRI . WARFN S S A I E S 27 A SO | 12RO 2R (R B BE2S B

oI B GaRT , #ReEeSiE T AFE FIREIEIE |, RIERRKSHWEBREBUANRBERRK. 5 TX RERAD ,
TDC1000 ZE i —A~ START [kt LAfR /R E T 45 . KIETERIG |, BAEav i iEH: 3] AFE 1— MzllosiE |, BART R
TR E

TEBRICEIAT A0 EI S, TDC1000 4445 e —A> STOP i T LIk 81 (175 47 83 L A 24 STOP fikarf .
AYi 42t START Al STOP {5 5] A 32 TOF .

A DA R LR A R e AL
_ TOF X c
- 2 (6)

Hrp

o d LK (m) ML AL

o TOF RZUIFY (s) N ENLI AT [A]

o ¢ RELICKIFD (m/s) A AT TR AA Hh () 7 i
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Trigger
START
TX1 |
|
I
| Echo Pulse
: received
|
o e —
|
« TOF >
STOP

& 9-2. AL & R IEFk R B Bk vh 2 TR B9k &
WAL EE A FEEARME - DR AEE ( HKEE ) - 1mm £ 2mm B 733508 22 v DLl |, (H il AR
T30 (Pl FaIRsh , I P= 2 KRRy ), A TISEhs. 4 VDD HPEah Bk nT il 2= KA 1m 1)
S (A R B ) 2R T T AN S 5 5 R AT R FE 1 (Bl e BR U s A el i ] DL AU 7 5K (WA 3 ) BT
A OB TX kP PR3 B @ L 1525 TIDA-00322 ) Sk SE B A2 1R A il = B2 .
9.2.1.2.2 HARiRH
TDC1000 w] A T~ CL kR 25 1 RATIS A, DATF SR F 5 38 (Cmedium) e 128 FASE FH 5 0057 75 491 A () 7R LIS
{EDRE R AN R I B 4 RE A I 2 B 2 —/MIBTE . fEZon il i 4 REds A SRR A H 75 4 (Cmedium)»
BT DA i B DAAMES S 2 IR AR . R AN FE R . TOF FIIR T | ] DURA & VAR A B4 75 33 06 A o FA) b
x*),
W[ 2 PR AT RS, mrRAdd PR AR E
_2xd
Cmedium = W (7)

Hr

* cmedium A& UKD (mis) S AT (TR Hh ) 75

o d RLCK (m) ABALIEAL

* TOF 2 ULFP (s) F AL AT I ]

MELTES ERWBA R G R o 75w T — U5 & A . A2 B, 8 AR BE AR AL B0 T 7500 JEE 70 6
0.5% SR E LML ALHW (DEF) IR, X T REZHRMA , Al IR AL | B EEA R 2 A B A
Ao EiZRBlt , rarEAR#LT 23°C BIASHRE T
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9.2.1.3 WH 4

LA VA7 AR LA TR 1 v A5 P £ i A5 Pl 75 e M B e AT U R o TR

TCAE TE N 2.54cm TR G R SR 2%

Be B E P Bl A A UK T IR RE B B AR . A SIS P At 88 & STEMINC 1MHz ki HE [ % 4%
(SMD10T2R111).  A] LAE AT AT DA RRIE I 45 805 RE 45

JEHAE : SM111
R~F : 10mm B2 x 2mm B
R © 1050kHz ( JEEER )

Time-of-flight (us)

150 /. 1650
1625 -, L,
135 —_ —
w
€ 1600 HE N
120 ./. £
P € 1575 e H -
105 8 1550 H HH HH HH H
= p—
90 — S 1525 SEER RS NN NN NN
- — 2 1500 o RHH
o ) S 1ars - HH HH FH FHOH
’/ Q1450 H H -H FH HH HH H
45 @ 1425 - o4 H+H O EH A
30 rao0 L LLLE —
2 3 4 5 6 7 8 9 10 @ o o\° o\° o\ oo o\ o\o
Height (cm) S RN NN RN
— RSP I SR S U S
YO58 VAR T B TKATEYIE (us) 0\9\‘ Q Q Q Q Q Q
- 145 .
ﬁim (10cm) e W T (mis)
éf’_ - 1(9cm) K 1481.87
A - 2(8cm) 118 K 148313
3cm 50 DEF 10.0% 1530.49
2cm 35 DEF 20.0% 1576.42
DEF 30.0% 1620.00
DEF 31.5% 1627.37
DEF 32.0% 1629.15
DEF 32.5% 1630.00
A 9-3. YAH B R BE ) RATES 1] & 9-4. ZAVRAFILEMALR S EE (DEF) WIS
®
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1483.5
Q)
£ 1483.0
€
=}
3
2 14825
£
©
c
3 1482.0
"
ks
3
o 14815
w
1481.0
o« e
<
O\Q;‘\\\\Q &’b
Wk FHIE (m/s)
FRABIK 1481.87
BRI 1483.13

Bl 9-5. A B RAKH B E

TDC1000
ZHCSD54C - OCTOBER 2014 - REVISED FEBRUARY 2023
1632
@ 1630
é p—
£ 1628 —
el
[
E 1626
£
e)
S 1624
2
o 1622
3
& 1620
1618 \ \ \ \
((09'0 Q%\({J Q%"/g &
¥ & § ¥
Wik FEH (m/s)
DEF 30.0% 1620.00
DEF 31.5% 1627.37
DEF 32.0% 1629.15
DEF 32.5% 1630.00

& 9-6. FFhSHAL R AL E W (DEF) IR &
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9.2.2 KRETE

Rrer

TX1/RX2

TX2/RX1
B A TX2 START
X1 STOP
RX1 J D00 TRIGGER J 0C
RX2
A
Z|—||g
& i) 8;: ('3/3 8-MHz CLK
Ll OSC
< SPI
D430 ENABLE
i INT

& 9-7. /KR RLF fei b B
9.2.2.1 i ER
EBE % 9-2 RIS HL.
£ 9-2. ®itsH

BIrSH A~ BIE
iR 15mm
e A 2 A 1 P 2 60mm
/N 0.015m3h
B/NRE R IR 5%

9.2.2.2 £ if 02
R AT 75 B B % 2 F ) R G AT ST H AR TR . DUT & 75 B R (4081 %

ARG RV ZE T /NIRRT &
S

B ST 1) 10 HE A 110 25232 P e B A i B

AR AT AT R A v 5 3 L PR PR P
RYFHIE S

T AR E

JSEAR Fh: 2 G0 SR R R 5 T PR P A SRR s A R PR AR I 2 s o DU R IE T T R G rh i O A% IR
AR FI13E

IBIES
Pl L s
e

Heheds (B A ) Z 1A A B
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9.2.2.2.1 THANEEE
WRBREVHTEENH , R E TS DR A R bR E. Bl , MR E bRk e 25420 (OIML) [
B, KEFEZERD Q1. Q2. Q3 Al Q4 MEE X , WF 9-3 ATk,

% 9-3. OIML MEHIREX
HEX L
Q1 B 55K A0 Vi 2 90 L P T LA TE 3 T AR (0 B
BRI EZ FORE |, SRR ELE S WA X | B R AERRX |, 4
AR A R E I BOR RRiR 2
Q3 FEATUE TR S Pk At o AT DA S5 A 70 V428 22 908 L P TR 1 5 o A«
FERE B S VPR 270 B N RS SR I 03 4T | I R B B S 7R A2 TR AR R R 3B AT IR

FETHFEVERE N R E.

Q2

Q4

IKFSARI m3/h AL Q3 HUER Q3/Q1 thE. Q3 MfER Q3/Q1 hZik [ OIML ArifE L5113 .

IR AL T A1) 38 6 A HL AR ZE AV I AR v 58 I B K SR VR IR ZE (MPE). filtn , 7E OIML xifErh | KR 7 2R
Yo ERWARE NRE L 1 SRS S 2 2.

X1 HKE , miitEX (Q2 < Q < Q4) M KALVFRZLE 0.1°C £ 30°C IR N A £1% , FE KT 30°C i
JENHN 22% . Wi EEE M, RREKX (Q1 < Q < Q2) WH K RIRZEH N £3%.

T2 g0KER , mtEKX (Q2 < Q < Q4) MK R FiRZELE 0.1°C £ 30°C KIRE T4 £2% , /£XT 30°C i
JENH £3%. Tl EEEE M, RREX (Q1 < Q < Q2) K K AVFRZEHN £5%.

Pt o BV B RS B U T T IR S P U BE A BSR4 v B R RIS [ 0 B LB ) R A P TR
FRIRE 2 o LI B2 P 75 PR ™ MR P2 B SR P A R o v Ao P ) R I A R Wi LB T A5 S BE R AR AR e 5
I FLRENS I 5 B RD 2 (] (R e o

9.2.2.2.2 M PR R T P B 1A

RN ) A A R AR DAR SR B A < s shii i b i A AR SN T 1 b (A ) AR RR AR, RSB
AR T T B (TR ) AR e

ARG ED TN NHRERT . 0 DIRAE S A W AR ROE AR AR A I AR | 20 N pe A A
LA I IR RS, AR VR A A o A IR T I A — R AR A RS B B AT IR A S A
AT SO A 0 A 5 T R RAT IR TR R A
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Trigger

))

START

(

Transducer B
TX1/RX2

Transducer A
TX2/RX1

Echo Pulse from
Transducer 2

Echo Pulse from
Transducer 1

STOP

___________ |\

Upstream

Downstream

| et
tea tas

9-8. I PRI A IE Bk i AWK 1o 2 TR BRI 5% R

Rz, Wi TOF &€ SON

l
tpa =(C—U)

Hr

o RPN RBE RS LM ARG, BALAK (m)
© c RKPHIAERE , BAKIAD (ms)
o v REEPHKREE |, BAKA (mis)

fEZRpI , i TOF € SON

l
tyg = ——
B (c+v)

/\I:P

o IRMAMREE S Z AR AR | ALK (m)
© c RAKFMIFIE , BALNAKAD (ms)
o VRETETRIKIUERE |, ALK (mis)

®)

©)
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TOF Z5E LN :

ATOF = tBA - tAB

Hr

o g EHAESE B BHREEAT A IR TOF |, SR 970 (s)
o tag RTRAESE A BIREESS B WA TOF |, BAA 44D (s)

R AT 22 (ATOF) ZJa , T RAMER LR 2 sUREE (KRR S A TOF ARSI

_ATOFXC2
T o2xl

H

© CRKFIIFE , BRI (mis)
o I RPINIRAE SR ZIA AR, ALK (m)

e, FERER TR A XN FoR

Q=kXxvXxA

Horp

o kR ETHE A

o vIiEEHEPRIKTEE |, BALAKFD (mis)

o ARFHEMRETA , BT K (m?)

9.2.2.2.3 ATOF F5BEXRITHE

MR 9-2 H i f /N i e BRORIRS R, TR DA R vkt T ) A TOF K% -
1. BFREREESN mYs :

B ; 1h
0 = (0.015 m3/h) (36005

) = 4.167x107° m3/s
2. Bt k=1, IFHERHE :
Q 4167x10°°m’/s

VTkaT - (0.0125 m)2

=0.0236 m/s

3. HHAEFE N ATOF. fEiZnfld | Bi%H5E ¢ = 1400m/s :

2x1xv _ (2)(0.06m)(0.0236 m/s)
2 1400 m/s?

4. IRIEmNIEN) 5% FEEER |, v ATOF KA :
ATOF,,,,, = (0.05)(1.445ns) = 72.25 ps

ATOF = = 1.445ns

BIIE | 1Z ARG H RN R R RS R s R B T 88 2R
9.2.2.2.4 #fE

TDC1000 HFIRBhAIER , MG 53 AT O PER: FF R [F1 , LLAE R START Fil STOP fikit. TDC7200

(10)

(11)

(12)

ps Zkd BE VI 2% A T & TDC1000 =41 START fikf b -5 A1 STOP ik b+ 2 I8 (B[] ] o

ok g8 N Se NI EC B TDC7200 #1 TDC1000. 4fdx il #si@E it SPI #: 017 TDC7200 & ) shay &),
TDC7200 [« TDC1000 ] TRIGGER 5| il k&% —/Mh & ik . 24 TDC1000 BR5) A& % He G gt , START 5] L2

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: TDC1000

49


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tdc1000?qgpn=tdc1000
https://www.ti.com.cn/cn/lit/pdf/ZHCSD54
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSD54C&partnum=TDC1000
https://www.ti.com.cn/product/cn/tdc1000?qgpn=tdc1000

i3 TEXAS
TDC1000 INSTRUMENTS
ZHCSD54C - OCTOBER 2014 - REVISED FEBRUARY 2023 www.ti.com.cn

PrA—ANEHE START Bkah , kb a4 TDC7200 Jo it %8s . 244 i3 i 2% 3320 31 2000 (51 3k ik o i
TDC1000 &7 STOP 5|l LA —/ STOP Bkt , iZfkitfir4 TDC7200 15 1 iH 8 a8 . 1%ad R 2 51 % 13 vt A it
TE MR TEE .

A DAPRAT IR M &, &5 SR nT R T I 8 T I P PR A ek

9.2.2.3 WHH %

PAR & BB 7RSI N F iR A T R B8 DR AR A X e S B A BT B . N ] R IR A A HE
MBS m 2 Bl B S AT A

0.4
— Raw calibrated data
0.3 —— 10x running average
= 02 |l||||||| | I I [
£
§, 0.1
50
[0)
£
E -0.1
©
o 0.2 ||||| Il'l LIN | I I I i 11 LI
-0.3
-0.4
0 1000 2000 3000 4000 5000 6000
Samples (n)
&l 9-9. LA HER JRAG AT 238 & KAT I TR B di
1800 ‘ ‘ 1600 L L
160070=82ps 140070=31ps
1400 1200
o 1200 7]
= = 1000
s 1000 k]
9] 5 800
£ 800 €
> > 600
Z 600 z
400 400
200 200
0 ] 0 |
T T T T
© Q » N 2 X Q © Vv > O Q » ) 3 3 ) ) QA O
PN PN PN N N T N N N RN N N N N N SIS PN
Delta time-of- fllght (ns) Delta time-of-flight (ns)
& 9-10. [RaaKESHE B 7 B & 9-11. 10 BT FEHRETT B

9.3 IR

TDC1000 FBADL B B it T 2.7V Al 5.5V Z B i FE fe R ik o T a8 e R n] B SE I DD%W%&
ERE > 100nF fcth i w5 s i wds o AN BRI AE R T 1R I i A as B A g . KA R AR
/AT EEEIL TDC1000 |, W] RASEID HL e it 1 A -9 TDC1000 i H s Hs 25 i H o o

TDC1000 ¥ 10 HE& it AT 1.8V Fl 5.5V Z M B HEAE R . 10 BIEHE (Vio) 7 LMK T Bl &
AU (Vpp) , 110 IR ASSEE B IR . T HEUZE I AT RESEIE VIO 31 A B B — A 100nF 182 %
G P A, NS VIO A v R R R B IR B — AR T W (0 D e A o 2 A A e
it o

PESLERIL T, UM 10F 55 B b 98 T fiE 3t — 2 R AR R 7«
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9.4 fi/F
9.4.1 fifHIEES

o TE 4 EHEREIET @ ESESIF N LT  FS.

o SRS N E AESE VDD M VIO Bl HIFIALE .

o MUGHEIM DUT EIFPE/MCU ) START A1 STOP Bl 28K |, LAR IL(E 5 IR AR —3, Bhabh | i fasrixets)|
2k B AR AL, HEA LR AT RER/ B, DUR T ReIE /N PCB B4 L2

o ULACA DUT ZHe e TX X |, PAB I N —ANIEIE 75 1) B 55 — A8 IE 7 7 S 5 18 IR A —E

o UCECAIRAESSE] DUT B9 RX SR RE |, BABH 1k I — N8 77 7] 3 575 — N 8iE 77 W G 5 iR A—E.

o VLECHE ] RTD ARIEE M5 LK (Bl ) 2R . PCB A BEHE A LR By SN N 2] RTD A& /8688

o TEFEAT %46 SPI 5 5 51 L H AL AE k. 7F SDO HIJRAL I E — A R BE P A% ( 5231 DUT ) , 7E SDI.
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PACKAGING INFORMATION

Samples

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TDC1000PW ACTIVE TSSOP PW 28 48 RoOHS & Green SN Level-1-260C-UNLIM -40to 125 TDC1000PW
TDC1000PWR ACTIVE TSSOP PW 28 2500 RoOHS & Green SN Level-1-260C-UNLIM -40 to 125 TDC1000PW -

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material 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 that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide 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 be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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OTHER QUALIFIED VERSIONS OF TDC1000 :
o Automotive : TDC1000-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TDC1000PWR TSSOP PW 28 2500 330.0 16.4 6.8 10.2 1.6 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TDC1000PWR TSSOP PW 28 2500 356.0 356.0 35.0

Pack Materials-Page 2



/2 TEXAS PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 1-Feb-2023
TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TDC1000PW PW TSSOP 28 48 495 8 2514.6 4.06
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MECHANICAL DATA

PW (R—PDSO—G28)

PLASTIC SMALL OUTLINE
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NOTES:

E.

A. Al linear dimensions are in millimeters.
B.

Dimensioning and tolerancing per ASME Y14.5M-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.
Falls within JEDEC MQO-153

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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