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1. Bk

SOT26-001 &k E e A

M S dTOF (direct Time of Flight) {%/##% . ‘&R T VCSEL i

TR BT S B ZAE (SPAD) FE%1. fiEBi. TDC (Time Digital Converter). MCU, %ﬁﬁ dTOF

TR, WEBCIIHI PR RS 59, R FIIAEE T T S AR A2 H ARV 00 S R,

1% 5m RS AR .

SOT26-001 L HFilid 1IC ##47 Firmware 53, mHIEZE 7 7 K @ hl A = f B,
MR 22 ih ik, £54 Class | AR 2 bRl 115K .

FHIE
® LN ARGHE BB
RS RIS B
#A0: Optical LGA
R~F: 4.4X2.4X1.0 mm
® R
MEEEEES: 2cm-5m
MIFEAZE: K 50Hz
MEREE: £3%
® iR
Class | HWOtZE2
940 nm VCSEL G K5 2%
® Uitk
LR RATH [R) 0
A E 7 B
TR AL
PESEZLE e
I A R
P B HE
PHS SBIS FA A AME
® HE{EHAI LI
C B EH 0
PRARASE T IR A DI HE
TAERETEH: -20~70C
T E R E PELT
54 ROHS Fl REACH %1

S

ARSI T A

VRS

FEBLEH B B Bl £R

RS Ha BRI

WLAS NEERE (PR AT BT B A e il D
FRERE TR BEIR B ORI ARSI e D

5% L7 1 R - AR 5K 1 Bl

BT TBI B BRI R BEA I P P R e D
H 3l A B FH P R

RS ARIVR

DIEZIN
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1.1 BRI
® 1 BRI S
2 (=l
) 4.4 mm x 2.4 mm x 1.0 mm
ozl P 25 2cm~5m
RIS +3%@%E W
it % Up to 50 Hz
TAEHE 33V
TAEHLIR 0.9 mA @1 Hz; 17 mA @30 Hz
Rl #E <10uA@HW standby
UGS 940 nm
FOI (Field of illumination) 22 deg
FOV (Field of View) 25°
= 12
EAmE it lIC, Slave address: (0x41)
AR -20C ~70C
A B -40~85°C
POt s LASER CLASS 1 (IEC 60825-1: 2014)
1.2 RGER
Sensor
M—l Thimie ital comverte
Main SRAM o to Dightafcomvent' ] | veSEL driver VCSEL
SR Controller
SPAD Array
Power supply &
CLK & other
—;SCL I Histogram memary I
Bl 1 RGHEE
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1.3 5| Bixe X
GND
erior [[7] [6] [E]] xstor

DNC E GND

SDA E GND

SCL AVSSVCSEL

AVDD [1]] Avoovese.
GND
K 2. 5l E CE ORED
£ 2: 5IHE X
5| 75 5| ji 44 F5 et Tt

1 AVDDVCSEL EN 32V~3.6VDC
2 AVSSVCSEL GND Pt
3 GND GND Pt
4 GND2 GND i
5 XSHUT AIGZTPN T E RS A E AL N s, K A 2L
6 GND3 GND i
7 GPIO1 B NI BN AR AMEHERS
8 DNC - s HE
9 SDA iR PNt 12C HATHE
10 SCL BrmiN [2C H AT aR N
11 AVDD N 32V~3.6VDC
12 GND4 GND Pt

2. SRR

2.1 WIR S

* 3: WMIRSH (FFRAERFR I, Ta=257C)

ZH RN i it IZIN L2
AVDD,AVDDVCSEL 3.3V fit -0.5 - 3.63 Y,
GND,GND2,GND3,GND4 it 0 - 0 Y,
¥ 10 (1.8V Hix) -0.5 - 1.98 \Y;
XSHUT,SDA,SCL,GPIO1 — —
¥ 10 (3.3V HR) -0.5 - 3.63 \Y;
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2.2 WE TG

R A HERE AR

5 52N LAY SN <K 2
AVDD,AVDDVCSEL 3.3V fitH 2.97 3.3 3.63 \Y;
5 o TAERBEIRE -20 25 70 °C
2.3 ESD 48k
# 5. ESD Mg
ZH A Fk
ISCR Latch up immunity +/- 100mA JEDEC78E
VESD,HBM ESD HBM Model +/- 2000V JS-001-2017
VESD,CDM ESD CDM Model +/- 500V JS-002-2018
2.4 FLRTh#E
*6: B N
S5 SN Hi Ay BK HT
HW STANDBY %M Xshut - - 10 HA
SW STANDBY FTIF Xshut - - 20 HA
SR TN IEFE 30Hz, 4 VCSEL - - 56.1 mw
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3. TR PERE

3.1 0 BB T
WIBER 1A 55 VCSEL #7608 'S Bt BIHARE B P, WRBEBIRRE, FF7 MT ek do %, e

A ] R
HAME. KANTLE R, 5mHoEREE S, 7 %6%ECh 300k, MR A 32ms.

3.2 N[EERERE

DL I PR 1 R 2R B ) 2835 %0 90%, Air Gap ¥ 0.36mm, iy St st T ll& .

No environment Light,
Grey Card Measured Distance vs. Target Distance [mm]
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— ground_truth
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3 MBI
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= DAD301
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2.5% {*

0.0% '3 :gnsﬂ i e
. H

-
- wll
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4.

4.1

4.2

TheE A

B TAE AR

I BE A A

DB AR HENAE 1) 34T, PASRAG etk

Power Off

Apply Femove
AVDD AVDD

Sensor
Standby

Raise Lower
Hshut Hshut

Bootloader

Host send
Firmware

App0 Idle, wait

App0 cmd?

Ranging?

Single
Measure

stop

Continuous

timed measure

Internal
standhy

]

5 [ TAERAER

R LTI R, WS RG]

fE (C2IAE 50cm B 3E1T) . IFEREHEN % & 31 SOT26-001
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4.3 T BEERERL SR

SOT26-001 A5 3 Ffil FrA = -

1. FAINFEAR

AXPAT —KIMEE . R4 H 3R [F1 2] SW AFHUIRES

2. EREL

WA R HOST w H & o FaER &S, REREAAHERFRE, SOT26-001 2/ =4 MFEH . HOST
WIFE SOT26-001 #E AN SW FRHUIRAS, W FF 2R %E LR 4 W kiR E &2 & H, SOT26-001
SAETE AR E f5 EARHURES o Q0 SRA5 (i SRR AEPE M B2 1), 0 s S R4S 1 5 AFEHLRES

3. ik

HOST ml 48 & W17 &, MEE5Ek/E, SOT26-001 HahiR[F %] SW FFHLRE .

4.4 REEHE: PErEEEH

PR T L FT 58 7L B 25 5
BB FPOE SRRk I A5 (OXEL) Ry WibRA G, TR G LR, AT
RS RIS TR S AL 1 T
FFUTBES: FPUT 51 (GPIOL) BRI HLF, B SR SR oh I3 LA, 72— F I, HOST
SRR S L R, BLBHE o 75 AR T

4.5 TAER P

BB XSHUT /& SOT26-001 fIAJF%, XSHUT ffifE), IIC BEml LLESZk H HOST KIFTHL
BLE, BLE5CHUEEAN Bootloader By, eI (FW) bk K FF e With1k, SOT26-001 B ]
NIBAERFHURES s 25FF HOST Ki%k484 .

TAEAE: SR B4 41, Bl Ranging TAEH, 24—t 58 st , 25724t (GPI0O1),
HOST frill 2 5, 18T IC Vil s R a7 4%, e iU 20T 83 bR b .

aoo [ \

XSHut [ \
GPIO1(INT) \ T Al
Ic VW | N /e | \

API CMD [ INT T\ | ETART RANGING, / GETRESULT | CLEAR INTERRUPT | i
MOSTATE OFF  YFWBOOTY SW STANDBY Y RANGING SW STANDBY [ X OFF

6 - H R Bhi e
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4.6 MCU 2%

SOT26-001 N4 —%i ARM Cortex-MO ] MCU, AHXSHUEF~.
HOST A $& @ Wik ATl &, MEEsE k)5, SOT26-001 H 5k A3 SW AHFHUIRE .
7 BN H

ZH SN 7R ISP <¥{v) HE
pP LAEMIZR - 5 80 MHz MCU 1] DU A ik 3 48 5 PLL B % TAF
PLL #iR - 80 - MHz Xt SMHz 5 3 28 ) 4
4.7 IIC JEfEPrYX
4.7.1 IIC iR

NC FZ A T528L SOT26-001 A A 2 [A[1)(E B A& K. 1IC J& Inter IC BIfEIFR, XFHN 1°C, 2
Philips 23 &) JT & i a7 B A PR 2R M 2, S 208 1C 1) BB ) o A0 4% — 2 XA B 48 SDA Al— 2% #h
2 SCL. WIEFIR, "PBE2ANFERE. 2N EAN SDA FI SCL 4 HIFER—ke, @it &3 rnE—Hs
HERIX 43 %A 2. SOT26-001 & IIC slave Bi4, AL i master & IiE M5 1E K.

VCC

. B " R%—g R2

SCL

Ic
Master

sCL SDA SCL SDA SCL SDA

IIC SLAVE1 lIC SLAVE2 IIC SLAVE3

7 LRSI

SOT26-001 fBEac b2 Ox41 CHEAIN 1bit 525 ALk 8bit, T EHE N 0x82), = L AL i
# JF & 1MDbits/s .

4.7.2 IC FE5 L

C J&—Fh M ERATARE ML, (5 S5 i 4h 2k SCL LR XA BiE 2k SDA 4Lk, AT L sty
H master &itt, slave fR#E SCL 1 SDA KN FFHAT IS HAE, BTl PUEB a0, 73 Bl kein
PRl ArfEHT . ACK BfNGL DA S5 AR . A &4 LLE slave Ul A SFRIRFEH. register Hidik
e, AT DU S BARAL AL, AR R AT R
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AR RIS AR R
SDA— — —— e B Y
A\ \ /
\\_ / S, SRR \ _!a’
SEL—— \ - —‘\ -
S I\ / \ P
START condition STOP Condition

K 8 LU bR RIS HAR IR
2 SCL Ab T Hi~Fi), SDA 155 M L~ FUI AR H I, O START #E46451H; SDA 15 5 MIKH
IO E RSP, O STOP 4 1EARiR.
PLAESA ACK HaAbL

b

N
/ \

SCL—— 4( e
‘ Data line | Change|
| stable; of data
data valid allowed

K 9 frtkiAl ACK Biilfir

A A Sl ACK 14 Fr Al #2 R AELE SCL IR F I SR 8cdls, SCL umid- P, Hia (R A

| |
| |
SDA | /N A
| |
| |

/

4.7.3 IIC B

1) KR “FHRARE” (B SDA. SCL ¥ hmd 1) B, EHAE—NEIRAL
2) ENEEE KL T AR 1 A s SIS, RIW R (R RIW=0 5D
3)  MAHLIA EMLIEG R ZE(E S ACK (ACK=0)

4)  ENUCEI NN NEAS 5 J5 K% VA% P IR 27 A7 as ok 27

5)  MHLIL R ZF A7 ds bk j5 IR [B] — AR E{F 5 ACK

6) ENLUNBINBAE T RIEE — M S 71

7)  MHLUEN R fF R [l — SRS 5 ACK

8) EEL 6 WA 7 BRI ANEIEFAT, TTLASEIINT 2 AT AR AT 5450
9)  EMLFI MM —ME LA 25 A VGH S HR L 28

HLAB L ML (5D ACK MR 25 BT AT A b ACK HHAE 1 ACK
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U 2 ACK ACK S n ACK EFIRDA
4.7.4 IIC LR
1) BA “FHRARE” (B SDA. SCL ¥ hE#-T) K, ENUKIE—NEIEA
2) ENUKIE 7 AR 1 A s B SIS RIW AR (R RIW=0 A5)
3) MWLREINEE S
4)  FHLKIE 8 L A A7as Hitik
5) MHLREINEE S
6) FEHUAEFIKAKIE RGN
7)  ENURE 7 AR AEREERT L AL B RIS RIW AR (SRR RIW=1 i)
8) ML [|] B 215 5
9) MAHUKIEEYE, Rlar ras B iE
10) FHLFEIE ACK
11) 55 9B 10 B LAEE B IR, BT L2 A% 47 4%
12)  FEHLA AN A IE — AT R4 A R IBAE FERE SR 2k
EIRAr | MW tiE (5) ACK | W& fdstl | ACK AL M e (52) ACK
A 1 ACK ACK B n ACK f1kAfr
5. T
5.1 I A A7 A
* 8: HUTm A
ADDR BIT NAME DEFAULT | ACCESS Description
Currently running application
0x00 Default
0x00 | [7:0] App ID 8'h00 WR —
0x80 Bootloader application
0xCO | Measurement application
0x01 [7:0] | App major version 8'h00 WR Application major revision
OxEO | [7:0] EN register 8'h80 Enable register for analog device
. 0x00 default, no interrupt
OxE1l [7:0] Interrupt register 8'h00 WR )
0x03 interrupt for measurement
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5.2 Bootloader #=R, T &7 5%

DL Z 72D fE R #E APP ID =0x80 (Bootloader) K]
7 9: Bootloader fz, T 27 77 2%

ADDR | BIT NAME DEFAULT | ACCESS Description
Write: Bootloader Commands
0x08 [7:0] BLCmd 8'h00 WR Read: Bootloader Status — anything
else than 0x00 means an error
0x09 [7:0] BL data size 8'h00 WR Bootloader Data size in bytes
0x0A~ Up to 1~128 data bytes for
[7:0] BL data 1...128 8'h00 WR
0x89 bootloader
Checksum for Sum(Cmd + Data
0x8B [7:0] checksum 8'h00 WR _
Size + Data) XOR OxFF

% 10: Bootloader Commands

Bootloader Cmd Value Description
RAM remap O0x11 Remap RAM to address 0
Download Init 0x14 Initialize RAM
Write RAM 0x41 Write RAM Region (Plain = not encoded into e.g. Intel Hex
RAM address 0x43 Set the read/write RAM pointer to a given address

5.3 APPO X T HF

PL R 17068 HAE APP ID =0xCO (App0) R A
* 11: APPO BTl 1 A7 A7 4
ADDR | BIT NAME DEFAULT | ACCESS Description
If variation between current temperature

Temperature and temperature of last calibration is bigg-
0xC7 | [7:0] 8'h00 WR . 0 .
threshold er than this threshold, calibration will be
performed

Global offset is calculated by global offset

calibration. If offset is negative, the requi-

[7:0] | Global offset 8'h00 WR red data format is binary complement
0xD7: 1LSB = 1mm

0xD8: 1LSB = 256mm

OxD7~
0xD8
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% 12: APPO command

ADDR AppO Cmd Value Description
Ranging 0x04 Single or continuous measurement
Standby 0x12 Turn off oscillator and CPU, but RAM is power on
Reset 0x13 Reset CPU, RAM and IIC registers
Stop measurement OxFF Stop measurement or reading histogram
Register setting for ranging Mode: App0 Cmd = 0x04
ADDR | BIT NAME DEFAULT | ACCESS Description
Flag for continuous measurement 0x00:
0x06 [7:0] Cmd data 9 8'h00 WR default, single measurement 0x02:
continuous measurement
Repetition period in mSec, If the repetition
period is set lower than the ranging time
for this mode, the SOT26-001 runs at
0x07 [7:0] Cmd data 8 8'h00 WR maximum possible speed
0x00: default
0x23: For fps 30Hz on continuous
measurement
Frame count
0x08 [7:0] | Cmddata 7 8'h00 WR 0x00: default
0x20: 32 frame for Fixed frame mode
Iterations of self-calibration
0x09 [7:0] | Cmd data 6 8'h00 WR
1LSB=1k
OXOA~ Iterations of main-lighting
OXOB [7:0] | Cmd data 5/4 8'h00 WR O0x0A: 1 LSB =256 k
0x0B: 1LSB =1k
0X0C~ Iterations of pre-lighting
0x0D [7:0] | Cmd data 3/2 8'h00 WR 0x0C: 1 LSB =256 k
OxOD:1LSB=1k
High period of single lighting
OXxOE | [7:0] | Cmddatal 8'h00 WR )
1 period =1 PLL clock
Sum period of single lighting
OxOF | [7:0] | CmddataO 8'h00 WR )
1 period =1 PLL clock
ADDR | BIT NAME DEFAULT | ACCESS Description
Result number, incremented every time
0x20 [7:0] | Result Num. 8'h00 WR
after measurement
0x21- ) Distance in [mm] of the object
[7:0] Distance 8'h00 WR
22 0x21: 1LSB = 1mm
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0x22: 1LSB = 256mm

0x23 [7:0] Confidence 8'h00 WR Reliability of object
The sys clock registers[32 bhits] is a runn-
ing timer information — this value is count-

ing up (and wraps around to 0 again) as

08()(2;; [7:0] Sys_tick 8'h00 WR long as the internal clock is running
0x24: sys_tick[7:0] Ox25: sys_tick[15:8]
0x26: sys_tick[23:16] 0x27:
sys_tick[31:24]
0x28~ )
OXF [7:0] Algo. State 8'h00 WR Algorithm state for current result
0x30 [7:0] | Temperature 8'h00 RO Temperature in chip

6. N FH W B

6.1 72 i R

SOT26-001 1£/# 2% 2 12 5] LGA 235 . R~ 4 4.4mm (+£0.05mm) x 2.4mm (£0.05mm) x 1.0mm
(£0.075mm), K& LA ZH+0.05mm.

24+0.05 10040075
D
] B Pint 05 | .=
_ |
=0
O
004
= |
} r w { |
Zal Lo ~
= - on
= % & 80.2 B
oA o |
12 v, |
i KR e

10 SOT26-001 #ME R T
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6.2 PCB /&R~

3.70
| wif =2
= ~ ™
o
@ o
| N T
=
0.5 0.80
0.80 1.85
iEA ;
- BERHIREN, EPAERTHE MM,
11 PCB /&4 R~ (THALED
6.3 I F HE B
10VDD
2
L AVDD
g 1K5§ 1n5§ 1c«§ 10K N
— XSHUT AWD\:\:; : ] L
A A GPIO1 4.7uF —— 100nF
HOST J\ T
| SDA SOTZ26-001  AVSSVCSEL -
SCL GND L —%
GNDZ[F—9
BN GND3 ] —

GND4

Kl 12 SOT26-001 HiEEHE &
Wi :
o Mt AVDD Ly 28N R ] REFE L AVDDVCSEL F1 AVSSVCSEL e 5] il
o HOST WZIHZAIRAN XSHUT . #5 EHUIRAARF, MFHFE Efi. XSHUT FEAI A HW standby
L (6 NC 15D
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7. o AP

7.1 JEERER

HEFZ IO R IR VIR o 240°C ~ 260°C, fm ANREEd 260°C. HEFFERIY R HIZR I (CTEHY SMT [=]
TR M SEU T

T &
T g i, : -
» I
Tnll _______________________________ ;__i__.:__
] :tg.-..:. i
R A —
] t' :
e - ;
. ' »
EHREEENHD 3 :
13 AT (1 [ AR L FE it 2
13 HEFEM IR IR A% o R
ZH ICUN ITUN XA
BAKIRE (Tsmin) 130 150 °C
i B (Tsmax) 200 200 °C
tS B (Tsmin 2] Tsmax) 90-110 60 - 120 s
IE (To 217 217 °C
BFE] (to) 55-65 55 - 65 s
THER A +2 +3 °Cls
B (Tpio) - 250 °C
BFTE] (tp-10) - 10 s
FHR R - +3 °Cls
WEAR R (Tp) 240 260 max. °C
12 1) AR A Ui 55 (14 B[] 300 300 s
iR R (IEEIR R TO -4 -6 °Cls

R
o ERAPPSIRERAE SR T .
v o 2GR E S SNV OS RV
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7.2 Fri U BH

SOT26-001 LAt b5 i 4% (1 T AL 1% o 2844 IO MR SRURR BE 25 2%l 3(MSL3) o Ho A7t 75386 L N 18«

TR BUR AR R RE SRR I PR SRR R RO 28 A 2 0 A B 2R v = AR AN 1
SN . DN T B ORELE A IR B AT REMAIS, RS as PHERET TR R AT A e i s . TR B R T
BHPRRTEIAS,  DLORIP A PH RIS S A I RE P AN S A SRR 1

U S

HEPTRIEORITIT, SRRE DL SR AF T I 285 a0 12 1 AN ERAR b i BTG of
COF

e IrAday: 1241H
® IIEEE: <40C
® *HXT“EKE < 90%

A 12 A 55y, B IR AR R R BoR A I IO 2 I O S Fo VR DI T T 7 R 48
PEREAT EBTE %

a5

SOT26-001 1R BUR A Z5 25 MSL3, [ L2844 MBI 48 Fh B I 1R 42 18] 254 D B B AR T TPt B
T 168 /N, (HATEEZTE LT 25 4F S 171k

® LA dn: 168 /M)
® JIREEE:. <30T

® FHXREE: < 60% 4 4 A) A7 i L il BE A A, o ZBUAE EAT Rl BT R AL R X 2
PEREAT ELHTHLRE

Yy AR

BAEXMZHIT

® 125+5°C, Ht#% 8 /i,

® Ui ANEE ELIEAE T BT %

o it KRB EG T, By R AR 7 B AR T B A
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8. U35 15 BH

8.1 B A

LB 4.5kpes.

a.10

4+

Loo+0.m0 2.0020

1.75

0.10

<OOA

N

"y
+1

5.50
00+0

2.

8.00+0.10

A-A 21 B-B 2:1

2. 704010

D040
0

13

E- 0304005
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